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~ INTERNATIONAL PRELIMINARY

EXAMINATION REPORT Intemational application No. PCT/EP99/00300

1. Basis of the report

1. This report has been drawn onthe basis of (substitute sheets which have been furnished to the receiving Office in
response to an invitation under Article 14 are referred to in this report as “originally filed” and are not annexed to
the report since they do not contain amendments.):

Description, pages:

2-57 as originally filed

1la as received on 15/01/2000 with letter of 11/01/2000

Claims, No.:

1-39 as received on 15/01/2000 with letter of 11/01/2000

Drawings, sheets:

1/20-20/20 as originally filed

2. The amendments haveresulted in the cancellation of:

1 ‘the description, pages:

OO the claims, Nos.:

[] the drawings, sheets:

3. C1 This report has been established as if (some of) the amendments had not been made, since they have been
considered to go beyondthe disclosure asfiled (Rule 70.2(c)):

Lh . Additional observations,if necessary:

li. Priority

1. [1 This report has been established asif no priority had been claimed dueto the failure to fumish within the
prescribedtimelimit the requested:

[] copy of the earlier application whose priority has been claimed.

translation of the earlier application whosepriority has been claimed.

Form PCTAPEA/409 (BoxesI-VIII, Sheet 1) (January 1994)
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INTERNATIONAL PRELIMINARY

EXAMINATION REPORT Intemational application No. PCT/EP99/00300

2. 0 This report has been established as if no priority had been claimed dueto the fact that the priority claim has
been found invalid.

Thus for the purposesofthis report. the internationalfiling date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

see separate sheet

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-39
No: Claims

Inventive step (IS) Yes: Claims 1-39
No: Claims

Industrial applicability 1A} Yes: Claims 1-39
No: Claims

2. Citations and explanations

see separate sheet

Vi. Certain documentscited

1. Certain published documents (Rule 70.10)

and / or

2. Non-written disclosures (Rule 70.9)

see separate sheet

VII. Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Form PCT/IPEA/409 (BoxesI-Vill, Sheet 2) (January 1994)
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INTERNATIONAL PRELIMINARY

EXAMINATION REPORT Intemational application No. PCT/EP99/00300

VU. Certain observations on the international application

The following observations on the clarity of the claims, description. and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTAPEA/409 (BoxesI-VIIl, Sheet 3) (January 1994)
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INTERNATIONAL PRELIMINARY Intemational application No. PCT/EP99/00300
EXAMINATION REPORT- SEPARATE SHEET

1. The following documents will be referred to in this report;

D1 WO 98/05002 [Carlus Magnus Ltd.] Published 05.02.1998;filed

22.07.1997.

D2 DE-A-19715519 [MITSUBISHI]

D3 WO-A-97/01246 [STEED]

The examineris of the opinion thatthe priorities claimed are validly claimed.

Document D1 is publishedafterthe first claimed priority, P1 (FR 60 048) of the

application but before the second claimedpriority, P2 (PCT EP 98/05383).

As such D1 constitutes prior art within the sense of Rule 64.1 PCT with regard to

subject matter which is not covered by the priority document P1. The document

D1 could constitute a national/regionalprior right as indicated in Rule 64.3 PCT,

howeverthis is for information of the applicant only and is beyond the scopeof
the International Examination.

2. In the following discussion, the patentability of the claims will be examined with

regard to the requirements of the PCT. !n particular, the claims will be examined

for novelty, as defined in Art. 33(2) PCT, and for inventive step, as definedin Art.

33(3) PCT. In addition other aspects, such asclarity requirements of Art. 6 PCT,

may be discussed as appropriate.

2.1 Conciseness of the claims.

Art. 6 PCT requires that the claims of the application are concise. This applies not

only to individual claims but the overall set of claims, see Guidelines PCT Section

IV-HI-5.

in the present case the examineris of the opinion that the independent claims 1,

3,7,9,14,39 constitute an unreasonably large numberof independent claims

which could better be claimed in the form of one or two claims per category with

the remaining features claimed as independentclaims.

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY Intemational application No. PCT/EP99/00300
EXAMINATION REPORT- SEPARATE SHEET

2.2 Independent Claims, Claims 1,3,7,9,14,39

Claims 1,3,7,9,14,39 all differ from the prior art in that they include at least one

identification of a sub area of an image using an anthropomorphic model of one
kind or another.

The closestprior art to the application is considered to be that disclosed in D2.

Whilst D2 discloses for example atcol. 3, lines 19-33 to monitor an area of the

face including the eyes, there is not disclosed in D2 to “identify” a sub area of an

image including the eyes or the corresponding methodof "selecting pixels" of the

image having characteristics corresponding to a facial characteristic using an

anthropomorphic model (claims 1,3) or one of the kinds of anthropomorphic

models given in the other independent claims.

The examineris of the opinion that it the person skilled in the art, presented with

the teaching of D2 alone orin combination with other available prior art would not

arrive at the subject matter of "identifying" a sub area or "selecting pixels" based

on the models given, rather it would appear from the teaching of D2 that the

apparatus only looks at the eyes and then monitors movement. Whilst the blinking

rate is compared to an anthropomorphic model in D2 this is for the purpose of

recognising drowsinessof the driver and notto identify a particular area of the
face.

2.3 The remaining dependent claims would appearto be allowable underArt. 33(3)

PCTsince they refer to allowable claims.

2.4 Clarity of the claims, Art. 6 PCT.

In order to satisfy the requirements of Rule 6.2 B reference signs in the claims

should be placed in parenthesis. This applies to all references including "V", page

52, first line.

Conversely, the examiner notes that other expressions placed in brackets are

likely to be interpreted as being referencesfalling under Rule 6.2B.In the case of

the expression "(328x) or (828y) etc.", appearing in claims 1,2,3,7 and 9 the

Form PCT/Separate Sheet/409 (Sheet2) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY Intemational application No. PCT/EP99/00300
EXAMINATION REPORT- SEPARATE SHEET

claims are rendered unclear. The claims should have been clarified to remove

these terms from brackets.

The terms "DP" and "CO"in claims 10 and 23 are not defined in the claims and

therefore render the scope of these claims unclear, Art. 6 PCT.

3. In the following section, certain defects in the International Application will be
noted.

The description should have been brought into conformity with the claims placed
on file in accordance with the Rule 51 a iii PCT.

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997)
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METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

Inventors: Dr. Patrick Pirim

Dr. Thomas Binford

5 BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates generally to an image processing system, and

more particularly to the use of a generic image processing system to detect

drowsiness.

10 1.Description ofthe Related Art.

It is well known thata significant number of highway accidents result from

drivers becoming drowsy or falling asleep, which results in many deaths and

injuries. Drowsiness is also a problem in other fields, such as for airline pilots and

powerplant operators, in which great damage mayresult from failure to stay alert.

15 A number of different physical criteria may be used to establish when a

person is drowsy, including a change in the duration and interval of eye blinking.

Normally, the duration of blinking is about 100 to 200 ms when awake and about

500 to 800 ms when drowsy. The time interval between successive blinks is

generally constant while awake, but varies within a relatively broad range when

20=drowsy.

Numerous devices have been proposed to detect drowsiness of drivers.

Such devices are shown, for example, in U.S. Patent Nos. 5,841,354; 5,813,99;

5,689,241; 5,684,461; 5,682,144: 5,469,143: 5,402,109: 5,353,013; 5,195,606;

4,928,090; 4,555,697; 4,485,375; and 4,259,665. In general, these devices fall into

25 three categories: i) devices that detect movement of the head of the driver, e.g.,

tilting; ii) devices that detect a physiological change in the driver, e.g., altered

heartbeat or breathing, and iit) devices that detect a physical result of the driver

falling asleep, e.g., a reduced grip on the steering wheel. None ofthese devicesis

believed to have met with commercial success.

AMENDED SHEET
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The German patent application DE-19715515 and the corresponding

French patent application FR-2.747.346 disclose an apparatus and a process of

evaluation of drowsinesslevel of a driver using a video camera placed near the feet

of the driver and a processing unit for the camera image with a software detecting
oT) the blinks of the eyes determining the time gap between the beginning and the end

ofthe blink. Moreparticularly, a unit 10 of the processor realizes:

® a memorization of the video image and its treatment, so as to determine

an area comprising the driver’s eyes,

* the detection ofthe time gap between the closing of the driver eyelids and

10 ‘their full opening and

© a treatment in a memory 11 and a processor 22 in combination with unit

10 to calculate a ratio of slow blink apparition.

The object of the international patent application published WO-97/01246

is a security system comprising a video camera placed within the rear-view mirror

15 of a car and a video screen remotely disposed for the analysis of what is happening

in the car and aroundit, as well as of what happened dueto the recording of the

output video signal of the camera. This is in fact a concealed camera (within the

reaf-view mirror), so that it is imperceptible to vandals and thieves and which

observes a large scope including the inside of the car and its surroundings, the

20 record allowing one to know later what has happened in this scope (page 6, lines

13 to 19), this is not a detector whose effective angle is strictly limited to the car

driver face in order to detect its eventual drowsiness and to make him awake.

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and

PCT/EP98/05383 disclose a generic image processing system that operates to
25—localize

AMENDED SHEET
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CLAIMS

1. A process of detecting a person falling asleep, the process comprising

the steps of:

5 acquiring an image ofthe face (V) ofthe person;

selecting pixels ofthe image having characteristics corresponding to

characteristics of at least one eye ofthe person;

forming at least one histogram (328x) ofthe selected pixels;

analyzing the at least one histogram (328x) over time to identify

10 each opening and closing ofthe eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

identifying a sub-area of the image comprising the at least one eye

Prior to the step of selecting pixels of the image having characteristics

15 corresponding to characteristics of at least one eye, this step of selecting pixels

comprising selecting pixels within the sub-area of the image, comprising the steps
of:

identifying the head ofthe person in the image; and

identifying the sub-area of the image using an anthropomorphic

20=model.

2. The process according to claim 1 wherein the step ofidentifying head

ofthe person in the image comprisesthe steps of:

selecting pixels of the image having characteristics corresponding to

edges of the head ofthe person;

25 forming histograms (328x, 328y) of the selected pixels projected

onto orthogonal axes; and

analyzing the histograms of the selected pixels to identify the edges

of the head of the person.

3. The process of detecting a person falling asleep, the process

AMENDED SHEET
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comprising the steps of:

acquiring an image ofthe face V ofthe person;

selecting pixels ofthe image having characteristics corresponding to

characteristics of at least one eye ofthe person;

5 formingat least one histogram (328x) of the selected pixels;

analyzing the at least one histogram over time to identify each

opening and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

10 identifying a sub-area of the image comprising the at least one eye

prior to the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye, and wherein the step of

selecting pixels ofthe image having characteristics corresponding to characteristics

ofat least one eye comprises selecting pixels within the sub-areaofthe image;

15 identifying the location of a facial characteristic of the person in the

image; and

identifying the sub-area of the image using an anthropomorphic

model andthe location ofthe facial characteristic.

4. The process according to claim 3 wherein the step of identifying the

20 location of a facial characteristic ofthe person in the image comprisesthe steps of:

selecting pixels ofthe image having characteristics corresponding to

the facial characteristic;

forming histogramsofthe selected pixels projected onto orthogonal

axes; and

25 analyzing the histograms of the selected pixels to identify the

position of the facial characteristic in the image.

5. The process according to claim 4 wherein the facial characteristic is

the nostrils of the person, and wherein the step of selecting pixels of the image

having characteristics corresponding to the facial characteristic comprises selecting

AMENDED SHEET
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pixels having low luminancelevels.

6. The process according to claim 5 further comprising the step of

analyzing the histograms of the nostril pixels to determine whether the spacing

between the nostrils is within a desired range and whether the dimensions of the

5 nostrils fall within a desired range.

7. The process of detecting a person falling asleep, the process

comprising the stepsof:

acquiring an imageofthe face (V) ofthe person;

selecting pixels ofthe image having characteristics corresponding to

10_characteristics of at least one eye ofthe person;

forming at least one histogram (328x) of the selected pixels;

analyzing the at least one histogram over time to identify each

opening and closing of the eye; and

determining from the opening and closing information on the eye,

15_characteristics indicative ofa person falling asleep;

the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprises

selecting pixels having low luminance levels corresponding to shadowing of the

eye; and

20 wherein the step analyzing the at least one histogram over time to

identify each opening and closing of the eye comprises analyzing the shape of the

eye shadowing to determine openingsandclosings ofthe eye.

8. The process according to claim 7 wherein the step of forming at least

one histogram of the selected pixels comprises forming histograms of shadowed

25 pixels of the eye projected onto orthogonal axes, and wherein the step of analyzing

the shape of the eye shadowing comprises analyzing the width and height of the

shadowing.

9. The process of detecting a person falling asleep, the process

comprising the steps of:

AMENDED SHEET
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acquiring an image ofthe face V ofthe person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye of the person: .

formingat least one histogram (328x) ofthe selected pixels;

5 analyzing the at least one histogram over time to identify each

opening and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

the step of selecting pixels of the image having characteristics

10 corresponding to characteristics of at least one eye of the person comprises

selecting pixels in movement correspondingto blinking; and

wherein the step analyzing the at least one histogram over time to

identify each opening and closing of the eye comprises analyzing the number of

pixels in movement over time to determine openings and closingsofthe eye.

15 10. The process according to claim 9 wherein the step ofselecting pixels

of the image having characteristics corresponding to characteristics of at least one

eye of the person comprises selecting having characteristics selected from the

group consisting of i) DP=1, ii) CO indicative of a blinking eyelid, iii) velocity

indicative of a blinking eyelid, and iv) up and down movementindicative of a

20 blinking eyelid.

11. The process according to claim 3 wherein the step of identifying a

facial characteristic of the person in the image comprises the step of searching sub-

images of the image to identify the facial characteristic.

12. The process according to claim 5 wherein the step of identifying a

25 facial characteristic of the person in the image comprises the step of searching sub-

images of the imageto identify the nostrils.

13. The process according to claim 11 wherein the facial characteristic is

a first facial characteristic and further comprising the stepsof:

using an anthropomorphic model and the location of the first facial

AMENDED SHEET
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characteristic to select a sub-area of the image containing a second facial

characteristic;

selecting pixels of the image having characteristics corresponding to _
the second facial characteristic; and

5 analyzing the histograms of the selected pixels of the second facial

characteristic to confirm the identification ofthe first facial characteristic.

14. An apparatus for detecting a person falling asleep, the apparatus

comprising:

a sensor for acquiring an image of the face of the person, the image

10 comprising pixels correspondingto the eye of the person;

a controller; and

a histogram formation unit for forming a histogram on pixels having

selected characteristics,

the controller controlling the histogram formation unit to select

15_pixels of the image having characteristics corresponding to characteristics of at

least one eye of the person and to form a histogram of the selected pixels, the

controller analyzing the histogram overtime to identify each opening and closing

of the eye, and determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

20 the controller interacting with the histogram formation unit to

identify a sub-area of the image comprising the at least one eye, and the controller

controls the histogram formation unit to select pixels of the image having

characteristics corresponding to characteristics of at least one eye only within the

sub-area of the image;

25 the controller interacting with the histogram formation unit to

identify the head of the person in the image; and

the controller identifies the sub-area of the image using an

anthropomorphic model.

15. The apparatus according to claim 14 wherein:
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the histogram formation unit selects pixels of the image having

characteristics corresponding to edges of the head of the person and forms

histogramsofthe selected pixels projected onto orthogonal axes; and

the controller analyzes the histograms of the selected pixels to

5 identify the edges of the head of the person.

16. The apparatus accordingto claim 14 wherein:

the controller interacts with the histogram formation unit to identify

the location of a facial characteristic of the person in the image; and

the controller identifies the sub-area of the image using an

10 anthropomorphic model and thelocation of the facial characteristic.

17. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to the facial characteristic and forms histograms of

the selected pixels projected onto orthogonal axes;

15 the controller analyzes the histograms of the selected pixels to

identify the position of the facial characteristic in the image.

18. The apparatus according to claim 17 wherein the facial characteristic

is the nostrils of the person, and wherein the histogram formationunit selects pixels

of the image having low luminancelevels corresponding to the luminancelevel of

20 ‘the nostrils.

19. The apparatus according to claim 18 wherein the controller analyzes

the histograms of the nostril pixels to determine whether the spacing between the

nostrils is within a desired range and whether the dimensions of the nostrils fall

within a desired range.

25 20. The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image having low

luminance levels corresponding to shadowing ofthe eye; and

wherein the controller analyzes the shape of the eye shadowing to

determine openings and closingsofthe eye.
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21. The apparatus according to claim 20 wherein histogram formation

unit forms histograms of shadowed pixels of the eye projected onto orthogonal

axes, and wherein the controller analyzes the width and height of the shadowing to

determine openings and closings of the eye.

Ui 22. The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image in

movement corresponding to blinking; and

the controller analyzes the numberof pixels in movement over time

to determine openings and closings ofthe eye.

10 23. The apparatus according to claim 22 wherein the histogram formation

units selects pixels of the image having characteristics of movement corresponding

to blinking, such characteristics being selected from the group consisting of 3)

DP=1, ii) CO indicative of a blinking eyelid, iii) velocity indicative of a blinking

eyelid, and iv) up and down movementindicative ofa blinking eyelid.

15 24. The apparatus according to claim 16 wherein the controller interacts

with the histogram formation unit to search sub-imagesof the image to identify the

facial characteristic.

25. The apparatus according to claim 18 wherein the controller interacts

with the histogram formation unit to search sub-imagesofthe imageto identify the

20 nostrils.

26. The apparatus according to claim 24 wherein the facial characteristic

is a first facial characteristic and further comprising:

the controller using an anthropomorphic model and thelocation of

the first facial characteristic to cause the histogram formation unit to select a sub-

25 area of the image containing a secondfacial characteristic, the histogram formation

unit selecting pixels of the image in the sub-area having characteristics

corresponding to the second facial characteristic and forming a histogram of such

pixels; and

the controller analyzing the histogram of the selected pixels
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corresponding to the second facial characteristic to confirm theidentification of the

first facial characteristic.

27. The apparatus according to claim 14 wherein the sensor is integrally

constructed with the controller and the histogram formation unit.

a 28. The apparatus according to claim 14 further comprising an alarm, the

controller operating the alarm upon detection of the personfalling asleep.

29. The apparatus according to claim 14 further comprising an

illumination source, the sensor being adapted to view the person whenilluminated

by the illumination source.

10 30. The apparatus according to claim 29 wherein the illumination source

is a source ofIR radiation.

31. Arear-view mirror assembly for a vehicle which comprises:

arear-view mirror, and

the apparatus according to claim 14 mounted to the rear-view

15. mirror.

32. The rear-view mirror assembly according to claim 31 further

comprising a bracket attaching the apparatus to the rear-view mirror.

33. The rear-view mirror assembly according to claim 31 further

comprising a housing having an open side and an interior, the rear-view mirror

20 being mounted to the open side of the housing, the rear view mirror being see-

through from the interior of the housing to an exterior of the housing, the

apparatus being mounted interior to the housing with the sensor directed toward

the rear-view mirror.

34. The rear-view mirror assembly according to claim 33 further

25 comprising a joint attaching the apparatus to the rear-view mirror assembly, the

joint adapted to maintain the apparatus in a position facing a driver of the vehicle

during adjustment of the mirror assembly by the driver.

35, The rear-view mirror assembly according to claim 31 further

comprising a source of illumination directed toward the person, the sensor being
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adapted to view the person whenilluminated by the source of illumination.

36. The rear-view mirror assembly according to claim 31 further

comprising an alarm, the controller operating the alarm upon detection of the

person falling asleep.

5 37, A rear-view mirror assembly which comprises:

a rear-view mirror; and

the apparatus according to claim 14, the sensor being mounted to

the rear-view mirror, the controller and the histogram formation unit being located

remote from the sensor.

10 38. A vehicle comprising the apparatus according to claim 14.

39. A process of detecting a feature of an eye, the process comprising the

steps of:

acquiring an image ofthe face of the person, the image comprising

pixels corresponding to the feature to be detected;

15 selecting pixels of the image having characteristics corresponding to

the feature to be detected; .
forming at least one histogram ofthe selected pixels;

analyzing the at least one histogram over time to identify

characteristics indicative ofthe feature to be detected.

20 said feature being theiris, pupil or cornea.
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INTERNATIONAL PRELIMINARY International application No. PCT/EP99/00300
EXAMINATION REPORT - SEPARATE SHEET

1. The following documents will be referred to in this report;

D1 WO 98/05002 [Carlus Magnus Ltd.] Published 05.02.1998; filed

22.07.1997.

D2 DE-A-19715519 [MITSUBISHI]

D3 WO-A-97/01246 [STEED]

The examineris of the opinion that the priorities claimed are validly claimed.

DocumentD1 is published after the first claimed priority, P1 (FR 60 048) of the

application but before the second claimedpriority, P2 (PCT EP 98/05383).

As such D1 constitutes prior art within the sense of Rule 64.1 PCT with regard to

subject matter which is not covered bythe priority document P1. The document

D1 could constitute a national/regionalprior right as indicated in Rule 64.3 PCT,

howeverthis is for information of the applicant only and is beyond the scope of
the International Examination.

2. In the following discussion, the patentability of the claims will be examined with

regard to the requirements of the PCT.In particular, the claims will be examined

for novelty, as defined in Art. 33(2) PCT, and for inventive step, as definedin Art.

33(3) PCT. In addition other aspects, such asclarity requirements of Art. 6 PCT,

may be discussed as appropriate.

2.1. Conciseness of the claims.

Art. 6 PCT requires that the claims of the application are concise. This applies not

only to individual claims but the overall set of claims, see Guidelines PCT Section
IV-III-5.

In the present case the examineris of the opinion that the independentclaims1,

3,7,9,14,39 constitute an unreasonably large numberof independent claims

which could better be claimed in the form of one or two claims per category with

the remaining features claimed as independentclaims.

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY International application No. PCT/EP99/00300
EXAMINATION REPORT - SEPARATE SHEET

2.2 Independent Claims, Claims 1,3,7,9,14,39

Claims 1,3,7,9,14,39 all differ from the prior art in that they include at least one

identification of a sub area of an image using an anthropomorphic model of one
kind or another.

The closestprior art to the application is considered to be that disclosed in D2.

Whilst D2 discloses for example at col. 3, lines 19-33 to monitor an area of the

face including the eyes, there is not disclosed in D2 to “identify” a sub area of an

image including the eyes or the corresponding method of"selecting pixels” of the

image having characteristics corresponding to a facial characteristic using an

anthropomorphic model(claims 1,3) or one of the kinds of anthropomorphic

models given in the other independentclaims.

The examineris of the opinion thatit the person skilled in the art, presented with

the teaching of D2 alone or in combination with other available prior art would not

arrive at the subject matter of "identifying" a sub area or "selecting pixels” based

on the models given, rather it would appear from the teaching of D2 that the

apparatus only looks at the eyes and then monitors movement. Whilst the blinking

rate is compared to an anthropomorphic modelin D2 this is for the purposeof

recognising drowsinessof the driver and notto identify a particular area of the
face.

2.3 The remaining dependent claims would appearto be allowable underArt. 33(3)

PCTsince they refer to allowable claims.

2.4 Clarity of the claims, Art. 6 PCT.

In order to satisfy the requirements of Rule 6.2 B reference signs in the claims

should be placed in parenthesis. This applies to all references including "V", page

52, firstline.

Conversely, the examiner notes that other expressions placed in brackets are

likely to be interpreted as being referencesfalling under Rule 6.2B. In the caseof

the expression "(328x) or (828y) etc.", appearing in claims 1,2,3,7 and 9 the

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY International application No. PCT/EP99/00300
EXAMINATION REPORT - SEPARATE SHEET

claims are rendered unclear. The claims should have beenclarified to remove

these terms from brackets.

The terms "DP" and "CO"in claims 10 and 23 are not defined in the claims and

therefore render the scope of these claims unclear, Art. 6 PCT.

3.—In the following section, certain defects in the International Application will be
noted.

The description should have been brought into conformity with the claims placed
on file in accordance with the Rule 51 a ili PCT.

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY International application No. PCT/EP99/00300
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1. The following documents will be referred to in this report;

D1 WO 98/05002 [Carlus Magnus Ltd.] Published 05.02.1998; filed

22.07.1997.

D2 DE-A-19715519 [MITSUBISHI]

D3 WO-A-97/01246 [STEED]

The examineris of the opinion that the priorities claimed are validly claimed.

DocumentD1 is published after the first claimed priority, P1 (FR 60 048) of the

application but before the second claimedpriority, P2 (PCT EP 98/05383).

As such D1 constitutes prior art within the sense of Rule 64.1 PCT with regard to

subject matter which is not covered bythe priority document P1. The document

D1 could constitute a national/regionalprior right as indicated in Rule 64.3 PCT,

howeverthis is for information of the applicant only and is beyond the scope of
the International Examination.

2. In the following discussion, the patentability of the claims will be examined with

regard to the requirements of the PCT.In particular, the claims will be examined

for novelty, as defined in Art. 33(2) PCT, and for inventive step, as definedin Art.

33(3) PCT. In addition other aspects, such asclarity requirements of Art. 6 PCT,

may be discussed as appropriate.

2.1. Conciseness of the claims.

Art. 6 PCT requires that the claims of the application are concise. This applies not

only to individual claims but the overall set of claims, see Guidelines PCT Section
IV-III-5.

In the present case the examineris of the opinion that the independentclaims1,

3,7,9,14,39 constitute an unreasonably large numberof independent claims

which could better be claimed in the form of one or two claims per category with

the remaining features claimed as independentclaims.

Form PCT/Separate Sheet/409 (Sheet 1) (EPO-April 1997)
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INTERNATIONAL PRELIMINARY International application No. PCT/EP99/00300
EXAMINATION REPORT - SEPARATE SHEET

2.2 Independent Claims, Claims 1,3,7,9,14,39

Claims 1,3,7,9,14,39 all differ from the prior art in that they include at least one

identification of a sub area of an image using an anthropomorphic model of one
kind or another.

The closestprior art to the application is considered to be that disclosed in D2.

Whilst D2 discloses for example at col. 3, lines 19-33 to monitor an area of the

face including the eyes, there is not disclosed in D2 to “identify” a sub area of an

image including the eyes or the corresponding method of"selecting pixels” of the

image having characteristics corresponding to a facial characteristic using an

anthropomorphic model(claims 1,3) or one of the kinds of anthropomorphic

models given in the other independentclaims.

The examineris of the opinion thatit the person skilled in the art, presented with

the teaching of D2 alone or in combination with other available prior art would not

arrive at the subject matter of "identifying" a sub area or "selecting pixels” based

on the models given, rather it would appear from the teaching of D2 that the

apparatus only looks at the eyes and then monitors movement. Whilst the blinking

rate is compared to an anthropomorphic modelin D2 this is for the purposeof

recognising drowsinessof the driver and notto identify a particular area of the
face.

2.3 The remaining dependent claims would appearto be allowable underArt. 33(3)

PCTsince they refer to allowable claims.

2.4 Clarity of the claims, Art. 6 PCT.

In order to satisfy the requirements of Rule 6.2 B reference signs in the claims

should be placed in parenthesis. This applies to all references including "V", page

52, firstline.

Conversely, the examiner notes that other expressions placed in brackets are

likely to be interpreted as being referencesfalling under Rule 6.2B. In the caseof

the expression "(328x) or (828y) etc.", appearing in claims 1,2,3,7 and 9 the

Form PCT/Separate Sheet/409 (Sheet 2) (EPO-April 1997)

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



      
    

            

    

                 

           

             

 

            

           

       

Petitioner LG Ex-1023, 0026

INTERNATIONAL PRELIMINARY International application No. PCT/EP99/00300
EXAMINATION REPORT - SEPARATE SHEET

claims are rendered unclear. The claims should have beenclarified to remove

these terms from brackets.

The terms "DP" and "CO"in claims 10 and 23 are not defined in the claims and

therefore render the scope of these claims unclear, Art. 6 PCT.

3.—In the following section, certain defects in the International Application will be
noted.

The description should have been brought into conformity with the claims placed
on file in accordance with the Rule 51 a ili PCT.

Form PCT/Separate Sheet/409 (Sheet 3) (EPO-April 1997)
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Petitioner LG Ex-1023, 0027

INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCGT/EP99/00300 

I. Basis of the report

1. This report has been drawnonthe basis of (substitute sheets which have been furnished to the receiving Office in
responseto an invitation underArticle 14 are referred to in this report as “originally filed” and are not annexed to
the report since they do not contain amendmenis.):

Description, pages:

2-57 as originallyfiled

tla as received on 15/01/2000 with letter of 41/01/2000

Claims, No.:

1-39 as received on 15/01/2000 with letter of 11/01/2000

Drawings,sheets:

1/20-20/20 as originally filed

2. The amendments have resulted in the cancellation of:

1 the description, pages:

Othe claims, Nos.:

C1 the drawings, sheets:

3. 1 This report has beenestablished asif (some of) the amendments had not been made, since they have been
considered to go beyond the disclosureasfiled (Rule 70.2(c)):

4. Additional observations, if necessary:

ll. Priority

1. C1 This report has been established asif no priority had been claimed dueto the failure to furnish within the
prescribed timelimit the requested:

C1 copyof the earlier application whosepriority has been claimed.

LC translation of the earlier application whosepriority has been claimed.

Form PCT/IPEA/409 (BoxesI-VIII, Sheet 1) (January 1994)
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Petitioner LG Ex-1023, 0028

INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCGT/EP99/00300 

2. C1 This report has been established asif no priority had been claimed dueto the fact that the priority claim has
been foundinvalid.

Thus for the purposesof this report, the internationalfiling date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

see separate sheet

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-39
No: Claims

Inventive step (IS) Yes: Claims 1-39
No: Claims

Industrial applicability (IA) Yes: Claims 1-39
No: Claims

2. Citations and explanations

see separate sheet

V . Certain documentscited

1. Certain published documents (Rule 70.10)

and/or

2. Non-written disclosures (Rule 70.9)

see separate sheet

Vil. Certain defects in the international application

Thefollowing defects in the form or contents of the international application have been noted:

see separate sheet

Form PCT/IPEA/409 (BoxesI-VIII, Sheet 2) (January 1994)
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Petitioner LG Ex-1023, 0029

INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCGT/EP99/00300
 

Vill. Certain observations on the international application

The following observations on theclarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCT/IPEA/409 (BoxesI-VIII, Sheet 3) (January 1994)
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Petitioner LG Ex-1023, 0030

INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCGT/EP99/00300 

I. Basis of the report

1. This report has been drawnonthe basis of (substitute sheets which have been furnished to the receiving Office in
responseto an invitation underArticle 14 are referred to in this report as “originally filed” and are not annexed to
the report since they do not contain amendmenis.):

Description, pages:

2-57 as originallyfiled

tla as received on 15/01/2000 with letter of 41/01/2000

Claims, No.:

1-39 as received on 15/01/2000 with letter of 11/01/2000

Drawings,sheets:

1/20-20/20 as originally filed

2. The amendments have resulted in the cancellation of:

1 the description, pages:

Othe claims, Nos.:

C1 the drawings, sheets:

3. 1 This report has beenestablished asif (some of) the amendments had not been made, since they have been
considered to go beyond the disclosureasfiled (Rule 70.2(c)):

4. Additional observations, if necessary:

ll. Priority

1. C1 This report has been established asif no priority had been claimed dueto the failure to furnish within the
prescribed timelimit the requested:

C1 copyof the earlier application whosepriority has been claimed.

LC translation of the earlier application whosepriority has been claimed.
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INTERNATIONAL PRELIMINARY

EXAMINATION REPORT International application No. PCGT/EP99/00300 

2. C1 This report has been established asif no priority had been claimed dueto the fact that the priority claim has
been foundinvalid.

Thus for the purposesof this report, the internationalfiling date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

see separate sheet

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-39
No: Claims

Inventive step (IS) Yes: Claims 1-39
No: Claims

Industrial applicability (IA) Yes: Claims 1-39
No: Claims

2. Citations and explanations

see separate sheet

V . Certain documentscited

1. Certain published documents (Rule 70.10)

and/or

2. Non-written disclosures (Rule 70.9)

see separate sheet

Vil. Certain defects in the international application

Thefollowing defects in the form or contents of the international application have been noted:

see separate sheet

Form PCT/IPEA/409 (BoxesI-VIII, Sheet 2) (January 1994)
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Vill. Certain observations on the international application

The following observations on theclarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCT/IPEA/409 (BoxesI-VIII, Sheet 3) (January 1994)
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From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

PCT

NOTIFICATION CONCERNING
DOCUMENTS TRANSMITTED

 
 

The International Bureau of WIPO

34, chemin des Colombettes
CH - 1211 Geneva 20

Switzerland

 Date of mailing
(day/month/year) 17.02.2000 

International application No: PCT/EP99/00300

This International Preliminary Examining Authority transmits herewith the following documents:

.o demand (Rule 61.1(a)).

. copyof the international preliminary examination report and its annexes (Rule 71.1). 

.o other documents (specify):

 

 Authorized officer 

 

Nameund mailing address of the IPEA/

 European Patent Office

SD D-80298 MunichTel. +49 89 2399 - 0 Tx: 523656 epmu d
Fax: +49 89 2399 - 4465

  Rohner, M

   
Tel. +49 89 2399-8588

Form PCT/IPEA/415 (January 1995)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

° PCT
MICHELET,A.et al.
CABINET HARLE & PHELIP

7, rue de Madrid
75008 PARIS

FRANCE

 
 
 
 

 
 
 

 

NOTIFICATION OF TRANSMITTAL OF
THE INTERNATIONAL PRELIMINARY

EXAMINATION REPORT

(PCT Rule 71.1)

 Date of mailing
(day/month/year) 17.02.2000 

Applicant’s or agent’sfile reference

048J PCT 361 IMPORTANT NOTIFICATION
 

International application No. Internationalfiling date (day/month/year) Priority date (day/month/year)
PCT/EP99/00300 15/01/1999 15/01/1998

 
 

Applicant

HOLDING B.E.V. SAet al.  

1. The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the
international preliminary examination report and its annexes, if any, established on the international application.

2. Acopy of the report and its annexes, if any, is being transmitted to the International Bureau for communication
to all the elected Offices.

3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the
report (but not of any annexes) and will transmit such translation to those Offices.

4. REMINDER

The applicant must enter the national phase before each elected Office by performing certain acts(filing
translations and paying national fees) within 30 months from the priority date (or later in some Offices) (Article
39(1)}) (see also the reminder sent by the International Bureau with Form PCT/IB/301).

Wherea translation of the international application must be furnished to an elected Office, that translation must
contain a translation of any annexesto the international preliminary examination report. It is the applicant’s
responsibility to prepare and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see VolumeII of the
PCT Applicant’s Guide.

 

Nameand mailing address of the IPEA/ Authorized officer

European Patent Office Rohner, M
SD D-80298 MunichTel. +49 89 2399 - 0 Tx: 523656 epmu d

Fax: +49 89 2399 - 4485 Tel.+49 89 2399-8588 
Form PCT/IPEA/416 (July 1992)
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CLAIMS

1. A process of detecting a person falling asleep, the process comprising

the stepsof:

5 acquiring an imageofthe face (V) of the person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye ofthe person;

formingat least one histogram (328x) ofthe selected pixels;

analyzing the at least one histogram (328x) over time to identify

10 each opening andclosing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a personfalling asleep;

identifying a sub-area of the image comprising the at least one eye

prior to the step of selecting pixels of the image having characteristics

15 corresponding to characteristics of at least one eye, this step of selecting pixels

comprising selecting pixels within the sub-area of the image, comprising the steps
of:

identifying the head ofthe person in the image; and

identifying the sub-area of the image using an anthropomorphic
20 model.

2. The process according to claim 1 wherein the step ofidentifying head

of the person in the image comprises the stepsof:

selecting pixels of the image having characteristics corresponding to

edges of the head of the person;

25 forming histograms (328x, 328y) of the selected pixels projected

onto orthogonal axes; and

analyzing the histograms ofthe selected pixels to identify the edges

of the head of the person.

3. The process of detecting a person falling asleep, the process

AMENDED SHEET
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comprising the stepsof:

acquiring an imageofthe face V ofthe person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye of the person;

5 forming at least one histogram (328x)ofthe selected pixels;

analyzing the at least one histogram over time to identify each

opening and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

10 identifying a sub-area of the image comprising the at least one eye

prior to the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye, and wherein the step of

selecting pixels of the image having characteristics corresponding to characteristics

of at least one eye comprises selecting pixels within the sub-area of the image;

15 identifying the location of a facial characteristic of the person in the

image; and

identifying the sub-area of the image using an anthropomorphic

model and the locationofthe facial characteristic.

4. The process according to claim 3 wherein the step of identifying the

20 location of a facial characteristic of the person in the image comprisesthe steps of:

selecting pixels of the image having characteristics corresponding to

the facial characteristic;

forming histogramsofthe selected pixels projected onto orthogonal

axes; and

25 analyzing the histograms of the selected pixels to identify the

position of the facial characteristic in the image.

5. The process according to claim 4 wherein the facial characteristic is

the nostrils of the person, and wherein the step of selecting pixels of the image

having characteristics corresponding to the facial characteristic comprises selecting

AMENDED SHEET
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pixels having low luminancelevels.

6. The process according to claim 5 further comprising the step of

analyzing the histograms of the nostril pixels to determine whether the spacing

between the nostrils is within a desired range and whether the dimensions of the

5 nostrils fall within a desired range.

7. The process of detecting a person falling asleep, the process

comprising the stepsof:

acquiring an imageofthe face (V) of the person;

selecting pixels of the image having characteristics corresponding to

10 characteristics of at least one eye of the person;

forming at least one histogram (328x) of the selected pixels;

analyzing the at least one histogram over time to identify each

opening and closing of the eye; and

determining from the opening and closing information on the eye,

15 characteristics indicative of a personfalling asleep;

the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprises

selecting pixels having low luminance levels corresponding to shadowing of the

eye; and

20 wherein the step analyzing the at least one histogram over time to

identify each opening andclosing of the eye comprises analyzing the shape of the

eye shadowing to determine openings andclosingsofthe eye.

8. The process according to claim 7 wherein the step of forming at least

one histogram of the selected pixels comprises forming histograms of shadowed

25 pixels of the eye projected onto orthogonal axes, and wherein the step of analyzing

the shape of the eye shadowing comprises analyzing the width and height of the

shadowing.

9. The process of detecting a person falling asleep, the process

comprising the stepsof:

AMENDED SHEET
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acquiring an image of the face V of the person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye of the person; .

formingat least one histogram (328x)ofthe selected pixels;

5 analyzing the at least one histogram over time to identify each

opening and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

the step of selecting pixels of the image having characteristics

10 corresponding to characteristics of at least one eye of the person comprises

selecting pixels in movement corresponding to blinking; and

wherein the step analyzing the at least one histogram over time to

identify each opening and closing of the eye comprises analyzing the number of

pixels in movement over time to determine openingsand closings ofthe eye.

15 10. The process according to claim 9 wherein the step of selecting pixels

of the image having characteristics corresponding to characteristics of at least one

eye of the person comprises selecting having characteristics selected from the

group consisting of 1) DP=1, ii) CO indicative of a blinking eyelid, iii) velocity

indicative of a blinking eyelid, and iv) up and down movement indicative of a

20 blinking eyelid.

11. The process according to claim 3 wherein the step of identifying a

facial characteristic of the person in the image comprises the step of searching sub-

imagesofthe imageto identify the facial characteristic.

12. The process according to claim 5 wherein the step of identifying a

25 facial characteristic of the person in the image comprises the step of searching sub-

imagesofthe imageto identify the nostrils.

13. The process according to claim 11 wherein the facial characteristic is

a first facial characteristic and further comprising the stepsof:

using an anthropomorphic model andthe location ofthe first facial

AMENDED SHEET
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characteristic to select a sub-area of the image containing a second facial

characteristic;

selecting pixels of the image having characteristics corresponding to

the second facial characteristic; and

5 analyzing the histograms of the selected pixels of the second facial

characteristic to confirm theidentification ofthe first facial characteristic.

14. An apparatus for detecting a person falling asleep, the apparatus

comprising:

a sensor for acquiring an image of the face of the person, the image

10 comprising pixels correspondingto the eye of the person;

a controller; and

a histogram formation unit for forming a histogram on pixels having

selected characteristics,

the controller controlling the histogram formation unit to select

15__pixels of the image having characteristics corresponding to characteristics of at

least one eye of the person and to form a histogram of the selected pixels, the

controller analyzing the histogram over time to identify each opening and closing

of the eye, and determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

20 the controller interacting with the histogram formation unit to

identify a sub-area of the image comprising the at least one eye, and the controller

controls the histogram formation unit to select pixels of the image having

characteristics corresponding to characteristics of at least one eye only within the

sub-area of the image;

25 the controller interacting with the histogram formation unit to

identify the head of the person in the image; and

the controller identifies the sub-area of the image using an

anthropomorphic model.

15. The apparatus according to claim 14 wherein:

AMENDED SHEET
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the histogram formation unit selects pixels of the image having

characteristics corresponding to edges of the head of the person and forms

histogramsofthe selected pixels projected onto orthogonal axes; and

the controller analyzes the histograms of the selected pixels to

5 identify the edgesofthe head ofthe person.

16. The apparatus according to claim 14 wherein:

the controller interacts with the histogram formation unit to identify

the location of a facial characteristic of the personin the image; and

the controller identifies the sub-area of the image using an

10 anthropomorphic model andthe locationofthe facial characteristic.

17. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to the facial characteristic and forms histograms of

the selected pixels projected onto orthogonal axes;

15 the controller analyzes the histograms of the selected pixels to

identify the position of the facial characteristic in the image.

18. The apparatus according to claim 17 wherein the facial characteristic

is the nostrils of the person, and wherein the histogram formation unit selects pixels

of the image having low luminance levels corresponding to the luminancelevel of

20 the nostrils.

19. The apparatus according to claim 18 wherein the controller analyzes

the histograms of the nostril pixels to determine whether the spacing between the

nostrils is within a desired range and whether the dimensions of the nostrils fall

within a desired range.

25 20. The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image having low

luminance levels corresponding to shadowing of the eye; and

wherein the controller analyzes the shape of the eye shadowing to

determine openings and closings ofthe eye.
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21. The apparatus according to claim 20 wherein histogram formation

unit forms histograms of shadowed pixels of the eye projected onto orthogonal

axes, and wherein the controller analyzes the width and height of the shadowing to

determine openingsandclosings of the eye.

5 22. The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image in

movement correspondingto blinking; and

the controller analyzes the numberofpixels in movement over time

to determine openingsand closings of the eye.

10 23. The apparatus according to claim 22 wherein the histogram formation

units selects pixels of the image having characteristics of movement corresponding

to blinking, such characteristics being selected from the group consisting of i)

DP=1, ii) CO indicative of a blinking eyelid, iii) velocity indicative of a blinking

eyelid, and iv) up and down movementindicative of a blinking eyelid.

15 24. The apparatus according to claim 16 wherein the controller interacts

with the histogram formation unit to search sub-imagesof the imagetoidentify the

facial characteristic.

25. The apparatus according to claim 18 wherein the controller interacts

with the histogram formation unit to search sub-images of the image to identify the

20 nostrils.

26. The apparatus according to claim 24 wherein thefacial characteristic

is a first facial characteristic and further comprising:

the controller using an anthropomorphic model and the location of

the first facial characteristic to cause the histogram formation unit to select a sub-

25 area of the image containing a secondfacial characteristic, the histogram formation

unit selecting pixels of the image in the sub-area having characteristics

corresponding to the second facial characteristic and forming a histogram of such

pixels; and

the controller analyzing the histogram of the selected pixels
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corresponding to the secondfacial characteristic to confirm the identification of the

first facial characteristic.

27. The apparatus according to claim 14 wherein the sensoris integrally

constructed with the controller and the histogram formation unit.

5 28. The apparatus according to claim 14 further comprising an alarm, the

controller operating the alarm upon detection of the personfalling asleep.

29. The apparatus according to claim 14 further comprising an

illumination source, the sensor being adapted to view the person whenilluminated

by theillumination source.

10 30, The apparatus according to claim 29 whereintheillumination source

is a sourceof IR radiation.

31. Arear-view mirror assembly for a vehicle which comprises:

a rear-view mirror; and

the apparatus according to claim 14 mounted to the rear-view

15 mirror.

32. The rear-view mirror assembly according to claim 31 further

comprising a bracket attaching the apparatus to the rear-view mirror.

33. The rear-view mirror assembly according to claim 31 further

comprising a housing having an open side and an interior, the rear-view mirror

20 being mounted to the open side of the housing, the rear view mirror being see-

through from the interior of the housing to an exterior of the housing, the

apparatus being mountedinterior to the housing with the sensor directed toward

the rear-view mirror,

34. The rear-view mirror assembly according to claim 33 further

25 comprising a joint attaching the apparatus to the rear-view mirror assembly, the

joint adapted to maintain the apparatus in a position facing a driver of the vehicle

during adjustment of the mirror assembly by the driver.

35. The rear-view mirror assembly according to claim 31 further

comprising a source ofillumination directed toward the person, the sensor being
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adapted to view the person whenilluminated by the sourceofillumination.

36. The rear-view mirror assembly according to claim 31 further

comprising an alarm, the controller operating the alarm upon detection of the

personfalling asleep.

5 37. A rear-view mirror assembly which comprises:

a rear-view mirror; and

the apparatus according to claim 14, the sensor being mounted to

the rear-view mirror, the controller and the histogram formation unit being located

remote from the sensor.

10 38. A vehicle comprising the apparatus according to claim 14.

39. A process of detecting a feature of an eye, the process comprising the

stepsof:

acquiring an image of the face of the person, the image comprising

pixels corresponding to the feature to be detected;

15 selecting pixels of the image having characteristics corresponding to

the feature to be detected;

forming at least one histogram ofthe selected pixels;

analyzing the at least one histogram over time to identify

characteristics indicative of the feature to be detected.

20 said feature being theiris, pupil or cornea.
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METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

Inventors: Dr. Patrick Pirim

Dr. Thomas Binford

5 BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates generally to an image processing system, and

more particularly to the use of a generic image processing system to detect

drowsiness.

10 1.Description of the Related Art.

It is well knownthata significant number of highway accidentsresult from

drivers becoming drowsy or falling asleep, which results in many deaths and

injuries. Drowsiness is also a problem in other fields, suchasforairline pilots and

powerplant operators, in which great damage mayresult from failure to stay alert.

15 A numberof different physical criteria may be used to establish when a

person is drowsy, including a change in the duration and interval of eye blinking.

Normally, the duration of blinking is about 100 to 200 ms when awake and about

500 to 800 ms when drowsy. The time interval between successive blinks is

generally constant while awake, but varies within a relatively broad range when

20 drowsy.

Numerous devices have been proposed to detect drowsiness of drivers.

Such devices are shown, for example, in U.S. Patent Nos. 5,841,354; 5,813,99;

5,689,241; 5,684,461; 5,682,144; 5,469,143; 5,402,109; 5,353,013; 5,195,606;

4,928,090; 4,555,697; 4,485,375; and 4,259,665. In general, these devicesfall into

25 three categories: i) devices that detect movement of the head of the driver, e.g.,

tilting; ii) devices that detect a physiological change in the driver, e.g., altered

heartbeat or breathing, and iti) devices that detect a physical result of the driver

falling asleep, e.g., a reduced grip on the steering wheel. None of these devicesis

believed to have met with commercial success.
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The German patent application DE-19715515 and the corresponding

French patent application FR-2.747.346 disclose an apparatus and a process of

evaluation of drowsiness level of a driver using a video camera placed near the feet

of the driver and a processing unit for the camera image with a software detecting

5 the blinks of the eyes determining the time gap between the beginning and the end

of the blink. Moreparticularly, a unit 10 of the processorrealizes :

* a memorization of the video image andits treatment, so as to determine

an area comprising the driver’s eyes,

e the detection of the time gap betweenthe closing of the driver eyelids and

10 their full opening and

¢ a treatment in a memory 11 and a processor 22 in combination with unit

10 to calculate a ratio of slow blink apparition.

The object of the international patent application published WO-97/01246

is a security system comprising a video camera placed within the rear-view mirror

15 ofa car and a video screen remotely disposed for the analysis of what is happening

in the car and aroundit, as well as of what happened dueto the recording of the

output video signal of the camera. This is in fact a concealed camera (within the

rear-view mirror), so that it is imperceptible to vandals and thieves and which

observes a large scope including the inside of the car and its surroundings, the

20 record allowing one to know later what has happened in this scope (page 6,lines

13 to 19), this is not a detector whose effective angleis strictly limited to the car

driver face in order to detect its eventual drowsiness and to make him awake.

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and

PCT/EP98/05383 disclose a generic image processing system that operates to
25~—localize
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Thisis the answer to the written opinion of October 13, 1999.

  
   

 
This opinion has been duly taken into consideration and accordingly, a   

TH. KERBER ns
ING Ecr-cocreunece New set of claimsis enclosed:

COLLABORATEURS ; ;
X.COLAS DeSFRANCs — features of previousclaims 1 to 3 have been gathered in a new claim 1,

DOCTEUREN MEDECINE - DEA GBM - CEIPt . * * .yp Folanp ~ {atures of previous claims 1 and 2 have been added to previous claim 5 to
IEP -pESS FI make a new independentclaim 3,

socTEuR EWISaN =— features of previous claim 1 have been added to previous claim 9 to make a
COMPTABILITE new independent claim 7,

p.oRez — features of previous claim 1 have been addedto previous claim 11 to make a
new claim 9,
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B. RELIGIEUX
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independentclaim 14,

features of previous claims 43 and 44 have been gathered to make a new
independentclaim 39,
previous claim 45 has been cancelled.

The other claims have been duly renumbered and their attachments
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Thus,all the claims of the new set are new and involve an inventive step.

A short presentation of D2 and D3 hasbeeninserted at the beginning of
the description and reference signs to the drawings have been inserted into the
claims.

Thus, the defects of this international application have been remedied, so
that the International Preliminary Examining Authority can issue favourable
preliminary examinationreport.

Sincerely yours,

Alain MICHELET
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- New pages1 and Ia ofthe description
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CLAIMS

1. A process of detecting a person falling asleep, the pracess comprising

thesteps of,
: acquiring an image of the face (V) of the person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye of the person,

forming at least one histogram (328x) ofthe selected pixels,

analyzing the at Jeast one histogram (328x) over time to identify

_each opening and closing of the eye: and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

identifying a sub-area of the image comprising the at least one eye

prior to the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye, this step of selecting pixels

comprising selecting pixels within the sub-area of the image, comprising the steps

of .

identifying the head of the person in the image; and

identifying the sub-area of the image using an anthropomorphic

model,

2. The process according to claim 1 wherein the step of identifying head

of the person in the image comprises the stepsof:

selecting pixels of the image having characteristics corresponding to

edges of the head of the person;

forming histograms (328x, 328y) of the selected pixels projected

onto orthogonal axes; and

analyzing the histograms ofthe selected pixels to identify the edges

of the head of the person.

3. The process of detecting a person falling asleep, the process

23904-46554 6
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comprising the steps of: ,
acquiring an image ofthe face V of the person;

selecting pixels ofthe image having characteristics corresponding to

characteristics of at least one eye of the person;

5 formingat least one histogram (328x)ofthe selected pixels,

analyzing the at least one histogram over time to identify each
Opening and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep;

10 identifying a sub-area of the image comprising the at least one eye

prior to the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye, and wherein the step of

- selecting pixels of the image having characteristics corresponding to characteristics

of at least one eye comprisesselecting pixels within the sub-area of the image; .
15 identifying the location of a facial characteristic of the person in the

image; and

identifying the sub-area of the image using an anthropomorphic

model andthe location of the facial characteristic.

4. The process according to claim 3 wherein the step of identifying the
20~—focation of a facial characteristic of the person in the image comprises the steps of:

selecting pixels of the image having characteristics corresponding to

the facial characteristic;

forming histograms of the selected pixels projected onto orthogonal

axes, and

35 analyzing the histograms of the selected pixels to identify the
position of the facial characteristic in the image.

5. The process according to claim 4 wherein the facial characteristic is

the nostrils of the person, and wherein the step of selecting pixels of the image

having characteristics corresponding to the facial characteristic comprises selecting
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pixels having low luminance levels.

6. The process according to cluin 5 further comprising the step of

analyzing the histograms of the nostril pixels to determine whether the spacing

between the nostrils is within a desired range and whether the dimensions of the
we nostrils fall witha desired range. :

7. The process of detecting a person falling asleep, the process :
comprising the steps of: |

acquiring an image ofthe face (V) of the person;

selecting pixels of the image having characteristics corresponding to

10 characteristics of at least one eye of the person:

forming at least one histogram (328x) ofthe selected pixels;

analyzing the at least one histogram over time to identify each

opening and closing ofthe eye; and

determining from the opening and closing information on the eye,

15 characteristics indicative of a personfalling asleep;
the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprises

selecting pixels having low luminance levels corresponding to shadowing of the

eye; and

20 wherein the step analyzing the at least one histogram over time to

identify each opening and closing of the eye comprises analyzing the shape of the

eye shadowing to determine openings and closings ofthe eye.

8. The process according to claiin7wherein the step of forming at least

one histogram orthe selected pixels comprises forming histograms of shadowed

25 pixels of the eye projected onto orthogonal axes, and wherein the step of analyzing

the shape of the eye shadowing comprises analyzing the width and height ofthe

shadowing.

9 The process of detecting a person falling asleep, the process

comprising the steps of
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acquiring an image of the face V ofthe person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye of the person;

forming at least one histogram (328x) of the selected pixels:

5 analyzing the at least one histogram over time to identify each

opening and closing ofthe eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep,

the step of selecting pixels of the image having characteristics |

le Corresponding to characteristics of at least one eye of the person comprises  
selecting pixels in movement correspondingto blinking; and

wherein the step analyzing the at least one histogram over time to

identify each opening and closing of the eye comprises analyzing the number of

pixels in movement over time to determine openings and closings ofthe eye.

1s 10. The process according to claim 9 wherein the step of selecting pixels
of the image having characteristics corresponding to characteristics of at least one

eye of the person comprises selecting having characteristics selected from the

group consisting of i} DP=1, ii) CO indicative of a blinking eyelid, iii) velocity

indicative of a blinking eyelid, and iv) up and down movementindicative of a

20 ~—blinking eyelid.

11. The process according to claim 3 wherein the step of identifying a

facial characteristic of the person in the image comprises the step of searching sub-

images of the image to identify the facial characteristic.

12, The process according to claim 5 wherein the step of identifying a

25 facial characteristic of the person in the image comprises the step of searching sub-

images of the imageto identify the nostrils.

13. The process according to claim 11 wherein the facial characteristic is

a first facial characteristic and further comprising the steps of:

using an anthropomorphic model and the location of the first facial
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characteristic to select a sub-area of the image containing a second facial

_ characteristic,

- selecting pixels of the image having characteristics corresponding to

the second facial characteristic: and

3s analyzing the histograms of the selected pixels of the second facial
characteristic to confirm the identification of thefirst facial characteristic.

14. An apparatus for detecting a person falling asleep, the apparatus
 

comprising:

a sensor for acquiring an image ofthe face of the person, the image

10 comprising pixels corresponding to the eye of the person;

a controller, and

a histogram formation unit for forming a histogram onpixels having

selected characteristics,

the controller controlling the histogram formation unit to select

18 pixels of the image having characteristics corresponding to characteristics of at
least one eye of the person and to form a histogram of the selected pixels, the

controller analyzing the histogram over time to identify each opening and closing

of the eye, and determining from the opening and closing information on the eye,

characteristics indicative of a personfalling asleep;

20 the controller interacting with the histogram formation unit to

identify a sub-area of the image comprising the at least one eye, and the controller

controls the histogram formation unit to select pixels of the image having

characteristics corresponding to characteristics of at least one eye only within the
sub-area of the image;

25 the controller interacting with the histogram formation unit to

identify the head of the person in the image; and

the controller identifies the sub-area of the image using an

anthropomorphic model.

15. The apparatus according to claim 14 wherein:
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the histogram formation unit selects pixels of the image having

a . characteristics corresponding to edges of the head of the person and forms
histogramsofthe selected pixels projected onto orthogonal axes; and

the controller analyzes the histograms of the selected pixels to
. §—identify the edges of the head of the person.

16. The apparatus according to claim 14 wherein:

the controller interacts with the histogram formation unit to identify

the location of a facial characteristic of the person in the image; and

the controller identifies the sub-area of the image using an

10 anthropomorphic model and the location of the facial characteristic.

17. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to the facial characteristic and forms histograms of

the selected pixels projected onto orthogonal axes,

13 : the controller analyzes the histograms of the selected pixels to

identify the position of the facial characteristic in the image,

18. The apparatus according to claim 17 wherein the facial characteristic
is the nostrils of the person, and wherein the histogram formation unit selects pixels

of the image having low Juminance levels corresponding to the luminancelevel of

20 ‘the nostrils. .

19. The apparatus according to claim 18 wherein the controiler analyzes

the histograms of the nostril pixels to determine whether the spacing between the

- nostrils is within a desired range and whether the dimensions of the nostrils falt

within a desired range.

25 20, The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image having low

luminance levels corresponding to shadowing of the eye; and

wherein the controller analyzes the shape of the eye shadowing to

determine openings and closings ofthe eye.
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21. The apparatus according to claim 20 wherein histogram formation

unit forme histograms of shadowed pixely of the eyc projceted onto orthogonal

axes, and wherein the controller analyzes the width and height of the shadowing to
determine openings and closings of the eye.

22. The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image in

movement corresponding to blinking; and

the controller analyzes the number of pixels in movement over time

to determine openings and closings of the eye.

23. The apparatus according to claim 22 wherein the histogram formation

units selects pixels of the image having characteristics of movement corresponding

to blinking, such characteristics being selected from the group consisting of i)

DP=1, ii) CO indicative of a blinking eyelid, iii) velocity indicative of a blinking

eyelid, and iv) up and down movementindicative of a blinking eyelid.

24, The apparatus according to claim 16 wherein the controller interacts

with the histogram formation unit to search sub-imagesof the imageto identify the

facial characteristic.

25. The apparatus according to claim 18 wherein the controller interacts

with the histogram formation unit to search sub-images of the image to identify the

nostrils.

26. The apparatus according to claim 24 wherein the facial characteristic
is a first facial characteristic and further comprising: |

the controller using an anthropomorphic model and the location-of

the first facial characteristic to cause the histogram formation unit to select a sub-

area of the image containing a second facial characteristic, the histogram formation

unit selecting pixels of the image in the sub-area having characteristics

corresponding to the second facial characteristic and forming a histogram of such

pixels; and

the controller analyzing the histogram of the selected pixels
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corresponding to the second facial characteristic to confirm the identification of the

- first facial characteristic.

27, The apparatus according to claim 14 wherein the sensoris integrally

constructed with the controller and the histogram formation unit.

5 28. The apparatus according to claim 14 further comprising an alarm, the

controller operating the alartn upon detection of the person falling asleep.

29. The apparatus according to claim 14 further comprising an

illumination source, the sensor being adapted to view the person when illuminated

by the illumination source.

40 30. The apparatus according to claim 29 wherein the illumination source

is a source of LR radiation.

31. Arear-view mirror assembly for a vehicle which comprises:

a rear-view mifror, and

the apparatus according to claim 14 mounted to the rear-view

1s mirror.

32. The rear-view mirror assembly according to claim 31 further

comprising a bracket attaching the apparatus to the rear-view mirror.

33. The rear-view mirror assembly according to claim 31 further

comprising a housing having an open side and an interior, the rear-view mirror

20 being mounted to the open side of the housing, the rear view mirror being see-

through from the interior of the housing to an exterior of the housing, the

apparatus being mounted interior to the housing with the sensor directed toward

the rear-view muirtor.

34. The rear-view minor assembly according to claim 33 further

25 comprising a joint attaching the apparatus to the rear-view mirror assembly, the

joint adapted to maintain the apparatus in a position facing a driver of the vehicle

during adjustment of the mirror assembly by the driver.

35. The rear-view mirros assembly according to claim 31 further

compnsing a source of illumination directed toward the person, the sensor being
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adapted to viewthe person whenilluminated by the source ofillumination.

- 36. The rear-view mirror assembly according to claim 31 further

comprising an alarm, the controller operating the alarm upon detection of the

personfalling asleep.

5 37. A rear-view mirror assembly which comprises: ;
a rear-view mirror; and !
the apparatus according to claim 14, the sensor being mounted to

the rear-view mirror, the controller and the histogram formation unit being located

remote from the sensor.

10 38. A vehicle comprising the apparatus according to claim 14.

- 39. A process of detecting a feature of an eye, the process comprising the

steps of:

acquiring an image of the face af the person, the image comprising

pixels correspondingto the feature to be detected,

15 selecting pixels of the image having characteristics corresponding to

the feature to be detected;

forming at least one histogram of the selected pixels;

analyzing the at least one histogram over time to identify

characteristics indicative of the feature to be detected.

20 said feature being theiris, pupil or cornea.
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KC. VON? EPA-MUENCHEN 0 tat ;
4 *TB- J - ov ; 9:54 : 33 0% 53 U4 G4 OG] +49 89 28990446554 4+

i PCT/EP-99/00300

048 JPCT 361 |

January 11, 2000

METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

Inventors: Dr, Patrick Pirim

Dr. Thomas Binford |

N

5 BACKGROUND OF THE INVENTION

i. Field of the Invention.

‘ The present invention relates generally to an image processing system, and

more particularly to the use of a generic image processing system to detect

drowsiness.

10 1 Description ofthe Related Art.

It is well known that a significant number of highway accidents result from

drivers becoming drowsy or falling asleep, which results in many deaths and
injuries. Drowsinessis also a problem in other fields, such as for airline pilots and

powerplant operators, in which great damage may result from failure to stay alert.

1S A number of different physical criteria may be used to establish when a
person is drowsy, including a change in the duration and interval of eye blinking.

Normally, the duration of blinking is about 100 to 200 ms when awake and about

500 to 800 ms when drowsy. The time interval between successive blinks is

generally constant while awake, but varies within a relatively broad range when
20. drowsy.

Numerous devices have been proposed to detect drowsiness of drivers.

Such devices are shown, for example, in U.S. Patent Nos. 3,841,354, 5,813,99;

5,689,241; 5,684,461; 5,682,144; 5,469,143: 5,402,109; 5,353,013; 5,195,606;
4,928,090; 4,555,697; 4,485,375; and 4,259,665. In general, these devicesfall into

25~—sthree categories: i) devices that detect movement of the head of the driver, e.g.,
tilting: ii) devices that detect a physiological change in the driver, e.g., altered

heartbeat or breathing, and iii) devices that detect a physical result of the driver

falling asleep, ¢.g., a reduced grip on the steering wheel. None of these devicesis

believed to have met with commercial success.
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Petitioner LG Ex-1023, 0058

ROV. VON? EPA-MUENCHEN 0! iL: hs
EN 04 :13- 1- 0 ; 9:54; 33 01 583 04 64 O15 +49 89 2899¢465 14 5

la PCT/EP-99/00300
048 J PCT 36)

January 11, 2000

The German patent application DE-19715515 and the corresponding

French patent application FR-2.747.346 disclose an apparatus and a process of

evaluation ofdrowsiness levelof a driver using a video camera placed nearthe feet
of the driver and a processing unit for the camera image with a software detecting

5 the blinks of the eyes determining the time gap between the beginning and the end

ofthe blink. More particularly, a unit 10 of the processorrealizes :

*a memorization of the video image and its treatment, so as to determine

an area comprising the driver's eyes, |
# the detection of the time gap between the closing of the driver eyelids and |

10 their full opening and

® 3 treatment in a memory 11 and a processor 22 in combination with unit

10 to calculate a ratio of slow blink apparition.

The object of the international patent application published WO-97/01246

is @ security system comprising a video camera placed within the rear-view mirror

15 ofa car and a video screen remotely disposed for the analysis of what is happening

in the car and around it, as well as of what happened due to the recording of the

output video signa! of the camera, This is in fact a concealed camera (within the

rear-view mirror), so that it is imperceptible to vandals and thieves and which

observes a large scope including the inside of the car and its surroundings, the

20 record allowing one to know later what has happenedin this scope (page 6,lines

13 to 19), this is not a detector whose effective angle is strictly limited to the car

driver face in order to detect its eventual drowsiness and to make him awake.

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and

PCT/EP98/05383 disclose a generic image processing system that operates to

25=localize
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Petitioner LG Ex-1023, 0059

RCV. VON: EPA-MUENCHEN 04. ‘1B- 1- oO: BSE
te

=>" CABINET HARLE & PHELIP
 

 

FONDE EN 18'9

TEL. | (33) 01 63 04.64 64 CONSEILS EN PROPRIETE INCUSTRIELLE
FAX : (33) 01 53 04 64 00 EUROPEAN PATENT AND TRADE MARK ATTORNEYS

E-MAIL; cabinet @naria.tr 7, AUE DE MADRID F - 75008 PARIS
R. HARLE

30ACTIONNAIRES-ASSOCIES O/Ret 48FECT 361
PROFESSIONNELS

2 EUROPEAN PATENT OFFICE
/2 tuBPHELIP Directorate General 2

D-80298 MUNICH
Jt 0 M.LE BRUSQUE a wok GERMANYino cle B . 7

.2t AMCHELET|VIA FACSIMILE(hd, PYG bbs)

12. RELIGIEUX Panis, January 31, 2000ING. EN@AIS
© CUROPLAN PATEAT ATIORAIR YS

* * Have MARK ATTORNEYS

PCT patent application filed on January 15, 1999
+ CONSENS ENPROPRIETE Under N° PCT/EP-99/00300

INDUSTRIELLE In the name of HOLDINGB.E.V.S.A.et al.
-«> meo.MaLter - For: « Method and apparatus for detection of drowsiness »Maa En aIrncig Ol renee

FBT RN ONDIT OFT APPAIREY
eeoeeeAMEeaEASOEMyayLEOSaYDOOnereYPDeenePoNaan PykAaGPNNia

: om JM. LE BIHANMat

*+9 PH, LODS Dear Sirs,Marthe BA Dror OES APeo RES Obty

7+ M™S, CUGINI ws : os
saaitag euenonpeeeURI This is the answer to the written opinion of October 13, 1999.

WH BERGEMANNDIP «Ine

This opinion has been duly taken into consideration and accordingly, a- TH. KERBER a .
ma pce-aucTanesr Tew set of claims is enclosed:

COLLABORATEURS / . ‘ .
% COLASDESFRANCS ~ features of previous claims ] to 3 have been gathered in a new claim 1,

eeeeeeeecua 7 features of previous claims 1 and 2 have been added to previous claim § to
ter URRY make a new independent claim 3,

sortunewectgJueN — features of previous claim 1 have been added to previous claim 9 to make a
COMPTABILITE new independent claim 7,

p.pinez — features of previous claim 1-have been added to previous claim }1 to make a
new claim 9,

~ features of previous claims 16, 17 and 18 have been gathered to make a new
arentALGER independent claim 14,

44sCONANTES - features of previous claims 43 and 44 have been gathered to make a new
TEL : (33) 02 40 73 41 98 . '
FAK , (33) 02 40 73 46 89 independent claim 39,

8, RELIGIEUX ‘ :
oriepian 7 previous claim 45 has been cancelled.

The other claims have been duly renumbered and their attachments
corrected.

inLA

CABINET HARLE ET PHELIP, Socléie Anonyme de Consoils en Propriété industialle au Capital de 250.000 F
Sldge social : 7, rue de Madrid - 75006 Paris- R.C.S, Paris 8 784 385 682 - TVA (VAT) : FR 25 704 SBS B82

Sanque NSM 30768 GO169 10002579101 54 NEUFLIZE PARIS ST GEORGES
COP PARIS 30041 00001 0197230L020 95 CENTRE DE CHEQUES POSTAUX

163: 33 01 583 04 64 01-5 +49 89 23994465:4 1
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Petitioner LG Ex-1023, 0060

~ RCV. VON? EPA-MUENCHEN 04 *13- I- 0; 258
53 3 33 OL 53 04 64 O1l- +49 BY 23094465: 4 2

_ 048 J PCT 36]
CABINET AM/nm - January 11, 2000 |

HARLE « PHELIP
GCONBEILS EN PROFRIETE INQUBTAIELLE 2

Thas, all the claims of the new set are new and involve an inventivestep.

A short presentation of D2 and D3 has been inserted at the beginning of
the description and reference signs to the drawings have been inserted into the
claims.

| Thus, the defects of this international application have been remedied, so |
that the Intemational Preliminary Examining Authority can issue favourable |
preliminary examination report.

Sincerely yours,

Alain MICHELET

Encl. : - New set of claims .
~ New pages | and 1a ofthe description
- Acknowledgement of receipt form
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Petitioner LG Ex-1023, 0061

PATENT COOPERATION TREATY

From the:
INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY

 
 

To:

MICHELET,A.et al.
CABINET HARLE & PHELIP

7, rue de Madrid
F-75008 Paris
FRANCE

PCT

WRITTEN OPINION

  
  

  
 
 
 
 
 
 

(PCT Rule 66)

 
 

Date of mailing

(day/month/year} il 3. 10. 99

   Applicant's or agent'sfile reference REPLY DUE within 3 month(s)
048J PCT 3614 from the above date of mailing

Intemational application No. Internationalfiling date (day/month/year)

PCT/EP99/00300 15/01/1999

International Patent Classification (IPC) or both national classification and IPC

G08B21/00

Applicant

HOLDING B.E.V. SAetal.

  
 
 
 

Priority date (day/month/year)

15/01/1998
 
 

  
 
 
 
 
 

1. This written opinionis the first drawn up bythis International Preliminary Examining Authority.

2. This opinion contains indications relating to the following items:

Basis of the opinion

Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

Lack of unity of invention

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
Certain documentcited

Vi Certain defects in the international application

Vill Certain observations on the international application

The applicant is hereby invited to reply to this opinion.

When? See the timelimit indicated above. The applicant may, before the expiration ofthat time limit,
request this Authority to grant an extension, see Rule 66.2(d).

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3.
For the form and the language of the amendments, see Rules 66.8 and 66.9.

Also: For an additional opportunity to submit amendments, see Rule 66.4.
For the examiner's obligation to consider amendments and/or arguments, see Rule 66.4bis.
For an informal communication with the examiner, see Rule 66.6.

If no reply is filed, the international preliminary examination report will be established on the basis of this opinion.

Thefinal date by which theinternational preliminary
examination report must be established according to Rute 69.2 is: 15/05/2000.

Nameand mailing addressofthe international Authorized officer / Examiner
preliminary examining authority: .
——wr_ European Patent Office Wright, J

+) D-80298 Munich Formalities officer (incl. extension of time limits)
Tel. +49 89 2399 - 0 Tx: 523656 epmu d Swartebroeckx, J-J
Fax: +49 89 2399 - 4465 Telephone No. +49 89 2399 2692

Form PCT/IPEA/408 (cover sheet) (January 1994) JS20966; 29.09.1999
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Petitioner LG Ex-1023, 0062

Co

i

WRITTEN OPINION International application No. PCT/EP99/00300 

VI. Certain documentscited

1. Certain published documents (Rule 70.10)

and / or

2. Non-written disclosures (Rule 70.9)

see separate sheet

Vil. Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Vill. Certain observations on the international application

Thefollowing observations on the clarity of the claims, description, and drawings or on the question whetherthe
claims are fully supported by the description, are made:

see separate sheet

Form PCT/PEA/408 (Boxes |-VIll, Sheet 2) (January 1994)
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Petitioner LG Ex-1023, 0063

WRITTEN OPINION international application No. PCT/EP99/00300 

I. Basis of the opinion

1. This opinion has been drawnonthe basis of (substitute sheets which have been furnished to the receiving Office
in responseto an invitation under Article 14 are referred to in this opinion as “originally filed”.):

Description, pages:

1-57 as originally filed

Claims, No.:

1-45 as originally filed

Drawings, sheets:

1/20-20/20 as originally filed

2. The amendments have resulted in the cancellation of:

1 thedescription, pages:

Othe claims, Nos.:

Othe drawings, sheets:

3. This opinion has been established asif (some of} the amendments had not been made,since they have been
considered to go beyond the disclosure asfiled (Rule 70.2(c)):

4. Additional observations,if necessary:

V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N} Claims 1,2,43 No, all other claims yes.

Inventive step (1S) Claims 1,2,16,17,31-34,42,43,45 No,all other claims Yes.

Industrial applicability (1A) Claims 1-45 Yes.

2. Citations and explanations

see separate sheet

Form PCT/APEA/408 (Boxes|-Vill, Sheet 1) (January 1994)
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Petitioner LG Ex-1023, 0064

WRITTEN OPINION International application No. PCT/EP99/00300 

Cover sheet (examiner version,for internal use only)

International application No. International filing date (day/month/year) Priority date (day/month/year)

PCT/EP99/00300 15/01/1999 15/01/1998

International Patent Classification (IPC) or both national Classification and IPC

G08B21/00

Applicant

HOLDING B.E.V. SAet al.

 

pace REPLY DUE: within 3 month(s) from the date of mailing

1. This written opinion is the first drawn up bythis International Preliminary Examining Authority.

2. This report contains indications relating to the following items:

]

i

ll

NV

Vv

Basis of the opinion

Priority

Non-establishmentof opinion with regard to novelty, inventive step and industrial applicability

Lack of unity of inventionMOO
Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Vi

Vil & Certain defects in the international application

Certain documents cited|

VI Certain observations on the international application

me 3. The applicant is hereby invited to reply to this opinion.
 

 
Wright, J
Authorized officer

Form PCT/APEA/408 (Cover sheet) (January 1994)
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Petitioner LG Ex-1023, 0065

WRITTEN OPINION International application No. PCT/EP99/00300
SEPARATE SHEET 

1. The following documentswill be referred to in this written opinion; the numbering
will be adhered to in the rest of the procedure:

Di WO 98/05002 [Carlus MagnusLtd.] Published 05.02.1998; filed
22.07.1997.

D2 DE-A-19715519 [MITSUBISHI]

D3 WO-A-97/01246 [STEED]

The examineris of the opinionthat the priorities claimed are validly claimed.

fa} Document D1 is published after the first claimed priority, P1 (FR 60 048)of the
application but before the second claimedpriority, P2 (PCT EP 98/05383).

As such D1 constitutes prior art within the sense of Rule 64.1 PCT with regard to
subject matter which is not covered by the priority document P1. The document

D1 could constitute a national/regional prior right as indicated in Rule 64.3 PCT,

howeverthis is for information of the applicant only and is beyond the scopeof the
International Examination.

2. Inthe following discussion, the patentability of the claims will be examined with

regard to the requirements of the PCT. In particular, the claims will be examined

for novelty, as defined in Art. 33(2) PCT, and for inventive step, as defined in Art.

33(3) PCT. In addition other aspects, suchasclarity requirements of Art. 6 PCT,
may be discussed as appropriate.

2.1 Claim 1

Claim 1 is not allowable becauseit is not new, Art. 33(2) PCT for the following
reasons:

DocumentD2 also discloses a processfor detecting a personfalling asleep (see

title and abstract) whereby the image of a face of a person is acquired and
selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye of the person [although pixels are not referred

to explicitly in D1, since it functions by detecting a digital imageit is an implicit

Form PCT/Separata Sheat/408 (Sheet 1) (EPO-April 1997)
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Petitioner LG Ex-1023, 0066

WRITTEN OPINION International application No. PCT/EP99/00300
SEPARATE SHEET

feature of D1 that pixels corresponding to the eye part of the image are selected]

(D2, fig. 1, and col. 3, lines 23-33); further disclosed in D2 is forming a histogram,

see D2,fig. 1, ref. 10;

analysing the histogram over time to determine opening and closing of the eye

information, see D2, abstract;

determining from the opening andclosing of the eye information characteristics

indicative of the personfalling asleep, see D1, abstract andfig. 4.

Since there is no difference between the subject matter of claim 1 of the

application and that of D2, claim 1 is rendered not new andtherefore objected to

underArt. 33(2) PCT.

2.2 Claim 2

Document D2 also discloses selecting a sub area of the image comprising the

eye, see D2, col. 3, lines 23-34. Additional features of claim 2 are also disclosed

in this passage. As such claim 2 appears not to be new with respect to D2 and

therefore likewise is not allowable under Art. 33(2) PCT.

2.3 Claim 3

Claim 3 would appearto be allowable underArt. 33(2) and (3) PCT.In particular,

the examinernotes that whilst D3 discloses identification of the eye, there is no

indication in the document, or any of the other available prior art to identify the

head separate from theeye. From fig. 1 of D1, it would appear that the camera is

so positioned that inevitably the headof the driver is filmed, as such there is no

indication to identify the head as such according to an anthropomorphic model.It

is concluded that claim 3 appears to be new andto involve an inventive step.

2.4 Claim 4

Claim 4 is dependent on claim 3 and would therefore also appear to be allowable

underArt. 33(2 and 3) PCT.

Form PCT/Separate Sheet/408 (Sheet 2) (EPO-April 1997)
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Petitioner LG Ex-1023, 0067

WRITTENOPINION International application No. PCT/EP99/00300
SEPARATE SHEET 

2.5 Claim 5

Claim 5 would appearto be allowable underArt. 33(2 and 3) since there is no
indication in the prior art which would lead the personskilled in the art to the

feature of identifying the location of a facial characteristic in conjunction with an
anthropomorphic model.

2.6 Claims 6-8

Claims 6-8 depend on claim 5. As such these claims appearto be allowable for
y the reasons given above, Art. 33(2 and 3) PCT.

2.7 Claimg

Thereis no indication in the available prior art to use shadowing of the eye to
identify the eye, as such the claim would appear to be new andto involve an

inventive step, Art. 33(2) and (3) PCT.

2.8 Claim 10

Claim 10 depends on claim 9 and would therefore also appearto be allowable
underArt. 33(2 and 3) PCT.

2.9 Claim 11

There is no indication in the document D2 or in any of the otheravailable prior art
to suggest the step of analysing the numberof pixels in movementto detect

opening andclosing of the eye. As such the examineris of the provisional opinion
that claim 11 is allowable under Art. 33(2 and 3) PCT. Although D2 discloses
detecting blinking by analysis of a histogram, there is no indication as to howthis
is carried out.

2.10 Claims 12-15

Dependentclaims 12-15 would appearto be allowable since they depend on

Form PCT/Separate Sheat/408 (Sheat 3) (EPO-April 1997)
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Petitioner LG Ex-1023, 0068

WRITTEN OPINION International application No. PCT/EP99/00300
SEPARATE SHEET 

allowable claims, Art. 33(2 and 3) PCT.

2.11 Claim 16

Claim 16 is not allowable under Art. 33(3) PCTsinceit lacks an inventive step, for
the following reasons;

documentD2 disclosesall the features of claim 16 except that of a controller.

From D2,fig. 2 it would appearthat in D2 there is no controller as claimed.

However, in order to simplify control of functions to be performed, the person

skilled in the art would incorporate a controller such as a microprocessor, without

having made an inventive step, Art. 33(3) PCT, and thereby arrive exactly at the

subject matter of claim 16 of te application.

It is concluded that claim 16 is not allowable under Art. 33(3) PCT.

2.12 Claim 17

Claim 17 is not allowable underArt. 33(3) PCT dueto lack of inventive step. From

D2, the only difference between D2 and claim 17 of the application is that the

controller is claimed as controlling the histogram formation unit. However, the

personskilled in the art would use such a controller without having made an
inventive step, as such the claim appears to be not allowable underArt. 33(3)
PCT.

"2.13 Claim 18

The subject matter of claim 18 would appearto be allowable underArt. 33(2 and
3) since there is no indication in the available prior art which would lead the

personskilled in the art to the feature of identifying the head of the person perse.

2.14 Claim 19

Claim 19 depends on claim 18 and would therefore appearto be allowable, Art.

33(2 and 3) PCT.

Form PCT/Separate Sheet/408 (Sheet 4) (EPO-April 1997)
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Petitioner LG Ex-1023, 0069

WRITTEN OPINION International application No. PCT/EP99/00300
SEPARATE SHEET

2.15 Claim 20

The combination of the facial characteristic and the anthropomorphic model

appears not to be known from nor rendered obvious by the available prior art, as

such the claim would appearto be allowable underArt. 33(2 and 3) PCT.

2.16 Claims 21-23

Claims 21-23 would appearto be allowable underArt. 33(2 and 3) PCT since they

depend on allowable claims.

2.17 Claim 24

Claim 24 is considered to be both new andto involve an inventive step, Art. 33(2

and 3) PCT.

Thereis no indication in the available prior art, including D2 which would lead the

person skilled in the art to the solution disclosed in claim 24 to the problem of

identifying the feature of the eye. Claim 24 is therefore considered to be both new

and to involve an inventive step, Art. 33(2 and 3) PCT.

2.18 Claim 25

Claim 25 dependson claim 24 andis likewise considered to be new and to involve

an inventive step for the same reasons, Art. 33(2 and 3) PCT.

2.19 Claim 26

Claim 26 appears to be new and to involve aninventive step, Art. 33(2 and 3)
PCT.

There is no indication in the document D2 orin any of the other available priorart

to suggest the step of analysing the numberof pixels in movementto detect

opening and closing of the eye. As such the examineris of the provisional opinion

Form PCT/Separate Sheet/408 (Sheat 5) (EPO-April 1997)
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that claim 26 is allowable under Art. 33(2 and 3) PCT. Although D2 discloses

detecting blinking by analysis of a histogram, there is no indication as to how this
is carried out.

2.20 Claims 27-30

Since claims 27-30 depend on allowable claims they appearlikewise to be

unobjectionable under Art. 33(2 and 3) PCT.

2.21 Claim 31

The feature of integrating sensor, controller and histogram unit would appeario

be obvious in the sense that the personskilled in the art would perform such an

integration in accordance with circumstances, for instance to make the device

compact, without making a inventive step. As such claim 31 lacks an inventive

step, Art. 33(3) PCT.

2.22 Claim 32

Claim 32 lacks inventive step, Art. 33(3) PCT, since from fig. 1, ref. 50 of D2, an
alarm as defined in the claim is also Known.

2.23 Claims 33-34

The personskilled in the art would include a light source as necessary, without

having made aninventive step. As such claims 33-34 would appearto Jack an

inventive step, Art. 33(3) PCT.

2.24 Claim 35

There is no indication for the person skilled in the art to mount the apparatusof
claim 16 to the rear view mirror.

Although the document D3 discloses mounting a camera inside a rear view mirror

in order for the camerato be discrete, there is no indication which would lead the

Form PCT/Separate Sheet/408 (Sheet 6) (EPO-April 1997}
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person skilled in the art to mount apparatusto the rear view mirror. Therefore

claim 35 would appearto be new and toinvolve an inventive step, Art. 33(2 and 3)
PCT.

2.25 Claims 36-41

For the reasons given abovein part 2.4, these claims would also appearto be

unobjectionable, Art. 33(2 and 3) PCT.

2.26 Claim 42

Independent claim 42 is not allowable under Art. 33(3) PCT for the same reasons

as were givenfor claim 16 of the application.

Since D2 also discloses a vehicle, see fig. 1, claim 42 adds nothing which could

involve an inventive step, Art. 33(3) PCT.

2.27 Claim 43

Claim 43 is not new and therefore doesnotfulfil the requirements of Art. 33(2)
PCT.

Claim 43 claims a process of detecting a feature of an eye. From D2, see abstract

and col. 3, lines 19-34, the same features are to be found.In particularit is noted

that winking is considered to be the feature of the eye to be detected (see also the

discussion of related features in part 2.1 of this opinion).

It is concluded that claim 43 is not new and therefore does notfulfil the

requirements of Art. 33(2) PCT.

2.28 Claim 44

There is no indication in the available prior art which would lead the personskilled
in the art to identify the feature of iris, pupil of cornea, as such claim 44 would

appearto be new andinventive, Art. 33(2 and 3) PCT.

Form PCT/Separate Sheet/408 (Sheet 7) (EPO-April 1997)
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2.29 Claim 45

Claim 45 is not allowable becauseit lacks an inventive step, Art. 33(3) PCT. From

D2, abstract and col. 3, lines 23-34, D2 comprisesall the features of the claim

excepting the feature of the controller as claimed.

However, the personskilled in the art, faced with the problem of economising on

hard ware would alwaystry to use a single controller, such as a microprocessorto

contro! a numberof complexinterrelated tasks. As such, the person skilled in the

art would be expected to arrive at the subject matter of claim 45 of the invention

without having madeaninventive step, Art. 33(3) PCT.

3. In the following section, certain defects in the International Application will be
noted.

3.1 Document D2 should be mentioned in the description in accordance with Rule 5.1
a ii PCT

3.2 The description should be brought into accordance with any newclaimsto befiled
in accordance with Rule 5.1 a iii PCT.

3.3 The independentclaims could be cast in the two part form of claim in accordance

with Rule 6.3 b PCT. If however the applicant is of the opinion that this is

inappropriate in the present case, the single part form of claiming may be used.In
the latter case the applicant should ensure thatit is clear from the description,

which claimed subject matter is known from the closestprior art.

3.4 Whilst the examiner hasindicated in this opinion certain claims which he

considers would be allowable in them selves, and these cover a numberof

different aspects of the claims, this should not be taken as an indication that a

plurality of different inventions may be claimed without contravening the unity

requirements of Rule 13.1 PCT.

3.5 Any new material filed must have a basis in the originally filed application, Art. 34

2 b PCT.fulfil the requirements of If the applicant chosesto file new claims,it

Form PCT/Separate Sheat/408 (Sheet 8) (EPO-April 1997)
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would be of great help to the examinerif he could indicate in his letter of reply or
using a marked up working copy, where there is a basis for the new claimsin the

originally filed disclosure.

4. The following points of clarity should be taken into account whenfiling new claims:

4.1 At present three are too many independentclaims, namely claims

1,16,35,41,42,43 and 45, making the scope of the claims as a whole unclear and
not concise. The applicant is therefore asked to reduce the numberof claims to

the minimum in each category.

4.1 To increase the clarity of the claims, reference signs relating to the drawings
should be inserted into the claims between parentheses(). This applies to both
the pre and post characterising portions of the claims.

Form PCT/Separate Sheet/408 (Sheet 9) (EPO-April 1997)
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 In a process of detecting a person falling asleep, an image of the face of the person is acquired, Pixels of the image having
characteristics corresponding to an eye of the person are selected and a histogram is formed of the selected pixels. The histogram is
analyzed over time to identify each opening and closing of the eye, and characteristics indicative of the person falling asleep are determined.
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METHOD AND APPARATUS FOR DETECTION OF DROWSINESS 

BACKGROUND OF THE INVENTION

1, Field of the Invention.

The present invention relates generally to an image processing system,

and more particularly to the use of a generic image processing system to detect
drowsiness.

1.Description of the Related Art.

It is well known that a significant number of highway accidents result from

drivers becoming drowsy or falling asleep, which results in many deaths and injuries.

Drowsiness is also a problem in other fields, such as for airline pilots and powerplant

operators, in which great damage mayresult from failure to stay alert.

A numberofdifferent physical criteria may be used to establish when a personis

drowsy, including a change in the duration and interval of eye blinking. Normally, the

duration ofblinking is about 100 to 200 ms when awake and about 500 to 800 ms when

drowsy. The time interval between successive blinks is generally constant while awake,

but varies within a_ relatively broad range when drowsy.

Numerous devices have been proposed to detect drowsiness of drivers. Such

devices are shown, for example, in U.S. Patent Nos. 5,841,354; 5,813,99;

5,689,241;5,684,461; 5,682,144; $5,469,143: 5,402,109; 5,353,013; 5,195,606;

4,928,090; 4,555,697; 4,485,375; and 4,259,665. In general, these devices fall into

three categories: i) devices that detect movementofthe headofthe driver, e.g., tilting; ii)

devices that detect a physiological change in the driver, e.g., altered heartbeat or

breathing, andiii) devices that detect a physical result of the driver falling asleep, e.g., a

reduced grip on the steering wheel. Noneofthese devicesis believed to have met with

commercial success.

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and

PCT/EP98/05383 disclose a generic image processing system that operates to localize

SUBSTITUTE SHEET(RULE 26)
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2

objects in relative movementin an image and to determine the speed anddirection of the

objects in real-time. Each pixel of an image is smoothed using its own time constant. A

binary value corresponding to the existence of a significant variation in the amplitude of

the smoothed pixel from the prior frame, and the amplitude of the variation, are

determined, and the time constant for the pixel is updated. For each particularpixel, two

matrices are formed that include a subset of the pixels spatially related to the particular

pixel. The first matrix contains the binary values of the subset of pixels. The second

matrix contains the amplitude of the variation of the subset of pixels. In the first matrix,

it is determined whether the pixels along an oriented direction relative to the particular

pixel have binary values representative ofsignificant variation, and, for such pixels, it is

determined in the second matrix whether the amplitude of these pixels varies in a known

manner indicating movement in the oriented direction. In domains that include

luminance, hue, saturation, speed, oriented direction, time constant, and x and y position,

a histogram is formed of the values in the first and second matrices falling in user

selected combinations of such domains. Using the histograms,it is determined whether

there is an area having the characteristics of the selected combinations of domains.

It would be desirable to apply such a generic image processing system to detect

the drowsinessofa person.

SUMMARY OF THE INVENTION

The present invention is a process of detecting a driver failing asleep in which an

image of the face of the driver is acquired. Pixels of the image having characteristics

corresponding to characteristics of at least one eye of the driver are selected and a

histogram is formed of the selected pixels. The histogram is analyzed over time to

identify each opening and closing of the eye, and from the eye opening and closing

information, characteristics indicative of a driver falling asleep are determined.

In one embodiment, a sub-area of the image comprising the eye is determined

prior to the step of selecting pixels of the image having characteristics corresponding to

characteristics of an eye. In this embodiment, the step of selecting pixels of the image

having characteristics of an eye involves selecting pixels within the sub-area ofthe image.

The step of identifying a sub-area of the image preferably involves identifying the head of

SUBSTITUTE SHEET(RULE26)
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the driver, or a facial characteristic of the driver, such as the driver's nostrils, and then

identifying the sub-area of the image using an anthropomorphic model. The head of the

driver may be identified by selecting pixels of the image having characteristics

corresponding to edges of the head of the driver. Histograms ofthe selected pixels of

the edges of the driver's head are projected onto orthogonal axes. These histograms are

then analyzed to identify the edges ofthe driver's head.

The facial characteristic of the driver may be identified by selecting pixels of the

image having characteristics corresponding to the facial characteristic. Histograms of the

selected pixels of the facial characteristic are projected onto orthogonal axes. These

histograms are then analyzedto identify the facial characteristic. If desired, the step of

identifying the facial characteristic in the image involves searching sub-images of the

imageuntil the facial characteristic is found. In the case in which the facial characteristic

is the nostrils of the driver, a histogram is formed ofpixels having low luminance levels

to detect the nostrils. To confirm detection ofthe nostrils, the histogramsof the nostril

pixels may be analyzed to determine whether the spacing between thenostrils is within a

desired range and whether the dimensions ofthe nostrils fall within a desired range. In

order to confirm the identification of the facial characteristic, an anthropomorphic model

and the location of the facial characteristic are used to select a sub-area of the image

containing a second facial characteristic. Pixels of the image having characteristics

corresponding to the second facial characteristic are selected and a histogramsof the

selected pixels of the second facial characteristic are analyzed to confirm the
identification of the first facial characteristic.

In order to determine openings and closings ofthe eyes ofthe driver, the step of

selecting pixels of the image having characteristics corresponding to characteristics of an

eye ofthe driver involves selecting pixels having low luminancelevels corresponding to

shadowing of the eye. In this embodiment, the step analyzing the histogram over time to

identify each opening and closing of the eye involves analyzing the shape of the eye

shadowing to determine openings and closings of the eye. The histograms of shadowed

pixels are preferably projected onto orthogonal axes, and the step of analyzing the shape

of the eye shadowing involvesanalyzing the width and height of the shadowing.
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An alternative method of determining openings and closings of the eyes of the

driver involves selecting pixels of the image having characteristics of movement

corresponding to blinking. In this embodiment, the step analyzing the histogram over

time to identify each opening and closing of the eye involves analyzing the number of

pixels in movement corresponding to blinking over time. The characteristics of a

blinking eye are preferably selected from the group consisting of i) DP=1, ii) CO

indicative of a blinking eyelid,iii) velocity indicative of a blinking eyelid, and iv) up and

down movement indicative ofa blinking eyelid.

An apparatus for detecting a driver falling asleep includes a sensor for acquiring

an image of the face of the driver, a controller, and a histogram formation unit for

forming a histogram on pixels having selected characteristics. The controller controls the

histogram formation unit to select pixels of the image having characteristics

corresponding to characteristics of at least one eye of the driver and to form a histogram

of the selected pixels. The controller analyzes the histogram overtime to identify each

opening and closing of the eye, and determines from the opening and closing information

on the eye, characteristics indicative of the driver falling asleep.

In one embodiment, the controller interacts with the histogram formation unit to

identify a sub-area of the image comprising the eye, and the controller controls the

histogram formation unit to select pixels of the image having characteristics

corresponding to characteristics of the eye only within the sub-area of the image. In

order to select the sub-area of the image, the controller interacts with the histogram

formation unit to identify the head of the driver in the image, or a facial characteristic of

the driver, such asthe driver's nostrils. The controller then identifies the sub-area of the

image using an anthropomorphic model. To identify the head of the driver, the

histogram formation unit selects pixels of the image having characteristics corresponding

to edges of thehead of the driver and forms histogramsof the selected pixels projected

onto orthogonal axes. To identify a facial characteristic of the driver, the histogram

formation unit selects pixels of the image having characteristics corresponding to the

facial characteristic and forms histograms of the selected pixels projected onto

orthogonal axes. The controller then analyzes the histograms of the selected pixels to
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identify the edges ofthe head ofthe driveror the facial characteristic, as the case may be.

If the facial characteristic is the nostrils of the driver, the histogram formation unit selects

pixels of the image having low luminancelevels corresponding to the luminancelevel of

the nostrils. The controller may also analyze the histograms of the nostril pixels to

determine whetherthe spacing betweenthe nostrils is within a desired range and whether

dimensions of the nostrils fall within a desired range. If desired, the controller may

interact with the histogram formation unit to search sub-images of the image to identify

the facial characteristic.

In order to verify identification of the facial characteristic, the controller uses an

anthropomorphic model and the location of the facial characteristic to cause the

histogram formation unit to select a sub-area of the image containing a second facial

characteristic. The histogram formation unit selects pixels of the image in the sub-area

having characteristics corresponding to the second facial characteristic and forms a

histogram of such pixels. The controller then analyzes the histogram of the selected

pixels corresponding to the second facial characteristic to identify the second facial

characteristic and to thereby confirm theidentification ofthe first facial characteristic.

In one embodiment, the histogram formation unit selects pixels of the image

having low luminancelevels corresponding to shadowing of the eyes, and the controller

then analyzes the shape of the eye shadowing to identify shapes corresponding to

openings and closings of the eye. The histogram formation unit preferably forms

histograms of the shadowedpixels of the eye projected onto orthogonal axes, and the

controller analyzes the width and height of the shadowing to determine openings and

closings ofthe eye.

In an alternative embodiment, the histogram formation unit selects pixels of the

image in movementcorresponding to blinking and the controller analyzes the number of

pixels in movement over time to determine openings and closings of the eye. The

characteristics of movement corresponding to blinking are preferably selected from the

group consisting of i) DP=1, ii) CO indicative of a blinking eyelid, iii) velocity indicative

of a blinking eyelid, and iv) up and down movementindicative ofa blinking eyelid.
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If desired, the sensor may be integrally constructed with the controller and the

histogram formation unit. The apparatus may comprise an alarm, which the controller

operates upon detection of the driver falling asleep, and may comprise an illumination

source, such as a source of IR radiation, with the sensor being adapted to view the driver

whenilluminated bytheillumination source.

A rear-view mitror assembly comprises a rear-view mirror and the described

apparatus for detecting driver drowsiness mounted to the rear-view mirror. In one

embodiment, a bracket attaches the apparatus to the rear-view mirror. In an alternative

embodiment, the rear-view mirror comprises a housing having an open side and an

interior. The rear-view mirror is mounted to the open side of the housing, and is see-

through from theinterior of the housing to the exterior of the housing. The drowsiness

detection apparatus is mounted interior to the housing with the sensor directed toward

the rear-view mirror. If desired, a joint attaches the apparatus to the rear-view mirror

assembly, with the joint being adapted to maintain the apparatus in a position facing the

driver during adjustment of the mirror assembly by the driver. The rear-view mirror

assembly mayinclude a source ofillumination directed toward the driver, with the sensor

adapted to view the driver whenilluminated by the sourceof illumination. The rear-view

mirror assembly mayalso include an alarm, with the controller operating the alarm upon

detection of the driver falling asleep. Also disclosed is a vehicle comprising the

drowsiness detection device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammaticillustration of the system according to the invention.

Fig. 2 is a block diagram of the temporal and spatial processing units of the

invention.

Fig. 3 is a block diagram ofthe temporal processing unit of the invention.

Fig. 4 is a block diagram ofthe spatial processing unit of the invention.

Fig. 5 is a diagram showing the processing of pixels in accordance with the

invention.

Fig. 6 illustrates the numerical values of the Freeman code used to determine

movement direction in accordance with the invention.
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Fig. 7 illustrates nested matrices as processed by the temporal processing unit.

Fig. 8 illustrates hexagonal matrices as processed by the temporal processing

unit.

Fig. 9 illustrates reverse-L matrices as processed by the temporal processing unit.

Fig. 10 illustrates angular sector shaped matrices as processed by the temporal

processing unit.

Fig. 11 is a block diagram showing the relationship between the temporal and

spatial processing units, and the histogram formationunits.

Fig. 12 is a block diagram showing the interrelationship between the various

histogram formation units.

Fig. 13 shows the formation of a two-dimensional histogram of a moving area

from two one-dimensional histograms.

Fig. 14 is a block diagram of an individual histogram formation unit.

Figs. 15A and 15B illustrate the use of a histogram formation unit to find the

orientation ofa line relative to an analysis axis.

Fig, 16 illustrates a one-dimensional histogram.

Fig. 17 illustrates the use of semi-graphic sub-matrices to selected desired areas

of an image.

Fig. 18 is a side view illustrating a rear view mirror in combination with the

drowsiness detection system ofthe invention.

Fig. 19 is a top viewillustrating operation of a rear view mirror.

Fig. 20 is a schematic illustrating operation of a rear view mirror.

Fig. 21 is a cross-sectional top view illustrating a rear view mirror assembly

incorporating the drowsiness detection system ofthe invention.

Fig. 22 is a partial cross-sectional top view illustrating a joint supporting the

drowsiness detection system of the invention in the mirror assemblyofFig. 21.

Fig. 23 is a top view illustrating the relationship between the rear view mirror

assembly of Fig. 21 and a driver.

Fig. 24 illustrates detection of the edges of the head of a person using the system

of the invention.
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Fig. 25 illustrates masking outside of the edges of the head of a person.

Fig. 26illustrates masking outside of the eyes of a person.

Fig. 27 illustrates detection of the eyes of a person using the system of the
invention.

Fig. 28 illustrates successive blinks in a three-dimensional orthogonal coordinate

system.

Figs. 29A and 29Billustrate conversion of peaks and valleys of eye movement

histogramsto informationindicative of blinking.

Fig. 30 is a flow diagram illustrating the use of the system of the invention to

detect drowsiness.

Fig. 31 illustrates the use of sub-images to search a complete image.

Fig. 32 illustrates the use of the system of the invention to detect nostrils and to

track eye movement.

Fig. 33 illustrates the use of the system ofthe invention to detect an open eye.
Fig. 34 illustrates the use of the system of the invention to detect a closed eye.

Fig. 35 is a flow diagram ofan alternative method of detecting drowsiness.

Fig. 36 illustrates use of the system to detect a pupil.

DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses an application of the generic image processing

system disclosed in commonly-owned PCT Application Serial Nos. PCT/FR97/01354

and PCT/EP98/05383, the contents of which are incorporated herein by reference for

detection of variouscriteria associated with the human eye, and especially to detection

that a driveris falling asleep while driving a vehicle.

The apparatus of the inventionis similar to that described in the aforementioned

PCT Application Serial Nos. PCT/FR97/01354 and PCT/EP98/05383, which will be
described herein for purposesofclarity. Referring to Figs. 1 and 10, the generic image

processing system 22 includes a spatial and temporal processing unit 11 in combination

with a histogram formation unit 22a. Spatial and temporal processing unit 11 includes

an input 12 that receives a digital video signal S originating from a video camera or other

imaging device 13 which monitors a scene 13a. Imaging device 13 is preferably a
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9

conventional CMOS-type CCD camera, which for purposes of the presently-described

invention is mounted on a vehicle facing the driver. It will be appreciated that when used

in non-vehicular applications, the camera may be mounted in any desired fashion to

detect the specific criteria of interest. It is also foreseen that any other appropriate

sensor, ¢.g., ultrasound, IR, Radar, etc., may be used as the imaging device. Imaging

device 13 may have a direct digital output, or an analog output that is converted by an

A/D converterinto digital signal S. Imaging device 13 mayalso be integral with generic

image processing system 22, if desired.

While signal S may be a progressive signal, it is preferably composed of a

succession ofpairs of interlaced frames, TR; and TR’; and TR2 and TR’, each consisting

of a succession of horizontal scanned lines, e.g., Ih, liz,...jli17 in TRy, and 2; in TRo.

Eachline consists of a succession of pixels or image-points PI, e.g., ai.1, ai2 and a;3 for

line 111; alz.1 and ali722 for line luiz ; ali; and a;2 for line 11. Signal S(PI) represents

signal S composedofpixels PI.

S(PI) includes a frame synchronization signal (ST) at the beginning of each

frame, a line synchronization signal (SL) at the beginning of each line, and a blanking

signal (BL). Thus, S(PI) includes a succession frames, which are representative of the

time domain, and within each frame,a series of lines and pixels, which are representative

of the spatial domain.

In the time domain, “successive frames” shall refer to successive frames of the

same type (i.e., odd frames such as TR, or even frames such as TR';), and “successive

pixels in the same position” shall denote successive values of the pixels (PI) in the same

location in successive frames of the same type, e.g., 21.1 of 1.1 in frame TRy and ay: of |i,

in the next corresponding frame TR2

Spatial and temporal processing unit 11 generates outputs ZH and SR 14 to a

data bus 23 (Fig. 11), which are preferably digital signals. Complex signal ZH comprises

a number of output signals generated by the system, preferably including signals

indicating the existence and localization of an area or object in motion, and the speed V

and the oriented direction of displacement DI of each pixel of the image. Also preferably

output from the system is input digital video signal S, which is delayed (SR) to make it
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synchronous with the output ZH for the frame, taking into account the calculation time

for the data in composite signal ZH (one frame). The delayed signal SR is used to

display the image received by camera 13 on a monitoror television screen 10, which may

also be used to display the information contained in composite signal ZH. Composite

signal ZH may also be transmitted to a separate processing assembly 10a in which further

processing of the signal may be accomplished. .

Referring to Fig. 2, spatial and temporal processing unit 11 includes a first

assembly 11a, which consists of a temporal processing unit 15 having an associated
memory 16, a spatial processing unit 17 having a delay unit 18 and sequencing unit 19,

and a pixel clock 20, which generates a clock signal HP, and which servesas a clock for

temporal processing unit 15 and sequencing unit 19. Clock pulses HP are generated by

clock 20 at the pixel rate of the image, whichis preferably 13.5 MHZ.

Fig. 3 showsthe operation of temporal processing unit 15, the function of which

is to smooth the video signal and generate a numberofoutputsthat are utilized by spatial

processing unit 17. During processing, temporal processing unit 15 retrieves from

memory 16 the smoothed pixel values LI of the digital video signal from the immediately

prior frame, and the values of a smoothing time constant CI for each pixel. As used

herein, LO and CO shall be used to denote the pixel values (L) and time constants (C)

stored in memory 16 from temporal processing unit 15, and LI and CI shall denote the

pixel values (L) and time constants (C) respectively for such values retrieved from

memory 16 for use by temporal processing unit 15. Temporal processing unit 15

generates a binary output signal DP for each pixel, which identifies whether the pixel has

undergonesignificant variation, and a digital signal CO, which represents the updated

calculated value of time constant C.

Referring to Fig. 3, temporal processing unit 15 includes a first block 15a which

receives the pixels PI of input video signal S. For each pixel PI, the temporal processing

unit retrieves from memory 16 a smoothed value LI ofthis pixel from the immediately

preceding corresponding frame, which was calculated by temporal processing unit 15

during processing of the immediately prior frame and stored in memory 16 as LO.

Temporal processing unit 15 caiculates the absolute value AB ofthe difference between
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each pixel value PI and LI for the same pixel position (for example a;.;, of 1,1 in TRy and

of ],, in TR:

AB = |PI-LI

Temporal processing unit 15 is controlled by clock signal HP from clock 20 in

order to maintain synchronization with the incoming pixel stream. Test block 15b of

temporal processing unit 15 receives signal AB and a threshold value SE. Threshold SE

may be constant, but preferably varies based uponthe pixel value PI, and more preferably

varies with the pixel value so as to form a gammacorrection. Known meansof varying

SE to form a gammacorrectionis represented by the optional block 15e shown in dashed

lines. Test block 15b compares, on a pixel-by-pixel basis, digital signals AB and SE in

order to determine a binary signal DP. If AB exceeds threshold SE, which indicates that

pixel value PI has undergonesignificant variation as compared to the smoothed value LI

of the same pixel in the prior frame, DPis set to "1" for the pixel under consideration.

Otherwise, DPis set to "0"for such pixel.

When DP = 1, the difference between the pixel value PI and smoothed value LI

of the same pixelin the prior frame is considered too great, and temporal processing unit

15 attempts to reducethis difference in subsequent frames by reducing the smoothing

time constant C for that pixel. Conversely, if DP = 0, temporal processing unit 15

attempts to increase this difference in subsequent frames by increasing the smoothing

time constantC forthat pixel. These adjustments to time constant C as a function ofthe

value of DP are made by block I5c. If DP = 1, block 15c reduces the time constant by a

unit value U so that the new value ofthe time constant CO equals the old value of the

constant CI minus unit value U.

CO=CI-U

If DP = 0, block 1c increases the time constant by a unit value U so that the new

value of the time constant CO equals the old value of the constant CIplus unit value U.

CO=CI+U

Thus, for each pixel, block 15c receives the binary signal DP from test unit 15b

and time constant CI from memory 16, adjusts CI up or down by unit value U, and
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generates a new time constant CO whichis stored in memory 16 to replace time constant

CI.

In a preferred embodiment, time constant C, is in the form 2°, where p is

incremented or decremented by unit value U, which preferably equals 1, in block 15c.

Thus, if DP = 1, block 15c¢ subtracts one (for the case where U=1) from p in the time

constant 2? which becomes 2”". If DP = 0, block 15c adds oneto p in time constant 2°,
which becomes 2°". The choice ofa time constant of the form 2?facilitates calculations

and thus simplifies the structure of block 5c.

Block 15c includes several tests to ensure proper operation of the system. First,

CO must remain within defined limits. In a preferred embodiment, CO must not become

negative (CO > 0)and it must not exceed a limit N (CO < N), which is preferably seven.

In the instance in which CI and COarein the form 2°, the upper limit N is the maximum

value forp.

The upperlimit N may be constant, but is preferably variable. An optional input

unit 15f includes a register of memory that enables the user, or controller 42 to vary N.

The consequence ofincreasing N is to increase the sensitivity of the system to detecting

displacement of pixels, whereas reducing N improves detection of high speeds. N may

be made to depend on PI (N mayvary on a pixel-by-pixel basis, if desired) in order to

regulate the variation of LO as a function of the lever of PI, i.e., Ng = f(Pli), the

calculation of which is done in block 15f, which in this case would receive the value of PI

from video camera 13.

Finally, a calculation block 15d receives, for each pixel, the new time constant

CO generated in block 15c, the pixel values PI of the incoming video signal S, and the

smoothedpixel value LIofthe pixel in the previous frame from memory 16. Calculation

block 15d then calculates a new smoothedpixel value LO forthe pixel as follows:

LO=LI + (PI - LIVCO

If CO = 2", then

LO=LI + (PI - LI2"°

where "po", is the new value of p calculated in unit 15c and which replaces previous

value of "pi" in memory 16.
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The purpose of the smoothing operation is to normalize variations in the value of

each pixel PI of the incoming video signal for reducing the variation differences. For

each pixel of the frame, temporal processing unit 15 retrieves LI and CI from memory

16, and generates new values LO (new smoothed pixel value} and CO (new time

constant) that are stored in memory 16 to replace LI and CI respectively. As shown in

Fig. 2, temporal processing unit 15 transmits the CO and DP values for each pixel to

spatial processing unit 17 through the delay unit 18.

The capacity of memory 16 assuming that there are R pixels in a frame, and

therefore 2R pixels per complete image, must be at least 2R(e+f) bits, where e is the

numberofbits required to store a single pixel value LI (preferably eight bits), and f is the

number of bits required to store a single time constant CI (preferably 3 bits). If each

video image is composed of a single frame (progressive image), it is sufficient to use

R(e+f) bits rather than 2R(etf) bits.

Spatial processing unit 17 is used to identify an area in relative movement in the

images from camera 13 and to determine the speed and oriented direction of the

movement. Spatial processing unit 17, in conjunction with delay unit 18, co-operates

with a control unit 19 that is controlled by clock 20, which generates clock pulse HP at

the pixel frequency. Spatial processing unit 17 receives signals DP; and CO, (where1

and j correspond to the x and y coordinatesofthe pixel) from temporal processing unit

15 and processes these signals as discussed below. Whereas temporal processing unit 15

processes pixels within each frame, spatial processing unit 17 processes groupings of

pixels within the frames.

Fig. 5 diagrammatically shows the temporal processing of successive

corresponding frame sequences TR,, TR2, TR; and the spatial processing in the these

frames of a pixel PI with coordinates x, y, at times t), tz, and t3. A plane in Fig. 5

corresponds to the spatial processing of a frame, whereas the superposition of frames

corresponds to the temporal processing of successive frames.

Signals DP; and CO, from temporal processing unit 15 are distributed by spatial

processing unit 17 into a first matrix 21 containing a number of rows and columns much

smaller than the number of lines L of the frame and the number ofpixels M perline.
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Matrix 21 preferably includes 2/ + 1 lines along the y axis and 2#+1 columns along the x

axis (in Cartesian coordinates), where / and m are small integer numbers. .

Advantageously, / and m are chosen to be powers of2, where for example / is equal to 2*

and m is equal to 2°, a and b being integer numbersof about 2 to 5, for example. To

5 simplify the drawing and the explanation, m will be taken to be equal to / (althoughit

may be different) and m=/=2°=8. In this case, matnix 21 will have 2 x 8 + 1 = 17 rows
and 17 columns. Fig. 4 shows a portion of the 17 rows Yo, Yi,... Yis, Yis, and 17

columns Xo, Xi, ... X15, Xis which form matrix 21.

Spatial processing unit 17 distributes into / x mm matrix 21 the incoming flows of

10 Dpj and CO; from temporal processing unit 15. It will be appreciated that only a subset

of all DP; and COj, values will be included in matrix 21, since the frame is much larger,

having L lines and M pixels per row (e.g., 312.5 lines and 250-800 pixels), depending

uponthe TV standard used.

In orderto distinguish the L x M matnixofthe incoming video signal from the / x

15m matrix 21 of spatial processing unit 17, the indices i and j will be used to represent the

coordinates of the former matrix and the indices x and y will be used to represent the

coordinates of the latter. At a given instant, a pixel with an instantaneous value Pljjis

characterized at the inputofthe spatial processing unit 17 by signals DPjj, and COjj. The

(2/+1 ) x (2m + 1) matrix 21 is formed by scanning each of the L x M matrices for DP

20=andCO.

In matrix 21, each pixel is defined by a row number between 0 and 16 (inclusive),

for rows Y, to Yig respectively, and a column number between 0 and 16 (inclusive), for

columns X, to Xis respectively, in the case in which / =m = 8. In this case, matrix 21

will be a plane of 17 x 17 = 289 pixels.

25 In Fig. 4, elongated horizontal rectangles Y, to Y1¢ (only four of which have been

shown, i-e., Yo, Yi, Yis and Yis) and vertical lines Xp to Xis (of which only four have

been shown,i.e., Xo, X1, Xis and Xj¢ ) illustrate matrix 21 with 17 x 17 image points or

pixels having indices defined at the intersection of an ordinate row and an abscissa

column. For example, the Ps is at the intersection of column 8 and row8asillustrated

30_—sin Fig. 4 at position e, whichis the center of matrix 21.
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In response to the HP and BLsignals from clock 20 (Fig. 2), a rate control or

sequencing unit 19: i) generates a line sequence signal SL at a frequency equal to the

quotient of 13.5 MHZ (for an image with a corresponding numberofpixels) divided by

the number of columns per frame (for example 400) to delay unit 18, ii) generates a

frame signal SC, the frequency of which is equal to the quotient 13.5/400 MHZ divided

by the number of rowsin the video image, for example 312.5, iti) and outputs the HP

clock signal. Blanking signal BL is used to render sequencing unit 19 non-operational

during synchronization signals in the input image.

A delay unit 18 carries out the distribution of portions of the L x M matrix into

matrix 21. Delay unit 18 receives the DP, CO, and incoming pixel S{PI) signals, and

distributes these into matrix 21 using clock signal HP and line sequence and column

sequence signals SL and SC.

In order to form matrix 21 from the incoming stream of DP and CO signals, the

successive row, Yo to Ye for the DP and COsignals must be delayed as follows:

row Yo - not delayed;

row Y, - delayed by the duration of a frame line TP;

row Y2- delayed by 2 TP;

and so onuntil

row Y\6 - delayed by 16 TP.

The successive delays of the duration of a frame row TP, are carried out in a

cascade ofsixteen delay circuits r,r2,...1j¢ that serve rows Y1,Y2...Y16, respectively, row

Y» being served directly by the DP and COsignals without any delay upon arriving from

temporal processing unit 15. All delay circuits 1,r2,...116 may be built up by a delay line

with sixteen outputs, the delay imposed by any section thereof between two successive

outputs being constant and equal to TP.

Rate control unit 19 controls the scanning ofthe entire L x M frame matrix over

matrix 21. The circular displacement ofpixels in a row of the frame matrix on the 17 x

17 matrix, for example from Xp to Xi6 on row Yo, is done by a cascadeof sixteen shift

registers d on each of the 17 rows from Yo to Yie (giving a total of 16 x 17 = 272 shift

registers) placed in each row between two successive pixel positions, namely the register

SUBSTITUTE SHEET (RULE26)

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



  

 

              

              

                   

                   

                 

                

                   

                 

                   

                  

    

               

                   

                   

                   

 

              

                

                   

  

   

   

  

 

                 

               

               

                 

            

             

 

    

Petitioner LG Ex-1023, 0093

20

25

30

WO 99/36893 PCT/EP99/00300

16

do, between positions Plog and Pl; register do2 between positions Poi, and Pla, etc.

Each register imposes a delay TS equal to the time difference between two successive

pixels in a row orline, using column sequence signal SC. Because rows ij, 2 ... /i7 ina

frame TR: (Fig. 1), for S(PI) and for DP and CO, reach delay unit 18 shifted by TP

(complete duration of a row) oneafter the other, and delay unit 18 distributes them with

gradually increasing delays of TP onto rows Yo, Yi ... Y17, these rows display the DP

and COsignals at a given time for rows /,,/ ... 4:7 in the same frame portion. Similarly in

a given row, e.g., /;, successive pixel signals aii, a:2 ... atrive shifted by TS and shift

registers d impose a delay also equal to TS. As a result, the pixels of the DP and CO

signals in a given row Yo to Yis in matrix 21, are contemporary, i.e., they correspond to

the same frameportion.

The signals representing the COs and DPs in matrix 21 are available at a given

instant on the 16 x 17 = 272 outputs ofthe shift registers, as well as upstream of the

registers ahead of the 17 rows,i.e., registers do, di.1.... dis1, which makesa total of 16 x

17+ 17= 17x 17 outputs for the 17 x 17 positions Poo,Po.1,..-Ps.s.--Pis.16.

In order to better understand the process ofspatial processing, the system will be

described with respect to a small matrix M3 containing 3 rows and 3 columns where the

central element of the 9 elements thereof is pixel e with coordinates x = 8, y = 8 as

illustrated below:

abe

def (M3)

g hi

In matrix M3, positions a, b, c, d, f g, h, i around the central pixel e correspond

to eight oriented directions relative to the central pixel. The eight directions may be

identified using the Freeman codeillustrated in Fig. 6, the directions being coded 0 to 7

starting from the x axis, in steps of 45-. In the Freeman code, the eight possible oriented

directions, may be represented by a 3-bit number since 2=8,

Considering matrix M3, the 8 directions of the Freeman code are as follows:
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5 Returning to matrix 21 having 17 x 17 pixels, a calculation unit 17a examinesat

the same time various nested square second matrices centered on e, with dimensions 15 x

15, 13 x 13, 11x 11, 9x9, 7x 7,5x 5 and 3 x 3, within matrix 21, the 3 x 3 matrix

being the M3 matrix mentioned above. Spatial processing unit 17 determines which

matrix is the smallest in which pixels with DP = 1 are aligned along a straight line which

10. determines the direction of movementofthe alignedpixels.

For the aligned pixels in the matrix, the system determines if CO varies on each

side of the central position in the direction of alignment, from +a in an oriented direction

and -a in the opposite oriented direction, where I1<a<N. For example, if positions g, e,

and c of M3 have values -1, 0, +1, then a displacementexists in this matrix from night to
15_left in the (oriented) direction | in the Freeman code (Fig. 6). However, positions g,e,

and c must at the same time have DP = 1. The displacement speed of the pixels in motion

is greater when the matrix, among the 3 x 3 to 15 x 15 nested matrices, in which CO

varies from +1 or -1 between two adjacent positions along a direction is larger. For

example,if positions g, e, and c in the 9 x 9 matrix denoted M9 have values - 1, 0, +1 in

20 oriented direction 1, the displacement will be faster than for values -1, 0, +1 in 3 x 3

matrix M3 (Fig. 7). The smallest matrix for which a line meets the test of DP=! for the

pixels in the line and CO varies on eachside of the central position in the direction of

alignment, from +a in an oriented direction and -a in the opposite oriented direction,is

chosenas the principalline ofinterest.

25 Within a given matrix, a greater value of ACO indicates slower movement. For

example, in the smallest matrix, i.e., the 3x3 matrix, CO=A2 with DPs=! determines

subpixel movement i.e, one half pixel per image, and CO=A3, indicates slower

movement, i.e. one third of a pixel per image. In order to reduce the calculation power

in the system and to simplify the hardware, preferably only those values of CO which are

30 symmetrical relative to the central pixel are considered.
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Since COis represented as a powerof2 in a preferred embodiment, an extended

range of speeds may be identified using only a few bits for CO, while still enabling

identification of relatively low speeds. Varying speed may be detected because, for

example -2, 0, +2 in positions g, e, c in 3 x 3 matrix M3 indicates a speed half as fast as

5 the speed correspondingto 1, 0, +1 for the samepositions in matrix M3.

Twotests are preferably performed on the results to remove uncertainties. The

first test chooses the strongest variation, in other words the highest time constant, if

there are variations of CO along several directions in one of the nested matrices. The

second test arbitrarily chooses one of two (or more) directions along which the variation

10 of CO isidentical, for example by choosing the smallest value of the Freeman code, in

the instance when identical lines of motion are directed in a single matrix in different

directions. This usually arises when the actual direction of displacement is approximately

between two successive coded directions in the Freeman code, for example between

directions 1 and 2 corresponding to an (oriented) direction that can be denoted 1.5 (Fig.

15 6) of about 67.5- with the x axis direction (direction 0 in the Freeman code).

The scanning ofan entire frame ofthe digital video signal S preferably occurs in

the following sequence. Thefirst group of pixels consideredis the first 17 rows orlines

of the frame, and the first 17 columnsof the frame. Subsequently, still for the first 17

rowsof the frame, the matrix is moved column by column from theleft of the frame to

20 the right, as shownin Fig. 5, i.e., from portion TM,at the extremeleft, then TM2 offset

by one column with respect to TM, until TMy (where M is the numberofpixels per

frameline or row) at the extremeright. Oncethefirst 17 rows have been considered for

each column from left to right, the process is repeated for rows 2 to 18 in the frame.

This process continues, shifting down one row at a time until the last group oflines at

25 the bottom ofthe frame, i.e., lines L - 16 ... L (where L is the numberoflines per frame)

are considered.

Spatial processing unit 17 generates the following output signals for each pixel: i)

a signal V representing the displacement speed for the pixel, based upon the amplitude of

the maximum variation of CO surrounding the pixel, the value of which may be, for

30 example, represented by an integer in the range 0 - 7 if the speedis in the form of a
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power of 2, and therefore may be stored in 3 bits, ii) a signal DI representing the

direction of displacement ofthe pixel, whichis calculated from the direction of maximum

variation, the value of DI being also preferably represented by an integer in the range 0 -

7 corresponding to the Freeman code, stored in 3 bits, iii) a binary validation signal VL

which indicates whetherthe result of the speed and oriented direction is valid, in order to

be able to distinguish a valid output with V = 0 and DI = 0, from the lack of an output

dueto an incident, this signal being 1 for a valid output or O for an invalid output, iv) a

time constant signal CO,stored in 3 bits, for example, and v) a delayed video signal SR

consisting of the input video signal S delayed in the delay unit 18 by 16 consecutive line

durations TR and therefore by the duration of the distribution of the signal S in the 17x

17 matrix 21, in order to obtain a video signal timed to matrix 21, which may be

displayed on a television set or monitor. Also output are the clock signal HP, line

sequence signal SL and column sequencesignal SC from control unit 19.

Nested hexagonal matrices (Fig 8) or an inverted L-shaped matrix (Fig. 9) may

be substituted for the nested rectangular matrices in Figs. 4 and 7. In the case shown in

Fig. 8, the nested matrices (in which only the most central matrices MRI and MR2 have

been shown) are all centered on point MRO which corresponds to the central point of

matrices M3, M9 in Fig. 7. The advantage of a hexagonal matrix system is that it allows

the use of oblique coordinate axes x,, y,, and a breakdowninto triangles with identical

sides, to carry out an isotropic speed calculation.

The matrix in Fig. 9 is composed of a single row (Ly) and a single column (C,)

starting from the central position MR, in which the two signals DP and CO respectively

are equal to "1" for DP and increase or decrease by one unit for CO, if movement
occurs.

If movement is in the direction of the x coordinate, the CO signal is identical in

all positions (boxes) in column C,, and the binary signal DP is equalto 1 in all positions

in row Ly, from the origin MR,, with the value CO,, up to the position in which COis

equal to CO, +1 or -1 inclusive. If movementis in the direction of the y coordinate, the

COsignalis identical in all positions (boxes) in row L,, and the binary signal DP is equal

to 1 in all positions in column Cy, from the origin MR,, with the value CO,, up to the
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position in which COis equal to CO,, +1 or -1 inclusive. If movementis oblique relative

to the x and y coordinates, the binary signal DP is equal to 1 and CO is equal to CO,in

positions (boxes) ofL, and in positions (boxes) of C,, the slope being determined by the

perpendicular to the line passing through the two positions in which the signal CO,

$s changesby the value of one unit, the DP signal always being equal to 1.

Fig. 9 showsthe case in which DP = J and CO, changes value by one unit in the

two specific positions Ly; and Cys and indicates the corresponding slope Pp. Inall cases,

the displacement speed is a function of the position in which CO changes value by one

unit. If CO changes by one unit in L, or C, only, it corresponds to the value of the CO

10 variation position. If CO changesby oneunit in a position in L, andin a position in Cy,

the speed is proportional to the distance between MR,, and E, (intersection of the line

perpendicularto C,- L, passing through MR,).

Fig. 10 shows an imaging device with sensors located at the intersections of

concentric lines c and radial lines d that correspond to the rows and columns of a

15 rectangular matrix imaging device. The operation of such an imaging device is

controlled by a circular scanning sequencer. In this embodiment, angular sector shaped n

x n matrices MC are formed, (a 3x3 matrix MC3 and a 5x5 matrix MCS are shown) and

except for sequencing differences, the matrices are processed identical to the square

matrix embodiments discussed above.

20 As shown in Figs. 11-16, spatial and temporal processing unit 11 is used in

connection with a histogram processor 22a for identifying objects within the input signal

based uponuserspecified criteria for identifying such objects. A bus Z-Z, (See Figs. 2,

11 and 12) transfers the output signals of spatial and temporal processing unit 11 to

histogram processor 22a. Histogram processor 22a generates composite output signal

25 ZH which contains information ontheareasin relative movement in the scene.

Referring to Fig. 12, histogram processor 22a includes a bus 23 for

communicating signals between the various components thereof, for receiving input

commands from a controller 42 and for transmitting output signals to controller 42.

Histogram formation and processing blocks 24 - 29 receive the various inputsignals, i.e.,

30 delayed digital video signal SR, speed V, oriented directions (in Freeman code) Di, time
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constant CO,first axis x{m) and second axis y(m), which are discussed in detail below.

The function of each histogram formation blockis to enable a histogram to be formed for

the domain associated with that block. For example, histogram formation block 24

receives the delayed digital video signal SR and enables a histogram to be formed for the

luminance values of the video signal. Since the luminance ofthe signal will generally be

represented by a number in the range of 0-255, histogram formation block 24 is

preferably a memory addressable with 8 bits, with each memory location having a

sufficient numberof bits to correspond to the numberofpixels in a frame.

Histogram formation block 25 receives speed signal V and enables a histogram to

be formed for the various speeds present in a frame. In a preferred embodiment, the

speedis an integer in the range 0-7. Histogram formation block 25is then preferably a

memory addressable with 3 bits, with each memory location having a sufficient number

of bits to correspond to the numberofpixelsin a frame.

Histogram formation block 26 receives oriented direction signal DI and enables a

histogram to be formed for the oriented directions present in a frame. In a preferred

embodiment, the oriented direction is an integer in the range 0-7, corresponding to the

Freeman code. Histogram formation block 26 is then preferably a memory addressable

with 3 bits, with each memory location having a sufficient numberof bits to correspond

to the numberofpixels in a frame.

Histogram formation block 27 receives time constant signal CO and enables a

histogram to be formed for the time constants of the pixels in a frame. In a preferred

embodiment, the time constantis an integerin the range 0-7. Histogram formation block

27 is then preferably a memory addressable with 3 bits, with each memory location

having a sufficient numberofbits to correspond to the numberofpixels in a frame.

Histogram formation blocks 28 and 29 receive the x andy positions respectively

of pixels for which a histogram is to be formed, and form histogramsfor such pixels, as

discussed in greater detail below. Histogram formation block 28 is preferably

addressable with the numberofbits corresponding to the numberofpixels in a line, with

each memory location having a sufficient numberofbits to correspond to the number of

lines in a frame, and histogram formation block 29 is preferably addressable with the
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number of bits corresponding to the numberof lines in a frame, with each memory
location having a sufficient numberofbits to correspondto the numberofpixelsin a line.

Referring to Figs. 12 and 14, each ofthe histogram formation blocks 24 - 29 has

an associated validation block 30 - 35 respectively, which generates a validation signal

V1 - V6 respectively. In general, each of the histogram formation blocks 24-29 is

identical to the others and functions in the same manner. For.simplicity, the invention

will be described with respect to the operation of histogram formation block 25,it being

appreciated that the remaining histogram formation blocks operate in a like manner.

Histogram formation block 25 includes a histogram forming portion 25a, which forms

the histogram for that block, and a classifier 25b, for selecting the criteria of pixels for

which the histogram is to be formed. Histogram forming portion 25a and classifier 25b

operate under the control of computer software in an integrated circuit (not shown), to

extract certain limits of the histograms generated by the histogram formation block, and

to control operation of the various componentsofthe histogram formation units.

Referring to Fig. 14, histogram forming portion 25a includes a memory 100,

which is preferably a conventional digital memory. In the case of histogram formation

block 25 which forms a histogram of speed, memory 100is sized to have addresses 0-7,

each of which may store up to the numberofpixels in an image. Between frames,

memory 100is initiated, i.e., cleared of all memory, by setting init=l in multiplexors 102

and 104. This has the effect, with respect to multiplexor 102 of selecting the "O" input,

which is output to the Data In line of memory 100. At the same time, setting inif=l

causes multiplexor 104 to select the Counter input, which is output to the Addressline of

memory 100. The Counter input is connected to a counter (not shown) that counts

through all of the addresses for memory 100, in this case O<address<7. This has the

effect of placing a zero in all memory addresses of memory 100. Memory 100 is

preferably cleared during the blanking interval between each frame. After memory 100is

cleared, the inii line is set to zero, which in the case of multiplexor 102 results in the

content of the Data line being sent to memory 100, and in the case of multiplexor 104

results in the data from spatial processing unit 117, i.e. the V data, being sent to the

Addressline of memory 100.

SUBSTITUTE SHEET (RULE 26)

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



    

 

           

            

            

                 

                 

               

                

                  

                

                

                  

    

   

                   

             

             

             

           

               

             

              

               

               

               

          

           

            

             

            

                

    

Petitioner LG Ex-1023, 0100

20

25

30

WO 99/36893 PCT/EP99/00300

23

Classifier 25b enables only data having selected classification criteria to be

considered further, meaning to possibly be included in the histograms formed by

histogram formation blocks 24-29. For example, with respect to speed, which is

preferably a value in the range of 0-7, classifier 25b may be set to consider only data

within a particular speed category or categories, e.g., speed 1, speeds 3 or S, speed 3-6,

etc, Classifier 25b includes a register 106 that enablesthe classification criteria to be set

by the user, or by a separate computer program. By way of example, register 106 will

include, in the case of speed, eight registers numbered 0-7. Bysetting a register to "1",

¢.g., register number 2, only data that meetsthecriteria of the selected class, e.g., speed

2, will result in a classification output of "1". Expressed mathematically, for any given

register in which R(k) = b, where k is the register number and b is the boolean value

stored in the register:

Output= R(data(V)})

So for a data point V of magnitude 2, the output of classifier 25b will be "I" only if

R(2)=1. Theclassifier associated with histogram formation block 24 preferably has 256

registers, one register for each possible luminance value of the image. The classifier

associated with histogram formation block 26 preferably has 8 registers, one register for

each possible direction value. The classifier associated with histogram formation block

27 preferably has 8 registers, one register for each possible value of CO. Theclassifier
associated with histogram formation block 28 preferably has the same number of

registers as the numberofpixels perline. Finally, the classifier associated with histogram

formation block 29 preferably has the same number ofregisters as the numberoflines

per frame. The outputofeachclassifier is communicated to each ofthe validation blocks
30-35 via bus 23, in the case of histogram formation blocks 28 an 29, through

combination unit 36, which will be discussed further below.

Validation units 30-35 receive the classification information in parallel from all

classification units in histogram formation blocks 24 - 29. Each validation unit generates

a validation signal which is communicated to its associated histogram formation block 24

- 29. Thevalidation signal determines, for each incoming pixel, whether the histogram

formation block will utilize that pixel in forming it histogram. Referring again to Fig. 14,
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which shows histogram formation block 25, validation unit 31 includes a register block

108 having a register associated with each histogram formation block, or more generally,

a register associated with each data domain that the system is capable of processing, in

this case, luminance, speed, direction, CO, and x and y position. The content of each

register in register block 108 is a binary value that may be set by a user or by a computer

controller. Each validation unit receive via bus 23 the output of each oftheclassifiers, in

this case numbered 0 ... p, keeping in mind that for any data domain, e.g., speed, the

outputofthe classifier for that data domain will only be "1"if the particular data point

being consideredis in the class of the registers set to "1" in the classifier for that data

domain. The validation signal from each validation unit will only be "1" if for each

register in the validation unit that is set to "I", an input of "1" is received from the

classifier for the domain ofthat register. This may be expressed asfollows:

out = (ing + Rego). (in; + Regy)... (itt, + Rega )(ito + in; +... itty)
where Reg,is the register in the validation unit associated with input inp. Thus, using the

classifiers in combination with validation units 30 - 35, the system may select for

processing only data points in any selected classes within any selected domains. For

example, the system may be used to detect only data points having speed 2, direction 4,

and luminance 125 by setting each of the following registers to "1": the registers in the

validation units for speed, direction, and luminance, register 2 in the speed classifier,

register 4 in the direction classifier, and register 125 in the luminance classifier. In order

to form those pixels into a block, the registers in the validation units for the x and y

directions would be set to "I" as well.

Referring again to Fig. 13, validation signal V2 is updated on a pixel-by-pixel

basis. If, for a particular pixel, validation signal V2 is "1", adder 110 increments the

output of memory 100 by one. If, for a particular pixel, validation signal V2 is "0",

adder 100 does not increments the output of memory. In any case, the output of adder

100 is stored in memory 100 at the address corresponding to the pixel being considered.

For example, assuming that memory 100 is used to form a histogram of speed, which

may be categorized as speeds 0-7, and where memory 100 will include 0-7
corresponding memory locations,if a pixel with speed 6 is received, the address input to
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multiplexor 104 through the data line will be 6. Assuming that validation signal V2 is
"1", the content in memory at location 6 will be incremented. Over the course of an

image, memory 100 will contain a histogram of the pixels for the image in the category

associated with the memory. If, for a particular pixel, validation signal V2 is "0" because

that pixel is not in a category for which pixels are to be counted (e g., because that pixel

does not have the correct direction, speed, or luminance), that pixel will not be used in

forming the histogram.

For the histogram formed in memory 100, key characteristics for that histogram

are simultaneously computed in a unit 112. Referring to Fig. 14, unit 112 includes

memories for each of the key characteristics, which include the minimum (MIN) of the

histogram, the maximum (MAX)ofthe histogram, the number of points (NBPTS)in the

histogram, the position (POSRMAX) of the maximum of the histogram, and the number

of points (RMAX) at the maximum of the histogram. These characteristics are

determinedin parallel with the formation of the histogram as follows:

For each pixel with a validation signal V2 of "1":

(a) if the data value of the pixel < MIN (whichisinitially set to the maximum

possible value of the histogram), then write data value in MIN;

(b) if the data value of the pixel > MAX (whichisinitially set to the minimum

possible value of the histogram), then write data value in MAX;

(c) if the content of memory 100 at the address of the data value ofthe pixel

> RMAX (whichis initially set to the minimum possible value of the histogram), then i)

write data value in POSRMAX andii) write the memory output in RMAX.

(d) increment NBPTS(whichis initially set to zero).

At the completion of the formation ofthe histogram in memory 100 at the end of

each frame, unit 112 will contain important data characterizing the histogram. The

histogram in each memory 100, and the characteristics of the histogram in units 112 are

read during the scanning spot of each frame by controller 42, and the memories 100 are

cleared and units 112 are re-initialized for processing the next frame.

The system of the invention includes a semi-graphic masking function to select

pixels to be considered by the system. Fig. 16 shows a typical image 53 consisting of
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pixels arranged in a Q x R matrix, whichis divided into sub-matrices 51 each having a

dimension of s x 7, wherein each s x ¢ sub-matrix includes s x ¢ numberofpixels of the

image. Each sub- matrix shownin Fig. 17 is a 3x4 matrix. In a preferred embodiment,

s=9 and 12, although any appropriate sub-matrix size may beused, if desired, including

1x 1. Referring to Fig. 12, histogram processor 22a includes a semi-graphic memory 50,

which includes a one-bit memory location corresponding to each s x ¢ matrix. For any

given sub-matrix 51], the corresponding bit in memory 50 may be set to "0", which has

the effect of ignoring all pixels in such sub-matrix 50, or may be set to "1" in which case

all pixels in such sub-matrix will be considered in forming histograms. Thus, by using

semi-graphic memory 50,it is possible to limit those areas of the image to be considered

during histogram formation. For example, when an image of a road taken by a camera

facing forward on a vehicle is used to detect the lanes of the road, the pixel information

of the road at the farthest distances from the camera generally does not contain useful

information. Accordingly, in such an application, the semi- graphic memory is used to

mask off the distant portions of the road by setting semi-graphic memory 50 to ignore

such pixels. Alternatively, the portion of the road to be ignored may be masked by

setting the system to track pixels only within a detection box that excludes the undesired

area of the screen, as discussed below.

In operation, for any pixel under consideration, an AND operation is run on the

validation signal for such pixel and the content of semi-graphic memory 50 for the sub-

matrix in which that pixel is located. If the content of semi-graphic memory 50 for the

sub-matrix in which that pixel is located contains "0", the AND operation will yield a "0"

and the pixelwill be ignored, otherwise the pixel will be considered in the usual manner.

It is foreseen that the AND operation may be run on other than the validation signal,

with the sameresultant functionality. Also, it is foreseen that memory 50 may be a frame

size memory, with each pixel being independently selectable in the semi-graphic memory.

This would enable any desired pixels of the image to be considered or ignored as desired.

Semi-graphic memory 50is set by controller 42 via data bus 23.

Fig. 16 shows an example of the successive classes Ci, C2...Cp1, Ca, each

Tepresenting a particular velocity, for a hypothetical velocity histogram, with their being
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categorization for up to 16 velocities (15 are shown) in this example. Also shownis

envelope 38, which is a smoothed representation ofthe histogram.

In order to locate the position of an object having user specified criteria within

the image, histogram blocks 28 and 29 are used to generate histogramsfor the x and y

positions of pixels with the selected criteria) These are shownin Fig. 13 as histograms

along the x and y coordinates. These x and y data are output to moving area formation

block 36 which combines the abscissa and ordinate information x(m)2 and y(m)2

respectively into a composite signal xy(m) that is output onto bus 23. A sample

composite histogram 40 is shown in Fig. 13. The various histograms and composite

signal xy(m) that are output to bus 23 are used to determineif there is a moving area in

the image, to localize this area, and/or to determine its speed and oriented direction.

Because the area in relative movement maybein an observation plane along directions x

and y which are not necessarily orthogonal, as discussed below with respect to Fig. 18, a

data change block 37 may be used to convert the x and y data to orthogonal coordinates.

Data change block 37 receives orientation signals x(m); and y(m); for x(m)p and y(m)o

axes, as well as pixel clock signals HP, line sequence and column sequencesignals SL

and SC (these three signals being grouped together in bundle F in Figs. 2, 4, and 10) and

generates the orthogonal x(m), and y(m), signals that are output to histogram formation

blocks 28 and 29 respectively.

In order to process pixels only within a user-defined area, the x-direction

histogram formation unit 28 may be programmedto process pixels only in a class of

pixels defined by boundaries, i.e. XMIN and XMAX.This is accomplished by setting the

XMIN and XMAX values in a user-programmable memory in x-direction histogram

formation unit 28 or in linear combination units 30-35. Any pixels outside ofthis class

will not be processed. Similarly, y-direction histogram formation unit 29 may be set to

processpixels only in a class ofpixels defined by boundaries YMIN and YMAX. Thisis

accomplished by setting the YMIN and YMAX values in a user-programmable memory

in y-direction histogram formation unit 29 or in linear combination units 30-35. Thus,

the system can process pixels only in a defined rectangle by setting the XMIN and

XMAX, and YMIN and YMAX values as desired. Of course, the classification criteria
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and validation criteria from the other histogram formation units may be set in order to

form histogramsofonly selected classes of pixels in selected domains within the selected

rectangular area. The XMIN and XMAX memory locations have a sufficient number of

bits to represent the maximum numberofpixels in the x dimension of the image under

consideration, and the YMIN and YMAX memory locations have a sufficient number of

bits to represent the maximum numberof pixels in the y dimension the image under

consideration. As discussed further below, the x and y axes maybe rotated in order to

create histogramsofprojections along the rotated axes. In a preferred embodiment, the

XMIN, XMAX, YMIN and YMAX memory locations have a sufficient number ofbits to

represent the maximum number of pixels along the diagonal of the image under

consideration (the distance from "Origin" to "Stop" in Fig. 15). In this way, the system

may be used to search within a user-defined rectangle along a user-defined rotated axis

system.

In order for a pixel Pl(a,b) to be considered in the formation of x and y direction

histograms, whether on the orthogonal coordinate axes or along rotated axes, the

conditions XMIN<a<XMAX and YMIN<b<YMAX must besatisfied. The output of

these tests may be ANDed with the validation signal so that if the conditions are not
satisfied, a logical "0" is ANDed with the validation signal for the pixel under

consideration, thereby avoiding consideration of the pixel in the formation of x and y

direction histograms.

Fig. 13 diagrammatically represents the envelopes of histograms 38 and

39, respectively in x and y coordinates, for velocity data. In this example, xv and yu

represent the x and y coordinates of the maxima of the two histograms 38 and 39,

whereas|, and |, for the x axis and |, and I, for the y axis represent the limits of the range

ofsignificant or interesting speeds, |, and |, being the longer limits and 4, and 1, being the

upperlimited of the significant portions of the histograms. Limits |,, lb, |. and lq may be

set by the user orby an application program using the system, may beset as a ratio of the

maximum of the histogram, e.g., x,/2, or may be set as otherwise desired for the

particular application.
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The vertical lines L, and Ly of abscissas |, and |, and the horizontal lines L, and Ly

of ordinals 1, and ly form a rectangle that surrounds the cross hatched area 40 of

significant speeds(forall x and y directions). A few smaller areas 41 with longer speeds,

exist close to the main area 40, and are typically ignored. In this example,all that is

necessary to characterize the area with the largest variation of the parameter for the

histogram, the speed V in this particular case, is to identify the coordinates of the limits

l,, 1, 1, and 1; and the maxima Xy and Ym, which may be readily derived for each

histogram from memory 100, the data in units 112, and the xy(m)datablock.

Thus, the system ofthe invention generates in real time, histograms of each ofthe

parameters being detected. Assuming that it were desired to identify an object with a

speed of "2" and a direction of "4", the validation units for speed and direction would be

set to "1", and the classifiers for speed "2" and direction "4" would be set to "I". In

addition, sinceit is desired to locate the object(s) with this speed and direction on the

video image, the validation signals for histogram formation blocks 28 and 29, which

correspond to the x and y coordinates, would be set to "1" as well. In this way,

histogram formation blocks 28 and 29 would form histogramsofonly the pixels with the

selected speed anddirection, in real-time. Using the information in the histogram, and

especially POSRMAX, the object with the greatest number of pixels at the selected

speed and direction could be identified on the video imagein real-time. More generally,

the histogram formation blocks can localize objects in real-time meeting user-selected

criteria, and may produce an output signal if an object is detected. Alternatively, the

information may be transmitted, e.g., by wire, optical fiber or radio relay for remote

applications, to a control unit, such as unit 10a in Fig. 1, which may be near or remote

from spatial and temporalprocessing unit 11.

While the system of the invention has been described with respect to formation of

histograms using an orthogonal coordinate system defined by the horizontal and vertical

axes of the video image, the system may be used to form histograms using non-

orthogonal axes that are user-defined. Figs. 15A and 15B show a method of using

rotation of the analysis axis to determine the orientation of certain points in an image, a

method which may beused, for example to detect lines. In a preferred embodiment, the
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x-axis may be rotated in up to 16 different directions (180°/16), and the y-axis may be

independently rotated by up to 16 different directions. Rotation of the axes is

accomplished using data line change block 37 which receives as an input the user-defined

axes of rotation for each of the x any y axes, and which performs a Houghtransform to

convert the x and y coordinate values under consideration into the rotated coordinate

axis system for consideration by the x and y histogram formation units 28 and 29. The

operation of conversion between coordinate systems using a Hough transform is known

in the art. Thus, the user may select rotation of the x-coordinate system in up to 16

different directions, and may independently rotate the y-coordinate system in up to 16

different directions. Using the rotated coordinate systems, the system may perform the

functionality described above, including searching within user-defined rectangles (on the

rotated axes), forming histograms on the rotated axes, and searching using velocity,

direction,etc.

As discussed above, each histogram formation unit calculates the following

values for its respective histogram.

MIN, MAX, NBPTS, RMAX, POSRMAX

Given that these values are calculated in real-time, the use of these values allows the

system to rapidly identify lines on an image. While this may be accomplished in a

number of different ways, one of the easier methods is to calculate R, where R

=NBPTS/RMAX,i.e., the ratio of the numberofpoints in the histogram to the number

of points in the maximalline. The smaller this ratio, i.e., the closer R approaches 1, the

more perpendicularly aligned the data points under consideration are with the scanning

axis.

Fig. 15A shows a histogram of certain points under consideration, where the
histogram is taken along the x-axis, i.e., projected down onto the x-axis. In this

example, the ratio R, while not calculated, is high, and contains little information about

the orientation of the points under consideration. As the x-axis is rotated, the ratio R

increases, until, as shown in Fig. 15B, at approximately 45° the ratio R would reach a

maximum. This indicates that the points under consideration are most closely aligned

perpendicular to the 45° x-axis. In operation, on successive frames, or on the same
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frame if multiple x-direction histogram formation units are available, it is advantageous

to calculate R at different angles, e.g., 33.75° and 57.25° (assuming the axesare limited

to 16 degrees of rotation), in order to constantly ensure that R is at a minimum. For

applications in whichit is desirable to detect lines, and assuming theavailability of 16 x-

direction histogram formation units, it is advantageous to carry out the calculation of R

simultaneously along all possible axes to determine the angle with the minimum R to

determine the direction of orientation of the line. Because the x and y axes may be

rotated independently, the x and y histogram formation units are capable of

simultaneously independently detecting lines, such as eachside line of a road,in the same
manner.

As discussed above, the system ofthe invention maybe used to search for objects

within a bounded area defined by XMIN, XMAX, YMIN and YMAX. Because moving

object may leave the bounded area the system preferably includes an anticipation function

which enables XMIN, XMAX, YMIN and YMAX to be automatically modified by the

system to compensate for the speed and direction of the target. This is accomplished by

determining values for O-MVT,correspondingto orientation (direction) of movement of

the target within the bounded area using the direction histogram, and I-MVT,

corresponding to the intensity (velocity) of movement. Using these parameters,

controller 42 may modify the values of XMIN, XMAX, YMIN and YMAX onaframe-

by-frame basis to ensure that the target remains in the bounded box being searched.

These parameters also enable the system to determine when a moving object, e.g., a line,

that is being tracked based upon its axis of rotation, will be changing its axis of

orientation, and enable the system to anticipate a new orientation axis in order to

maintain a minimized value of R.

Referring to Fig. 12, a controller 42, which is preferably a conventional

microprocessor-based controller, is used to control the various elements of the system

and to enable user input of commandsand controls, such as with a computer mouse and

keyboard (not shown), or other input device. Components 11a and 22a, and controller

42, are preferably formed on a single integrated circuit. Controller 42 is in

communication with data bus 23, which allows controller 42 to run a program to control
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various parameters that may beset in the system and to analyze the results. In order to

select the criteria of pixels to be tracked, controller 42 may also directly control the

following: i) content of each registerin classifiers 25b, ii) the content of each register in

validation units 31, iit) the content of XMIN, XMAX, YMIN and YMAX, iv) the

orientation angle of each of the x and y axes, and v) semi-graphic memory 50.

Controller 42 may also retrieve i) the content of each memory 100 andii) the content of

registers 112, in order to analyze the results of the histogram formation process. in

addition, in general controller 42 may access and controlall data and parameters used in

the system.

The system ofthe invention may be used to detect the driver ofa vehicle falling

asleep and to generate an alarm upon detection thereof. While numerous embodiments

of the invention will be described, in general the system receives an image ofthe driver

from a camera orthe like and processes the image to detect one or morecriteria of the

eyes of the driver to determine when the driver's eyes are open and whentheyare closed.

As discussed above, a wide-awake person generally blinks at relatively regular intervals

of about 100 to 200 ms. When a person becomes drowsy, the length of each eye blink

increases to approximately 500 to 800 ms, with the intervals between blinks being

becoming longer and variable. Using the information on the opening and closing of the

driver's eyes, the system measures the duration of each blink and/orthe intervals between

blinks to determine when the driveris falling asleep. This is possible because the video

signal coming from the sensorin use, e.g., sensor 310 of Fig. 21, preferably generates 50

or 60 frames per second,i.e., a frame every 20 ms or 16.66 ms respectively. This makes

it possible for the system, which processes each image in real time, to distinguish

between blink lengths of 100 to 200 ms for an awake person from blink lengths of 500 to

800 msfor a drowsy person,i.e., a blink length of 5 to 10 frames for an awake person or

a blink length of 25 to 40 frames for a drowsy person, in the case of a 50 frames per

second video signal.

The system ofthe invention utilizes a video camera or other sensor to receive

imagesofthe driver T in order to detect when the driveris falling asleep. While various

methods of positioning the sensor shall be described, the sensor may generally be
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position by any meansand in any location that permits acquisition of a continuous image

of the face of the driver when seated in the driver's seat. Thus,it is foreseen that sensor

10 may be mounted to the vehicle or on the vehicle in any appropriate location, such as

in or on the vehicle dashboard, steering wheel, door, rear-view mirror, ceiling, etc., to

enable sensor 10 to view the face of the driver. An appropriate lens may be mounted on

the sensor 10 to give the sensor a wider view if required to see drivers ofdifferent sizes.

Figs. 18 and 19 show a conventional rear-view mirror arrangement in which a

driver T can see ahead along direction 301 and rearward (via rays 302a and 302b)

through a rear-view mirror 303. Referring to Fig. 20, mirror 303 is attached to the

vehicle body 305 through a connecting arm 304 which enables adjustmentof vision axes

302a and 302b. Axes 302a and 302b are generally parallel and are oriented in the

direction of the vehicle. Optical axis 306, which is perpendicular to the face 303a of

mirror 303, divides the angle formed by axes 302a and 302b into equal angles a and b.

Axis 307, which is perpendicular to axis 302b and therefore generally parallel to the

attachment portion of vehicle body 305, defines an angle c between axis 307 and mirror

face 303a which is generally equal to angles a and b. A camera or sensor 310 is

preferably mounted to the mirror by means of a bracket 299. The camera may be

mounted in any desired position to enable the driver to have a clear view of the road

while enabling sensor 310 to acquire images of the face of the driver. Bracket 299 may

be an adjustable bracket, enabling the camera to be faced in a desired direction,i.e.,

toward the driver, or may beat a fixed orientation such that when the mirror is adjusted

by drivers of different sizes, the camera continues to acquire the face of the driver. The

signal from the camera is communicated to the image processing system, which operates

as described below, by meansoflead wires or the like (not shownin Figs. 18-20).

Figs. 21 and 22 show a rear-view mirror assembly 308 in which sensor 310 is

mounted interior to the mirror assembly. Mirror assembly 308 is adapted so that as

assembly 308 1s adjusted by a driver, sensor 310 remains directed toward the face of the

driver. Rear-view mirror assembly 308 includes a two-way mirror 309 having a face

309a, movably oriented to provide a rear view to the driver. Sensor 310, which is

preferably an electronic mini-camera or MOSsensorwith a built-in lens, is affixed to a
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bracket 311, is oriented facing the driver using mechanical arrangement that enables

sensor 310 to receive an image of the face of the driver when mirror 309 adjusted so that

the driver has a rear view of the vehicle. The mechanical arrangement consists of a

Cardan type mechanical joint, which causes automatic adjustment of the bracket 311

when the driver when the driver adjusts the rear view mirror so that the receiving face

310a of sensor 310 receives the image of the face of the driver, i.¢., optical axis 310b

remains aligned toward the head ofthe driver.

Bracket 311 includes rods 312 and 313 that are movably coupled together by a

pivot pin 314a (Fig. 21) or a sleeve 314b (Fig. 22). Rod 312 is attached at one end to a

mounting portion of the vehicle 305. A pivot pin 315, which preferably consists of a ball

and two substantially hemispherical caps, facilitates movement of mirror assembly 308.

Rod 312 extends through pivot pin 315, and attaches to rod 313 via a sleeve 314b or

another pivot pin 314a. At one end, rod 313 rigidly supports bracket 311 on which

sensor 310 is mounted. Rod 313 extends through clamp 316 of mirror assembly 308 via

a hollow pivot 317. Pivot 317 includesa ball having a channel therethrough in which rod

313 is engaged, and whichrotatesin substantially hemispherical caps supported by clamp

316. The joint constantly maintains a desired angle between mirror 309 and bracket 311,

thereby permitting normal adjustmentof rear-view mirror 309 while bracket 311 adjusts
the direction of sensor 310 so that the face 310a of the sensorwill receive an image of

the face of the driver. If desired, it is foreseen that sensor 310 may be mounted interior

to rear-view mirror assembly 308 at a fixed angle relative to the face 309a of the mirror

assembly, provided that sensor 310 is able to receive an image of the face of the driver

when the mirror is adjusted to drivers of different sizes. A wide angle lens may be
mounted to sensor 310 to better enable the sensor to be used underdifferent adjustment

circumstances.

Sensor 310 is connected by means of one or more lead wires to image processor

319, whichis preferably an image processing system of the type discussed above and is

preferably in the form ofan integrated circuit inside rear-view mirror assembly 308. In a

preferred embodiment, image processing system 319 is integrally constructed with sensor

310. Alternatively, image processing system 319 may be located exterior to mirror
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assembly 308 by means of conventional lead wires. While controller 310 is preferably a

microprocessor, it is foreseen that controller 310 may be an ASIC or simple controller

designed to perform the functions specified herein, particularly if the system is

embedded, e.g. containedin a mirror assembly or integral with a vehicle.

Electroluminescent diodes 320 may be incorporated in mirror assembly 308 to

illuminate the face of the driver with infrared radiation when ambientlight is insufficient

for image processing system 319 to determine the blinking characteristics of the driver.

When such diodes are in use, sensor 310 must be of the type capable of receiving

infrared radiation. Illumination of electroluminescent diodes 320 may be controlled by

controller 42 (Fig. 12) of image processing system 319, if desired. For example,

controller 42 may illuminate electroluminescent diodes 320 in the event that the

histograms generated by image processing system 319 do not contain sufficient useful

information to detect the features of the driver's face required, e.g., NBPTSis below a

threshold. Electroluminescent diodes 320 maybe illuminated gradually, if desired, and

may operate in connection with one or more photocells (not shown) that generate a

signal as to the ambient lighting near the driver, and which may be used to control

electroluminescent diodes 320, either alone or in combination with controller 42 or

another control circuit. If desired, an IR or other source of EMF radiation may be used

to illuminate the face of the driveratall times, provided that sensor 310 is compatible

with the illumination source. This eliminates many problems that may be associated with

the use of ambient lighting to detect drowsiness.

An optional alarm 322, which may be for example a buzzer, bell or other

notification means, may be activated by controller 42 upon detecting that the driver is

falling asleep. Ail of the components contained in mirror assembly 308, and image

processing system 319, are preferably poweredbythe electrical system of the vehicle.

Image processing system 319 monitorsthe alertness ofthe driver by detecting, in

real time and on a continuousbasis, the duration ofthe blinks of the driver's eyes and/or

intervals between blinks, and bytriggering alarm 322 to wake up the driver in the event

the driver is detected falling asleep. Image processing system 319 receives an image of

the face of the driver from sensor 310. The image may be of the complete face of the
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driver, or of a selected area of the driver's face that includes at least one eye of the

driver. Image processing system 319 is capable of detecting numerouscriteria that are

associated with blinking eyes. These include any feature of the face that may be used to

discern the closing of an eye, including detection ofthe pupil, retina, white, eyelids, skin

adjacent to the eye, and others. The eye may also be detected by detecting either

changes in the appearance of the eye when blinking or by detecting motion ofthe eyelid

during blinking.

Referring to Fig. 30, as an initial step, the system of the invention preferably

detects the presence of a driver in the driver's seat (402). This may be accomplished in

any number of ways, suchas byan electrical weight sensor switch in the driver's seat or

by interfacing with a signal generated by the vehicle indicating that the vehicle is in use in

motion, e.g., a speed sensor, a switch detecting that the vehicle is in gear, a switch

detecting that closing of the seat belt, etc. Upon detection of sucha signal, the system

enters into a search modefordetecting the driver's face or driver's eye(s). Alternatively,

since the system is poweredbytheelectrical system of the vehicle, and more preferably

by a circuit of the electrical system that is powered only when the vehicle is turned on,

the system turns on only whenthe engine is turned on, and enters into a search mode in

whichit operates until the face or eye(s) of the driver are detected. Upon detection of a

driver in the vehicle (404), a Driver Present flag is set to "1" so that controller 42 is

aware ofthe presence of the driver.

As an alternative method of detecting the presence ofthe driver, if sensor 10 is

mounted in a manner that enables (or requires) that the sensor be adjusted toward the

face of the driverprior to use, e.g., by adjustment ofthe rear-view mirror shown in Fig.

21, the system mayactivate an alarm until the sensor has acquired the face ofthe driver.

The driver may also be detected by using the image processing system to detect

the driver entering the driver's seat. This assumes that the image processing system and

sensor 10 are already powered when the driver enters the vehicle, such as by connecting

the image processing system and sensortoacircuit of the vehicle electrical system that

has constant power. Alternatively, the system may be powered upon detecting the

vehicle door open, etc. When the driver enters the driver's seat, the image from sensor
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10 will be characterized by many pixels of the image being in motion (DP=1), with CO

having a relatively high value, moving in a lateral direction away from the driver's door.

The pixels will also have hue characteristics of skin. In this embodiment, in a modein

which the system is trying to detect the presence of the driver, controller 42 sets the

validation units to detect movementofthe driver into the vehicle by setting the histogram

formation units to detect movement characteristic of a driver entering the driver's seat.

Mosteasily, controller 42 may set the validation units to detect DP=1, and analyze the

histogram in the histogram formation unit for DP to detect movementindicative of a

person entering the vehicle, e.g., NBPTS exceeding a threshold.

Fig. 23 showsthe field of view 323 of sensor 310 between directions 323a and

323b where the head T ofthe driver is within, and is preferably centered in, conical field

323. Field 323 maybe keptrelatively narrow, given that the movements of the head T of

the driver during driving are limited. Limitation of field 23 improves the sensitivity of

the system since the driver's face will be represented in the images received from sensor

10 by a greater number of pixels, which improves the histogram formation process
discussed below.

In general the numberofpixels in motion will depend upon the field of view of

the sensor. The ratio of the number ofpixels characteristic of a driver moving into the

vehicle to the total numberofpixels in a frame is a function of the size of the field of

vision of the sensor. For a narrow field of view (a smaller angle between 323a and 323b

in Fig. 23), a greater number, and possibly more than 50% of the pixels will be “in

movement”as the driver enters the vehicle, and the threshold will be greater. For a wide

field of view (a greater angle between 323a and 323b in Fig. 23), a smaller number of

pixels will be “in movement” as the driver enters the vehicle. The threshold is set

corresponding to the particular location and type of sensor, and based upon other

characteristics of the particular installation of the system. If NBPTS for the DP

histogram exceedsthe threshold, the controller has detected the presence ofthe driver.

As discussed above, other characteristics of the driver entering the vehicle may be

detected by the system, including a high CO,hue, direction, etc., in any combinations, as

appropmiate, to make the system more robust. For example, controller 42 may set the
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linear combinationunits ofthe direction histogram formation unit to detect pixels moving

into the vehicle, may set the linear combination unit for CO to detect high values, and/or

mayset the linear combination unit for hue to detect hues characteristic of human skin.

Controller 42 may thenset the validation units to detect DP, CO, hue, and/or direction,

as appropriate. The resultant histogram may then be analyzed to determine whether

NBPTSexceeds a threshold, which would indicate that the driver has moved into the

driver's seat. It is foreseen that characteristics other than NBPTS of the resultant

histogram may be used to detect the presence of the driver, e.g., RMAX exceeding a

threshold.

Whenthe driver has been detected, i.e., the Driver Present flag has been set to

“]", the system detects the face of the driver in the video signal and eliminates from

further processing those superfluous portions of the video signal above, below, and to

the right andleft of the head of the driver. In the image ofthe drivers head, the edges of

the head are detected based upon movements of the head. The edges of the head will

normally be characterized by DP=1 due to differences in the luminance of the skin and

the background, even due to minimal movements of the head while the head isstill.

Movementofthe head maybefurther characterized by vertical movement on the top and

bottom edges of the head, andleft and right movementon the vertical edges of the head.

Thepixels of the head in movementwill also be characterized by a hue corresponding to

humanskin and relatively slow movement as compared to eyelid movement for example.

Controlier 42 preferably sets the linear combination unit of DP to detect DP=1 and sets

the linear combination unit for direction to detect vertical and horizontal movement only

(406). Optionally, the linear combination units for velocity and hue maybeset to detect

low velocities and human skin hues to make the system more robust. Also, the linear

combination unit for CO maybeset to eliminate the very fast movements characteristic

of eye blinking in order to prevent the eyes from being considered at this stage of

processing during which the head is being detected. Finally, controller 42 sets the

validation units for DP, direction, and x and y position to be "on" (406). Optionally, the

validation units for velocity, hue, and CO may be set "on" if these criteria are being

detected.
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Asillustrated in Fig. 24, the pixels having the selected characteristics are formed

into histograms 324x and 324y along axes Ox and Oy, i.e., horizontal and vertical

projections, respectively. Slight movements of the head of the driver having the

characteristics selected are indicated as ripples 327a, 327b, 327c and 327d, which are

shownin line form but which actually extend over a small area surrounding the periphery

of the head. Peaks 325a and 325b of histogram 324x, and 325c and 325d of histogram

324y delimit, by their respective coordinates 326a, 326b, 326c and 326d, a frame

bounded by straight lines Ya, Yb, Xc, Xd, which generally correspond to the area in

which the face V of the driver located. Controller 42 reads the histograms 324x and

324y from the histogram formation units, preferably during the blanking interval, and

detects the locations of peaks 325a, 325b, 325c and 325d (408). In order to ensure that

the head has been identified, the distance between peaks 325a and 325b and between

peaks 325b and 325c are preferably tested to fall with a range corresponding to the

normal ranges of human headsizes.

Once the location of coordinates 326a, 326b, 326c and 326d has been

established, the area surrounding theface ofthe driver is masked from further processing

(410). Referring to Fig. 25, this is accomplished by having controller 42 set XMIN,

XMAX, YMIN and YMAX to correspond to Xc, Xd, Ya, and Yb respectively. This

masks the cross- hatched area surrounding face V from further consideration, which

helps to eliminate background movement from affecting the ability of the system to

detect the eye(s) of the driver. Thus, for subsequentanalysis, only pixels in central area

Z, framed by the lines Yc, Xd, Ya, Yb and containing face V are considered. As an

alternative method of masking the area outside central area Z, controller 42 may set the

semi-graphic memory to mask off these areas. Asindicated above, the semi-graphic

memory may be used to mask off selected pixels of the image in individual or small

rectangular groups. Since head V is not rectangular, use of the semi-graphic memory

enables better masking around the rounded edges of the face to better eliminate

backgroundpixels from further consideration.

The process of detecting the head of the driver and masking backgroundareasis

repeated at regular intervals, and preferably once every ten framesorless. It is foreseen
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that this process may be repeated every frame, if desired, particularly if more than one set

of histogram formation units is available for use. Controller 42 may also compute

average values over time for coordinates 326a, 326b, 326c and 326d and use these

values to set mask coordinates Yc, Xd, Ya, Yb, if desired. This will establish a nearly

fixed position for the frame overtime.

Once the frame has been established, a Centered-Face flag is set to “1" (412), and

controller 42 initiates the process of reducing the frame size to more closely surround the

eyes of the driver. Referring to Fig. 26, in which frame Z denotes the area bounded by

Ya, Yb, Xc, Xd determined in the prior step, controller 42 initially uses the usual

anthropomorphic ratio between the zone of the eyes and the entire face for a human

being, especially in the vertical direction, to reduce the area under consideration to cover

a smaller zone Z' bounded by lines Y’a, Y’b, X'c and X‘d that includes the eyes U ofthe

driver. Thus, the pixels in the outer cross-hatched area of Fig. 27 is eliminated from

consideration and only the area within frame Z’ is further considered. This is

accomplished by having controller 42 set XMIN, XMAX, YMIN and YMAX to

correspond to X'c, X'd, Y'a, and Y’b respectively (414). This masks the pixels in the

area outside Z’ from further consideration. Thus, for subsequent analysis, only pixels in

area Z' containing eyes U are considered. As an alternative method of masking the area

outside area Z', controlier 42 may set the semi-graphic memory to mask off these areas.

It is foreseen that an anthropomorphic ratio may be used to set frame Z' around only a

single eye, with detection of blinking being generally the same as described below, but

for one eye only.

Once the area Z' is determined using the anthropomorphic ratio, a Rough Eye-

Centering flag is set to “1" (416), and controller 42 performs the step of analyzing the

pixels within the area Z' to identify movement of the eyelids. Movementofeyelids is

characterized bycriteria that include high speed vertical movementofpixels with the hue

of skin. In general, within the area Z’, formation of histograms for DP=1 may be

sufficient to detect eyelid movement. This detection may be made more robust by

detection of high values of CO, by detection of vertical movement, by detection ofhigh

velocity, and by detection ofhue. As an alternative to detection of hue, movement of the
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pixels of the eye may be detected by detecting pixels with DP=1 that do not have the hue

of skin. This will enable detection of changesin the numberofpixels associated with the

pupil, retina,iris, etc.

Controller 42 sets the linear combination unit for DP to detect DP=1 andsets the

validation units for DP, and x and y position to be on (418). Optionally, the linear

combination units and validation units may beset to detect other criteria associated with

eye movement, such as CO,velocity, and hue. Initially, controller 42 also sets XMIN,

XMAX, YMIN and YMAX to correspond to X’c, X’d, Y’a, and Y’b respectively.

Referring to Fig. 27, a histogram is formedoftheselected criteria, which is analyzed by

controller 42 (420). If desired, a test is performed to ensure that the eyes have been

detected. This test may, for example, consist of ensuring that NBTSin the histogram

exceeds a threshold e.g., 20% of the total number of pixels in the frame Ya, Y’b, X'c,

Xd. Once the eyes have been detected an Eye-Detected flag is set to “1" (422).

Fig. 27 illustrates histogram 28x along axis Ox and histogram 28y along axis Oy

of the pixels with the selected criteria corresponding to the driver’s eyelids, preferably

DP=! with vertical movement. Controller 42 analyzes the histogram and determines

peaks 29a, 29b, 29c and 29d of the histogram. These peaks are used to determine

horizontal lines X“c and X“d and vertical lines Y“a and Y“b which define an area of

movement of the eyelids Z”, the movements of the edges of which are indicated at 30a

and 30b for one eye and 30c and 30dfor the other eye (424). The position of the frame

bounded by Ya, Y“b, X“c, Xd is preferably determined and updated by time-averaging

the values of peaks 29a, 29b, 29c and 29d, preferably every ten framesor less. Once the

eyes have been detected and frame Z" has been established an Eye Centeredflag is set to

“1" (426) and only pixels within frame Z”are thereafter processed.

Controller 42 then determines the lengths ofthe eye blinks, and, if applicable, the

time interval between successive blinks. Fig. 28 illustrates in a three-dimensional

orthogonal coordinate system: OQ, which corresponds to the numberofpixels in area Z"

having the selected criteria, To, which corresponds to the time interval between

successive blinks; and Oz which corresponds to the length of each blink. From this
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information, it is possible to determine whena driveris falling asleep. Two successive

blinks C1 and C2 are shown onFig.28.

Fig. 29Aillustrates on curve C the variation over time of the numberofpixels in

each frame having the selected criteria, e.g., DP = 1, wherein successive peaks P1, P2,

' P3 correspond to successive blinks. This information is determined by controller 42 by

reading NBPTSofthe x and/or y histogram formation units. Alternatively, controller 42

may analyze the x and/or y histograms of the histogram formation units (Fig. 27) to

detect peaks 29a and 29b and/or 29c and 29d, which over time will exhibit graph

characteristics similar to those shown in Fig. 29A.

Controller 42 analyzes the data in Fig. 29A over time to determine the location

and timing of peaks in the graph (428). This may be done, for example, as shown in Fig.

29B, by converting the graph shown in Fig. 29A into a binary data stream, in which all

pixels counts overa threshold are set to "1", andall pixel counts below the threshold are
set to "0" (vertical dashes 31), in order to convert peaks P1, P2, P3 to framed rectangles

Rl, R2 R3, respectively. Finally, Fig. 29B showsthe lengths of each blink (5, 6, and 5

framesrespectively for blinks P1, P2 and P3) and the time intervals (14 and 17 frames for

the intervals between blinks P1 and P2, and P2 and P3 respectively). ‘This information is

determined by controller 42 through an analysis of the peak data over time.

Finally, controller 42 calculates the lengths of successive eye blinks and the

interval between successive blinks (430). If the length of the blinks exceeds a threshoid,

e.g., 350 ms,a flag is set to “1” indicating that the blink threshold has been exceeded. If

the time interval between successive blinks is found to vary significantly overtime,a flag

is set to "1" indicting a variable intervals between blinks. Uponsetting the first flag,

which indicates that the driver is blinking at a rate indicative offalling asleep, controller

42 triggers alarm 322 for waking up the driver. The second flag may be used either to

generate an alarm in the same manneras with thefirst flag, or to reinforce the first flag

to, for example, increase the alarm soundlevel.

Figs. 31 - 36 show an alternative method by which the generic image processing

system maybe used to detecta driverfalling asleep. Initially, controller 42 is placed in a

search mode (350), in which controller 42 is scans the image to detect one or more
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characteristics of the face, and preferably the nostrils of the nose. Nostrils are generally

shadowed, and as such are usually defined by low luminance. Referring to Fig. 31, the

area ofthe image is brokenup into a numberof sub-images 352,in this case six, labelled

A-F, which are sequentially analyzed by controller 42 to locate the nostrils. As shown,

each of the sub-images 352 preferably overlaps each adjacent sub-image by an amount

353 equal to at least the normal combined width of the nostrils and the spacing

therebetween to minimizethe likelihood of missing the nostrils while in the search mode.

Controller 42 sets XMIN, XMAX, YMIN, and YMAX to correspondto thefirst

sub-image A (354). Controller 42 then sets the registers 106 in the luminancelinear

combination unit to detect low luminance levels (356). The actual luminance level

selected will vary depending upon various factors, such as ambientlighting, time of day,

weather conditions, etc. Keeping in mind that controller 42 is able to access the

histogram calculated for luminance from histogram formation unit 24, controller 42 may

use a threshold or other desired technique to select the desired luminances to search for

the nostrils, e.g., selecting the lowest 15% of luminance values for consideration, and

may adapt the threshold as desired. Controller 42 also sets the validation units for

luminance and x and y histogram on (358), thereby causing x and y histograms to be

formed of the selected low luminance levels. Controller 42 then analyzes the x and y

direction histograms to identify characteristics indicative of the nostrils, as discussed

below (360). If nostrils are not identified (362), controller 42 repeats this process on the

next sub-image, i.e., sub-image B, and each subsequent sub-image, until nostrils are

identified, repeating the process starting with sub-image A if required. Each sub-image

is analyzed by controller 42 in a single frame. Accordingly, the nostrils may generally be

acquired by the system in less than six frames. It is foreseen that additional sub-images

may be used, if desired. It is also foreseen that the area in which the sub-images are

searched may restricted to an area in which the nostrils are most likely to be present,

either as determined from past operation of the system, or by use of an anthropomorphic

model. For example, the outline of the head of the driver may be determined as

described above, and the nostril search may then berestricted to a small sub- area of the
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image. It is also foreseen that the entire image may be search at onceforthenostrils, if

desired.

While the invention is being described with respect to identification of the nostrils

as a Starting point to locating the eyes, it is foreseen that any other facial characteristic,

e.g., the nose, ears, eyebrows, mouth, etc., and combinations thereof, may be detected as

a Starting point for locating the eyes. These characteristics may be discerned from any

characteristics capable of being searched by the system, including CO, DP, velocity,

direction, luminance, hue and saturation. It is also foreseen that the system may locate

the eyes directly, e.g., by simply searching the entire image for DP=1 with vertical

movement (or any other searchable characteristics of the eye), without the need for using

anotherfacial criteria as a starting point. In order to provide a detailed view of the eye

while enabling detection of the head or other facial characteristic of the driver, it is

foreseen that separate sensors may be used for each purpose.

Fig. 32 shows sample x and y histograms of a sub-image in which the nostrils are

located. Nostrils are characterized by a peak 370 in the y-direction histogram, and two

peaks 372 and 374 in the x-direction histogram. Confirmation that the nostrils have been

identified may be accomplished in several ways. First, the histograms are analyzed to

ensure that the characteristics of each histogram meets certain conditions. For example,

NBPTSin each histogram should exceed a threshold associated with the normal number

of pixels detectable for nostrils. Also, RMAX in the y histogram, and each peak ofthe x

histogram should exceed a similar threshold. Second, the distance between nostrils d is

fairly constant. The x histogram is analyzed by controller 42 and d is measured to ensure

thatit falls within a desired range. Finally, the width of a nostril is also fairly constant,

although subject to variation due to shadowing effects. Each of the x and y histogramsis

analyzed by controller 42 to ensure that the dimensions of each nostril fall within a

desired range. If the nostrils are found by controller 42 to meet these criteria, the

nostrils have been acquired and the search modeis ended. If the nostrils have not been

acquired, the search modeis continued. Oncethenostrils are acquired, the x position of

the center of the face (position a/2 within the sub- image under consideration) is
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determined, as is the y location of the nostrils in the image (POSRMAX ofthe y

histogram) (364).

In the present example,only a single eye is analyzed to determine when the driver

is falling asleep. In this case the shadow ofthe eye in the open and closed positions is

used to determine from the shape of the shadow whetherthe eye is open or closed. As

discussed above, for night-time applications, the invention is preferably used in

combination with a short-wave IR light source. For the presently described example, the

IR light source is preferably positioned above the driver at a position to cast a shadow

having a shape capable of detected by the system. The anthropomorphic model is

preferably adaptive to motion, to features of the driver, and to angular changes of the

driver relative to the sensor.

Referring to Fig. 32, having determined the location of the nostrils 272 of the

driver having a center position Xn, Yy, a search box 276is established around an eye 274

of the driver (366). The location of search box 276 is set using an anthropomorphic

model, wherein the spatial relationship between the eyes and nose of humans is known.

Controller 42 sets XMIN, XMAX, YMIN, and YMAX to search within the area defined

by search box 276. Controller 42 further sets the luminance and x and y direction

histograms to be on, with the linear combination unit for luminance set to detect low

histogram levels relative to the rest of the image, e.g., the lowest 15% of the luminance

levels (368). As a confirmation of the detection of the nostrils or other facial feature

being detected, search box 276, which is established around an eye 274 of the driver

using an anthropomorphic model, may be analyzed for characteristics indicative of an eye

present in the search box. These characteristics may include, for example, a moving

eyelid, a pupil, iris or cornea, a shape corresponding to an eye, a shadow corresponding

to an eye, or any other indica indicative of an eye. Controller 42 sets the histogram

formation units to detect the desired critena. For example, Fig. 36 shows a sample

histogram of a pupil 432, in which the linear combination units and validation units are

set to detect pixels with very low luminancelevels and high gloss that are characteristic

of a pupil. The pupil may be verified by comparing the shapesofthe x and y histograms

to known characteristics of the pupil, which are generally symmetrical, keeping in mind
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that the symmetry may be affected by the angularrelationship between the sensor and the

head ofthe driver.

Upon detection of the desired secondary facial criteria, identification of the

nostrils is confirmed and detection of eye openings and closings is initiated.

Alternatively, the criteria being detected to confirm identification of the nostrils may be

eye blinking using the technique described below. If no blinking is detected in the search

box, the search modeisreinitiated.

Blinking ofthe eye is detected during a tracking mode 400. In the tracking mode
controller 42 sets XMIN, XMAX, YMIN, and YMAX to search within the area defined

by search box 276. Controller 42 further sets the luminance and x and y direction

histograms to be on, with the linear combination unit for luminance set to detect low

histogram levelsrelative to the rest of the image, e.g., the lowest 15% of the luminance

levels (368), in order to detect shadowing of the eye. During the tracking mode, the

system monitors the location of nostrils 272 to detect movement of the head. Upon

detected movement of the head, and a resultant shift in the position of Xy, Yn, search

box 276is shifted according to the anthropomorphic model to retain the search box over

the eye of the driver.

Fig. 33 shows the shapes of the x and y histograms 376, 378 with the eye open,

and Fig. 34 showsthe shapes of the x and y histograms 380, 382 with the eye closed.

The shapes of the shadows, and especially the shape of the shadow with the eye closed

will vary depending upon the location of the camera and the location of the light source

creating the shadow,e.g., the sun orthe IR light source. In any case, the width MAX,-

MIN, and the height MAX, - MIN, of each histogram will generally be significantly

greater for an open eye than for a closed eye. Controller 42 analyzes the width and

height of each histogram to determine when the eye is open and whenit is closed (382).

An open eye may be determined by any number of characteristics of the x and y

histograms, including width MAX, - MIN, and height MAX, - MIN, exceeding

thresholds, NBPTS of each histogram exceeding a threshold, RMAX ofeach histogram

exceeding a threshold, change in position of POSRMAX as compared to a closed eye,

etc. Similarly, a closed eye may be determined by any numberof characteristics of the x
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and y histograms, including width MAX, - MIN, and height MAX, - MIN, being below

thresholds, NBPTS of each histogram being below a threshold, RMAX of each

histogram being below a threshold, change in position of POSRMAX as compared to an

open eye, etc., In a preferred embodiment, controller 42 calculates the width MAX, -

MIN, and height MAX, - MIN, of each histogram and utilizes thresholds to determine

whether the eye is open or closed. If each width MAX, - MIN, and height MAX,-

MIN,exceed thresholds, the eye is determined to be open. If each of width MAX, -

MIN, and height MAX, - MIN,fall below thresholds (which may be different from the

thresholds used to determine an open eye), the eye is determined to be closed (384).

MAX and MIN are preferably the MAX and MIN calculated in the histogram formation

units. On the other hand, MAX and MIN maybe otherthresholds, e.g., the points on the

histograms corresponding to RMAX/2 or someotherthreshold relative to RMAX.

Controller 42 analyzes the number of frames the eye is open and closed over time

to determine the duration of each blink and/or the interval between blinks (386). Using

this information, controller 42 determines whether the driver is drowsy (388). Upon

determining that the driver is drowsy, controller 42 generates an alarm to awaken the

driver (390) or anothersignalindicative that the driver is sleeping.

Controller 42 constantly adapts operation of the system, especially in varying

lighting levels. Controller 42 may detect varying lighting conditions by periodically

monitoring the luminance histogram and adapting the gain bias of the sensor to maintain

as broad a luminance spectrum as possible. Controller 42 may also adjust the thresholds

that are used to determine shadowing, etc. to better distinguish eye and nostril

shadowing from noise, e.g. shadowing onthe side of the nose, and may also adjust the

sensor gain to minimize this effect. If desired controller 42 may cause the histogram

formation units to form a histogram ofthe iris. This histogram may also be monitored

for consistency, and the various thresholds used in the system adjusted as necessary.

It will be appreciated that while the invention has been described with respect to

detection of the eyes of a driver using certain criteria, the invention is capable of

detecting any criteria of the eyes using any possible measurable characteristics of the

pixels, and that the characteristics of a driver falling asleep may be discerned from any

other information in the histograms formed by the invention. Also, while the invention
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has been described with respect to detecting driver drowsiness, it is applicable to any
application in which drowsinessis to be detected. More generally, although the present
invention has been described with respect to certain embodiments and examples,

variations exist that are within the scope of the invention as described in the following

claims.
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CLAIMS

1. A process of detecting a person falling asleep, the process comprising the

steps of:

acquiring an imageofthe face of the person;

selecting pixels of the image having characteristics corresponding to

characteristics ofat least one eye of the person;

forming at least one histogram of the selected pixels;

analyzing the at least one histogram over time to identify each opening

and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a personfalling asleep.

2. The process according to claim ! further comprising the step of identifying a

sub-area of the image comprising the at least one eye priorto the step of selecting pixels

of the image having characteristics corresponding to characteristics of at least one eye,

and whereinthe step of selecting pixels of the image having characteristics corresponding

to characteristics of at least one eye comprises selecting pixels within the sub-area of the

image.

3. The process according to claim 2 wherein the step of identifying a sub- area

of the image comprising theat least one eye comprisesthe stepsof:

identifying the head of the personin the image; and

identifying the sub-area of the image using an anthropomorphic model.

4. The process according to claim 3 wherein the step of identifying head of the

person in the image comprisesthesteps of.

selecting pixels of the image having characteristics corresponding to

edges of the head of the person;

forming histogramsof the selected pixels projected onto orthogonal axes,

and

analyzing the histograms ofthe selected pixels to identify the edges of the

head of the person.
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5. The process according to claim 2 wherein the step of identifying a sub- area

ofthe image comprising theat least one eye comprisesthestepsof:

identifying the location of a facial characteristic of the person in the

image; and

identifying the sub-area of the image using an anthropomorphic model

andthe location ofthe facial characteristic.

6. The process according to claim 5 wherein the step ofidentifying the location

ofa facial characteristic of the person in the image comprisesthesteps of:

selecting pixels of the image having characteristics corresponding to the

facial characteristic;

forming histogramsofthe selected pixels projected onto orthogonal axes,

and

analyzing the histograms ofthe selected pixels to identify the position of

the facial characteristic in the image.

7. The process according to claim 6 wherein the facial characteristic is the

nostrils of the person, and wherein the step of selecting pixels of the image having

characteristics correspondingto the facial characteristic comprisesselecting pixels having

low luminancelevels.

8. The process according to claim 7 further comprising the step of analyzing

the histogramsofthe nostril pixels to determine whether the spacing between the nostrils

is within a desired range and whether the dimensionsofthe nostrils fall within a desired

range.

9. The process according to claim 1 wherein:

the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprises selecting

pixels having low luminance levels corresponding to shadowing of the eye; and

wherein the step analyzing the at least one histogram over time to identify

each opening and closing of the eye comprises analyzing the shape of the eye shadowing

to determine openings and closings ofthe eye.
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10. The process according to claim 9 wherein the step of forming at least one

histogram ofthe selected pixels comprises forming histograms of shadowedpixels of the

eye projected onto orthogonal axes, and wherein the step of analyzing the shape of the

eye shadowing comprises analyzing the width and height of the shadowing.

11. The process according to claim | wherein:

the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprises selecting

pixels in movement correspondingto blinking; and

wherein the step analyzing the at least one histogram over time to identify

each opening and closing of the eye comprises analyzing the number of pixels in

movement overtime to determine openingsandclosingsofthe eye.

12. The process according to claim 11 wherein the step of selecting pixels of

the image having characteristics corresponding to characteristics of at least one eye of

the person comprises selecting having characteristics selected from the group consisting

of i) DP=1, 11) CO indicative of a blinking eyelid, iii) velocity indicative of a blinking

eyelid, and iv) up and down movementindicative of a blinking eyelid.

13. The process according to claim 5 wherein the step of identifying a facial

characteristic of the person in the image comprises the step of searching sub-images of

the imageto identify the facial characteristic.

14. The process according to claim 7 wherein the step of identifying a facial

characteristic of the person in the image comprises the step of searching sub-images of

the image to identify the nostrils.

15. The process according to claim 13 wherein the facial characteristic is a first

facial characteristic and further comprising the stepsof:

using an anthropomorphic model and the location of the first facial

characteristic to select a sub-area of the image containing a secondfacial characteristic;

selecting pixels of the image having characteristics corresponding to the

second facial characteristic; and

analyzing the histograms of the selected pixels of the second facial

characteristic to confirm the identification of the first facial characteristic.
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16. An apparatus for detecting a person falling asleep, the apparatus

comprising:

a sensor for acquiring an image of the face of the person, the image

comprising pixels correspondingto the eyeofthe person;

a controller; and

a histogram formation unit for forming a histogram on pixels having

selected characteristics,

the controller controlling the histogram formation unit to select pixels of

the image having characteristics corresponding to characteristics of at least one eye of

the person and to form a histogram of the selected pixels, the controller analyzing the

histogram over time to identify each opening and closing of the eye, and determining

from the opening and closing information on the eye, characteristics indicative of a

person falling asleep.

17. The apparatus according to claim 16 wherein the controller interacts with

the histogram formation unit to identify a sub-area of the image comprising the at least

one eye, and the controller controls the histogram formation unit to select pixels of the

image having characteristics corresponding to characteristics of at least one eye only

within the sub-area of the image.

18. The apparatus according to claim 17 wherein:

the controller interacts with the histogram formation unit to identify the

head of the person in the image; and

the controller identifies the sub-area of the image using an

anthropomorphic model.

19. The apparatus according to claim 18 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to edges ofthe head of the person and forms histograms of

the selected pixels projected onto orthogonal axes; and

the controller analyzes the histograms ofthe selected pixels to identify the

edges of the head of the person.

20. The apparatus according to claim 17 wherein:
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the controller interacts with the histogram formation unit to identify the

location of a facial characteristic of the person in the image; and

the controller identifies the sub-area of the image using an

anthropomorphic model and the location ofthe facial characteristic.

21. The apparatus according to claim 20 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to the facial characteristic and forms histograms of the

selected pixels projected onto orthogonalaxes;

the controller analyzes the histogramsofthe selected pixels to identify the

position ofthe facial characteristic in the image.

22. The apparatus according to claim 21 wherein the facial characteristic is the -

nostrils of the person, and wherein the histogram formation unit selects pixels of the

image having low luminancelevels corresponding to the luminancelevel of the nostrils.

23. The apparatus according to claim 22 wherein the controller analyzes the

histogramsof the nostril pixels to determine whether the spacing betweenthe nostrilsis

within a desired range and whether the dimensionsofthe nostrils fall within a desired

range.

24. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image having low

luminancelevels corresponding to shadowing ofthe eye; and

wherein the controller analyzes the shape of the eye shadowing to

determine openings and closingsofthe eye.

25. The apparatus according to claim 24 wherein histogram formation unit
forms histograms of shadowed pixels of the eye projected onto orthogonal axes, and

wherein the controller analyzes the width and height of the shadowing to determine

openings and closingsofthe eye.

26. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image in movement

corresponding to blinking; and
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the controller analyzes the number ofpixels in movement over time to

determine openings andclosingsof the eye.

27. The apparatus according to claim 26 wherein the histogram formation units

selects pixels of the image having characteristics of movement corresponding toblinking,

such characteristics being selected from the group consisting of i) DP=1, ii) CO

indicative of a blinking eyelid, iii) velocity indicative of a blinking eyelid, and iv) up and
down movementindicative ofa blinking eyelid.

28. The apparatus according to claim 20 wherein the controller interacts with

the histogram formation unit to search sub-images of the image to identify the facial

characteristic.

29. The apparatus according to claim 22 wherein the controller interacts with

the histogram formation unit to search sub-imagesofthe image to identify the nostrils.

30. The apparatus according to claim 28 wherein the facial characteristic is a

first facial characteristic and further comprising:

the controller using an anthropomorphic model and the location of the

first facial characteristic to cause the histogram formation unit to select a sub-area of the

image containing a second facial characteristic, the histogram formation unit selecting

pixels of the image in the sub-area having characteristics corresponding to the second

facial characteristic and forming a histogram of such pixels; and

the controller analyzing the histogram of the selected pixels

corresponding to the second facial characteristic to confirm the identification of the first

facial characteristic.

31. The apparatus according to claim 16 wherein the sensor is integrally

constructed with the controller and the histogram formation unit.

32. The apparatus according to claim 16 further comprising an alarm, the

controller operating the alarm upon detection of the personfalling asleep.

33. The apparatus according to claim 16 further comprising an illumination

source, the sensor being adapted to view the person whenilluminated bytheillumination
source.
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34. The apparatus according to claim 33 wherein the illumination source is a

source of IR radiation.

35. A rear-view mirror assembly for a vehicle which comprises:

a rear-view mirror; and

the apparatus according to claim 16 mountedto the rear-view mirror.

36. The rear-view mirror assembly according to claim 35 further comprising a

bracket attaching the apparatusto the rear-view mirror.

37. The rear-view mirror assembly according to claim 35 further comprising a

housing having an open side andan interior, the rear-view mirror being mounted to the

open side of the housing, the rear view mirror being see-through from theinterior of the

housing to an exterior of the housing, the apparatus being mounted interior to the

housing with the sensor directed toward the rear-view mirror.

38. The rear-view mirror assembly according to claim 37 further comprising a

joint attaching the apparatus to the rear-view mirror assembly, the joint adapted to

maintain the apparatus in a position facing a driver of the vehicle during adjustment of

the mirror assembly by the driver.

39. The rear-view mirror assembly according to claim 35 further comprising a

source of illumination directed toward the person, the sensor being adapted to view the

person whenilluminated by the sourceofillumination.

40. The rear-view mirror assembly according to claim 35 further comprising an

alarm, the controller operating the alarm upon detection of the personfalling asleep.

4}. A rear-view mirror assembly which comprises:

a rear-view mirror; and

the apparatus according to claim 16, the sensor being mounted to the

rear-view mirror, the controller and the histogram formation unit being located remote

from the sensor.

42. A vehicle comprising the apparatus according to claim 16.

43. A process of detecting a feature of an eye, the process comprising the steps

of:
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acquiring an imageof the face of the person, the image comprising pixels

correspondingto the feature to be detected;

selecting pixels of the image having characteristics corresponding to the

feature to be detected;

forming at least one histogram ofthe selected pixels;

analyzing the at least one histogram overtime to identify characteristics
indicative of the feature to be detected.

44. The process according to claim 43 wherein the feature is the iris, pupil or
cornea.

45. An apparatus for detecting a feature of an eye, the apparatus comprising:

a sensor for acquiring an image ofthe eye, the image comprising pixels

correspondingto the feature to be detected;

a controller; and

a histogram formation unit for forming a histogram on pixels having

selected characteristics,

the controller controlling the histogram formation unit to select pixels of

the image having characteristics corresponding to characteristics of at least one eye of

the person and to form a histogram ofthe selected pixels, the controller analyzing the

histogram over time to identify each opening and closing of the eye, and determining

from the opening and closing information on the eye, characteristics indicative of a

person falling asleep.
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METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

BACKGROUND OF THE INVENTION

1. Field of the Invention.

The present invention relates generally to an image processing system,
and more particularly to the use of a generic image processing system to detect
drowsiness.

1.Description of the Related Art.

It is well known that a significant number of highway accidents result from

drivers becoming drowsy orfalling asleep, which results in many deaths and injuries.

Drowsiness is also a problem in otherfields, such asforairline pilots and power plant

operators, in which great damage mayresult from failure to stay alert.

A numberofdifferent physical criteria may be used to establish when a person is

drowsy, including a change in the duration and interval of eye blinking. Normally, the
duration ofblinking is about 100 to 200 ms when awake and about 500 to 800 ms when

drowsy. The time interval between successiveblinks is generally constant while awake,

but varies within a_ relatively broad range when drowsy.

Numerous devices have been proposed to detect drowsiness of drivers. Such

devices are shown, for example, in U.S. Patent Nos. 5,841,354: 5,813,99:

5,689,241;5,684,461,; 5,682,144; 5,469,143; 5,402,109; 5,353,013; 5,195,606;

4,928,090; 4,555,697; 4,485,375; and 4,259,665. In general, these devicesfall into

three categories:i) devices that detect movementofthe head ofthe driver, e.g., tilting; ii)

devices that detect a physiological change in the driver, eg., altered heartbeat or

breathing, andiii) devices that detect a physical result of the driverfalling asleep, e.g., a
reduced grip on the steering wheel. Noneof these devices is believed to have met with

commercial success.

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and

PCT/EP98/05383 disclose a generic image processing system that operates to localize
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2

objects in relative movementin an image and to determine the speed anddirection of the

objects in real-time. Each pixel of an image is smoothed using its own time constant. A

binary value correspondingto the existence of a significant variation in the amplitude of

the smoothed pixel from the prior frame, and the amplitude of the variation, are

determined, and the time constant for the pixel is updated. For each particularpixel, two

matrices are formed that include a subset of the pixels spatially related to the particular

pixel. The first matrix contains the binary values of the subset of pixels. The second

matrix contains the amplitude of the variation of the subset of pixels. In the first matrix,

it is determined whether the pixels along an oriented direction relative to the particular

pixel have binary values representative of significant variation, and, for such pixels,it is

determined in the second matrix whether the amplitude of these pixels varies in a known

manner indicating movement in the oriented direction. In domains that include

luminance, hue, saturation, speed, oriented direction, time constant, and x andyposition,

a histogram is formed of the values in the first and second matrices falling in user

selected combinations of such domains. Using the histograms,it is determined whether

there is an area having the characteristics of the selected combinations of domains.

It would be desirable to apply such a generic image processing system to detect

the drowsinessofa person.

SUMMARYOF THE INVENTION

The present invention is a process of detecting a driverfalling asleep in which an

image of the face of the driver is acquired. Pixels of the image having characteristics

corresponding to characteristics of at least one eye of the driver are selected and a

histogram is formed of the selected pixels. The histogram is analyzed over time to

identify each opening and closing of the eye, and from the eye opening and closing

information, characteristics indicative of a driver falling asleep are determined.

In one embodiment, a sub-area of the image comprising the eye is determined

prior to the step ofselecting pixels of the image having characteristics corresponding to

characteristics of an eye. In this embodiment, the step of selecting pixels of the image

having characteristics of an eye involves selecting pixels within the sub-area of the image.

The step ofidentifying a sub-area of the image preferably involves identifying the head of
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the driver, or a facial characteristic of the driver, such as the driver's nostrils, and then

identifying the sub-area of the image using an anthropomorphic model. The head of the

driver may be identified by selecting pixels of the image having characteristics

corresponding to edges of the head of the driver. Histograms ofthe selected pixels of

the edges of the driver's head are projected onto orthogonal axes. These histograms are

then analyzed to identify the edges of the driver's head.

The facial characteristic of the driver may be identified by selecting pixels of the

image having characteristics correspondingto the facial characteristic. Histograms of the

selected pixels of the facial characteristic are projected onto orthogonal axes. These

histograms are then analyzed to identify the facial characteristic. If desired, the step of

identifying the facial characteristic in the image involves searching sub-images of the

image until the facial characteristic is found. In the case in which the facial characteristic

is the nostrils of the driver, a histogram is formed of pixels having low luminance levels

to detect the nostrils. To confirm detection ofthe nostrils, the histograms of the nostril

pixels may be analyzed to determine whether the spacing between the nostrils is within a

desired range and whether the dimensions ofthe nostrils fall within a desired range. In

order to confirm the identification of the facial characteristic, an anthropomorphic model

and the location of the facial characteristic are used to select a sub-area of the image

containing a second facial characteristic. Pixels of the image having characteristics

corresponding to the second facial characteristic are selected and a histograms of the

selected pixels of the second facial characteristic are analyzed to confirm the

identification of the first facial characteristic.

In order to determine openings and closings of the eyes of the driver, the step of

selecting pixels of the image having characteristics corresponding to characteristics of an

eye of the driver involves selecting pixels having low luminancelevels corresponding to

shadowing of the eye. In this embodiment, the step analyzing the histogram over time to

identify each opening and closing of the eye involves analyzing the shape of the eye

shadowing to determine openings and closings of the eye. The histograms of shadowed

pixels are preferably projected onto orthogonal axes, and the step of analyzing the shape

of the eye shadowing involves analyzing the width and height of the shadowing.
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An alternative method of determining openings and closings of the eyes of the

driver involves selecting pixels of the image having characteristics of movement

corresponding to blinking. In this embodiment, the step analyzing the histogram over

time to identify each opening and closing of the eye involves analyzing the number of

5 pixels in movement corresponding to blinking over time. The characteristics of a

blinking eye are preferably selected from the group consisting of i) DP=1, ii) CO

indicative of a blinking eyelid, ii) velocity indicative of a blinking eyelid, and iv) up and

down movementindicative ofa blinking eyelid.

An apparatus for detecting a driver falling asleep includes a sensor for acquiring

10 an image of the face of the driver, a controller, and a histogram formation unit for

forming a histogram on pixels having selected characteristics. The controller controls the

histogram formation unit to select pixels of the image having characteristics

corresponding to characteristics of at least one eye ofthe driver and to form a histogram

of the selected pixels. The controller analyzes the histogram over time to identify each

15 opening and closing of the eye, and determines from the opening and closing information

on the eye, characteristics indicative of the driverfalling asleep.

In one embodiment, the controller interacts with the histogram formation unit to

identify a sub-area of the image comprising the eye, and the controller controls the

histogram formation unit to select pixels of the image having characteristics

20 corresponding to characteristics of the eye only within the sub-area of the image. In

order to select the sub-area of the image, the controller interacts with the histogram

formation unit to identify the head of the driver in the image, or a facial characteristic of

the driver, such as the driver's nostrils. The controller then identifies the sub-area of the

image using an anthropomorphic model. To identify the head of the driver, the

25 histogram formation unit selects pixels of the image having characteristics corresponding

to edges of the head of the driver and forms histogramsof the selected pixels projected

onto orthogonal axes. To identify a facial characteristic of the driver, the histogram

formation unit selects pixels of the image having characteristics corresponding to the

facial characteristic and forms histograms of the selected pixels projected onto

30 orthogonal axes. The controller then analyzes the histograms of the selected pixels to
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identify the edges ofthe head ofthe driver or the facial characteristic, as the case maybe.

If the facial characteristic is the nostrils of the driver, the histogram formation unit selects

pixels of the image having low luminance levels corresponding to the luminancelevel of

the nostrils. The controller may also analyze the histograms of the nostril pixels to

determine whether the spacing betweenthe nostrils is within a desired range and whether

dimensions of the nostrils fall within a desired range. If desired, the controller may

interact with the histogram formation unit to search sub-images of the image to identify

the facial characteristic.

In order to verify identification of the facial characteristic, the controller uses an

anthropomorphic model and the location of the facial characteristic to cause the

histogram formation unit to select a sub-area of the image containing a second facial

characteristic. The histogram formation unit selects pixels of the image in the sub-area

having characteristics corresponding to the second facial characteristic and forms a

histogram of such pixels. The controller then analyzes the histogram of the selected

pixels corresponding to the second facial characteristic to identify the second facial

characteristic and to thereby confirm the identification ofthe first facial characteristic.

In one embodiment, the histogram formation unit selects pixels of the image

having low luminancelevels corresponding to shadowing of the eyes, and the controller

then analyzes the shape of the eye shadowing to identify shapes corresponding to

openings and closings of the eye. The histogram formation unit preferably forms

histograms of the shadowed pixels of the eye projected onto orthogonal axes, and the

controller analyzes the width and height of the shadowing to determine openings and

closingsofthe eye.

In an alternative embodiment, the histogram formation unit selects pixels of the

image in movement correspondingto blinking and the controller analyzes the number of

pixels in movement over time to determine openings and closings of the eye. The

characteristics of movement correspondingto blinking are preferably selected from the

group consisting of i) DP=1, ii) CO indicative of a blinking eyelid,iii) velocity indicative

of a blinking eyelid, and iv) up and down movementindicative of a blinking eyelid.
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If desired, the sensor may beintegrally constructed with the controller and the

histogram formation unit. The apparatus may comprise an alarm, which the controller

Operates upon detection of the driver falling asleep, and may comprise anillumination

source, such as a source ofIR radiation, with the sensor being adapted to view the driver
whenilluminated by theillumination source.

A rear-view mirror assembly comprises a rear-view mirror and the described

apparatus for detecting driver drowsiness mounted to the rear-view mirror. In one

embodiment, a bracket attaches the apparatusto the rear-view mirror, In an alternative

embodiment, the rear-view mirror comprises a housing having an open side and an

interior. The rear-view mirror is mounted to the open side of the housing, and is see-

through from theinterior of the housing to the exterior of the housing. The drowsiness

detection apparatus is mountedinterior to the housing with the sensor directed toward

the rear-view mirror. If desired, a joint attaches the apparatus to the rear-view mirror

assembly, with the joint being adapted to maintain the apparatus in a position facing the
driver during adjustment of the mirror assembly by the driver. The rear-view mirror

assembly mayinclude a sourceofillumination directed toward the driver, with the sensor

adapted to view the driver whenilluminated by the sourceofillumination. The rear-view

mirror assembly may also include an alarm, with the controller operating the alarm upon

detection of the driver falling asleep. Also disclosed is a vehicle comprising the
drowsiness detection device.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. | is a diagrammaticillustration of the system according to the invention.

 

Fig. 2 is a block diagram of the temporal and spatial processing units of the
invention.

Fig. 3 is a block diagram ofthe temporal processing unit of the invention.

Fig. 4 is a block diagram ofthe spatial processing unit of the invention.

Fig. 5 is a diagram showing the processing of pixels in accordance with the
invention.

Fig. 6 illustrates the numerical values of the Freeman code used to determine

movementdirection in accordance with the invention.
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Fig.7illustrates nested matrices as processed by the temporal processing unit.
Fig. 8 illustrates hexagonal matrices as processed by the temporal processing

unit.

Fig. 9 illustrates reverse-L matrices as processed by the temporal processing unit.
Fig. 10 illustrates angular sector shaped matrices as processed by the temporal

processing unit.

Fig. 11 is a block diagram showingtherelationship between the temporal and
spatial processing units, and the histogram formation units.

Fig. 12 is a block diagram showing theinterrelationship between the various
histogram formation units.

Fig. 13 shows the formation of a two-dimensional histogram of a moving area
from two one-dimensional histograms.

Fig. 14 is a block diagram ofan individual histogram formation unit.

Figs. 15A and 15Billustrate the use of a histogram formation unit to find the

orientation ofa line relative to an analysis axis.

Fig. 16 illustrates a one-dimensional histogram.

Fig. 17 illustrates the use of semi-graphic sub-matrices to selected desired areas

of an image.

Fig. 18 is a side viewillustrating a rear view mirror in combination with the

drowsiness detection system ofthe invention.

Fig. 19 is a top viewillustrating operation of a rear view mirror.

Fig. 20 is a schematicillustrating operation of a rear view mirror.

Fig. 21 is a cross-sectional top view illustrating a rear view mirror assembly

incorporating the drowsiness detection system ofthe invention.

Fig. 22 is a partial cross-sectional top viewillustrating a joint supporting the

drowsiness detection system ofthe invention in the mirror assembly of Fig. 21.

Fig. 23 is a top view illustrating the relationship between the rear view mirror

assembly of Fig. 21 and a driver.

Fig. 24illustrates detection of the edges of the head ofa person using the system
of the invention.
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Fig. 25 illustrates masking outside of the edges of the head of a person.
Fig. 26 illustrates masking outside ofthe eyes of a person.

Fig. 27 illustrates detection of the eyes of a person using the system of the
invention.

Fig. 28 illustrates successive blinks in a three-dimensional orthogonal coordinate
system.

Figs. 29A and 29Billustrate conversion of peaks and valleys of eye movement
histograms to information indicative ofblinking.

Fig. 30 is a flow diagram illustrating the use of the system of the invention to
detect drowsiness.

Fig. 31 illustrates the use of sub-imagesto search a complete image.
Fig. 32 illustrates the use of the system of the invention to detect nostrils and to

track eye movement.

Fig. 33 illustrates the use of the system ofthe invention to detect an open eye.

Fig. 34 illustrates the use of the system ofthe invention to detect a closed eye.

Fig. 35 is a flow diagram ofan alternative method of detecting drowsiness.

Fig. 36 illustrates use of the system to detect a pupil.
DETAILED DESCRIPTION OF THE INVENTION

The present invention discloses an application of the generic image processing

 

system disclosed in commonly-owned PCT Application Serial Nos. PCT/FR97/01354

and PCT/EP98/05383, the contents of which are incorporated herein by reference for

detection of variouscriteria associated with the human eye, and especially to detection

that a driveris falling asleep while driving a vehicle.

The apparatusof the invention is similar to that described in the aforementioned

PCT Application Serial Nos. PCT/FR97/01354 and PCT/EP98/05383, which will be

described herein for purposesofclarity. Referring to Figs. 1 and 10, the generic image

processing system 22 includes a spatial and temporal processing unit 11 in combination

with a histogram formation unit 22a. Spatial and temporal processing unit 11 includes

an input 12 that receives a digital video signal S originating from a video camera or other

imaging device 13 which monitors a scene 13a. Imaging device 13 is preferably a
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conventional CMOS-type CCD camera, which for purposes ofthe presently-described
invention is mounted on a vehicle facing the driver. It will be appreciated that when used

in non-vehicular applications, the camera may be mounted in any desired fashion to

detect the specific criteria of interest. It is also foreseen that any other appropriate

sensor, ¢.g., ultrasound, IR, Radar, etc., may be used as the imaging device. Imaging

device 13 may have a direct digital output, or an analog output that is converted by an

A/D converterinto digital signal S. Imaging device 13 may also be integral with generic
image processing system 22,if desired.

While signal S may be a progressive signal, it is preferably composed of a

succession ofpairs of interlaced frames, TR, and TR’, and TR, and TR'2, each consisting
of a succession of horizontal scannedlines, e.g., 111, l12,...l17 in TR, and 21 in TRo.

Eachline consists of a successionofpixels or image-points PI, e.g., ai.1, ai2 and a13 for

line 11.4; aliz., and ali722 for line fy.47 ; aly; and aj2 forline 12). Signal S(PI) represents

signal S composedofpixels PI.

S(PI) includes a frame synchronization signal (ST) at the beginning of each

frame, a line synchronization signal (SL) at the beginning of each line, and a blanking

signal (BL). Thus, S(PI) includes a succession frames, which are representative of the

time domain, and within each frame,a series oflines and pixels, which are representative

of the spatial domain.

In the time domain, "successive frames" shall refer to successive frames of the

sametype (i.e., odd frames such as TR; or even frames such as TR',), and "successive

pixels in the same position” shall denote successive values of the pixels (PI) in the same

location in successive frames of the same type,e.g., a11 of I); in frame TR, and a1, of ly,

in the next corresponding frame TR

Spatial and temporal processing unit 11 generates outputs ZH and SR 14 to a

data bus 23 (Fig. 11), which are preferably digital signals. Complex signal ZH comprises

a number of output signals generated by the system, preferably including signals

indicating the existence andlocalization of an area or object in motion, and the speed V

and the oriented direction of displacement DIofeachpixel of the image. Also preferably

output from the system is input digital video signal S, which is delayed (SR) to makeit
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synchronous with the output ZH for the frame, taking into account the calculation time

for the data in composite signal ZH (one frame). The delayed signal SR is used to

display the image received by camera 13 on a monitorortelevision screen 10, which may
also be used to display the information contained in composite signal ZH. Composite
signal ZH may also be transmitted to a separate processing assembly 10a in which further
processing ofthe signal may be accomplished.

Referring to Fig. 2, spatial and temporal processing unit 11 includes a first

assembly 11a, which consists of a temporal processing unit 15 having an associated

memory 16, a spatial processing unit 17 having a delay unit 18 and sequencing unit 19,
and a pixel clock 20, which generates a clock signal HP, and which servesas a clock for

temporal processing unit 15 and sequencing unit 19. Clock pulses HP are generated by
clock 20 at the pixel rate of the image, which is preferably 13.5 MHZ.

Fig. 3 showsthe operation of temporal processing unit 15, the function of which

is to smooth the video signal and generate a numberofoutputsthat are utilized by spatial
processing unit 17. During processing, temporal processing unit 15 retrieves from

memory 16 the smoothed pixel values LI ofthe digital video signal from the immediately

prior frame, and the values of a smoothing time constant CI for each pixel. As used

herein, LO and COshall be used to denote the pixel values (L) and time constants (C)

stored in memory 16 from temporalprocessing unit 15, and LI and CI shall denote the

pixel values (L) and time constants (C) respectively for such values retrieved from

memory 16 for use by temporal processing unit 15. Temporal processing unit 15

generates a binary output signal DP for each pixel, which identifies whether the pixel has

undergonesignificant variation, and a digital signal CO, which represents the updated
calculated value of time constant C.

Referring to Fig. 3, temporal processing unit 15 includesa first block 15a which

receives the pixels PI of input video signal S. For each pixel PI, the temporal processing

unit retrieves from memory 16 a smoothed value LI ofthis pixel from the immediately

preceding corresponding frame, which was calculated by temporal processing unit 15

during processing of the immediately prior frame and stored in memory 16 as LO.
Temporalprocessing unit 15 calculates the absolute value AB ofthe difference between
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each pixel value PI and LI for the samepixelposition (for example a), of 1, in TR, and
of 1), in TRo:

AB=|PI-LI

Temporal processing unit 15 is controlled by clock signal HP from clock 20 in

order to maintain synchronization with the incoming pixel stream. Test block 15b of

temporal processing unit 15 receives signal AB and a threshold value SE. Threshold SE

may be constant, but preferably varies based uponthe pixel value PI, and morepreferably

varies with the pixel value so as to form a gammacorrection. Known meansofvarying
SE to form a gammacorrection is represented by the optional block 15e shownin dashed

lines. Test block 15b compares, on a pixel-by-pixel basis, digital signals AB and SE in

order to determinea binary signal DP. If AB exceeds threshold SE, whichindicatesthat

pixel value PI has undergonesignificant variation as compared to the smoothed value LI

of the samepixel in the prior frame, DP is set to "1" for the pixel under consideration.

Otherwise, DPis set to "0" for such pixel.

When DP = 1, the difference between the pixel value PI and smoothed value LI

of the samepixel in the prior frame is considered too great, and temporal processing unit

15 attempts to reducethis difference in subsequent frames by reducing the smoothing

time constant C for that pixel. Conversely, if DP = 0, temporal processing unit 15

attempts to increase this difference in subsequent frames by increasing the smoothing

time constant C for that pixel. These adjustments to time constant C as a function of the

value of DP are madeby block 15c. If DP = 1, block 15c reducesthe time constant by a

unit value U so that the new value of the time constant CO equals the old value of the
constant CI minusunit value U.

CO=CI-U

If DP = 0, block 15c increases the time constantby a unit value U so that the new

value of the time constant CO equals the old value of the constantCI plus unit value U.

CO=CHU

Thus, for each pixel, block 15c receives the binary signal DP from test unit 15b

and time constant CI from memory 16, adjusts CI up or down by unit value U, and
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generates a new time constant CO whichis stored in memory 16 to replace time constant
CI.

In a preferred embodiment, time constant C, is in the form 2°, where p is
incremented or decremented by unit value U, which preferably equals 1, in block 15c.

Thus, if DP = 1, block 15c subtracts one (for the case where U=1) from p in the time

constant 2? which becomes 2°'. If DP = 0, block 15c adds oneto p in time constant2°,
which becomes 2°"' The choice of a time constant of the form 2?facilitates calculations

and thus simplifies the structure of block 15c.

Block 15c includes several tests to ensure proper operation of the system. First,

CO must remain within defined limits. In a preferred embodiment, CO must not become

negative (CO > 0) andit must not exceed a limit N (CO < N), whichis preferably seven.

In the instance in which CI and COare in the form 2°, the upper limit N is the maximum

value for p.

The upperlimit N may be constant, but is preferably variable. An optional input

unit 15f includes a register of memory that enables the user, or controller 42 to vary N.

The consequenceofincreasing N is to increase the sensitivity of the system to detecting

displacementof pixels, whereas reducing N improves detection of high speeds. N may

be made to depend on PI (N may vary onapixel-by-pixel basis, if desired) in order to

regulate the variation of LO as a function of the lever of PI, ie., Nit = f(Pliz), the
calculation of which is donein block 15f, which in this case would receive the value of PI

from video camera 13.

Finally, a calculation block 15d receives, for each pixel, the new time constant

CO generatedin block 15c, the pixel values PI of the incoming video signal S, and the

smoothed pixel value LI ofthe pixel in the previous frame from memory 16. Calculation

block 15d then calculates a new smoothedpixel value LO forthe pixel as follows:

LO=LI + (PI - LIVCO

If CO = 2°then

LO=LI + (PI - LI)/2"°

where "po", is the new value of p calculated in unit 15c and which replaces previous

value of "pi" in memory 16.

SUBSTITUTE SHEET(RULE26)

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



    

 

              

              

               

              

                 

                

         

               

                 

                   

                

               

        

               

               

            

                 

              

                

              

            

    

         

             

                     

             

        

             

                 

                   

    

Petitioner LG Ex-1023, 0190

20

25

30

WO 99/36893 PCT/EP99/00300

13

The purpose of the smoothing operation is to normalize variations in the value of

each pixel PI of the incoming video signal for reducing the variation differences. For

each pixel of the frame, temporal processing unit 15 retrieves LI and CI from memory
16, and generates new values LO (new smoothed pixel value) and CO (new time

constant) that are stored in memory 16 to replace LI and CI respectively. As shownin

Fig. 2, temporal processing unit 15 transmits the CO and DP values for each pixel to

spatial processing unit 17 through the delay unit 18.

The capacity of memory 16 assuming that there are R pixels in a frame, and

therefore 2R pixels per complete image, must be at least 2R(etf) bits, where e is the

numberofbits required to store a single pixel value LI (preferably eight bits), andfis the

number ofbits required to store a single time constant CI (preferably 3 bits). If each

video image is composed ofa single frame (progressive image), it is sufficient to use

R(et+f) bits rather than 2R(e+#) bits.

Spatial processing unit 17 is used to identify an area in relative movementin the

images from camera 13 and to determine the speed and oriented direction of the

movement. Spatial processing unit 17, in conjunction with delay unit 18, co-operates

with a control unit 19 that is controlled by clock 20, which generates clock pulse HP at

the pixel frequency. Spatial processing unit 17 receives signals DP and CO, (wherei

and j correspondto the x and y coordinates ofthe pixel) from temporal processing unit

15 and processes these signals as discussed below. Whereas temporal processing unit 15

processes pixels within each frame, spatial processing unit 17 processes groupings of

pixels within the frames.

Fig. 5 diagrammatically shows the temporal processing of successive

corresponding frame sequences TR;, TR2, TR3 and the spatial processing in the these

frames of a pixel PI with coordinates x, y, at times t), tz, and ts. A plane in Fig. 5

corresponds to the spatial processing of a frame, whereas the superposition of frames

correspondsto the temporal processing of successive frames.

Signals DP;; and CO, from temporal processing unit 15 are distributed by spatial

processing unit 17 into a first matrix 21 containing a number of rows and columns much

smaller than the number oflines L of the frame and the numberofpixels M perline.
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Matrix 21 preferably includes 2/ + 1 lines along the y axis and 2m+1 columns along the x
axis (in Cartesian coordinates), where / and m are small integer numbers.

Advantageously, / and m are chosen to be powersof2, where for example / is equal to 2°
and m is equal to 2°, a and b being integer numbers of about 2 to 5, for example. To

5 simplify the drawing and the explanation, m will be taken to be equal to / (although it
may be different) and m=/=23=8. In this case, matrix 21 will have 2 x 8 + 1 = 17 rows

and 17 columns. Fig. 4 shows a portion of the 17 rows Yo, Yi,... Yis, Yi, and 17
columns Xo, Xj, ... Xis, Xig which form matrix 21.

Spatial processing unit 17 distributes into / x m matrix 21 the incoming flows of

10 Dpit and CO}: from temporal processing unit 15. It will be appreciated that only a subset

ofall DP, and COjj, values will be included in matrix 21, since the frame is muchlarger,

having L lines and M pixels per row (e.g., 312.5 lines and 250-800 pixels), depending
upon the TV standard used.

In order to distinguish the L x M matrix ofthe incoming video signal from the / x

[5 m matnx 21 ofspatial processing unit 17, the indices i and j will be used to represent the

coordinates of the former matrix and the indices x and y will be used to represent the

coordinates of the latter. At a given instant, a pixel with an instantaneous value Pljj, is

characterized at the input ofthe spatial processing unit 17 by signals DPand COj. The

(2441 ) x (2m + 1) matrix 21 is formed by scanning each of the L x M matrices for DP
20 ~=and CO.

In matrix 21, each pixel is defined by a row number between 0 and 16 (inclusive),

for rows Y, to Y16 respectively, and a column number between 0 and 16 (inclusive), for

columns X, to Xj¢ respectively, in the case in which / = m = 8. In this case, matrix 21

will be a plane of 17 x 17 = 289 pixels.

25 In Fig. 4, elongated horizontal rectangles Y, to Y\s (only four of which have been

shown,i.e., Yo, Yi, Yis and Yis) and vertical lines Xo to Xi¢ (of which only four have

been shown,i.e., Xo, Xi, Xis and Xie ) illustrate matrix 21 with 17 x 17 image points or
pixels having indices defined at the intersection of an ordinate row and an abscissa

column. For example, the Pgs is at the intersection of column 8 and row 8 asillustrated

30 in Fig. 4 at position e, whichis the center of matrix 21.
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In response to the HP and BL signals from clock 20 (Fig. 2), a rate control or

sequencing unit 19: i) generates a line sequence signal SL at a frequency equal to the
quotient of 13.5 MHZ (for an image with a corresponding number of pixels) divided by
the number of columns per frame (for example 400) to delay unit 18, ii) generates a

frame signal SC, the frequency of which is equal to the quotient 13.5/400 MHZ divided

by the number of rowsin the video image, for example 312.5,iii) and outputs the HP

clock signal. Blanking signal BL is used to render sequencing unit 19 non-operational
during synchronization signals in the input image.

A delay unit 18 carries out the distribution of portions of the L x M matrix into

matrix 21. Delay unit 18 receives the DP, CO, and incoming pixel S(PI) signals, and

distributes these into matrix 21 using clock signal HP and line sequence and column
sequencesignals SL and SC.

In order to form matrix 21 from the incoming stream of DP and CO signals, the

successive row, Yo to Yi6 for the DP and COsignals must be delayed as follows:

row Yo- not delayed;

row Y; - delayed by the duration of a frameline TP;

row Y2- delayed by 2 TP;

and so on until

row Yj. - delayed by 16 TP.

The successive delays of the duration of a frame row TP, are carried out in a

cascadeofsixteen delay circuits r,r2,...116 that serve rows Y1,Y2...Y16, respectively, row

Yo being served directly by the DP and CO signals without any delay uponarriving from

temporal processing unit 15. All delay circuits r,r2,...115 may be built up by a delayline

with sixteen outputs, the delay imposed by any section thereof between two successive

outputs being constant and equal to TP.

Rate control unit 19 controls the scanning of the entire L x M frame matrix over

matrix 21. The circular displacementofpixels in a row of the frame matrix on the 17 x

17 matrix, for example from Xp to Xig on row Yo, is done by a cascadeofsixteen shift

registers d on each of the 17 rows from Yo to Yi¢ (giving a total of 16 x 17 = 272 shift

registers) placed in each row between twosuccessive pixel positions, namely the register
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do: between positions Plog and Ply; register doz between positions PlIo:, and Plo, etc.
Each register imposes a delay TS equalto the time difference between two successive

pixels in a row orline, using column sequence signal SC. Because rows /;, / ... 7 ina

frame TR, (Fig. 1), for S(PI) and for DP and CO,reach delay unit 18 shifted by TP
(complete duration of a row) oneafter the other, and delay unit 18 distributes them with

gradually increasing delays of TP onto rows Yo, Y; ... Yi7, these rows display the DP

and CO signals at a given time for rows/1,/, ... /17 in the same frameportion. Similarly in

a given row, e.g., /1, successive pixel signals a;1, a;2 ... arrive shifted by TS and shift

registers d impose a delay also equal to TS. Asa result, the pixels of the DP and CO

signals in a given row Yo to Yi¢ in matrix 21, are contemporary,i.e., they correspond to
the same frameportion.

The signals representing the COs and DPsin matrix 21 are available at a given

instant on the 16 x 17 = 272 outputs of the shift registers, as well as upstream of the

registers ahead of the 17 rows,i.e., registers do, di.1.... die.1, which makes a total of 16 x

17+ 17= 17x 17 outputs for the 17 x 17 positions Poo,Po.1,..-Pas..-Pis.16.

In order to better understand the processofspatial processing, the system will be

described with respect to a small matrix M3 containing 3 rows and 3 columns where the

central element of the 9 elements thereofis pixel e with coordinates x = 8, y = 8 as
illustrated below:

abe

def (M3)

g hi

In matrix M3, positions a, b, c, d, f, g, h, i around the central pixel e correspond

to eight oriented directions relative to the central pixel. The eight directions may be

identified using the Freemancodeillustrated in Fig. 6, the directions being coded 0 to 7

starting from the x axis, in steps of 45-. In the Freeman code, the eight possible oriented

directions, may be represented by a 3-bit numbersince 2° = 8.

Considering matrix M3, the 8 directions of the Freeman code are as follows:
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3 2 1

4 e

5 6 7

Returning to matrix 21 having 17 x 17 pixels, a calculation unit 17a examinesat

the sametime various nested square second matrices centered on e, with dimensions 15 x

15, 13. x 13, 11 x 11,9x9,7x 7,5 x5 and 3 x 3, within matrix 21, the 3 x 3 matrix

being the M3 matrix mentioned above. Spatial processing unit 17 determines which

matrix is the smallest in which pixels with DP = 1 are aligned along a straight line which
determines the direction of movementofthe aligned pixels.

Forthe aligned pixels in the matrix, the system determines if CO varies on each

side of the central position in the direction of alignment, from +ain an oriented direction

and -a in the opposite oriented direction, where 1<a<N. For example, if positionsg, e,

and c of M3 have values -1, 0, +1, thena displacementexists in this matrix from right to
left in the (oriented) direction | in the Freeman code (Fig. 6). However, positions g,e,

and c mustat the same time have DP = 1. The displacementspeed ofthe pixels in motion
is greater when the matrix, among the 3 x 3 to 15 x 15 nested matrices, in which CO

varies from +1 or -1 between two adjacent positions along a direction is larger. For

example, if positions g, e, and c in the 9 x 9 matrix denoted M9 have values - 1, 0, +1 in

oriented direction 1, the displacement will be faster than for values -1, 0, +1 in 3 x 3

matrix M3 (Fig. 7). The smallest matrix for which a line meets the test of DP=1 for the

pixels in the line and CO varies on each side of the central position in the direction of

alignment, from +a in an oriented direction and -a in the opposite oriented direction, is

chosen asthe principalline ofinterest.

Within a given matrix, a greater value of ACO indicates slower movement. For

example, in the smallest matrix, i.e., the 3x3 matrix, CO=A2 with DPs=1 determines

subpixel movement i.e. one half pixel per image, and CO=A3, indicates slower

movement,i.e. one third of a pixel per image. In order to reduce the calculation power

in the system and to simplify the hardware, preferably only those values of CO which are

symmetrical relative to the central pixel are considered.
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Since COis represented as a powerof 2 in a preferred embodiment, an extended

range of speeds may be identified using only a few bits for CO, while still enabling
identification of relatively low speeds. Varying speed may be detected because, for

example -2, 0, +2 in positions g, e, c in 3 x 3 matrix M3indicates a speedhalfas fast as

the speed correspondingto 1, 0, +1 for the same positions in matrix M3.

Twotests are preferably performed on the results to remove uncertainties. The

first test chooses the strongest variation, in other words the highest time constant, if

there are variations of CO along several directions in one of the nested matrices. The

second test arbitrarily chooses one of two (or more) directions along which the variation

of COis identical, for example by choosing the smallest value of the Freeman code, in

the instance whenidentical lines of motion are directed in a single matrix in different

directions. This usually arises when the actual direction of displacement is approximately

between two successive coded directions in the Freeman code, for example between

directions | and 2 correspondingto an (oriented) direction that can be denoted 1.5 (Fig.

6) of about 67.5- with the x axis direction (direction 0 in the Freeman code).
The scanning ofan entire frame of the digital video signal S preferably occursin

the following sequence. Thefirst group of pixels considered is the first 17 rowsorlines

of the frame, and the first 17 columns of the frame. Subsequently, still for the first 17

rowsofthe frame, the matrix is moved column by column from theleft of the frame to

the right, as shown in Fig. 5, i-e., from portion TM;at the extremeleft, then TMp offset

by one column with respect to TM), until TMy (where M is the numberofpixels per

frame line or row)at the extremeright. Oncethefirst 17 rows have been considered for

each column from left to right, the process is repeated for rows 2 to 18 in the frame.

This process continues, shifting down one row at a time until the last group oflines at

the bottom ofthe frame,i.e., lines L - 16 ... L (where L is the numberoflines per frame)

are considered.

Spatial processing unit 17 generates the following outputsignals for eachpixel:i)

a signal V representing the displacement speedfor the pixel, based upon the amplitude of

the maximum variation of CO surrounding the pixel, the value of which may be, for

example, represented by an integer in the range 0 - 7 if the speed is in the form of a
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power of 2, and therefore may be stored in 3 bits, ii) a signal DI representing the
direction of displacementofthe pixel, which is calculated from the direction of maximum

variation, the value of DIbeing also preferably represented by an integer in the range 0 -

7 corresponding to the Freeman code, stored in 3 bits, iii) a binary validation signal VL

which indicates whether the result of the speed and oriented direction is valid, in order to

be able to distinguish a valid output with V = 0 and DI = 0, from the lack of an output

due to an incident, this signal being 1 for a valid output or O for an invalid output, iv) a

time constant signal CO,stored in 3 bits, for example, and v) a delayed video signal SR

consisting of the input videosignal S delayed in the delay unit 18 by 16 consecutiveline

durations TR and therefore by the duration ofthe distribution ofthe signal S in the 17x

17 matrix 21, in order to obtain a video signal timed to matrix 21, which may be

displayed onatelevision set or monitor. Also output are the clock signal HP, line

sequencesignal SL and column sequencesignal SC from control unit 19.

Nested hexagonal matrices (Fig 8) or an inverted L-shaped matrix (Fig. 9) may

be substituted for the nested rectangular matrices in Figs. 4 and 7. In the case shown in

Fig. 8, the nested matrices (in which only the most central matrices MRI and MR2 have

been shown) are all centered on point MRO which correspondsto the central point of

matrices M3, M9in Fig. 7. The advantage of a hexagonal matrix system is thatit allows

the use of oblique coordinate axes x,, y,, and a breakdowninto triangles with identical

sides, to carry out an isotropic speed calculation.

The matrix in Fig. 9 is composed of a single row (Ly) and a single column (Cy)

starting from the central position MR, in which the two signals DP and CO respectively

are equal to "1" for DP and increase or decrease by one unit for CO, if movement
occurs.

If movementis in the direction of the x coordinate, the CO signal is identical in

all positions (boxes) in column C,, and the binary signal DP is equal to 1 in all positions

in row L,, from the origin MR,, with the value CO,, up to the position in which COis

equal to CO, +1 or -1 inclusive. If movementis in the direction of the y coordinate, the

CO signalis identicalin all positions (boxes) in row Ly, and the binary signal DP is equal

to 1 in all positions in column C,, from the origin MR,, with the value CQ,, up to the
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position in which CO is equal to CO,, +1 or -1 inclusive. If movementis oblique relative

to the x and y coordinates, the binary signal DP is equal to 1 and COis equal to CO,in

positions (boxes) ofL, and in positions (boxes) of Cy, the slope being determined by the
perpendicular to the line passing through the two positions in which the signal CO,

changesbythe value of oneunit, the DP signal always being equalto 1.

Fig. 9 showsthe case in which DP = I and CO, changes value by one unit in the

two specific positions Ly; and Cys and indicates the corresponding slope Pp. In all cases,

the displacement speed is a function ofthe position in which CO changes value by one

unit. If CO changes by one unit in L, or C, only, it corresponds to the value of the CO

variation position. If CO changes by oneunit in a position in L, andin a position in Cy,

the speed is proportional to the distance between MR, and E, (intersection of the line

perpendicular to C,- L, passing through MR,).

Fig. 10 shows an imaging device with sensors located at the intersections of

concentric lines c and radial lines d that correspond to the rows and columns of a

rectangular matrix imaging device. The operation of such an imaging device is

controlled by a circular scanning sequencer. In this embodiment, angular sector shaped n

x n matrices MC are formed, (a 3x3 matrix MC3 and a 5x5 matrix MCS5 are shown) and

except for sequencing differences, the matrices are processed identical to the square

matrix embodiments discussed above.

As shown in Figs. 11-16, spatial and temporal processing unit 11 is used in

connection with a histogram processor 22afor identifying objects within the input signal

based uponuser specified criteria for identifying such objects. A bus Z-Z; (See Figs. 2,

11 and 12) transfers the output signals of spatial and temporal processing unit 11 to

histogram processor 22a. Histogram processor 22a generates composite output signal

ZH which contains information on the areasin relative movementin the scene.

Referring to Fig. 12, histogram processor 22a includes a bus 23 for

communicating signals between the various components thereof, for receiving input

commands from a controller 42 and for transmitting output signals to controller 42.

Histogram formation and processing blocks 24 - 29 receive the various inputsignals, i.e.,

delayed digital video signal SR, speed V,oriented directions (in Freeman code) DI, time
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constant CO,first axis x(m) and second axis y(m), which are discussed in detail below.

The function of each histogram formation block is to enable a histogram to be formed for

the domain associated with that block. For example, histogram formation block 24

receives the delayed digital video signal SR and enables a histogram to be formedfor the

luminance valuesof the video signal. Since the luminanceofthe signal will generally be
represented by a number in the range of 0-255, histogram formation block 24 is

preferably a memory addressable with 8 bits, with each memory location having a
sufficient numberofbits to correspond to the numberofpixels in a frame.

Histogram formation block 25 receives speed signal V and enables a histogram to

be formed for the various speeds present in a frame. In a preferred embodiment, the

speed is an integer in the range 0-7. Histogram formation block 25 is then preferably a
memory addressable with 3 bits, with each memory location having a sufficient number

of bits to correspond to the numberofpixels in a frame.

Histogram formation block 26 receives oriented direction signal DI and enables a

histogram to be formed for the oriented directions present in a frame. In a preferred

embodiment, the oriented direction is an integer in the range 0-7, corresponding to the

Freeman code. Histogram formation block 26 is then preferably a memory addressable

with 3 bits, with each memory location having a sufficient numberofbits to correspond

to the numberofpixels in a frame.

Histogram formation block 27 receives time constant signal CO and enables a

histogram to be formed for the time constants ofthe pixels in a frame. In a preferred

embodiment, the time constantis an integer in the range 0-7. Histogram formation block

27 is then preferably a memory addressable with 3 bits, with each memory location

having a sufficient numberofbits to correspond to the numberofpixels in a frame.

Histogram formation blocks 28 and 29 receive the x andy positions respectively

of pixels for which a histogram is to be formed, and form histogramsfor such pixels, as

discussed in greater detail below. Histogram formation block 28 is preferably

addressable with the numberofbits corresponding to the numberofpixels in a line, with

each memory location having a sufficient numberofbits to correspond to the number of

lines in a frame, and histogram formation block 29 is preferably addressable with the
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number of bits corresponding to the numberof lines in a frame, with each memory
location having a sufficient numberofbits to correspondto the numberof pixels inaline.

Referring to Figs. 12 and 14, each of the histogram formation blocks 24 - 29 has

an associated validation block 30 - 35 respectively, which generates a validation signal
V1 - V6 respectively. In general, each of the histogram formation blocks 24-29 is

identical to the others and functions in the same manner. For. simplicity, the invention

will be described with respect to the operation of histogram formation block 25, it being
appreciated that the remaining histogram formation blocks operate in a like manner.

Histogram formation block 25 includes a histogram forming portion 25a, which forms

the histogram for that block, and a classifier 25b, for selecting the criteria of pixels for
which the histogram is to be formed. Histogram forming portion 25a andclassifier 25b

operate under the control of computer software in an integrated circuit (not shown), to

extract certain limits of the histograms generated by the histogram formation block, and

to control operation of the various components ofthe histogram formation units.

Referring to Fig. 14, histogram forming portion 25a includes a memory 100,

whichis preferably a conventional digital memory. In the case of histogram formation

block 25 which forms a histogram of speed, memory 100is sized to have addresses 0-7,

each of which may store up to the number of pixels in an image. Between frames,

memory 100isinitiated, i.e., cleared of all memory, by setting initin multiplexors 102

and 104. This hasthe effect, with respect to multiplexor 102 of selecting the "0" input,

whichis output to the Data In line of memory 100. At the same time, setting init=l

causes multiplexor 104 to select the Counterinput, which is output to the Addressline of

memory 100. The Counter input is connected to a counter (not shown) that counts

throughall of the addresses for memory 100,in this case O<address<7. This has the

effect of placing a zero in all memory addresses of memory 100. Memory 100 is

preferably cleared during the blanking interval between each frame. After memory 100 is

cleared, the init line is set to zero, which in the case of multiplexor 102 results in the

content of the Data line being sent to memory 100, and in the case of multiplexor 104

results in the data from spatial processing unit 117, ie, the V data, being sent to the
Addressline of memory 100.
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Classifier 25b enables only data having selected classification criteria to be

considered further, meaning to possibly be included in the histograms formed by
histogram formation blocks 24-29. For example, with respect to speed, which is

preferably a value in the range of 0-7, classifier 25b may be set to consider only data
within a particular speed category orcategories, e.g., speed 1, speeds 3 or 5, speed 3-6,
etc. Classifier 25b includes a register 106 that enablesthe classification criteria to be set

by the user, or by a separate computer program. By way of example, register 106 will

include, in the case of speed, eight registers numbered 0-7. By setting a register to "1",

e.g., register number2, only data that meets the criteria ofthe selectedclass, e.g., speed

2, will result in a classification output of "1". Expressed mathematically, for any given
register in which R(k) = b, where k is the register number and b is the boolean value

stored in the register:

Output= R(data(V))

So for a data point V of magnitude 2, the output of classifier 25b will be "1" only if

R(2)=1. Theclassifier associated with histogram formation block 24 preferably has 256

registers, one register for each possible luminance value of the image. The classifier

associated with histogram formation block 26 preferably has 8 registers, one register for

each possible direction value. The classifier associated with histogram formation block

27 preferably has 8 registers, one register for each possible value of CO. Theclassifier

associated with histogram formation block 28 preferably has the same number of

registers as the numberofpixels perline. Finally, the classifier associated with histogram

formation block 29 preferably has the same number ofregisters as the number oflines

per frame. The output of eachclassifier is communicated to each ofthe validation blocks

30-35 via bus 23, in the case of histogram formation blocks 28 an 29, through

combination unit 36, which will be discussed further below.

Validation units 30-35 receive the classification information in parallel from all

classification units in histogram formation blocks 24 - 29. Each validation unit generates

a validation signal which is communicated to its associated histogram formation block 24

- 29. The validation signal determines, for each incoming pixel, whether the histogram

formation blockwill utilize that pixel in formingit histogram. Referring again to Fig. 14,
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which showshistogram formation block 25, validation unit 31 includes a register block

108 having a register associated with each histogram formation block, or more generally,
a register associated with each data domain that the system is capable of processing, in
this case, luminance, speed, direction, CO, and x and y position. The content of each

5 register in register block 108 is a binary value that maybeset by a user or by a computer

controller. Each validation unit receive via bus 23 the output of each oftheclassifiers,in

this case numbered 0 ... p, keeping in mind that for any data domain, e.g., speed, the

output ofthe classifier for that data domain will only be "1"if the particular data point

being consideredis in the class of the registers set to "1" in the classifier for that data

10. domain. The validation signal from each validation unit will only be "1" if for each

register in the validation unit that is set to "1", an input of "I" is received from the

classifier for the domain ofthat register. This may be expressed as follows:

out = (ing + Repy). (im + Reg:)... (in, + Reg, )(itto + iny +... ittn)
15 where Regpis the register in the validation unit associated with input ino. Thus, using the

classifiers in combination with validation units 30 - 35, the system mayselect for

processing only data points in any selected classes within any selected domains. For

example, the system may be used to detect only data points having speed 2, direction 4,

and luminance 125 bysetting each of the following registers to "1": the registers in the

20 validation units for speed, direction, and luminance, register 2 in the speed classifier,

register 4 in the direction classifier, and register 125 in the luminance classifier. In order

to form those pixels into a block, the registers in the validation units for the x and y

directions would be set to "1" as well.

Referring again to Fig. 13, validation signal V2 is updated on a pixel-by-pixel

25 basis. If, for a particular pixel, validation signal V2 is "1", adder 110 increments the

output of memory 100 by one. If, for a particular pixel, validation signal V2 is "0",

adder 100 does not increments the output of memory. In any case, the output of adder

100 is stored in memory 100 at the address correspondingto the pixel being considered.

For example, assuming that memory 100 is used to form a histogram of speed, which

30 may be categorized as speeds 0-7, and where memory 100 will include 0-7

corresponding memory locations, if a pixel with speed 6 is received, the address input to
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multiplexor 104 through the dataline will be 6. Assuming that validation signal V2 is
"1", the content in memory at location 6 will be incremented. Over the course of an

image, memory 100 will contain a histogram ofthe pixels for the image in the category

associated with the memory. If, for a particular pixel, validation signal V2 is "0" because

that pixel is not in a category for which pixels are to be counted (e g., because that pixel

does not have the correct direction, speed, or luminance), that pixel will not be used in

forming the histogram.

For the histogram formed in memory 100, key characteristics for that histogram

are simultaneously computed in a unit 112. Referring to Fig. 14, unit 112 includes

memories for each of the key characteristics, which include the minimum (MIN)ofthe

histogram, the maximum (MAX)ofthe histogram, the numberof points (NBPTS)in the

histogram, the position (POSRMAX)of the maximumofthe histogram, and the number

of points (RMAX) at the maximum of the histogram. These characteristics are

determined in parallel with the formation of the histogram as follows:

For each pixel with a validation signal V2 of "1":

(a) if the data value of the pixel < MIN (whichis initially set to the maximum

possible value of the histogram), then write data value in MIN;

(b) if the data value of the pixel > MAX (whichisinitially set to the minimum

possible value of the histogram), then write data value in MAX;

(c) if the content of memory 100 at the address of the data value of the pixel

> RMAX (whichisinitially set to the minimum possible value of the histogram), then i)

write data value in POSRMAX< andii) write the memory output in RMAX.

(d) increment NBPTS(whichisinitially set to zero).

At the completion of the formation of the histogram in memory 100 at the end of

each frame, unit 112 will contain important data characterizing the histogram. The

histogram in each memory 100, and the characteristics of the histogram in units 112 are

read during the scanning spot of each frame by controller 42, and the memories 100 are

cleared and units 112 are re-initialized for processing the next frame.

The system of the invention includes a semi-graphic masking function to select

pixels to be considered by the system. Fig. 16 showsa typical image 53 consisting of
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pixels arranged in a Q x R matrix, which is divided into sub-matrices 51 each having a
dimension of s x f, wherein each s x ¢ sub-matrix includes s x ¢ number of pixels of the

image. Each sub- matrix shown in Fig. 17 is a 3x4 matrix. Ina preferred embodiment,

s=9 and f=12,although any appropriate sub-matrix size may be used,if desired, including
1 x 1. Referring to Fig. 12, histogram processor 22aincludes a semi-graphic memory 50,

whichincludes a one-bit memory location corresponding to each s x f matrix. For any

given sub-matrix 51, the corresponding bit in memory 50 may be set to "0", which has

the effect of ignoring all pixels in such sub-matrix 50, or maybe set to "1" in which case

all pixels in such sub-matrix will be considered in forming histograms. Thus, by using

semi-graphic memory 50,it is possible to limit those areas of the image to be considered

during histogram formation. For example, when an image of a road taken by a camera

facing forward onavehicle is used to detect the lanes of the road, the pixel information

of the road at the farthest distances from the camera generally does not contain useful

information. Accordingly, in such an application, the semi- graphic memory is used to

mask off the distant portions of the road by setting semi-graphic memory 50 to ignore

such pixels. Alternatively, the portion of the road to be ignored may be masked by

setting the system to track pixels only within a detection box that excludes the undesired

area ofthe screen, as discussed below.

In operation, for any pixel under consideration, an AND operation is run on the

validation signal for such pixel and the content of semi-graphic memory 50 for the sub-

matrix in whichthat pixel is located. If the content of semi-graphic memory 50 for the

sub-matrix in which thatpixel is located contains "0", the AND operation will yield a "0"

and the pixel will be ignored, otherwise the pixel will be considered in the usual manner.

It is foreseen that the AND operation may be run on other than the validation signal,

with the same resultant functionality. Also,it is foreseen that memory 50 maybe a frame

size memory, with each pixel being independently selectable in the semi-graphic memory.

This would enable any desired pixels of the image to be considered or ignored as desired.

Semi-graphic memory 50is set by controller 42 via data bus 23.

Fig. 16 shows an example of the successive classes C;, C2...Cn-1, Ca, each

representing a particular velocity, for a hypothetical velocity histogram, with their being
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categorization for up to 16 velocities (15 are shown)in this example. Also shown is
envelope 38, which is a smoothed representation of the histogram.

In order to locate the position of an object having user specified criteria within

the image, histogram blocks 28 and 29 are used to generate histograms for the x and y
positions of pixels with the selected criteria. These are shownin Fig. 13 as histograms
along the x and y coordinates. These x and y data are outputto moving area formation

block 36 which combines the abscissa and ordinate information x(m)2 and y(m),

respectively into a composite signal xy(m) that is output onto bus 23. A sample
composite histogram 40 is shown in Fig. 13. The various histograms and composite

signal xy(m) that are output to bus 23 are used to determineif there is a moving areain

the image, to localize this area, and/or to determine its speed and oriented direction.

Becausethe areain relative movement maybein an observation plane along directions x

and y which are not necessarily orthogonal, as discussed below with respect to Fig. 18, a

data change block 37 maybeusedto convert the x and y data to orthogonal coordinates.

Data change block 37 receives orientation signals x(m), and y(m); for x(m)o and y(m)o

axes, as well as pixel clock signals HP, line sequence and column sequence signals SL

and SC (these three signals being grouped together in bundle F in Figs. 2, 4, and 10) and

generates the orthogonal x(m); and y(m), signals that are output to histogram formation

blocks 28 and 29 respectively.

In order to process pixels only within a user-defined area, the x-direction

histogram formation unit 28 may be programmedto process pixels only in a class of

pixels defined by boundaries, i.e. XMIN and XMAX.This is accomplished by setting the

XMIN and XMAX values in a user-programmable memory in x-direction histogram

formation unit 28 or in linear combination units 30-35. Any pixels outside ofthis class

will not be processed. Similarly, y-direction histogram formation unit 29 may be set to

processpixels only inaclass of pixels defined by boundaries YMIN and YMAX. Thisis

accomplished by setting the YMIN and YMAX valuesin a user-programmable memory

in y-direction histogram formation unit 29 or in linear combination units 30-35. Thus,

the system can process pixels only in a defined rectangle by setting the XMIN and

XMAX, and YMIN and YMAX values as desired. Of course, the classification criteria
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and validation criteria from the other histogram formation units may be set in order to
form histogramsofonly selected classes ofpixels in selected domains within the selected

rectangular area. The XMIN and XMAX memory locations have a sufficient number of

bits to represent the maximum numberofpixels in the x dimension of the image under
consideration, and the YMIN and YMAX memory locations have a sufficient number of

bits to represent the maximum numberof pixels in the y dimension the image under

consideration. As discussed further below, the x and y axes may berotatedin order to

create histogramsof projections along the rotated axes. In a preferred embodiment, the

XMIN, XMAX, YMIN and YMAX memory locations have a sufficient numberofbits to

represent the maximum number of pixels along the diagonal of the image under

consideration (the distance from "Origin" to "Stop" in Fig. 15). In this way, the system

may be used to search within a user-defined rectangle along a user-defined rotated axis

system.

In orderfor a pixel PI(a,b) to be considered in the formation of x and y direction

histograms, whether on the orthogonal coordinate axes or along rotated axes, the

conditions XMIN<a<XMAX and YMIN<b<YMAX mustbe satisfied. The output of

these tests may be ANDed with the validation signal so that if the conditions are not

satisfied, a logical "0" is ANDed with the validation signal for the pixel under

consideration, thereby avoiding consideration of the pixel in the formation of x and y

direction histograms.

Fig, 13 diagrammatically represents the envelopes of histograms 38 and

39, respectively in x and y coordinates, for velocity data. In this example, xv and ym

represent the x and y coordinates of the maxima of the two histograms 38 and 39,

whereas|, and |, for the x axis and |, and |, for the y axis represent the limits of the range

ofsignificant or interesting speeds, |, and |, being the longer limits and l, and ly being the

upperlimited of the significant portions of the histograms. Limits1, lb, 1. and ly may be

set by the user orby an application program using the system, may beset as a ratio of the

maximum of the histogram, e.g., xx/2, or may be set as otherwise desired for the

particular application.
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The verticallines L, and Ly of abscissas |, and |, and the horizontallines L. and Lg

of ordinals |, and ly form a rectangle that surrounds the cross hatched area 40 of

significant speeds(for all x and y directions). A few smaller areas 41 with longer speeds,

exist close to the main area 40, and are typically ignored. In this example, all that is

necessary to characterize the area with the largest variation of the parameter for the

histogram, the speed V in this particular case, is to identify the coordinates of the limits

las lb, |, and ly and the maxima Xy and Yu, which may be readily derived for each

histogram from memory 100,the data in units 112, and the xy(m)data block.

Thus, the system ofthe invention generatesin real time, histogramsofeach of the

parameters being detected. Assuming that it were desired to identify an object with a

speed of "2" and a direction of "4", the validation units for speed and direction would be

set to "I", and the classifiers for speed "2" and direction "4" would be set to "1". In

addition, since it is desired to locate the object(s) with this speed and direction on the

video image, the validation signals for histogram formation blocks 28 and 29, which

correspond to the x and y coordinates, would be set to "1" as well. In this way,

histogram formation blocks 28 and 29 would form histogramsofonly the pixels with the

selected speed and direction, in real-time. Using the information in the histogram, and

especially POSRMAX,the object with the greatest number of pixels at the selected

speed and direction could be identified on the video image in real-time. Moregenerally,

the histogram formation blocks can localize objects in real-time meeting user-selected

criteria, and may produce an output signal if an object is detected. Alternatively, the

information may be transmitted, e.g., by wire, optical fiber or radio relay for remote

applications, to a control unit, such as unit 10a in Fig. 1, which may be near or remote

from spatial and temporal processing unit 11.

While the system of the invention has been described with respect to formation of

histograms using an orthogonal coordinate system defined by the horizontal andvertical

axes of the video image, the system may be used to form histograms using non-

orthogonal axes that are user-defined. Figs. 15A and 15B show a method ofusing

rotation of the analysis axis to determinethe orientation ofcertain points in an image, a

method which may be used, for exampleto detect lines. In a preferred embodiment, the
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x-axis may be rotated in up to 16 different directions (180°/16), and the y-axis may be
independently rotated by up to 16 different directions. Rotation of the axes is

accomplished using data line change block 37 which receives as an input the user-defined

axes of rotation for each of the x any y axes, and which performs a Houghtransform to
convert the x and y coordinate values under consideration into the rotated coordinate

axis system for consideration by the x and y histogram formation units 28 and 29. The

operation of conversion between coordinate systems using a Houghtransform is known

in the art. Thus, the user may select rotation of the x-coordinate system in up to 16

different directions, and may independently rotate the y-coordinate system in up to 16

different directions. Using the rotated coordinate systems, the system may perform the

functionality described above, including searching within user-defined rectangles (on the

rotated axes), forming histograms on the rotated axes, and searching using velocity,
direction, etc.

As discussed above, each histogram ‘formation unit calculates the following

values for its respective histogram.

MIN, MAX, NBPTS, RMAX, POSRMAX

Given that these values are calculated in real-time, the use of these values allows the

system to rapidly identify lines on an image. While this may be accomplished in a

number of different ways, one of the easier methods is to calculate R, where R

=NBPTS/RMAX,i.e., the ratio of the numberofpoints in the histogram to the number

of points in the maximalline. The smallerthis ratio, i.e., the closer R approaches 1, the

more perpendicularly aligned the data points under consideration are with the scanning
axis.

Fig. 15A shows a histogram of certain points under consideration, where the

histogram is taken along the x-axis, ie. projected down onto the x-axis. In this

example, the ratio R, while not calculated, is high, and containslittle information about

the orientation of the points under consideration. As the x-axis is rotated, the ratio R

increases, until, as shown in Fig. 15B, at approximately 45° the ratio R would reach a

maximum. This indicates that the points under consideration are most closely aligned

perpendicular to the 45° x-axis. In operation, on successive frames, or on the same
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frameif multiple x-direction histogram formation units are available, it is advantageous
to calculate R at different angles, e.g., 33.75° and 57.25° (assuming the axesare limited

to 16 degrees of rotation), in order to constantly ensure that R is at a minimum. For

applications in whichit is desirable to detect lines, and assuming the availability of 16 x-

direction histogram formation units, it is advantageousto carry out the calculation of R

simultaneously along all possible axes to determine the angle with the minimumRto

determine the direction oforientation of the line. Because the x and y axes may be

rotated independently, the x and y histogram formation units are capable of

simultaneously independently detecting lines, such as each sideline of a road, in the same
manner.

As discussed above, the system of the invention may be used to search for objects

within a bounded area defined by XMIN, XMAX, YMIN and YMAX. Because moving

object may leave the bounded area the system preferably includes an anticipation function

which enables XMIN, XMAX, YMIN and YMAX to be automatically modified by the

system to compensatefor the speed anddirection of the target. This is accomplished by

determining values for O-MVT,correspondingto orientation (direction) of movement of

the target within the bounded area using the direction histogram, and I-MVT,

corresponding to the intensity (velocity) of movement. Using these parameters,

controller 42 may modify the values of XMIN, XMAX, YMIN and YMAX on a frame-

by-frame basis to ensure that the target remains in the bounded box being searched.

These parametersalso enable the system to determine when a moving object, e.g., a line,

that is being tracked based upon its axis of rotation, will be changing its axis of

orientation, and enable the system to anticipate a new orientation axis in order to

maintain a minimized value of R.

Referring to Fig. 12, a controller 42, which is preferably a conventional

microprocessor-based controller, is used to control the various elements of the system

and to enable user input of commandsand controls, such as with a computer mouse and

keyboard (not shown), or other input device. Components 11a and 22a, and controller

42, are preferably formed on a single integrated circuit. Controller 42 is in

communication with data bus 23, which allows controller 42 to run a program to control
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various parameters that maybeset in the system and to analyze the results. In order to

select the criteria of pixels to be tracked, controller 42 may also directly control the

following:i) content of each register in classifiers 25b, ii) the content of each Tegister in
validation units 31, iii) the content of XMIN, XMAX, YMIN and YMAX, iv) the

orientation angle of each of the x and y axes, and v) semi-graphic memory 50.

Controller 42 may also retrieve i) the content of each memory 100 andii) the content of

registers 112, in order to analyze the results of the histogram formation process. In

addition, in general controller 42 may access and controlall data and parameters used in
the system.

The system ofthe invention may be used to detect the driver of a vehicle falling
asleep and to generate an alarm upon detection thereof. While numerous embodiments

of the invention will be described, in general the system receives an image of the driver

from a camera orthe like and processes the image to detect one or morecriteria of the

eyes ofthe driver to determine when the driver's eyes are open and when they are closed.

As discussed above, a wide-awake person generally blinks at relatively regular intervals

of about 100 to 200 ms. When a person becomes drowsy, the length of each eye blink

increases to approximately 500 to 800 ms, with the intervals between blinks being

becoming longer and variable. Using the information on the opening and closing of the

driver's eyes, the system measuresthe duration of each blink and/orthe intervals between

blinks to determine whenthedriveris falling asleep. This is possible because the video

signal coming from the sensorin use, e.g., sensor 310 of Fig. 21, preferably generates 50

or 60 frames per second, i.e., a frame every 20 ms or 16.66 msrespectively. This makes

it possible for the system, which processes each image in real time, to distinguish

between blink lengths of 100 to 200 ms for an awake person from blink lengths of 500 to

800 ms for a drowsy person,i.e., a blink length of 5 to 10 frames for an awake person or

a blink length of 25 to 40 frames for a drowsy person, in the case of a 50 frames per

second videosignal.

The system of the invention utilizes a video camera or other sensor to receive

images of the driver T in order to detect whenthe driveris falling asleep. While various

methods of positioning the sensor shall be described, the sensor may generally be
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position by any means andin any location that permits acquisition of a continuous image
of the face of the driver when seated in the driver's seat. Thus,it is foreseen that sensor

10 may be mountedto the vehicle or on the vehicle in any appropriate location, such as

in or on the vehicle dashboard, steering wheel, door, rear-view mirror, ceiling, etc., to

enable sensor 10 to view the face of the driver. An appropriate lens may be mounted on

the sensor 10 to give the sensor a wider view if required to see drivers ofdifferent sizes.

Figs. 18 and 19 show a conventional rear-view mirror arrangement in which a

driver T can see ahead along direction 301 and rearward (via rays 302a and 302b)

through a rear-view mirror 303. Referring to Fig. 20, mirror 303 is attached to the

vehicle body 305 through a connecting arm 304 which enables adjustmentofvision axes

302a and 302b. Axes 302a and 302b are generally parallel and are oriented in the

direction of the vehicle. Optical axis 306, which is perpendicular to the face 303a of

mirror 303, divides the angle formed by axes 302a and 302binto equal angles a and b.

Axis 307, which is perpendicular to axis 302b and therefore generally parallel to the

attachment portion of vehicle body 305, defines an angle c between axis 307 and mirror

face 303a which is generally equal to angles a and b. A camera or sensor 310 is

preferably mounted to the mirror by means of a bracket 299. The camera may be

mounted in any desired position to enable the driver to have a clear view of the road

while enabling sensor 310 to acquire imagesof the face of the driver. Bracket 299 may

be an adjustable bracket, enabling the camera to be faced in a desired direction, i.e.,

toward the driver, or may be at a fixed orientation such that when the mirror is adjusted

by drivers ofdifferent sizes, the camera continues to acquire the face of the driver. The

signal from the camera is communicated to the image processing system, which operates

as described below, by meansoflead wiresor thelike (not shown in Figs. 18-20).

Figs. 21 and 22 showarear-view mirror assembly 308 in which sensor 310 is

mountedinterior to the mirror assembly. Mirror assembly 308 is adapted so that as

assembly 308 is adjusted by a driver, sensor 310 remains directed toward the face ofthe

driver. Rear-view mirror assembly 308 includes a two-way mirror 309 having a face

309a, movably oriented to provide a rear view to the driver. Sensor 310, which is

preferably an electronic mini-camera or MOSsensor with a built-in lens, is affixed to a
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bracket 311, is oriented facing the driver using mechanical arrangement that enables

sensor 310 to receive an image ofthe face of the driver when mirror 309 adjusted so that

the driver has a rear view of the vehicle. The mechanical arrangement consists of a

Cardan type mechanical joint, which causes automatic adjustment of the bracket 311

5 whenthe driver when the driver adjusts the rear view mirror so that the receiving face

310a of sensor 310 receives the image of the face of the driver, i.e., optical axis 310b

remains aligned toward the head ofthe driver.

Bracket 311 includes rods 312 and 313 that are movably coupled together by a

pivot pin 314a (Fig. 21) or a sleeve 314b (Fig. 22). Rod 312 is attached at one end to a

10 mounting portion of the vehicle 305. A pivot pin 315, which preferably consists of a ball

and two substantially hemispherical caps, facilitates movement of mirror assembly 308.

Rod 312 extends through pivot pin 315, and attaches to rod 313 via a sleeve 314b or

another pivot pin 314a. At one end, rod 313 rigidly supports bracket 311 on which

sensor 310 is mounted. Rod 313 extends through clamp 316 of mirror assembly 308 via

15 a hollow pivot 317. Pivot 317 includes a ball having a channel therethrough in which rod

313 is engaged, and whichrotatesin substantially hemispherical caps supported by clamp

316. The joint constantly maintains a desired angle between mirror 309 and bracket 311,

thereby permitting normal adjustment of rear-view mirror 309 while bracket 311 adjusts

the direction of sensor 310 so that the face 310a of the sensor will receive an image of

20 the face of the driver. If desired, it is foreseen that sensor 310 may be mountedinterior

to rear-view mirror assembly 308at a fixed angle relative to the face 309a of the mirror

assembly, provided that sensor 310 is able to receive an image ofthe face of the driver

when the mirror is adjusted to drivers of different sizes. A wide angle lens may be

mounted to sensor 310 to better enable the sensor to be used under different adjustment

25 circumstances.

Sensor 310 is connected by means of one or more lead wires to image processor

319, which is preferably an image processing system of the type discussed above and is

preferably in the form of an integratedcircuit inside rear-view mirror assembly 308. Ina

preferred embodiment, image processing system 319 is integrally constructed with sensor

30 310. Alternatively, image processing system 319 may be located exterior to mirror
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assembly 308 by meansof conventional lead wires. While controller 310 is preferably a
microprocessor,it is foreseen that controller 310 may be an ASIC orsimple controller

designed to perform the functions specified herein, particularly if the system is

embedded,e.g. contained in a mirror assemblyorintegral with a vehicle.

Electroluminescent diodes 320 may be incorporated in mirror assembly 308 to

illuminate the face of the driver with infrared radiation when ambientlight is insufficient

for image processing system 319 to determinethe blinking characteristics of the driver.

When such diodes are in use, sensor 310 must be of the type capable of receiving

infrared radiation. Illumination ofelectroluminescent diodes 320 may be controlled by

controller 42 (Fig. 12) of image processing system 319, if desired. For example,

controller 42 may illuminate electroluminescent diodes 320 in the event that the

histograms generated by image processing system 319 do not contain sufficient useful

information to detect the features of the driver's face required, e.g., NBPTS is below a

threshold. Electroluminescent diodes 320 maybeilluminated gradually, if desired, and

may operate in connection with one or more photocells (not shown) that generate a

signal as to the ambient lighting near the driver, and which may be used to control

electroluminescent diodes 320, either alone or in combination with controller 42 or

another control circuit. If desired, an IR or other source of EMF radiation may be used

to illuminate the face of the driver at all times, provided that sensor 310 is compatible

with theillumination source. This eliminates many problems that may be associated with

the use of ambientlighting to detect drowsiness.

An optional alarm 322, which may be for example a buzzer, bell or other

notification means, may be activated by controller 42 upon detecting that the driver is

falling asleep. All of the components contained in mirror assembly 308, and image

processing system 319, are preferably powered by theelectrical system of the vehicle.

Image processing system 319 monitorsthe alertness of the driver by detecting,in

real time and on a continuousbasis, the duration of the blinks of the driver's eyes and/or

intervals betweenblinks, and by triggering alarm 322 to wake up the driver in the event

the driver is detected falling asleep. Image processing system 319 receives an image of

the face of the driver from sensor 310. The image may be of the complete face of the
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driver, or of a selected area of the driver's face that includes at least one eye of the

driver. Image processing system 319 is capable of detecting numerouscriteria that are

associated with blinking eyes. These include anyfeature of the face that may be usedto

discern the closing of an eye, including detection of the pupil, retina, white, eyelids, skin

adjacent to the eye, and others. The eye may also be detected by detecting either

changes in the appearance of the eye when blinking or by detecting motion ofthe eyelid
during blinking.

Referring to Fig. 30, as an initial step, the system of the invention preferably

detects the presence of a driver in the driver's seat (402). This may be accomplished in

any numberof ways, such asbyan electrical weight sensor switch in the driver's seat or

by interfacing with a signal generated by the vehicle indicating that the vehicle is in use in

motion, €.g., a speed sensor, a switch detecting that the vehicle is in gear, a switch

detecting that closing of the seat belt, etc. Upon detection of such a signal, the system

enters into a search modefor detecting the driver's face or driver's eye(s). Alternatively,

since the system is poweredby the electrical system of the vehicle, and more preferably

by a circuit of the electrical system that is powered only when thevehicle is turned on,

the system turns on only when the engineis turned on, and enters into a search modein

which it operates until the face or eye(s) of the driver are detected. Upon detection of a

driver in the vehicle (404), a Driver Present flag is set to "1" so that controller 42 is

awareofthe presenceofthe driver.

As an alternative method of detecting the presence of the driver, if sensor 10 is

mounted in a mannerthat enables (or requires) that the sensor be adjusted toward the

face of the driverprior to use, e.g., by adjustment of the rear-view mirror showninFig.

21, the system may activate an alarm until the sensor has acquired the face ofthe driver.

The driver mayalso be detected by using the image processing system to detect

the driver entering the driver's seat. This assumes that the image processing system and

sensor 10 are already powered whenthedriver enters the vehicle, such as by connecting

the image processing system and sensortoacircuit of the vehicle electrical system that

has constant power. Alternatively, the system may be powered upon detecting the

vehicle door open, etc. When the driver enters the driver's seat, the image from sensor
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10 will be characterized by many pixels of the image being in motion (DP=1), with CO
havingarelatively high value, moving in a lateral direction away from the driver's door.

The pixels will also have hue characteristics of skin. In this embodiment, in a mode in

which the system is trying to detect the presence of the driver, controller 42 sets the

validation units to detect movementofthe driverinto the vehicle by setting the histogram
formation units to detect movement characteristic of a driver entering the driver's seat.

Mosteasily, controller 42 may set the validation units to detect DP=1, and analyze the
histogram in the histogram formation unit for DP to detect movement indicative of a

person entering the vehicle, e.g., NBPTS exceeding a threshold.

Fig. 23 showsthefield of view 323 of sensor 310 between directions 323a and

323b wherethe head T ofthe driver is within, and is preferably centered in, conical field

323. Field 323 may be kept relatively narrow, given that the movements of the head T of

the driver during driving are limited. Limitation of field 23 improves the sensitivity of

the system since the driver's face will be represented in the images received from sensor

10 by a greater number of pixels, which improves the histogram formation process
discussed below.

In general the numberofpixels in motion will depend upon the field of view of

the sensor. The ratio of the number ofpixels characteristic of a driver moving into the

vehicle to the total numberofpixels in a frame is a function ofthe size of the field of

vision of the sensor. For a narrow field of view (a smaller angle between 323a and 323b

in Fig. 23), a greater number, and possibly more than 50% ofthe pixels will be “in

movement” as the driver enters the vehicle, and the threshold will be greater. For a wide

field of view (a greater angle between 323a and 323b in Fig. 23), a smaller number of

pixels will be “in movement” as the driver enters the vehicle. The threshold is set

corresponding to the particular location and type of sensor, and based upon other

characteristics of the particular installation of the system. If NBPTS for the DP

histogram exceeds the threshold, the controller has detected the presence ofthe driver.

Asdiscussed above, other characteristics of the driver entering the vehicle may be

detected by the system, including a high CO,hue, direction, etc., in any combinations, as

appropniate, to make the system more robust. For example, controller 42 may set the
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linear combination units of the direction histogram formation unit to detect pixels moving
into the vehicle, may set the linear combination unit for CO to detect high values, and/or
may set the linear combination unit for hue to detect hues characteristic of human.skin.

Controller 42 may then set the validation units to detect DP, CO, hue, and/or direction,

as appropriate. The resultant histogram may then be analyzed to determine whether

NBPTSexceeds a threshold, which would indicate that the driver has moved into the

driver's seat. It is foreseen that characteristics other than NBPTS ofthe resultant

histogram may be used to detect the presence of the driver, e.g., RMAX exceeding a
threshold.

When the driver has been detected, i-e., the Driver Present flag has been set to

“1", the system detects the face of the driver in the video signal and eliminates from

further processing those superfluous portions of the video signal above, below, and to

the right and left of the head of the driver. In the image ofthe drivers head, the edges of

the head are detected based upon movements of the head. The edges of the head will

normally be characterized by DP=1 due to differences in the luminance of the skin and

the background, even due to minimal movements of the head while the headisstill.

Movementofthe head maybe further characterized by vertical movement on the top and

bottom edgesof the head, and left and right movement on the vertical edgesof the head.

The pixels of the head in movementwill also be characterized by a hue corresponding to

humanskin and relatively slow movement as compared to eyelid movement for example.

Controller 42 preferably sets the linear combination unit of DP to detect DP=1 andsets

the linear combination unit for direction to detect vertical and horizontal movement only

(406). Optionally, the linear combination units for velocity and hue maybe set to detect

low velocities and human skin hues to make the system more robust. Also, the linear

combination unit for CO maybeset to eliminate the very fast movements characteristic

of eye blinking in order to prevent the eyes from being considered at this stage of

processing during which the head is being detected. Finally, controller 42 sets the

validation units for DP, direction, and x and y position to be "on" (406). Optionally, the

validation units for velocity, hue, and CO may be set "on" if these criteria are being
detected.
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Asillustrated in Fig. 24, the pixels having the selected characteristics are formed

into histograms 324x and 324y along axes Ox and Oy, i.e., horizontal and vertical

projections, respectively. Slight movements of the head of the driver having the
characteristics selected are indicated as ripples 327a, 327b, 327¢ and 327d, which are

shownin line form but which actually extend over a small area surroundingthe periphery

of the head. Peaks 325a and 325b of histogram 324x, and 325c and 325d of histogram

324y delimit, by their respective coordinates 326a, 326b, 326c and 326d, a frame

bounded by straight lines Ya, Yb, Xc, Xd, which generally correspond to the area in

which the face V ofthe driver located. Controller 42 reads the histograms 324x and

324y from the histogram formation units, preferably during the blanking interval, and

detects the locations of peaks 325a, 325b, 325c and 325d (408). In order to ensure that

the head has been identified, the distance between peaks 325a and 325b and between

peaks 325b and 325c are preferably tested to fall with a range corresponding to the
normal ranges of humanheadsizes.

Once the location of coordinates 326a, 326b, 326c and 326d has been

established, the area surroundingtheface of the driver is masked from further processing

(410). Referring to Fig. 25, this is accomplished by having controller 42 set XMIN,

XMAX, YMIN and YMAX to correspond to Xc, Xd, Ya, and Yb respectively. This

masks the cross- hatched area surrounding face V from further consideration, which

helps to eliminate background movement from affecting the ability of the system to

detect the eye(s) of the driver. Thus, for subsequentanalysis, only pixels in central area

Z, framed by the lines Xc, Xd, Ya, Yb and containing face V are considered. As an

alternative method of masking the area outside central area Z, controller 42 may set the

semi-graphic memory to mask off these areas. As indicated above, the semi-graphic

memory may be used to mask off selected pixels of the image in individual or small

rectangular groups. Since head V is not rectangular, use of the semi-graphic memory

enables better masking around the rounded edges of the face to better eliminate

backgroundpixels from further consideration.

The process of detecting the head of the driver and masking backgroundareas is

repeated at regular intervals, and preferably once every ten frames orless. It is foreseen
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that this process maybe repeated every frame,if desired, particularly if more than one set

of histogram formation units is available for use. Controller 42 may also compute
average values over time for coordinates 326a, 326b, 326c and 326d and use these

values to set mask coordinates Xc, Xd, Ya, Yb, if desired. This will establish a nearly
fixed position for the frame avertime.

Once the frame has been established, a Centered-Faceflag is set to “1" (412), and

controller 42 initiates the process of reducing the framesize to more closely surroundthe

eyes of the driver. Referring to Fig. 26, in which frame Z denotes the area bounded by

Ya, Yb, Xc, Xd determined in the prior step, controller 42 initially uses the usual

anthropomorphic ratio between the zone of the eyes and the entire face for a human

being, especially in the vertical direction, to reduce the area under consideration ta cover

a smaller zone Z' bounded by lines Y'a, Y’b, X’c and Xd that includes the eyes U ofthe

driver. Thus, the pixels in the outer cross-hatched area of Fig. 27 is eliminated from

consideration and only the area within frame Z’ is further considered. This is

accomplished by having controller 42 set XMIN, XMAX, YMIN and YMAX to

correspond fo X'c, X'd, Ya, and Y’b respectively (414). This masks the pixels in the

area outside Z' from further consideration. Thus, for subsequentanalysis, only pixels in

area Z' containing eyes U are considered. Asan alternative method of masking the area

outside area Z’, controller 42 may set the semi-graphic memory to mask off these areas.

It is foreseen that an anthropomorphic ratio may be used to set frame Z' around only a

single eye, with detection of blinking being generally the same as described below, but

for one eye only.

Once the area Z' is determined using the anthropamarphic ratio, a Rough Eye-

Centering flag is set to “!" (416), and controller 42 performs the step of analyzing the

pixels within the area Z' to identify movement of the eyelids. Movement ofeyelids is

characterized bycriteria that include high speed vertical movementofpixels with the hue

of skin. In general, within the area Z', formation of histograms for DP=] may be

sufficient to detect eyelid movement. This detection may be made more robust by

detection of high values of CO, by detection of vertical movement, by detection of high

velocity, and by detection of hue. Asan alternative to detection of hue, movement of the
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pixels of the eye maybe detected by detecting pixels with DP=1 that do not have the hue

of skin. This will enable detection of changes in the numberofpixels associated with the

pupil, retina,iris, etc.

Controller 42 sets the linear combination unit for DP to detect DP=1 and sets the

validation units for DP, and x and y position to be on (418). Optionally, the linear

combination units and validation units may be set to detect other criteria associated with

eye movement, such as CO,velocity, and hue. Initially, controller 42 also sets XMIN,

XMAX, YMIN and YMAX to correspond to X’c, X’d, Y'a, and Y’b respectively.

Referring to Fig. 27, a histogram is formedofthe selected criteria, which is analyzed by

controller 42 (420). If desired, a test is performed to ensure that the eyes have been

detected. This test may, for example, consist of ensuring that NBTS in the histogram

exceeds a threshold e.g., 20% ofthe total number ofpixels in the frame Y'a, Y’b, X’c,

X'd. Once the eyes have been detected an Eye-Detected flag is set to “1" (422).

Fig. 27illustrates histogram 28x along axis Ox and histogram 28y along axis Oy

of the pixels with the selected criteria corresponding to the driver’s eyelids, preferably

DP=1 with vertical movement. Controller 42 analyzes the histogram and determines

peaks 29a, 29b, 29c and 29d of the histogram. These peaks are used to determine

horizontal lines X“c and X“d and vertical lines Y“a and ¥“b which define an area of

movement of the eyelids Z”, the movements of the edges of which are indicated at 30a

and 30b for one eye and 30c and 30d for the other eye (424). The position of the frame

bounded by Ya, Yb, X“c, Xd is preferably determined and updatedby time-averaging

the values of peaks 29a, 29b, 29c and 29d, preferably every ten frames or less. Once the

eyes have been detected and frame Z" has been established an Eye Centered flag is set to

1" (426) and only pixels within frame Z” are thereafter processed.

Controller 42 then determines the lengths of the eyeblinks, and, if applicable, the

time interval between successive blinks. Fig. 28 illustrates in a three-dimensional

orthogonal coordinate system: OQ, which correspondsto the numberofpixels in area Z"

having the selected criteria; To, which corresponds to the time interval between

successive blinks; and Oz which corresponds to the length of each blink. From this
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information, it is possible to determine whenadriveris falling asleep. Two successive
blinks C1 and C2 are shownonFig. 28.

Fig. 29Aillustrates on curve C the variation over time of the number of pixels in

each frame having the selected criteria, e.g., DP = 1, wherein successive peaks Pl, P2,

P3 correspond to successive blinks. This information is determined by controller 42 by

reading NBPTSofthe x and/or y histogram formation units. Alternatively, controller 42

may analyze the x and/or y histograms of the histogram formation units (Fig. 27) to

detect peaks 29a and 29b and/or 29c and 29d, which over time will exhibit graph

characteristics similar to those shown in Fig. 29A.

Controller 42 analyzes the data in Fig. 29A over time to determine the location

and timing of peaks in the graph (428). This maybe done, for example, as shownin Fig.

29B, by converting the graph shownin Fig. 29A into a binary data stream, in which all

pixels counts over a threshold are set to "1", andall pixel counts below the threshold are
set to "0" (vertical dashes 31), in order to convert peaks P1, P2, P3 to framed rectangles

Rl, R2 R3, respectively. Finally, Fig. 29B showsthe lengths of each blink (5, 6, and 5

frames respectively for blinks P!, P2 and P3) and thetimeintervals (14 and 17 framesfor

the intervals between blinks P1 and P2, and P2 and P3 respectively). ‘This information is

determined by controller 42 through an analysis of the peak data overtime.

Finally, controller 42 calculates the lengths of successive eye blinks and the

interval between successive blinks (430). Ifthe length of the blinks exceeds a threshold,

e.g., 350 ms, a flag is set to “1" indicating that the blink threshold has been exceeded. If

the time interval between successive blinks is foundto vary significantly overtime, a flag

is set to "1" indicting a variable intervals between blinks. Uponsetting thefirst flag,

which indicates that the driver is blinking at a rate indicative offalling asleep, controller

42 triggers alarm 322 for waking up the driver. The second flag may be usedeither to

generate an alarm in the same manneras with thefirst flag, or to reinforce the first flag

to, for example, increase the alarm soundlevel.

Figs. 31 - 36 show an alternative method by which the generic image processing

system may be usedto detect a driverfalling asleep. Initially, controller 42 is placed in a

search mode (350), in which controller 42 is scans the image to detect one or more
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characteristics of the face, and preferably the nostrils of the nose. Nostrils are generally
shadowed, and as such are usually defined by low luminance. Referring to Fig. 31, the

area of the image is broken upinto a numberof sub-images 352,in this case six, labelled

A-F, which are sequentially analyzed by controller 42 to locate the nostrils. As shown,

each of the sub-images 352 preferably overlaps each adjacent sub-image by an amount

353 equal to at least the normal combined width of the nostrils and the spacing

therebetween to minimize thelikelihood ofmissing the nostrils while in the search mode.

Controller 42 sets XMIN, XMAX, YMIN, and YMAX to correspondto the first

sub-image A (354). Controller 42 then sets the registers 106 in the luminancelinear

combination unit to detect low luminance levels (356). The actual luminance level

selected will vary depending uponvarious factors, such as ambientlighting, time of day,

weather conditions, etc. Keeping in mind that controller 42 is able to access the

-histogram calculated for luminance from histogram formation unit 24, controller 42 may

use a threshold or other desired technique to select the desired luminances to search for

the nostrils, e.g., selecting the lowest 15% of luminance values for consideration, and

may adapt the threshold as desired. Controller 42 also sets the validation units for

luminance and x and y histogram on (358), thereby causing x and y histograms to be

formed of the selected low luminance levels. Controller 42 then analyzes the x and y

direction histograms to identify characteristics indicative of the nostrils, as discussed

below (360). If nostrils are not identified (362), controller 42 repeats this process on the

next sub-image, i.e., sub-image B, and each subsequent sub-image, until nostrils are

identified, repeating the process starting with sub-image A if required. Each sub-image

is analyzed by controller 42 in a single frame. Accordingly, the nostrils may generally be

acquired by the system in less than six frames. It is foreseen that additional sub-images

may be used, if desired. It is also foreseen that the area in which the sub-images are

searched mayrestricted to an area in which the nostrils are most likely to be present,

either as determined from past operation ofthe system, or by use of an anthropomorphic

model. For example, the outline of the head of the driver may be determined as

described above, and the nostril search may then berestricted to a small sub- area of the
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image. It is also foreseen that the entire image may be search at once for the nostrils,if
desired.

While the invention is being described with respect to identification of the nostrils

as a starting point to locating the eyes, it is foreseen that any other facial characteristic,

5 e.g., the nose, ears, eyebrows, mouth, etc., and combinations thereof, may be detected as

a starting point for locating the eyes. These characteristics may be discerned from any

characteristics capable of being searched by the system, including CO, DP, velocity,

direction, luminance, hue and saturation. It is also foreseen that the system may locate

the eyes directly, e.g., by simply searching the entire image for DP=1 with vertical

10 movement (or any other searchable characteristics of the eye), without the need for using

anotherfacial criteria as a starting point. In order to provide a detailed view ofthe eye

while enabling detection of the head or other facial characteristic of the driver, it is

foreseen that separate sensors may be used for each purpose.

Fig. 32 shows sample x and y histograms of a sub-image in whichthenostrils are

18 located. Nostrils are characterized by a peak 370 in the y-direction histogram, and two

peaks 372 and 374in the x-direction histogram. Confirmation that the nostrils have been

identified may be accomplished in several ways. First, the histograms are analyzed to

ensure that the characteristics of each histogram meets certain conditions. For example,

NBPTSin each histogram should exceed a threshold associated with the normal number

20 of pixels detectable for nostrils. Also, RMAX in the y histogram, and each peak ofthe x

histogram should exceed a similar threshold. Second, the distance between nostrils @ is

fairly constant. The x histogram is analyzed by controller 42 and d is measured to ensure

that it falls within a desired range. Finally, the width of a nostril is also fairly constant,

although subject to variation due to shadowingeffects. Each of the x and y histogramsis

25 analyzed by controller 42 to ensure that the dimensions of each nostril fall within a

desired range. If the nostrils are found by controller 42 to meet these criteria, the

nostrils have been acquired and the search modeis ended. If the nostrils have not been

acquired, the search modeis continued. Oncethenostrils are acquired, the x position of

the center of the face (position a@/2 within the sub- image under consideration) is

SUBSTITUTE SHEET(RULE26)

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



   

 

                

  

               

                  

                  

           

             

                

             

                

     

              

                  

               

               

              

               

               

                

                

               

             

             

               

                 

              

               

               

                  

              

    

Petitioner LG Ex-1023, 0222

20

25

30

WO 99/36893 PCT/EP99/00300

45

determined, as is the y location of the nostrils in the image (POSRMAX ofthe y
histogram) (364).

In the present example, only a single eye is analyzed to determine whenthe driver

is falling asleep. In this case the shadow of the eye in the openand closed positions is

used to determine from the shape of the shadow whetherthe eye is open or closed. As

discussed above, for night-time applications, the invention is preferably used in

combination with a short-waveIR light source. For the presently described example, the

IR light source is preferably positioned above the driver at a position to cast a shadow

having a shape capable of detected by the system. The anthropomorphic model is

preferably adaptive to motion, to features of the driver, and to angular changes ofthe
driverrelative to the sensor.

Referring to Fig. 32, having determined the location of the nostrils 272 of the

driver having a center position Xy, Yn, a search box 276 is established around an eye 274

of the driver (366). The location of search box 276 is set using an anthropomorphic

model, wherein the spatial relationship between the eyes and nose of humans is known.

Controller 42 sets XMIN, XMAX, YMIN, and YMAX to search within the area defined

by search box 276. Controller 42 further sets the luminance and x and y direction

histograms to be on, with the linear combination unit for luminance set to detect low

histogram levels relative to the rest of the image, e.g., the lowest 15% of the luminance

levels (368). As a confirmation of the detection of the nostrils or other facial feature

being detected, search box 276, which is established around an eye 274 of the driver

using an anthropomorphic model, may be analyzed for characteristics indicative of an eye

present in the search box. These characteristics may include, for example, a moving

eyelid, a pupil, iris or cornea, a shape corresponding to an eye, a shadow corresponding

to an eye, or any other indica indicative of an eye. Controller 42 sets the histogram

formation units to detect the desired criteria. For example, Fig. 36 shows a sample

histogram of a pupil 432, in which the linear combination units and validation units are

set to detect pixels with very low luminance levels and high gloss that are characteristic

of a pupil. The pupil may be verified by comparing the shapesof the x and y histograms

to known characteristics of the pupil, which are generally symmetrical, keeping in mind
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that the symmetry may beaffected by the angular relationship between the sensor and the
head ofthe driver.

Upon detection of the desired secondary facial criteria, identification of the

nostrils is confirmed and detection of eye openings and closings is initiated.

Alternatively, the criteria being detected to confirm identification of the nostrils may be

eye blinking using the technique described below. If no blinking is detected in the search

box, the search modeisreinitiated.

Blinking of the eye is detected during a tracking mode 400. In the tracking mode
controller 42 sets XMIN, XMAX, YMIN, and YMAX to search within the area defined

by search box 276. Controller 42 further sets the luminance and x and y direction

histograms to be on, with the linear combination unit for luminance set to detect low

histogram levels relative to the rest of the image, e.g., the lowest 15% of the luminance

levels (368), in order to detect shadowing of the eye. During the tracking mode, the

system monitors the location of nostrils 272 to detect movement of the head. Upon

detected movement of the head, and a resultant shift in the position of Xy, Yy, search

box 276 is shifted according to the anthropomorphic modelto retain the search box over

the eye ofthe driver.

Fig. 33 shows the shapes of the x and y histograms 376, 378 with the eye open,

and Fig. 34 shows the shapes of the x and y histograms 380, 382 with the eye closed.

The shapes of the shadows, and especially the shape of the shadow with the eye closed

will vary depending upon the location of the camera and the location of the light source

creating the shadow, e.g., the sun or the IR light source. In any case, the width MAX,-

MIN, and the height MAX, - MIN, of each histogram will generally be significantly

greater for an open eye than for a closed eye. Controller 42 analyzes the width and

height of each histogram to determine whentheeyeis open and whenit is closed (382).

An open eye may be determined by any number of characteristics of the x and y

histograms, including width MAX, - MIN, and height MAX, - MIN, exceeding

thresholds, NBPTS of each histogram exceeding a threshold, RMAX of eachhistogram

exceeding a threshold, change in position of POSRMAX as comparedto a closedeye,

etc. Similarly, a closed eye may be determined by any numberof characteristics of the x
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and y histograms, including width MAX, - MIN,and height MAX,- MIN,being below
thresholds, NBPTS of each histogram being below a threshold, RMAX of each

histogram being below a threshold, changein position of POSRMAX as compared to an

open eye, etc., In a preferred embodiment, controller 42 calculates the width MAX,-

MIN, and height MAX, - MIN,of each histogram andutilizes thresholds to determine

whether the eye is open or closed. If each width MAX, - MIN, and height MAX, -
MINy exceed thresholds, the eye is determined to be open. If each of width MAX,-

MIN, and height MAX, - MIN,fall below thresholds (which may be different from the

thresholds used to determine an open eye), the eye is determined to be closed (384).

MAX and MIN are preferably the MAX and MIN calculated in the histogram formation

units. On the other hand, MAX and MIN maybe other thresholds, e.g., the points on the

histograms corresponding to RMAX/2 or someotherthreshold relative to RMAX.

Controller 42 analyzes the numberofframesthe eye is open and closed over time
to determine the duration of each blink and/or the interval between blinks (386). Using

this information, controller 42 determines whether the driver is drowsy (388). Upon

determining that the driver is drowsy, controller 42 generates an alarm to awaken the

driver (390) or anothersignal indicative that the driveris sleeping.

Controller 42 constantly adapts operation of the system, especially in varying

lighting levels. Controller 42 may detect varying lighting conditions by periodically

monitoring the luminance histogram and adaptingthe gain bias of the sensor to maintain

as broad a luminance spectrum aspossible. Controller 42 may also adjust the thresholds

that are used to determine shadowing, etc. to better distinguish eye and nostril

shadowing from noise, e.g. shadowing on theside of the nose, and may also adjust the

sensor gain to minimize this effect. If desired controller 42 may cause the histogram

formation units to form a histogram oftheiris. This histogram may also be monitored

for consistency, and the various thresholds used in the system adjusted as necessary.

It will be appreciated that while the invention has been described with respect to

detection of the eyes of a driver using certain criteria, the invention is capable of

detecting any criteria of the eyes using any possible measurable characteristics of the

pixels, and that the characteristics of a driver falling asleep may be discerned from any

other information in the histograms formed by the invention. Also, while the invention
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has been described with respect to detecting driver drowsiness,it is applicable to any
application in which drowsiness is to be detected. Moregenerally, although the present
invention has been described with respect to certain embodiments and examples,

variations exist that are within the scope ofthe invention as described in the following
claims.
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CLAIMS

1. A process of detecting a person falling asleep, the process comprising the

stepsof:

acquiring an imageofthe face of the person;

selecting pixels of the image having characteristics corresponding to

characteristics of at least one eye ofthe person;

forming at least one histogram of the selected pixels;

analyzing the at least one histogram over time to identify each opening

and closing of the eye; and

determining from the opening and closing information on the eye,

characteristics indicative of a person falling asleep.

2. The process according to claim 1 further comprising the step of identifying a

sub-area of the image comprising theat least one eye prior to the step of selecting pixels

of the image having characteristics corresponding to characteristics of at least one eye,

and wherein the step of selecting pixels of the image having characteristics corresponding

to characteristics of at least one eye comprises selecting pixels within the sub-area ofthe

image.

3. The process according to claim 2 wherein the step of identifying a sub- area

of the image comprisingthe at least one eye comprisesthe stepsof:

identifying the head of the personin the image; and

identifying the sub-area of the image using an anthropomorphic model.

4. The process according to claim 3 wherein the step of identifying head of the

personin the image comprisesthesteps of:

selecting pixels of the image having characteristics corresponding to

edgesof the head of the person;

forming histogramsofthe selected pixels projected onto orthogonal axes,

and

analyzing the histogramsofthe selected pixels to identify the edges of the

head of the person.
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5. The process according to claim 2 wherein the step of identifying a sub- area

of the image comprising theat least one eye comprises the stepsof:

identifying the location of a facial characteristic of the person in the

image; and

identifying the sub-area of the image using an anthropomorphic model

and the location of the facial characteristic.

6. The process according to claim 5 wherein the step of identifying the location

of a facial characteristic of the person in the image comprises thestepsof.:

selecting pixels of the image having characteristics corresponding to the

facial characteristic;

forming histogramsofthe selected pixels projected onto orthogonal axes;

and

analyzing the histogramsof the selected pixels to identify the position of

the facial characteristic in the image.

7. The process according to claim 6 wherein the facial characteristic is the

nostrils of the person, and wherein the step of selecting pixels of the image having

characteristics correspondingto the facial characteristic comprisesselecting pixels having

low luminancelevels.

8. The process according to claim 7 further comprising the step of analyzing

the histogramsof the nostril pixels to determine whether the spacing betweenthe nostrils

is within a desired range and whether the dimensionsofthe nostrils fall within a desired

range.

9. The process according to claim 1 wherein:

the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprisesselecting

pixels having low luminancelevels corresponding to shadowing ofthe eye; and

wherein the step analyzing the at least one histogram overtimeto identify

each opening and closing of the eye comprises analyzing the shape of the eye shadowing

to determine openings andclosingsofthe eye.
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10. The process according to claim 9 wherein the step of forming at least one

histogram of the selected pixels comprises forming histograms of shadowedpixels of the

eye projected onto orthogonal axes, and wherein the step of analyzing the shape of the

eye shadowing comprises analyzing the width and height of the shadowing.

11. The process according to claim 1 wherein:

the step of selecting pixels of the image having characteristics

corresponding to characteristics of at least one eye of the person comprises selecting

pixels in movement correspondingto blinking; and

wherein the step analyzing the at least one histogram over timeto identify

each opening and closing of the eye comprises analyzing the number of pixels in

movement overtime to determine openings and closingsofthe eye.

12. The process according to claim 11 wherein the step ofselecting pixels of

the image having characteristics corresponding to characteristics of at least one eye of

the person comprises selecting having characteristics selected from the group consisting

of i) DP=1, ii) CO indicative of a blinking eyelid, iii) velocity indicative of a blinking

eyelid, and iv) up and down movementindicative of a blinking eyelid.

13. The process according to claim 5 wherein the step of identifying a facial

characteristic of the person in the image comprises the step of searching sub-images of

the imageto identify the facial characteristic.

14. The process according to claim 7 wherein the step of identifying a facial

characteristic of the person in the image comprises the step of searching sub-images of

the image to identify the nostrils.

15. The process according to claim 13 wherein the facial characteristic is a first

facial characteristic and further comprising the stepsof:

using an anthropomorphic model and the location of the first facial

characteristic to select a sub-area of the image containing a second facial characteristic;

selecting pixels of the image having characteristics corresponding to the

second facial characteristic; and

analyzing the histograms of the selected pixels of the second facial

characteristic to confirm the identification ofthefirst facial characteristic.
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16. An apparatus for detecting a person falling asleep, the apparatus
comprising:

a sensor for acquiring an image of the face of the person, the image

comprising pixels correspondingto the eye of the person;

a controller; and

a histogram formation unit for forming a histogram on pixels having
selected characteristics,

the controller controlling the histogram formation unit to select pixels of

the image having characteristics corresponding to characteristics of at least one eye of

the person and to form a histogram ofthe selected pixels, the controller analyzing the

histogram over time to identify each opening and closing of the eye, and determining

from the opening and closing information on the eye, characteristics indicative of a

personfalling asleep.

17. The apparatus according to claim 16 wherein the controller interacts with

the histogram formation unit to identify a sub-area of the image comprisingtheat least

one eye, and the controller controls the histogram formation unit to select pixels of the

image having characteristics corresponding to characteristics of at least one eye only

within the sub-area of the image.

18. The apparatus according to claim 17 wherein:

the controller interacts with the histogram formation unit to identify the

head of the person in the image; and

the controller identifies the sub-area of the image using an

anthropomorphic model.

19. The apparatus according to claim 18 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to edges of the head of the person and forms histograms of

the selected pixels projected onto orthogonal axes; and

the controller analyzes the histogramsofthe selected pixels to identify the

edges of the head of the person.

20. The apparatus according to claim 17 wherein:
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the controller interacts with the histogram formation unit to identify the
location of a facial characteristic of the person in the image; and

the controller identifies the sub-area of the image using an
anthropomorphic modeland thelocation of the facial characteristic.

21. The apparatus according to claim 20 wherein:

the histogram formation unit selects pixels of the image having

characteristics corresponding to the facial characteristic and forms histograms of the

selected pixels projected onto orthogonalaxes;

the controller analyzes the histogramsofthe selectedpixels to identify the

position ofthe facial characteristic in the image.

22. The apparatus according to claim 21 wherein the facial characteristic is the-

nostrils of the person, and wherein the histogram formation unit selects pixels of the

image having low luminance levels corresponding to the luminancelevelofthe nostrils.

23. The apparatus according to claim 22 wherein the controller analyzes the

histogramsofthe nostril pixels to determine whether the spacing between thenostrils is

within a desired range and whether the dimensions ofthe nostrils fall within a desired

range.

24. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image having low

luminancelevels corresponding to shadowingofthe eye; and

wherein the controller analyzes the shape of the eye shadowing to

determine openings andclosingsofthe eye.

25. The apparatus according to claim 24 wherein histogram formation unit

forms histograms of shadowed pixels of the eye projected onto orthogonal axes, and

wherein the controller analyzes the width and height of the shadowing to determine

openings andclosingsofthe eye.

26. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image in movement

correspondingtoblinking; and
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the controller analyzes the number of pixels in movement over time to

determine openingsand closingsofthe eye.

27. The apparatus according to claim 26 wherein the histogram formation units

selects pixels of the image having characteristics of movement corresponding to blinking,

5 such characteristics being selected from the group consisting of i) DP=1, ii) CO

indicative of a blinking eyelid,iii) velocity indicative of a blinking eyelid, and iv) up and
down movement indicative of a blinking eyelid.

28. The apparatus according to claim 20 wherein the controller interacts with

the histogram formation unit to search sub-images of the image to identify the facial
10 characteristic.

29. The apparatus according to claim 22 wherein the controller interacts with

the histogram formation unit to search sub-imagesofthe image to identify the nostrils.

30. The apparatus according to claim 28 wherein the facial characteristic is a

first facial characteristic and further comprising:

15 the controller using an anthropomorphic model and the location of the

first facial characteristic to cause the histogram formation unit to select a sub-area of the

image containing a second facial characteristic, the histogram formation unit selecting

pixels of the image in the sub-area having characteristics corresponding to the second

facial characteristic and forming a histogram of such pixels; and

20 the controller analyzing the histogram of the selected pixels

corresponding to the secondfacial characteristic to confirm the identification of thefirst

facial characteristic.

31. The apparatus according to claim 16 wherein the sensor is integrally

constructed with the controller and the histogram formation unit.

25 32. The apparatus according to claim 16 further comprising an alarm, the

controller operating the alarm upondetection ofthe personfalling asleep.

33. The apparatus according to claim 16 further comprising an illumination

source, the sensor being adapted to view the person whenilluminated by the illumination
source.
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34. The apparatus according to claim 33 wherein the illumination source is a

source of IR radiation.

35. A rear-view mirror assembly for a vehicle which comprises:
a rear-view mirror; and

the apparatus according to claim 16 mounted to the rear-view mirror.

36. The rear-view mirror assembly according to claim 35 further comprising a
bracket attaching the apparatus to the rear-view mirror.

37. The rear-view mirror assembly according to claim 35 further comprising a

housing having an openside andan interior, the rear-view mirror being mountedto the

openside of the housing, the rear view mirror being see-through from theinterior of the

housing to an exterior of the housing, the apparatus being mounted interior to the

housing with the sensor directed toward the rear-view mirror.

38. The rear-view mirror assembly according to claim 37 further comprising a

joint attaching the apparatus to the rear-view mirror assembly, the joint adapted to

maintain the apparatus in a position facing a driver of the vehicle during adjustment of

the mirror assembly by the driver.

39. The rear-view mirror assembly according to claim 35 further comprising a

source of illumination directed toward the person, the sensor being adapted to view the

person whenilluminated by the sourceofillumination.

40. The rear-view mirror assembly according to claim 35 further comprising an

alarm, the controller operating the alarm upon detection ofthe personfalling asleep.

41. A rear-view mirror assembly which comprises:

a rear-view mirror; and

the apparatus according to claim 16, the sensor being mounted to the

rear-view mirror, the controller and the histogram formation unit being located remote

from the sensor.

42. A vehicle comprising the apparatus accordingto claim 16.

43. A processof detecting a feature of an eye, the process comprising the steps
of:
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acquiring an imageofthe face ofthe person, the image comprising pixels
corresponding to the feature to be detected;

selecting pixels of the image having characteristics corresponding to the
feature to be detected;

formingat least one histogram of the selected pixels;

analyzing the at least one histogram over time to identify characteristics
indicative of the feature to be detected.

44. The process according to claim 43 wherein the featureis theiris, pupil or
cornea.

45. An apparatusfor detecting a feature of an eye, the apparatus comprising:

a sensor for acquiring an image of the eye, the image comprising pixels

correspondingto thefeature to be detected;

a controller; and

a histogram formation unit for forming a histogram on pixels having
selected characteristics,

the controller controlling the histogram formation unit to select pixels of

the image having characteristics corresponding to characteristics of at least one eye of

the person and to form a histogram of the selected pixels, the controller analyzing the

histogram over time to identify each opening and closing of the eye, and determining

from the opening and closing information on the eye, characteristics indicative of a

personfalling asleep.
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PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT
To:

The International Bureau of WIPO

34, chemin des Colombettes NOTIFICATION CONCERNING
1211 Geneva 20 DOCUMENTS TRANSMITTED
Switzerland

Date of mailing
(day/month/year) ] 9, 08, §9

 
International application No: PCT/ EP 99/ 00300

This International Preliminary Examination Authority transmits herewith the following documents:

1. demand (Rule 61.1(a)).

2.{| copyofthe international preliminary examination report and its annexes (Rule 71.1).

3.{| —__— other documents (specify): 
Name and mailing address of the IPEA/ Authorized officer Sophie Kemle
~~, European Patent Office

D-80298 Munich 85 88dD Tel. (+ 49-89) 2399-0, Tx: 523656 epmu d ”
Fax: (+ 49-89) 2399-4465 

Telephone No. 

Form PCT/IPEA/415 (January 1995) P20594 (16/08/1999)
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PATENT COOPERATION TREATY

From the

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY PCT
 

  MICHELET, A. et al.
CABINET HARLE & PHELIP

7, rue de Madrid
F-75008 Paris
FRANCE

  NOTIFICATION OF RECEIPT
OF DEMAND BY COMPETENT INTERNATIONAL

PRELIMINARY EXAMINING AUTHORITY
  
  
  
 

 
 
 
 

(PCT Rules 59.3(e) and 61.1(b), first sentence
and Administrative Instructions, Section 601(a))

 

  

Date of mailing

(day/month|year) 19. 08.99

Applicant's or agent's file reference IMPORTANTNOTIFICATION
0483 PCT 361

International application No. International filing date (day/month/year) Priority date (day/month|year)

PCT/ EP 99/ 00300 15/01/1999 15/01/1998

 
 
 
 
   
 

 

Applicant

 HOLDING B.E.V. SA et al.

The applicantis hereby notified that this International Preliminary Examining Authority considers the following date
date of receipt of the demandforinternational preliminary examination of the international application: '

09/08/1999

This date of receipt is:

the actual date of receipt of the demand by this Authority (Rule 61.1(b)).

[] the actual date of receipt of the demand on behalf of this Authority (Rule 59.3(e)
the date on which this Authority has, in response to the invitation to correct defects in the demand
(Form PCT/IPEA/404), received the required corrections.

ATTENTION:Thatdate of receipt is AFTER the expiration of 19 months from the priority date. Consequently, the
election(s) made in the demand does (do) not have the effect of postponing the entry into the national phase until 30
months from the priority date (or later in some Offices) (Article 39(1)). Therefore, the acts for entry into the national
phase must be performed within 20 months from the priority date (or later in some Offices) (Article 22). For details, see
the PCT Applicant’s Guide,Volume II.

[| (Ifapplicable) This notification confirms the information given by telephone, facsimile transmission or in personon:

Only where paragraph 3 applies, a copy ofthis notification has been sent to the International Bureau.

 
Nameand mailing address of the [PEA/ Authorized officer Sophie Kemle

European Patent Office

D-80298 Munich -8588‘ Q Tel. (+ 49-89) 2399-0, Tx: 523656 epmu d
Fax: (+ 49-89) 2399-4465 

Telephone No. 

Form PCT/IPEA/402 (July 1998) P20452 (16/08/1999)
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CERTIFICAT D'UTILITE - CERTIFICAT D'ADDITION-po -DG1

18, 05. 1999

COPIE OFFICIELLE

Le Directeur général de I’Institut national de la propriéte

industrielle certifie que le document ci-annexé est la copie

certifi€e conforme d’une demande de titre de propriéte

industrielle déposée a |’Institut.

12 MAI 1999Fait a Paris,le

Pour te Directeur genéral de I’tnstrtut. -—
national de la propriété industrielle...PRIORITY Le Chef du Département des brevets;

DOCUMENT sy
SUBMITTED OR TRANSMITTEDIN

COMPLIANCE WITH RULE 17.1(a) OR (b)

  
 
 

 
  

SIEGE
INSTITUT 26 ois, rue de Saint Petersbourg ,

NATIONAL DE 75800 PARIS Cedex 08
LA PROPRIETE Telephone - 01 53 0453 04
tNDUSTRIELLE Telecopte : 01 42 93 59 30
a

OB 267/250298 ETABLISSEMENT PUBLIC NATIONAL GREE PAR LA LOI N° 51-444 DU 19 AVRIL 195L™
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BREVET D'INVENTION, CERTIFICAT D'UTILITE
| Code dela propriété intellectuetle-Livre VI N° 55-1328 twarivuy .

wavcomayou REQUETE EN DELIVRANCEinpustaaiie

26 bis. rue de Saint Pétersbourg Confirmation d'un dépét par télécopie T73800 Paris Cedex 08

Téléphone: O1 $3 04 53 04 Télécopie : 01 42 93 59 30 Cet umpnmé est a remptir a Fencre notre en ietres capitales,
Réservé a VINPI

 
 

 
: NOM ET ADRESSE DU DEMANDEUR OU DU MANDATAIRE

DATE DE REMISE DES PIECES t 5, JAN 199 8 . A QUI LA CORRESPONDANCE DOIT ETRE ADRESSEE
N° D'ENREGISTREMENT NATIONAL 8 0 0 3 7 8 ° CABINET HARLE ET PHELIP
DEPARTEMENTDE DEPOT

_. 21 Rue De La Rochefoucauld

DATE DE DEPOT 4 5 JAN 4993 75009 PARIS
_ / FRANCE

2 DEMANDE Nature du titre de propriété industrielle s

x brevet d'invention Oo demande dimsionnawe n°du pouvoir permanent —références du correspondant téléphone
demandeinitiate 4aa certificat d'uthte CG transformation d'une demande » Oo FR 60 048 J 01 5 3.20 48 48

de brevet eurapeen J brevet crinvention () certhcat d'ubtite n°
Etabfissement du rapport de recherche Clartére [2% ammediat

Le demandeur. personne physique, requiert le paiement échelonne de la redevance C] oui | fon
Titre de Yinvention (200 caracteres maximum)

Procédé et dispositif pour surveiller en continu l'état de vigilance du
conducteur d'un véhicule automobile, afin de détecter et prévenir une
tendance éventuelle a l'endormissement de celui-ci.

3 DEMANDEUR(S} meSIREN . a
Nom et prénoms (souligner le nom patronymique) ou dénomination Formejuridique

_1/ CARLUS MAGNUS LIMITED

2/ PIRIM Patrick

Nationalité fs} 1/ GIBRALTAR 2/ FRANCE
Adresse {s) complite (5)

1/ Victoria House
Main Street GIBRALTAR

2/ 56, rue Patay
75013 PARIS

En cas dinsulfisance de place, poursuivre sur paprer tre CC
4 INVENTEUR(S) Les inventeurs sont les demandeurs Ll} oui CX nan Sita réponse est non, foumir une désignation séparée
5 REDUCTION DU TAUX DES REDEVANCES Oo requise pour la lére tois oO requise antérieurement au dépst ; joindre copie de la décision d'admission

6 DECLARATION DE PRIORITE OU REQUETE DU BENEFICE DE LA DATE DE DEPOT D'UNE DEMANDE ANTERIEURE
pays dorigine numéro ; date de dépat :

'It
It
1

i4

7 DIVISIONS antérieures a fa présente demande n°

& SIGNATURE DU DEMANDEUR QU DU MANDATAIRE SIGNATURE DU PREPOSE ALA RECEPTION © SIGNATURE APRES ENREGISTREMENT DE LA DEMANDE A L'NPIM

(nom et qualité du signataire - n° d'inscription) :
MICHELET Alain

C.P.I. bm (92-1176 i)
Cabinet HARLE ET PHEZI

°78-17du6janvier1978relativeal'informatiqueauxfichiersetauxfibertess‘appliqueaunréponsesfaites&ceformulaireEllegarantiundroitd'accésetderectificationpourjesdanneesvousconcernantuupresdeVENPI
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BREVET D'INVENTION, CERTIFICAT D'UTILITE ©-ee|

omeesTirUT DESIGNATION DE L'INVENTEUR
Taenoraisre N/REF : FR 60 048 J (si le demandeur n'est pas l'inventeurou l'unique inventeur}INDUSTRIBLLE .
   
 N° D'ENREGISTREMENT NATIONAL  

 
 

 

DIVISION ADMINISTRATIVE DES BREVETS

26bis, rue de Saint-Petersbourg
75800 Paris Cédex 08
Tél. : 01530453 04- Télécopie : 01 42 93 59 30

 TITRE DE L'INVENTION: 
 

  Procédé et dispositif pour surveiller en continu l'état de vigi-
lance du conducteur d'un véhicule automobile, afin de détecter
et prévenir une tendance éventuelle a 1'endormissement de
celui-ci.

  
  
 LE(S) SOUSSIGNE(S) 
 
 

1/ CARLUS MAGNUS LIMITED

 
 
 

2/ PIRIM Patrick

 
 

DESIGNE(NT) EN TANT QU'INVENTEUR{S)(indiquer nom, prénoms, adresse et souligner le nom patronyrnique) :

PIRIM Patrick 

  56, rue Patay
75013 PARIS 

  
 

NOTA: A titre exceptionnel, le nom de linventeur peut étre suivi de celui de la société a laquelle if appartient (société d'appartenance)
lorsque celle-ci est différente de la société déposante outitulaire. 
 
 

 

Date et signature (s) du (des) dernandeur (s} ou du mandataire

 PARIS, MICHELET Alain
LE 15 JANVIER 1998 C.P.I. bm (92-1176 i)

Cabinet HARLE ET PHELIP
 

  BA115/271196
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PAGE(S) DE LA DESCRIPTION OU DES REVENDICATIONS
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Un changement apporté 4 la rédaction des revendications d'origine, saufsi celui-ci découle des dispositionsde l'article R.612-36
du code de la Propriété Intellectuelle, est signalé par la mention «R.M.» (revendications modifées}.
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10

15

20

25

30

La présente invention a pour objet un procédé et un dispositif pour surveiller en

continu l’état de vigilance du conducteur d’un véhicule automobile, afin de détecter et

prévenir une tendance éventuelle a l’endormissement de celui-ci.

On sait qu’une proportion non négligeable, sinon importante, des accidents sur

route résultent de l’endormissement, total ou partiel (somnolence), du conducteur d’un

véhicule automobile (auto particuliére, auto utilitaire, camionnette, camion), avec pour

résultat de nombreux mortset blessés.

.On voit donc l’intérét, humain et économique, a éviter l’endormissement d’un con-

ducteur en provoquant une alarme, notamment sonore, dés que celui-ci tend a s’assoupir,

afin de |’ éveiller.

Pour détecter la tendance 4 l’endormissement d’un conducteur, on a proposé sur un

véhicule automobile

- dune part, de détecter la variation de l’actionnement du volant par un conducteur qui

tend a s’endormiret

- d’autre part, de détecter la variation des déplacements verticaux des paupiéres d’un

conducteur qui tend a s’endormir.

La présente invention met en ceuvre une détection du second type(surveillance des

déplacements des paupiéres) et elle est basée sur une constatation physiologique, 4 savoir

la modification de la durée des clignements des yeux, ainsi qu’éventuellement des

intervalles de temps entre deux clignements successifs, donc la cadence des clignements,

lorsqu’une personne passe de I’état éveillé a I’état de somnolence précédant

l’endormissementdecelui-ci : la durée des clignements d’ceil d’une personne est de l’ordre

de 100 a4 200 ms (millisecondes) lorsqu’elle est éveillée et de l’ordre de 500 4 800 ms

lorsqu’elle somnole, tandis que l’intervalle de temps séparant deux clignements successifs,

qui est sensiblement constant 4 l'état éveillé, varie dans une plage relativement large a

l'état somnolent. C’estla variation de la durée des clignements qui est essentiellement mise

en ceuvre dansle cadre de I’invention.

Le procédé et le dispositif selon l’invention décélent |’augmentation de la durée des

clignements des yeux du conducteur et déclenchent une alarme, sonore ou autre, lorsque

cette durée dépasse un seuil déterminé, compris en particulier entre 200 et 500 ms, par

exemple égal 4 350 ms, ce seuil étant éventuellement modifiable en fonction de la

physiologie du conducteur.
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Dans la demande de brevet francais N° 96.09420 déposée le 26 juillet 1996et la de-

mande de brevet international (P.C.T.) PCT/FR97 /01354 déposée le 22 juillet 1997, en

invoquant la priorité de ladite demande de brevet frangais, l’inventeur de ces deux

demandesétant également l’inventeurde la présente invention, on a décrit un procédé et un

5 dispositif, fonctionnant en temps réel, pour le repérage et Ja localisation d’une zone en

mouvementrelatif dans une scéne, ainsi que pour la détermination de la vitesse et de la

direction du déplacement.

Parmi les applications envisagées de ce procédé et ce dispositif, on a décrit, dans

lesdites demandes de brevet, la mise en ceuvre de ceux-ci pour |’observation et la

10 surveillance d’une zone constituée par la téte d’un conducteur automobile, afin de détecter

et prévenir l’endormissement de celui-ci.

Selon cette application particuliére des procédé et dispositif desdites demandes de

brevet:

- on produisait un signal vidéo représentatif, en temps réel, des images successives des

15 yeux du conducteur ;

- on traitait ce signal vidéo pour, successivementet en continu,

e détecter, dans l'image des yeux de ce conducteur, les déplacements verticaux des

paupiéres représentatifs du clignementde celles-ci;

e déterminer la cadence de ces déplacementsverticaux et

20 e repérer les cadences inférieures a un certain seuil, qui correspond sensiblement a la

cadence de clignement4 ]’état éveillé du conducteur ; et

- on déclenchait une alarme en cas de franchissement de ce seuil vers le bas par lesdites

cadences, afin d’éveiller le conducteur.

La présente invention a pour objet des perfectionnements aux procédé et dispositif

25 des demandes de brevet précitées, en ce qui concerne leur application a la surveillance

d’un conducteur automobile, afin de détecter sa tendance éventuelle a l’endormissement.

L’invention a tout d’abord pourobjet un procédé pour surveiller en continu I’état de

vigilance du conducteur d’un véhicule automobile, afin de détecter et prévenir une

tendance éventuelle a l’endormissement de celui-ci,

30 qui consiste

- a produire un signal vidéo représentatif, en temps réel, des images successives d’au

moinsle visage du conducteur;

- A traiter ce signal, successivementet en continu, pour

_*_Staines  
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e détecter, dans cesignal, la portion correspondant effectivement 4 !’image dela téte
 

du conducteur,

e déterminer la valeur d’un paramétre relatif au clignement des paupiéres, qui se

modifie notablement lors du passage de 1’état éveillé 4 1’état somnolent du

5 conducteur de part et d’autre d’unseuil, et

e repérer, en tempsréel, le franchissement, par la valeur de ce paramétre, de ce seuil

représentatifdu passage de |’état éveillé a ’état somnolent du conducteur ; et

- 4 déclencher, en réponse au franchissement de ce seuil, une alarme apte a réveiller le

conducteur;

10 et qui est caractérisé en ce que

- d’une part, le signal vidéo est produit en utilisant un capteur optoélectronique solidaire

d’un rétroviseur du véhicule automobile et ayant son axe optique de réception des rayons

lumineux dirigé vers la téte du conducteur lorsque le rétroviseur est correctementorienté;

at .

15 -  d’autre part, le traitement dudit signal vidéo consiste, aprés avoir détecté la présence du

conducteur a sa place, 4, successivementet en continu,

e détecter, a partir dedit signal vidéo, les déplacements horizontaux du conducteur,

afin de cadrer le visage de celui-ci dans les trames correspondantes successives du

signal vidéo,

20 e détecter, 4 partir dudit signal vidéo, les déplacements verticaux dansle visage, ainsi

cadré, du conducteur, afin de cadrer les yeux de celui-ci,

e déterminer, a partir dudit signal vidéo, les durées successives des clignements des

yeux, ainsi cadrés, de celui-ci, ces durées constituantle dit paramétre,

® comparer ces durées successives des clignements, ainsi déterminées, a un seuil

25 représentatif du passage de l'état éveillé a l'état somnolent du conducteur, et

e déclencher, lorsque {es durées de clignement dépassent vers le haut ledit seuil, une

alarme apte réveiller le conducteur.

Avantageusementledit capteur est placé dans le boitier du rétroviseur derriére la

glace de celui-ci qui est constituée par un miroir sans tain.

30 De préférence, on détecte la présence du conducteur a sa place en déterminant le

nombre de pixels correspondants dans les trames successives de mémenature du signal

vidéo pour lesquels un déplacementsignificatif est détecté et en comparant ce nombre au

nombretotal de pixels par trame du signal vidéo, afin de déterminer si le rapport entre le
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nombre de pixels représentant un déplacement et le nombre total de pixels par trame

dépasse un seuil représentatif du passage de l’absence de conducteur a sa place a la

présence d’un conducteur a sa place.

Le procédé peut, dans des modes de réalisation préférés, comprendre en outre une

ouplusieurs des caractéristiques suivantes:

entre les phases de détection des déplacements horizontaux, afin de cadrer le visage du

conducteur, et de détection des déplacements verticaux, afin de cadrer les yeux de

celui-ci, on prévoit une phase de cadrage large des yeux en se limitant a une portion du

visage cadré englobant les yeux et leur environnement immeédiat, par application du

rapport anthropometrique entre ladite portionet le visage entier d’une personne;

simultanément 4 la phase de détermination des durées de clignement des yeux, on

prévoit une phase de détermination des intervalles de temps séparant deux clignements

successifs de ceux-ci et on déclenche une alarme renforcée dés que ces intervalles de

tempsprésentent uneirrégularité qui dépasse un seuil déterminé;

on réactualise en continu les données concernant au moins un des parameétres suivants:

déplacements horizontaux, déplacements verticaux, durées des clignements des yeux,

intervalles entre clignements successifs, afin de perfectionner les approximations des

valeurs normales de ces paramétres pour le conducteur effectivement présent et 4 1’état

éveillé ;

les différentes phases successives du procédé sont réalisées au moyen de programmes

informatiques successifs portant sur le traitement des valeurs successives des pixels

correspondants des trames de méme nature du signal vidéo obtenu a partir dudit

capteur.

La présente invention a également pour objet un dispositif pour surveiller en

contim 1’état de vigilance du conducteur d’un véhicule automobile, afin de détecter et

prévenir une tendance éventuelle 4 ]’endormissement de celui-ci, qui met en ceuvre le

procédé susvisé et qui est caractérisé en ce qu’il comprend, en combinaison:

un capteur optodlectronique, qui, en combinaison avec une électronique associée,

élabore, en réponse a la réception de rayons lumineux, un signal vidéo a trames de

méme nature, ou correspondantes, successives, ledit capteur étant solidaire d’un

rétroviseur du véhicule et ayant son axe optique de réception des rayons lumineux

dirigé vers Ia téte du conducteur lorsquele rétroviseur est correctementorienté ;
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- des moyenspour détecter la présence du conducteur a sa place dansle véhicule, et pour

élaborer un signal de présence ;

- des moyens, activés par ce signal de présence, pour détecter, a partir dudit signal vidéo,

les déplacements horizontaux de dit conducteur, afin de cadrer le visage de celui-ci

dans les trames correspondantes successives de méme nature dudit signal vidéo, et pour

élaborer un signal de fin de cadrage de visage;

- des moyens, activés par ledit signal de fin de cadrage du visage, pour détecter, a partir

de la portion des trames successives de méme nature dudit signal vidéo correspondant

av cadrage du visage, les déplacements verticaux dans le visage, ainsi cadré, du

conducteur, afin de cadrer les yeux de celui-ci dans ladite portion des trames de ce

signal, et pour élaborer un signal de fin de cadrage des yeux du conducteur;

- des moyens, activés par ledit signal de fin de cadrage des yeux, pour déterminer, 4

partir de la portion des trames successives de méme nature dudit signal vidéo

correspondant au cadrage des yeux, les durées successives des clignements des yeux du

conducteur;

- des moyens pour comparer ces durées successives des clignements, ainsi déterminées,

a un seuil représentatif du passagede l’état éveillé a 1’état somnolent du conducteur; et

- des moyens pour déclencher, lorsque les durées des clignements dépassent ledit seuil,

une alarmeapte a réveiller le conducteur.

Avantageusement, dans ledit dispositif, ledit capteur est placé dans le boitier du

rétroviseur derriére le miroir de celui-ci, qui est un miroir sanstain.

De préférence, lesdits moyens pour détecter la présence du conducteur 4 sa placeet

pour élaborer un signal de présence sont constitués par des moyens pour déterminer le

nombre de pixels dans les trames successives de méme nature dudit signal vidéo pour
lesquels un déplacementsignificatif est détecté, des moyens pour comparerledit nombre
au nombre total de pixels par trame du signal vidéo, afin de déterminer si le rapport entre le ~

nombre de pixels correspondant 4 un déplacement et le nombre total de pixels par trame

dépasse un seuil représentatif du passage de |’état d’absence de conducteur a sa place a

l’état de présence d’un conducteur a sa place.

Le dispositif peut, dans des modes deréalisation préférés, comprendre en outre un

ou plusieurs des moyens suivants, & savoir :

- des moyens,activés par ledit signal de fin de cadrage du visage, pour sélectionner, dans

ladite portion des trames successives dudit signal vidéo correspondant au cadrage du
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visage, une portion réduite correspondant 4 un cadrage large, ou grossier, des yeux du

conducteur englobant les yeux et leur environnement immeédiat par application du

rapport anthropometrique entre ledit cadragelarge et le visage entier d’une personne et

des moyens pour élaborer un signal de fin de cadrage large des yeux, ce signal activant

5 lesdits moyens pour détecter les déplacements verticaux dans le visage du conducteur;

- des moyens, fonctionnant en paralléle avec lesdits moyens pour déterminer les durées

successives des clignements des yeux et donc activés par ledit signal de fin de cadrage

des yeux, pour déterminer les intervalles de temps séparant deux clignements

successifs et pour déclencher une alarme renforcée dés que ces intervalles de temps

10 présentent uneirrégularité qui dépasse un seuil déterminé;

- des moyenspour réactualiser en continu les données concernant au moins un des para-

metres suivants : déplacements horizontaux, déplacements verticaux, durées des cligne-

ments des yeux, intervalles entre clignements successifs, afin de perfectionner les

approximations des valeurs normales du paramétre impliqué pour le conducteur

15 effectivement présent et 4 1’état éveillé.

Avantageusement l’ensemble capteur — unité électronique de traitement est réalisé

comme décrit et illustré dans les deux demandes de brevet susmentionnées.

L’invention a également pourobjet, 4 titre de produit industriel nouveau, un rétro-

viseur de véhicule automobile, caractérisé en ce que son miroir est constitué par une glace

20 sans tain et en ce qu’il comporte, derriére cette glace, un capteur optaélectronique qui

coopére avec une unité électronique telle que décrite dans la demande de brevet francais

N° 96.09420 déposée le 26 juillet 1996 et la demande de brevet international (P.C.T.)

PCT/FR97 /01354 déposée le 22 juillet 1997, cette unité étant également disposée &

lintérieur-du-rétreviseur-et-étant-apte4déclencherundispositifd’alarmedésqueladite
25 —_unité détermine que les mouvements verticaux des paupiéres d’une personne regardantla

face avantde ladite glace correspondent a une durée des clignements des yeux qui dépasse

un seuil prédéterminé inclus dans l’intervalle temporel compris entre la durée des

clignements d’une personne éveillée et celle d’une personne qui somnole.

De préférence ledit rétroviseur porte au moins une diode électroluminescente au

30 moins dans l’infra-rouge qui est activée au moins losque la luminosité ambiante devient

insuffisante pour éclairer le visage du conducteur, ledit capteur optoélectronique étant

sensible, entre autres, aux radiations infra-rouges émises par ladite diode.

seeseesensnenenssstssess  
 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



   
 

            

             

         

              

               

    

           

              

         

             

             

  

             

     

                

 

               

 

                 

           

               

              

           

           

                 

             

   

            

                

              

                 

               

    

Petitioner LG Ex-1023, 0267

FEUILLE AVANT RECTIFICATIC: ©

On va décrire maintenant un mode de réalisation préféré d’un dispositif selon

l’invention, mettant en ceuvre le procédé selon l’invention, ainsi que certaines variantes de

celui-ci, avec référence aux dessins annexés, sur lesquels:

Les figures 1 et 2 sont des vues, respectivement de coté et par-dessus,illustrant

5 schématiquement la téte d’un conducteur de véhicule automobile et ses axes de vision vers

lavantet vers l’arriére.

La figure 3 illustre schématiquementla disposition classique du miroir d’un rétro-

viseur intérieur dans un véhicule automobile et les différents axes de vision du conducteur,

cette figure correspondant a |’état de la technique.

10 Les figures 4 et 5 représentent respectivement |’ensemble et les articulations d’un

rétroviseur avec le capteur optoélectronique et son électronique associée dans le cadre de

l?invention.

La figure 6 illustre le champ du capteur optoélectronique prévu dansle rétroviseur

des figures 4 et 5.

15 Les figures 7 et 8 représentent la maniére de cadrer le visage du conducteur en

place.

Les figures 9 et 10 représentent la maniére de cadrer les yeux du conducteur en

place.

Lesfigures 11 et 12 sont relatives 4 la mesure de la durée des clignements des yeux

20 du conducteur et des intervalles temporels séparent deux clignements successifs.

En se référant tout d’abord aux figures 1 4 6, on va commencerla description

détaillée du mode de réalisation préféré de l’invention par celle du dispositif optique et

mécanique avec le capteur optoélectronique (micro-caméra vidéo ou capteur MOS avec 

lentille incorporée) et son ensemble électronique associé, constitué essentiellement par une

25 —_ou plusieurs puces, qui transforme|’image captée par le capteur en un signal vidéo qui est

traité afin de détecter une tendance a |’endormissement du conducteur en place, observé

par ledit capteur.

En effet l’invention utilise essentiellement la variation de la durée des clignements

des yeux d’une personne lors du passage de I’état éveillé 4 I’état somnolent ou assoupi de

30 _celle-ci : une personne éveillée cligne, a intervalles relativement réguliers, des paupiéres, et

donc des cils, en 100 4 200 msenviron, tandis que la durée des clignements de cette

personne 4 I’état somnolent passe a 500 4 800 msenviron, lesintervalles entre clignements

augmentantet étant variables.
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Dansle signal vidéo en provenance du capteur optoélectronique 4 50 ou 60 trames

correspondantes (de mémenature) par seconde, on réalise une détection toutes les 20 ms

ou 16,66 ms respectivement, ce qui permet de distinguer facilement des durées de 100 a

200 ms ou de 500 a 800 ms (5 a 10 trames pour1’état éveillé ou au contraire 25 a 40 trames

pour |’état somnolent dans le cas de 50 trames de mémenature par seconde) et donc de

distinguer1’état éveillé de ’état somnolent ou assoupi d’une personne.

Pour uneutilisation d’une telle distinction dans le cas du conducteur d’un véhicule

automobile, il est désirable de visualiser au mieux la face du conducteur, c’est-a-dire de di-

riger l’axe optique d’entrée ou réception dudit capteur vers le visage de celui-ci. Le moyen

prévu dans le mode de réalisation préféré de l’invention consiste a profiter du fait qu’un

conducteur dirige le rétroviseur de son véhicule vers son visage de maniére qu’il ait une

vuevers |’arriére du véhicule par réflexion sur le miroir du rétroviseur.

On rappelle, avec référence aux figures 1 4 3, le fonctionnement des rétroviseurs

classiques logés a |’intérieur d’un véhicule en position centrale, en étant fixés, avec

possibilité d’ajustement de |’orientation de leur miroir, sur une portion de la carrosserie 4

lintérieur du véhicule.

Les figures schématiques 1 et 2 monfrent, vue de coté et de dessus respectivement,

la téte 7 d’un conducteur qui peut observer la rue ou route sur laquelle se trouve son

véhicule, d’une part, devant lui (fléche 1) et, d’autre part, derriére lui (fléches 2a et 25)

grace au miroir 3 du rétroviseur convenablement orienté. Lesdites fléches 1, 2a, 2b

représentent le parcours des rayons lumineux, 25 correspondant au rayon réfléchi sur le

miroir 3.

En considérant maintenant la figure schématique 3, qui représente le miroir 3 du

rétroviseur, miroir fixé par un bras 4 sur une portion 5 de la carrosserie a l’intérieur du

véhicule, avec possibilité d’orientation, on retrouve les axes de visée ou fléches 1, 2a, 26

des figures 1 et 2. On peut noter que les axes ou fléches 1 et 26 sont paralléles et sont

dirigés suivantla direction de la rue ou de la route.

Sur cette figure 3, on a également représenté, mais en traits interrompus, I’axe

optique 6 perpendiculaire 4 la face 3a du miroir 3 d’un rétroviseur intérieur qui divise

langle formé par les directions 2a et 25 en deux moitiés égales (angles a et 5 égaux)

d’aprés les lois de la réflexion, et !’axe 7 perpendiculaire 4 1’axe 25 et donc paralléle 4 la

portion de support 5, l’angle c entre les directions 7 et 3a étant égal aux angles 3 et a.
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Ces principes de fonctionnement des rétroviseurs intérieurs étant rappelés, on va

maintenant avec référence aux figures 4 et 5, exposer le montage mécanique permettant de

diriger effectivement [’axe optique d’entrée du capteur optoélectronique vers le visage du

conducteur en place, en profitant du fait que le miroir 3 d’un rétroviseur est orienté par le

conducteur en place, lorsque cela n’est pas déja le cas, pour que l’axe 2a de visée par le

conducteur soit dirigé vers la téte T de celui-ci. En effet, si l’axe optique d’entrée du

capteur est effectivement dirigé vers {a face de conducteur, le signal vidéo produit par

celui-ci contiendra les informations nécessaires pour déterminer la durée des clignements

des yeux de celui-ci.

Tout d’abord dans le cadre du mode de réalisation préféré de 1’invention, le

rétroviseur 8 comprend, contrairement au rétroviseurs classiques, une glace sans tain 9

(figure 4) dont la face 9a dirigée vers le conducteur joue le méme rdle que la face 3a du

miroir 3 d’un rétroviseur classique (figure 3), mais qui permet a4 un capteur 10 (constitué

par une micro-caméra électronique ou un capteur MOSa lentille incorporée), porté par un

support 11 (tournantavec le miroir sans tain 9), de recevoir au moins ]’image du visage du

conducteur en place lorsque le miroir sans tain 9 (avecle rétroviseur 8) est convenablement

orienté par le conducteur pour percevoir la,rue ou la route derriére lui ou est déja ainsi

orienté (commec’est le cas pourle miroir classique 3 de la figure 3).

L’articulation mécanique type Cardan, illustrée sur les figures 4 et 5 (cette demiére

figure étant une vue plus deétaillée d’une portion de la figure 4), permet l’orientation auto-

matique correcte du support 11, avec le capteur 10, par le conducteur lorsqu’il régle son

rétroviseur ou lorsque celui-ci est déja régié, et donc de fa face réceptrice 10a du capteur

10 pour qu’elle recoive l'image du visage du conducteuren place, son axe optique d’entrée

105 étant dirigé vers la téte du conducteur en place du fait de l’angle entre le miroir 9 et le

support 11 du capteur 10.

A ceteffet l’articulation pour le support 11 comprend deux tiges 12 et 13 articulées

librement entre elles par une rotule 14a (figure 4) ou un manchon 146 (figure 5.). La tige

12 est fixée 4 une portion 5 de la carrosserie par une de ses extrémités et traverse le boitier

du rétroviseur 8 grace 4 la rotule 15 (constituée par une bille et deux calottes sensiblement

hémisphériques) avant de pénétrer par son autre extrémité dans le manchon 1464 ou étre
fixée a la rotule 14a, tandis que ‘a tige 13 porte gidement, 4 une extrémité, le support 11

du capteur 10 et traverse l’étrier 16 du rétroviseur 8 grace a une rotule creuse 17 (a bille

traversée par un canal dans lequel est engagée la tige 13 et tournant dans deux calottes
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sensiblement hémisphériques portées par létrier 16) avant de rejoindre par son autre

extrémité la rotule 14a ou le manchon 143.

Unetelle articulation, qui maintient en permanence un angle approprié entre le

miroir 9 et le support 11, permet a la fois l’orientation habituelle du rétroviseur intérieur

5__par le conducteuret l’orientation du support 11 du capteur 10 pour que la face 10a de ce

capteur recoive l’image d’au moinsle visage du conducteur en place lorsque le rétroviseur

est convenablement orienté.

Le capteur optoélectronique 10 débite par un conducteur 18 dans une unité

électronique d’analyse 19 (avantageusementconstituée par un boitier a puce ou puces logé

10 aTintérieur du rétroviseur 8) le signal vidéo qu’il élabore a partir de l’image qu’il regoit

sur sa face 10a.

Onpeut prévoir des diodes électroluminescentes 20 pour émettre, en direction du

conducteur en place, lorsque le rétroviseur est correctement orienté, un rayonnement

infrarouge apte a éclairer au moins le visage de conducteur en place, lorsque !a lumiére

15 d’ambiance (y compris celle du tableau de bord) est insuffisante pour le fonctionnement

correct du capteur 10, qui dans ce cas doit étre sensible au rayonnementinfrarouge, et de

son unité électronique 19 ; l’excitation, éventuellement progressive, de ces diodes est, par

exemple, contrélée par l’unité électronique 19 grace a une cellule photoélectrique (non

représentée) ou en réponse 4 des signaux de pixels (dans le signal vidéo) d’intensité

20 _insuffisante (commereprésenté schématiquement par le conducteur21).

L’alarme activée, en cas d’endormissement du conducteur, par lPunité électronique

19 est illustrée schématiquement en 22 sur le figure 4, sur laquelle on n’a pas illustré les

. alimentations du capteur 10, de I’unité électronique 19 et des diodes 20, pour simplifier

cette figure.

25 L’unité 19 pourrait, en variante, étre disposée hors du boitier du rétroviseur.

On va maintenant exposer le traitement, dans l’unité électronique d’analyse 19, du

signal vidéo issu du capteur optoélectronique 10 (a4 micro-cameéra électronique ou capteur

MOSaveclentille incorporée suivie d’une unité électronique), ce signal vidéo comportant

une succession de trames correspondantes (de mémenature) a la cadence de 50 ou 60 telles

30  trames par seconde (soit les trames paires ou bien impaires dans le cas d’un signal 4 deux

trames entrelacées par image, soit les trames uniques dans le cas d’un signal 4 une seule

trame par image) ; ce traitement a pour objet de réaliser la surveillance de la vigilance du

conducteur en place en déterminant, en temps réel et en continu, la durée des clignements

U~_—_—_——_eee  
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de ses yeux et en déclenchant, en cas de tendance du conducteur 4 l’endormissement

(révélée par la variation de cette durée), un signal d’alarme apte a éveiller celui-ci.

Le procédé et le dispositif, selon la présente invention mettant en ceuvre, pour

repérer et localiser une zone en mouvement (a savoir successivement le conducteur, son

5 visage et ses yeux, en particulier ses paupiéres) et determiner la direction et éventuellement

la vitesse de ce mouvement, le procédé et le dispositif selon les demandes de brevet sus-

visées, dont les descriptions sont incorporées dans la présente description détaillée par

référence, il est utile de résumerle processus décrit dans ces demandes de brevet.
Dans ces demandes, le signal vidéo (produit par une caméra vidéo ou autre

10  capteur), qui comprend une succession de trames de méme nature (constituées par les

trames correspondantes,soit paires, soit impaires, dans le cas d’un systéme vidéo 4 deux

trames entrelacées par image, soit les trames successives dans le cas d’un systéme vidéo a

trame unique par image), est traité pour successivement

- déduire, des variations de la valeur ou intensité de chaque pixel entre une trameetla

15 trame correspondante antérieure,

e d°une part, un signal binaire, noté DP, dont les deux valeurs possibles sont

représentatives, l’une, d’une variation significative de la valeur du pixel et, l’autre,

d’une non-variation significative de cette valeur, valeurs notées par exemple «1» et

«0» respectivement, et

20 e d’autrepart, un signal numérique, noté CO, 4 nombre réduit de valeurs possibles, ce

signal étant représentatif de la grandeur decette variation de la valeur du pixel ;

-  répartir suivant une matrice, par roulement, des valeurs de ces deux signaux DP et CO

pour une mémetrame quidéfileatravers la matrice ; et

- déduire, de cette répartition matricielle, le déplacement recherché et ses paramétres

25 (localisation, direction et vitesse).

Cette demiére opération de détection du déplacement met en préférence en ceuvre,

selon ces demandes de brevet précitées,

- a formation d’histogrammes, suivant deux axes, par exemple Ox et Oy orthogonaux,

d’au moinsles signaux DP et CO,répartis matriciellement dans l’opération précédente,

30 et

~ le repérage, dans chacun des histogrammesrelatifs 4a DP et CO, d’un domaine de

variation significative de CO avec simultanément DP = «1».
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La présente invention, réalise successivement, par mise en ceuvre du procédé et

dispositif selon les demandes de brevet précitées, dont on vient de résumerle processus,

- dans une phasepréliminaire, la détection de la présence d’un conducteur enplace ;

- dans une premiére phase, le cadrage du visage du conducteur dansles trames de méme

nature, ou correspondantes, successivesdu signal vidéo ;

- dans une deuxiéme phase, le cadrage des yeux du conducteur 4 l’intérieur du cadrage

du visage;

- dans une troisiéme phase, la détermination des durées successives des clignements des

yeux du conducteur, et éventuellement la détermination des intervalles de temps

séparant deux clignements successifs;

- dans une quatriéme phase, la comparaison des durées des clignements a un certain

seuil, avec génération d’un signal d’alarme apte 4 éveiller le conducteur dés que cette

comparaison révéle le dépassement vers le haut de ce seuil par cette durée, et

éventuellement la comparaison des variations temporelle des intervalles de temps entre

deux clignements successifs 4 un autre seuil, avec génération d’un signal d’alarme

renforcé dés que cette comparaison révéle le dépassement vers le haut de ce dernier

seuil.

On va décrire maintenant plus en détail la réalisation de chacune de ces cing phases

par le procédéet le dispositif selon l’invention.

La phase préliminaire, qui détecte la présence d’un conducteur en place et amorce

la premiére phase de cadrage du visage, est déclenchée par un contacteur actionné

manuellement ou autrement, notamment par mise en ceuvre des procédé et dispositif des

demandesde brevet précitées ; elle commence effectivement avec le réglage du rétroviseur

-——pour-orienter la face avant 9a du miroir sanstain 9 de celui-ci (figure 4) vers le conducteur

25

30

afin qu’il apergoive dans ce miroir la rue ou route derriére lui, au casil y a besoin d’untel

réglage.

La figure 6 illustre, entre les directions 23a et 23, le champ 23 du capteur 10, la

téte T du conducteur devant se trouver, du fait du réglage du rétroviseur intérieur 8, tel que

décrit avec référence aux figures 4 et 5, a1’intérieur et dans la zone centrale de ce champ

conique 23. Ce champpeutétre relativement étroit, étant donné que les déplacements dela

téte T du conducteur au cours de la conduite sont limités (sauf rares exceptions) ; la

limitation du champ améliore la sensibilité du dispositif étant donné que l’image du visage

du conducteur, qui est regue par la face 10a du capteur correctement orienté en méme
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temps que le miroir 9, occupe alors une place relativement importante dans les trames du

signal vidéo; elle est donc représentée par un nombre de pixels qui est une fraction notable

du nombretotal des pixels par trame.

Surla figure 6 on retrouveles directions ou rayons lumineux 1, 2a et 25 de la figure

La mise en place du conducteur est avantageusement détectée par les déplacements

de sa téte, en particulier de son visage, pour venir en position de conduite, par mise en

ceuvre du procédé et du dispositif selon les deux demandes de brevet précitées qui

permettent de détecter les déplacements, comme rappelé briévementci-dessus.

En fait |’arrivée du conducteur a sa place et le déplacement de sa téte 7 en résultant

sont révélés par le nombre important de pixels du signal vidéo pour lesquels le signal

binaire DP a la valeur «1» correspondant a unevariation significative de la valeur du pixel

entre deux trames correspondantes successives et le signal numérique CO a une valeur

relativement élevée.

Le rapport du nombredetels pixels (avec DP et CO ayantles valeurs définies ci-

dessus) au nombre total de pixels d’une trame, lors de la mise en place du conducteur,

dépend de la dimension du champ de vision du capteur de part et d’autre de la téte T en

place pour la conduite. En cas de champ de vision étroit (angle réduit entre 23a et 235

figure 6), on peut considérer par exemple, que si plus de la moitié des pixels «en

déplacement» d’une trame ont un DP et un CO avecles valeurs sus-avancées, il y a mise

en place du conducteur. On peut alors considérer un seuil de 50 % entre le nombre de

pixels «en déplacementet le nombre total de pixels d’une trame et dans ce cas la phase

préliminaire se termine par la production, lorsque ce seuil est dépassé vers le haut, d’un

drapeau «1» de présence qui amorcela suite du traitement du signal vidéo, en commencant

par la premiére phase. Bien entendu le seuil retenu pour iedéclenchement du drapeau «1»
peut étre différent de 50 %, en tenant compte du champ devision du capteur 10.

En variante, le drapeau «1» de présence amorgant la premiére phase peut étre

produit par une commande externe 4 l’unité électronique 19, mais déclenchantcelle-ci, par

exemple provoquée par I’actionnement de Ja clé de contact, le bouclage de la ceinture de

sécurité du conducteurou le fléchissement du siége du conducteur sous son poids.

Lorsque la présence du conducteur a été révélée et le drapeau «1» de présence

généré, la premiére phase de traitement du signal vidéo peut commencer. Elle consiste,

comme indiqué précédemment, 4 cadrer le visage du conducteur dans le signal vidéo en
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éliminant les portions superflues, en haut, en bas, 4 droite et a gauche de la téte dans

Pimage pergue par le détecteur 10.

A cet effet, par mise en ceuvre du procédé et du dispositif selon l’invention, ce sont

les déplacements horizontaux, c’est-d-dire de la droite vers la gauche et inversement, qui

5 sont détectés, car la téte d’un conducteur a tendance a se déplacer horizontalement plutét

que verticalement, c’est-a-dire de haut en bas et inversement.

On extrait, donc, du flot des données représentées dans les trames correspondantes

successives du signal vidéo, un signal de déplacement horizontal, en position, sens et éven-

tuellementvitesse, grace 4 la matrice roulante des valeurs de DP et CO,et on l’analyse par

10 sélection suivant deux axes de coordonnées privilégiés, par exemple les axes classiques Ox

et Oy des coordonnées cartésiennes, par mise en ceuvre des moyens de formation

d’histogrammes des demandesde brevet précitées.

La comptabilisation, en fin de trames, des pixels représentatifs d’un déplacement

horizontal permet de détecter des pics de déplacement le long des bords du visage, pour

15 —_lesquels les variations de luminosité, donc de valeur de pixel, sont les plus importantes,

aussi bien en projection horizontale suivant Ox qu’en projection verticale suivant Oy par

exemple.

Ceci est illustré sur la figure 7 sur laquelle on a représenté les axes Ox et Oy, ainsi

que les histogrammes 24x, suivant Ox, et 24y, suivant Oy, c’est-a-dire en projection

20 __horizontale et verticale respectivement.

Les pics 25a et 258, de I’histogramme 24x, et 25c et 25d, de l’histogramme 24y,

délimitent, par leur coordonnés respectives 26a, 266, 26c, 26d, un cadre limité par les

droites Ya, Yb, Xc, Xd qui renferme le visage V du conducteur entouré par les ondulations

--respeetives 27a, 275, 27c, 27d qui illustrent les légers mouvements du conducteur dansles

25 zonesde plus grande variation des intensités des pixels, lors de ses mouvements.

Le repérage des coordonnées 26a, 265, 26c et 26d, correspondant aux quatre pics

25a, 25b, 25e et 25d des deux histogrammes 24x et 24y, permet donc de mieux définir et

cadrer I’emplacement du visage V du conducteur dans la zone Z et d’éliminer, pourla suite

dutraitement du signal vidéo, les portions supérieure, inférieure, de droite et de gauche par

30 rapport au cadre Xc, Xd, Ya, Yb, commeillustré sur la figure 8 par des zones hachurées

encadrantle visage V, ce qui permet d’accroitre la précision, et éventuellement la cadence,

de l’analyse portant sur la zone centrale Z, non hachurée, encadrée par les droites Xe, Xd,

Ya, Yb et contenant le visage V.

_—_—_ese  
 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



 

            

                 

             

              

                

        

               

     

             

               

         

           

                

              

            

                  

                   

                  

             

                  

            

               

                

            

              

              

                

              

            

               

                 

                

                   

Petitioner LG Ex-1023, 0275

10

15

20

25

30

15

Cette opération de cadrage du visage entier est renouvelée a intervalles réguliers,

par exemple toutes les dix trames du signal vidéo, et les valeurs moyennes (au cours du

temps) des coordonnées 26a, 265, 26c, 26d, sont déterminées, en redéfinissant le cadre,

légérement variable, mais relativement stable, Xc, Xd, Ya, Yb autour du visage V. On

constate donc quela position dudit cadre (avec la zone limitée pour l’analyse ultérieure) est

trés robuste, c’est-a-dire stable au cours du temps.

Un nouveau drapeau «1» de visage cadré est produit aprés établissement du cadrage

du visage V du conducteur.

La production de ce drapeau déclenche la deuxiéme phase, qui consiste a réduire

encoreplus le cadre du traitement, 4 savoir a celui des yeux du conducteur.

Cette deuxiéme phase comporte, de préférence, une opération préliminaire

consistant a utiliser, dans Punité électronique 19, le rapport anthropométrique habituel

entre la zone des yeux et l’ensemble du visage chez un étre humain, notamment dans le

sens vertical, la zone des yeux occupant seulement uneportionlimitée du visageentier.

L’unité électronique 19 déterminealors, dans cette opération préliminaire, par ratio

un cadre Z‘ plus limite, incluant les yeux U du conducteur, dans le cadre précédent Z du

visage V, limité par Ya, Yb, Xc, Xd, ce cadre Z' étant, commeillustré sur la figure 9 défini

par les droites Ya, Yb, X'c etXda VP intérieur du cadre Ya, Yb, Xc, Xd (zone Z).

On élimine ainsi les zones hachurées externes (simples hachures) sur la figure 9

pour ne conserver que le cadre Z§ ce qui facilite le cadrage définitif des yeux dans la

deuxiéme phase et augmente sa précision et la vitesse de sa détermination.

Aprésla fin de cette opération préliminaire si elle existe, ce qui génére un drapeau

«1» de cadrage grossier des yeux, ou directement aprés la premiére phase de traitement, 

c’est-a-dire respectivement en réponse 4 l’apparition du drapeau «1» de cadrage grossier

des yeux ou du drapeau «1» de visage cadré respectivement, l’unité électronique 19

effectue la deuxiéme phase de cadrage effectif plus serré des yeux du conducteur en

détectant, dans la matrice des DP et CO, les emplacements de pixels pour lesquels DP = 1

et CO présente une valeur élevée, notamment pour des déplacements dans le sens vertical

du fait que les paupiéres clignent de haut en bas et inversement.

Lorsque le nombre de tels emplacements de pixels atteint un certain seuil dans le

cadre Ya, Yb, X'c, Xd (zone Z} dans le cas of l’opération préliminaire est prévue ou dans

le cadre Ya, Yb, Xc, Xd (zone Z) en l’absence d’unetelle opération préliminaire, ce seuil

étant par exemple de 20 % par rapport au nombretotal de pixels dans le cadre Ya, YB, Xe,
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Xd dans le premier cas et de 10 % par rapport au nombretotal de pixels dans le cadre Ya,

Yb, Xc, Xd dans le second cas, un drapeau «1» de cadrage fin des yeux est pénéré ; ce

drapeau indique en fait que les paupiéres du conducteur sont actives, car il est provoqué

par les clignements des yeux du conducteur ; mouvements dansle sens vertical repérés de

la méme maniére que les déplacements horizontaux du visage du conducteur dans la

premiére phase.

Surla figure 10 on a illustré le cadre éventuel Ya, YO, X'c, Xd, définissent la zone

Z' de cadrage grossier des yeux du conducteur, ainsi que les histogrammes 28x selon l’axe

Ox et 28y suivant P'axe Oy des déplacements verticaux des paupiéres du conducteur, c’est-

a-dire des pixels de la matrice révélant, par leur DP et leur CO, de tels déplacements. Ces

histogrammes 28x et 28y, qui correspondent aux histogrammes 24x et 24y des

déplacements horizontaux du visage du conducteur,illustrés sur la figure 7, déterminent,

par leurs pics 29a, 295, 29c, 29d, des droites horizontales X'c et X‘d et des droites

verticales Y'a et YD définissant, a l’intérieur de la zone Z, une zone Z" qui encadre Jes

yeux du conducteur dont les déplacements des bords sont indiqués en 30a et 306 pour un

ceil et 30c et 30d pour |’autre ceil.

La position du cadre Y'a, Y'b, X"c, X'd est réactualisée par détermination des

valeurs moyennes au cours du temps, par exemple toutes les dix trames, des coordonnées
des pics 29a, 29b, 29c, 29d et, 4 partir de la production du drapeau «1» de cadrage fin des

yeux, ce sont seulement les pixels compris dans le cadre limité de la zone Z” qui sont

traités dans la troisiéme phase déclenchée par ce drapeau (la zone Z”’ étant figurée en blanc

sur Ja figure 9).

Danscette troisiéme phase sont déterminées les durées des clignements des yeux, et

tionnant I’analyse des déplacements verticaux des paupiéres dans la zone Z”par traitement

dans |’unité électronique 19 des portions des trames successives du signal vidéo corres-

pondant a cette zone Z ‘’, ce qui permet une grande précision.

Sur la figure 11 on a illustré dans un systeme de coordonnées suivant trois

directions orthogonales entre elles, 4 savoir O@ sur laquelle on a porté CO, c’est-a-dire les

intensités de la variation de la valeur de pixel, correspondant au mouvementvertical des

paupiéres, Of sur laquelle on a porté les intervalles de temps entre deux clignements

successifs et Oz sur laquelle on a porté les durées des clignements, donc trois paramétres
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différents permettant de déterminer le passage de I’état éveillé 4 l’état endormi du

conducteur. Deux clignements successifs C, et C2 sont représentés surla figure 11.

La figure 12 illustre par la courbe C, sur la portion (a), la variation, dans le temps

suivant Ot du nombre de pixels par trame en mouvementvertical significatif (pour lesquels

DP = 1 et CO a une valeur relativement importante), les pics successifs P;, P2, P3 du

nombre de pixels en mouvement correspondant a des clignements.

Les trames correspondantes successives relatives 4 la courbe C sont représentées,

schématiquementet en partie, sur la portion (4) de la figure 12, par des traits verticaux, tels

que 31, dont les pics P;, P2, P3 sont encadrés par des rectangles R;, R2, R3 respectivement,

les deux portions (a) et (4) de la figure 12 étant disposées, l’une sous |’autre, en

synchronisme temporel. Sur cette figure 12 on a représenté enfin les durées des

clignements (5,6,5) et les intervalles de temps (14, 17) entre clignements successifs, en

nombre de trames, valeurs qui correspondent a |’état éveillé du conducteur.

L’unité électronique 19, dans cette troisiéme phase, calcule les durées successives

des clignements des yeux et les intervalles de temps successifs entre deux clignements

consécutifs et fait une analyse statistique bi-dimensionnelle entre les durées successives

des clignements et les intervalles entre clignements. Elle établit si les durées des

clignements dépassent un certain seuil, par exemple 350 ms, et dans ce cas déclenchent un

drapeau «1» de seuil de clignement dépassé et éventuellement si les intervalles de temps

entre deux clignements successifs sont relativement constants ou au contraire

significativement variables dans le temps, et dans le second cas déclenchent un drapeau

«1»d’intervalles entre clignements variables. —

Le premier drapeau sert 4 déclencher une alarme, sonore par exemple, apte a
réveiller le conducteur, tandis que le second drapeau renforce l’alarme, par exemple en

 

augmentantle niveau sonore.

L’ordinogrammeannexé (page suivante) résumeles différentes phases successives.

Le dialogue avec |’extérieur est réalisé, de préférence en mode série (CAN ~ VAN).

Le rétroviseur des figures 4 et 5 convient aussi bien pour un conducteur occupantle

siége gauche quele siége droit, pour les pays a conduite a droite, et peut éventuellement

étre un rétroviseur extérieur, notamment du cété du conducteur.

Commeil va de soi, l’invention n’est pas limitée au mode de réalisation préféré

décrit et illustré, ni 4 ses variantes mentionnéesci-~dessus; 1”invention englobe au contraire

a@
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les modifications, variantes et perfectionnement entrant dans le cadre des définitions de

18

l’invention données dans le préambule et les revendications jointes.
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ORGANIGRAMMEDE L’INVENTION
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REVENDICATIONS

1. Procédé pour surveiller en continu I’état de vigilance du conducteur d’un véhicule

automobile, afin de détecter et prévenir une tendance éventuelle 4 |’endormissement de

5 celui-ci,

qui consiste

- a produire un signal vidéo représentatif, en temps réel, des images successives d’au

moinsle visage du conducteur;

- Atraiter ce signal, successivement et en continu, pour

10 ° détecter, dans ce signal, la portion correspondant effectivement 4 l’image de

la téte du conducteur,

° déterminer la valeur d’un parametre relatif au clignement des paupiéres, qui

se modifie notablement lors du passage de l’état éveillé a 1’état somnolent du

conducteur de part et d’autre d’un seuil, et

15 ° repérer, en tempsréel, le franchissement, par la valeur de ce paramétre, de ce

seuil représentatif du passage de I’état éveillé 4 l'état somnolent du

- conducteur ; et

- a déclencher, en réponse au franchissement de ce seuil, une alarmeapte a réveiller

le conducteur;

20 et qui est caractérisé en ce que

~ dune part, le signal vidéo est produit en utilisant un capteur optoélectronique

solidaire d’un rétroviseur du véhicule automobile et ayant son axe optique de

réception des rayons lumineux dirigé vers la téte du conducteur lorsque le

rétroviseur est correctementorienté; et

25 - d’autre part, le traitement dudit signal vidéo consiste, aprés avoir détecté la

présence du conducteur4 sa place, a, successivementet en continu ,

s détecter, 4 partir dudit signal vidéo, les déplacements horizontaux du

conducteur, afin de cadrer le visage de celui-ci dans les trames

correspondantes successives du signal vidéo,

30 ° détecter, 4 partir dudit signal vidéo, les déplacements verticaux dans le

visage, ainsi cadré, du conducteur, afin de cadrer les yeux de celui-ci,
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° déterminer, 4 partir dudit signal vidéo, les durées successives des  
clignements des yeux, ainsi cadrés, de celui-ci, ces durées constituantle dit

. parameétre,

° comparer ces durées successives des clignements, ainsi déterminées, 4 un

5 seuil représentatif du passage de l'état éveillé a l'état somnolent du

conducteur, et

° déclencher, lorsque les durées de clignement dépassent vers le haut le dit

seuil, une alarme apte réveiller le conducteur.

2. Procédé selon la revendication 1, caractérisé en ce que ledit capteur est placé dans le

10 boitier du rétroviseur derriére la-glace de celui-ci qui est constituée par un miroir sans

tain.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce qu’on détecte la présence du

conducteur 4 sa place en déterminant le nombre de pixels correspondants dans les

trames successives de méme nature du signal vidéo pour lesquels un déplacement

15 significatif est détecté et en comparant ce nombre au nombretotal de pixels par trame

du signal vidéo, afin de déterminer si le rapport entre le nombre de pixels représentant

un déplacement et le nombre total de pixels par trame dépasse un seuil représentatif du

passage de I’absence de conducteur a sa place a4 la présence d’un conducteur4 sa place.

4. Procédé selon la revendication 1, 2, ou 3 caractérise en ce qu’entre les phases de

20 détection des déplacements horizontaux, afin de cadrer le visage du conducteur, et de

détection des déplacements verticaux, afin de cadrer les yeux de celui-ci, on prévoit

une phase de cadrage large des yeux en se limitant 4 une portion du visage cadré

englobant les yeux et leur environnement immeédiat, par application du rapport

anthropométriqueentreladite portion et le visage entier d’une personne.

25 5. Procédé selon I’une quelconque des revendications précédentes, caractérisé en ce,

simultanément a la phase de détermination des durées des clignements des yeux, on

prévoit une phase de détermination des intervalles de temps séparant deux clignements

successifs de ceux-ciet on déclenche une alarme renforcée dés que ces intervalles de

temps présentent une irrégularité qui dépasse un seuil déterminé.

30 6. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce qu’on
réactualise en continu les données concernant au moins un des paramétres suivants :

déplacements horizontaux, déplacements verticaux, durées des clignements des yeux,

intervalles entre clignements successifs, afin de perfectionner les approximations des
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valeurs normales de ces paramétres pour fe conducteur effectivement présent et 4 l’état

éveillé.

7. Procédé selon lune quelconque des revendications précédentes, caractérisé en ce que

les différentes phases successives du procédé sont réalisées au moyen de programmes

5 informatiques successifs portant sur le traitement des valeurs successives des pixels

correspondants des trames de méme nature du signal vidéo obtenu 4 partir dudit

capteur.

8. Dispositif pour surveiller en continu I’état de vigilance du conducteur d’un véhicule

automobile, afin de détecter et prévenir une tendance éventuelle 4 1’endormissement de

10 celui-ci, qui met en ceuvre le procédé selon |’une quelconque des revendications 1 a 7

et qui est caractérisé en ce qu’il comprend, en combinaison:

- un capteur optoélectronique (10), qui, en combinaison avec une électronique

associée (19), élabore, en réponse a la réception de rayons lumineux, un signal

vidéo a trames de mémenature, ou correspondantes, successives, ledit capteur étant

15 solidaire d’un rétroviseur (8) du véhicule et ayant son axe optique (10b) de

réception des rayons lumineux dirigé vers la téte (T) du conducteur lorsque le

rétroviseur est correctementorienté;

- des moyens pour détecter la présence du conducteur a sa place dansle véhicule, et

pour élaborer un signal de présence;

20 - des moyens, activés par ce signal de présence, pour détecter, a partir dudit signal

vidéo, les déplacements horizontaux de dit conducteur, afin de cadrerle visage (V)

de celui-ci dansles trames successives de méme nature dudit signal vidéo, et pour

élaborer un signal de fin de cadrage de visage ;

- des moyens, activés par ledit signal de fin de cadrage du visage, pour détecter, 4 
25 partir de Ia portion des trames successives de méme nature dudit signal vidéo

correspondant au cadrage du visage, les déplacements verticaux dans le visage,

ainsi cadré, du conducteur, afin de cadrer les yeux (U) de celui-ci dans ladite

portion des trames de ce signal, et pour élaborer un signal de fin de cadrage des

yeux du conducteur ;

30 - des moyens, activés par ledit signal de fin de cadrage des yeux, pour déterminer, a

partir de la portion des trames successives de méme nature dudit signal vidéo

cofrespondant au cadrage des yeux, les durées successives des clignements des

yeux du conducteur;
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- des moyens pour comparer ces durées successives des clignements, ainsi

déterminées, 4 un seuil représentatif du passage de |’état éveillé a l’état somnolent

du conducteur; et

- des moyens pour déclencher, lorsque les durées des clignements dépassent ledit
5 seuil, une alarme (22) apte a réveiller le conducteur.

9. Dispositif selon la revendication 8, caractérisé en ce que ledit capteur (10) est placé

dansle boitier du rétroviseur (8) derriére le miroir de celui-ci, qui est un miroir (9) sans

tain.

10. Dispositif selon la revendication 8 ou 9,caractérisé en ce que lesdits moyens pour

10 détecter la présence du conducteur a sa place et pour élaborer un signal de présence

sont constitués par des moyens pour déterminer le nombre de pixels dans les trames

successives de méme nature dudit signal vidéo pour lesquels un déplacement

significatif est détecté, des moyens pour comparer ledit nombre au nombretotal de

pixels par trame du signal vidéo, afin de déterminer si le rapport entre le nombre de

15 pixels correspondant 4 un déplacementet le nombre total de pixels par trame dépasse

un seuil représentatif du passage de |’état d’absence de conducteur a sa place a l’état de

présence d’un conducteur a sa place.

11. Dispositif selon la revendication 8, 9 ou 10, caractérisé en ce qu’il comprend en outre

des moyens, activés par ledit signal de fin de cadrage du visage, pour sélectionner, dans

20 ladite portion des trames successives dudit signal vidéo correspondant au cadrage du

visage, une portion réduite correspondant 4 un cadrage large, ou grossier, des yeux du

conducteur englobant les yeux et leur environnement immédiat par application du

rapport anthropomeétrique entre ledit cadrage large et le visage entier d’une personne et
des moyens pour élaborer un signal de fin de cadrage large des yeux, ce signal activant

25 lesdits moyens pour détecter les déplacements verticaux dansle visage du conducteur.

12. Dispositif selon l’une quelconque des revendications précédantes, caractérisé en ce

qu’il comporte des moyens, fonctionnant en paralléle avec lesdits moyens pour

déterminer les durées successives des clignements des yeux et donc activés par ledit

signal de fin de cadrage des yeux, pour déterminerles intervalles de temps séparant

30 deux clignements successifs et pour déclencher une alarme renforcée dés que ces

intervalles de temps présentent une irrégularité qui dépasse un seuil déterminé.

13. Dispositif selon l'une quelconque des revendications précédantes, caractérisé en ce

qu’il comporte des moyens pour réactualiser en continu les données concernant au
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moins un des paramétres suivants: déplacements horizontaux, déplacements

verticaux, durées des clignements des yeux, intervalles entre clignements

successifs, afin de perfectionner les approximations des valeurs normales du

paramétre impliqué pour le conducteur effectivement présent et 4 1’état

5 éveillé,

14.Dispositif selon l’une quelconque des revendications précédentes, caractérisé

en ce que l’ensemble capteur opto-électronique (10) - unité électronique (19)

produit un signal vidéo comportant une succession de trames correspondantes

de méme nature 4 succession de lignes constituées par une succession de

10 pixels et traite ledit signal vidéo pour successivement:

- déduire, des variations de la valeur ou intensité de chaque pixel entre une

trame et la trame correspondante antérieure,

e d’une part, un signal binaire, noté DP, dont les deux valeurs possibles

sont représentatives, l'une, d’une variation significative de la valeur du

15 pixel et, |’autre, d’une non-variation significative de cette valeur, et

e d’autre part, un signal numérique, noté CO, 4 nombre réduit de valeurs

possibles, ce signal étant représentatif de la grandeur de cette variation de

la valeur du pixel;

- répartir suivant une matrice, par roulement, des valeurs de ces deux signaux
20 DP et CO pour une mémetrame qui défile 4 travers la matrice; et

- déduire, de cette répartition matricielle, le déplacement recherché et ses

paramétres de localisation et de direction.

15.Rétroviseur de véhicule automobile, caractérisé en ce que son miroir est

constitué par une glace sans tain (9) et en ce qu’il comporte, derriére cette

25 glace, un capteur avec optoélectronique (10) qui coopére avec une unité

__électronique(19)également disposée 4 l’intérieur du rétroviseur et en ce que
l’ensemble capteur opto-électronique (10) - unité électronique (19) produit un
signal vidéo comportant une succession de trames correspondantes de méme

nature 4 succession lignes constituées par une succession de pixels et traite

30 ledit signal vidéo pour successivement:

- déduire, des variations de la valeur ou intensité de chaque pixel entre une

trame et la trame correspondante antérieure,

e d’une part, un signal binaire, noté DP, dont les deux valeurs possibles

sont représentatives, l’une, d’une variation significative de la valeur du

35 pixelet,
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e d’autre part, un signal numérique, noté CO, 4 nombre réduit de valeurs
possibles, ce signal étant représentatif de la grandeur de cette variation de

la valeur du pixel;

- répartir suivant une matrice, par roulement, des valeurs de ces deux signaux

5 DP et CO pour une mémetrame qui défile 4 travers la matrice;

- déduire, de cette répartition matricielle, le déplacement recherché et ses

paramétres delocalisation et de direction; et

- déclencher un dispositif d’alarme (22) dés que ladite unité détermine que les

mouvements verticaux des paupiéres d’une personne regardant la face avant

10 (9a) de ladite glace correspondent 4 une durée des clignements des yeux qui

dépasse un seui] prédéterminé inclus dans |’intervalle temporel compris

entre la durée des cliquements d’une personne éveillée et celle d’une

personne qui somnole.
16.Rétroviseur de véhicule automobile selon la revendication 15, caractérisé en

15 ce qu’il porte en outre au moins une diode (20) électroluminescente au moins

dans l’infra-rouge qui est activée au moins lorsque la luminosité ambiante

devient insuffisante pour éclairer le visage du conducteur et en ce que ledit

capteur optoélectronique (10) est sensible, entre autres, aux radiations infra-
rouges émisesparladite diode.

 
ndataire
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FEUILLE RECTIFIEE

On va décrire maintenant un mode de réalisation préféré d’un dispositif selon

l’invention, mettant en ceuvre le procédé selon |’invention, ainsi que certaines variantes de

celui-ci, avec référence aux dessins annexés, sur lesquels:

Les figures 1 et 2 sont des vues, respectivement de coté et par-dessus, illustrant

schématiquementla téte d’un conducteur de véhicule automobile et ses axes de vision vers

l’avant et vers I’arriére.

La figure 3 illustre schématiquement la disposition classique du miroir d’un rétro-

viseur intérieur dans un véhicule automobile et les différents axes de vision du conducteur,

cette figure correspondant a !’état de la technique.

Les figures 4 et 5 représentent respectivement |’ensemble et les articulations d’un

rétroviseur avec le capteur optoélectronique et son électronique associée dans le cadre de

invention.

La figure6illustre le champ du capteur optoélectronique prévu dans le rétroviseur

des figures 4 et 5.

Les figures 7 et 8 représentent la maniére de cadrer Je visage du conducteur en

place. ,

Les figures 9 et 10 représentent la maniére de cadrer les yeux du conducteur en

place.

Les figures 11 et 12 sont relatives 4 la mesure de Ja durée des clignements des yeux

du conducteur et des intervalles temporels séparent deux clignements successifs.

La figure 13 représente l’ordinogramme des phases successives de fonctionnement.
En se référant tout d’abord aux figures 1 4 6, on va commencer la description

détaillée du mode de réalisation préféré de Pinvention par celle du dispositif optique et

mécanique avec le capteur optoélectronique (micro-caméra vidéo ou capteur MOSavec

lentille incorporée) et son ensemble électronique associé, constitué essentiellement par une

ou plusieurs puces, qui transforme |’image captée par Je capteur en un signal vidéo qui est

traité afin de détecter une tendance 4 I’endormissement du conducteur en place, observé

par ledit capteur.

En effet |’invention utilise essentiellementla variation de la durée des clignements

des yeux d’une personnelors du passage de l’état éveillé 4 !’état somnolent ou assoupide celle-ci:

une personneéveillée cligne, a intervalles relativement réguliers, des paupiéres, et donc des cils, en

100 @ 200 ms environ, tandis que la durée des clignements de cette personne a |’état somnolent

passe a 500 a 800 ms environ, les intervalles entre clignements augmentant et étant variables.
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différents permettant de déterminer le passage de l'état éveillé a l’état endormi du

conducteur. Deux clignements successifs C; et C2 sont représentés surla figure 11.

La figure 12 illustre par la courbe C, sur la portion (a), la variation, dans le temps

suivant Of du nombre de pixels par trame en mouvementvertical significatif (pour lesquels

DP = 1 et CO a une valeur relativement importante), les pics successifs P), P2, P3 du

nombre de pixels en mouvementcorrespondant a des clignements.

Les trames correspondantes successives relatives 4 la courbe C sont représentées,

schématiquementet en partie, sur la portion (5) de la figure 12, par des traits verticaux, tels

que 31, dontles pics P;, P2, P3 sont encadrés par des rectangles R,, R2, R3 respectivement,

les deux portions (a) et (5) de la figure 12 étant disposées, l’?une sous l'autre, en

synchronisme temporel. Sur cette figure 12 on a représenté enfin les durées des

clignements (5,6,5) et les intervalles de temps (14, 17) entre clignements successifs, en

nombre de trames, valeurs qui correspondent a !’état éveillé dy conducteur.

L’unité électronique 19, danscette troisigme phase, calcule les durées successives

des clignements des yeux et les intervalles de temps successifs entre deux clignements

consécutifs et fait une analyse statistique bi-dimensionnelle entre les durées successives

des clignements et les intervalles entre clignements. Elle établit si les durées des

clignements dépassent un certain seuil, par exemple 350 ms, et dans ce cas déclenchent un

drapeau «1» de seuil de clignement dépassé et éventuellementsi les intervalles de temps

entre deux clignements successifs sont relativement constants ou au contraire

significativement variables dans le temps, et dans le second cas déclenchent un drapeau

«1» d’intervalles entre clignements variables.

Le premier drapeau sert a déclencher une alarme, sonore par exemple, apte a

réveillerleconducteur,taiidisqueleseconddrapeaurenforce-l’alarme, par exemple en

augmentantle niveau sonore.

L’ordinogramme annexé 4 titre de planche 6 (figure 13) résume les différentes

phases successives.

Le dialogue avec l’extérieur est réalisé, de préférence en mode série (CAN — VAN).

Le rétroviseur des figures 4 et 5 convient aussi bien pour un conducteur occupantle

siége gauche que le siége droit, pour les pays 4 conduite 4 droite, et peut éventuellement

&tre un rétroviseur extérieur, notamment du cété du conducteur.

Commeil va de soi, l’invention n’est pas limitée au mode de réalisation préféré

décrit et illustré, ni 4 ses variantes mentionnéesci-dessus ; l’invention englobe au contraire
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REVENDICATIONS

1. Procédé pour surveiller en continu I’état de vigilance du conducteur d’un véhicule

automobile, afin de détecter et prévenir unetendance éventuelle a l’endormissement de

5 celui-ci,

qui consiste

- 4 produire un signal vidéo représentatif, en temps réel, des images successives d’au

moins le visage du conducteur ;

- a traiter ce signal, successivementet en continu, pour

10 ° détecter, dans ce signal, la portion correspondant effectivement a l’image de

la téte du conducteur,

° déterminer la valeur d’un paramétre relatif au clignement des paupiéres, qui

se modifie notablement lors du passage de |’état éveillé a état somnolent du

conducteur de part et d’autre d’un seuil, et

15 ° repérer, en tempsréel, le franchissement, par la valeur de ce paramétre, de ce

seuil représentatif du passage de I’état éveillé 4 |’état somnolent du

conducteur;et

- adéclencher, en réponse au franchissement de ce seuil, une alarme apte 4 réveiller

le conducteur ;

20 et qui est caractérisé en ce que

- dune part, le signal vidéo est produit en utilisant un capteur optoélectronique

solidaire d’un rétroviseur du véhicule automobile et ayant son axe optique de
réception des rayons lumineux dirigé vers la téte du conducteur lorsque le

rétroviseur est correctementorienté ; et Se

25 - d’autre part, le traitement dudit signal vidéo consiste, aprés avoir détecté la
présence du conducteur a sa place, a, successivement et en continu,
° détecter, a partir dudit signal vidéo, les déplacements horizontaux du

conducteur, afin de cadrer le visage de celui-ci dans les trames

correspondantes successives du signal vidéo,

30 ° détecter, a partir dudit signal vidéo, les déplacements verticaux dans le

visage, ainsi cadré, du conducteur,afin de cadrer les yeux de celui-ci,

————$—
ee 
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° déterminer, a partir dudit signal vidéo, les durées successives des

clignements des yeux, ainsi cadrés, de celui-ci, ces durées constituant le dit

paraméetre,

° comparer ces durées successives des clignements, ainsi déterminées, a un

seuil représentatif du passage de l'état éveillé 4 l'état somnolent du

conducteur,et |
e déclencher, lorsque les durées de clignement dépassent vers le haut le dit

seuil, une alarme apte réveiller le conducteur.

. Procédé selon la revendication 1, caractérisé en ce que ledit capteur est placé dans le

boitier du rétroviseur derriére la glace de celui-ci qui est constituée par un miroir sans

tain.

. Procédé selon la revendication 1 ou 2, caractérisé en ce qu’on détecte la présence du

conducteur @ sa place en déterminant le nombre de pixels correspondants dans les

trames successives de méme nature du signal vidéo pour lesquels un déplacement

significatif est détecté et en comparant ce nombre au nombre total de pixels par trame

du signal vidéo, afin de déterminer si le rapport entre le nombre de pixels représentant

un déplacementet le nombretotal de pixels par trame dépasse un seuil représentatif du

passage de l’absence de conducteur a sa place a la présence d’un conducteur a saplace.

. Procédé selon Ja revendication 1, 2, ou 3 caractérise en ce qu’entre les phases de

détection des déplacements horizontaux, afin de cadrer le visage du conducteur, et de

détection des déplacements verticaux, afin de cadrer les yeux de celui-ci, on prévoit

une phase de cadrage large des yeux en se limitant 4 une portion du visage cadré

englobant les yeux et leur environnement immeédiat, par application du rapport

anthropométrique entre ladite portion et le visage entier d’une personne.

. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce,

simultanément 4 la phase de détermination des durées des clignements des yeux, on

prévoit une phase de détermination desintervalles de temps séparant deux clignements

successifs de ceux-ci et on déclenche une alarme renforcée dés que ces intervalles de

temps présentent uneirrégularité qui dépasse un seuil déterminé.

. Procédé selon l'une quelconque des revendications précédentes, caractérisé en ce qu’on

réactualise en continu les données concernant au moins un des paramétres suivants :

déplacements horizontaux, déplacements verticaux, durées des clignements des yeux,

intervalles entre clignements successifs, afin de perfectionner les approximations des
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valeurs normales de ces paramétres pour le conducteur effectivement présent et a [’état

éveillé.

7. Procédé selon (’une quelconque des revendications précédentes, caractérisé en ce que

les différentes phases successives du procédé sont réalisées au moyen de programmes

5 informatiques successifs portant sur le traitement des valeurs successives des pixels

correspondants des trames de méme nature du signal vidéo obtenu a partir dudit

capteur.

8. Dispositif pour surveiller en continu l’état de vigilance du conducteur d’un véhicule

automobile, afin de détecter et prévenir une tendance éventuelle 4 !’endormissement de

10 celui-ci, qui met en ceuvre le procédé selon !’une quelconque des revendications 1 4 7

et qui est caractérisé en ce qu’il comprend, en combinaison:

- un capteur optodlectronique (10), qui, en combinaison avec une électronique

associée (19), élabore, en réponse a la réception de rayons lumineux, un signal

vidéo a trames de mémenature, ou correspondantes, successives, ledit capteur étant

15 solidaire d’un rétroviseur (8) du véhicule et ayant son axe optique (10b) de

réception des rayons lumineux dirigé vers la téte (T) du conducteur lorsque le

rétroviseur est correctement orienté ;

- des moyens pour détecter la présence du conducteur 4 sa place dans le véhicule, et

pour élaborer un signal de présence ;

20 - des moyens, activés par ce signal de présence, pour détecter, a partir dudit signal
vidéo, les déplacements horizontaux de dit conducteur, afin de cadrer le visage (V)

de celui-ci dans les trames successives de méme nature dudit signal vidéo, et pour

élaborer un signal de fin de cadrage de visage;
- des moyens, activés par ledit signal -de-fin de cadrage du visage, pour détecter, a

25 partir de la portion des trames successives de méme nature dudit signal vidéo

correspondant au cadrage du visage, les déplacements verticaux dans le visage,

ainsi cadré, du conducteur, afin de cadrer les yeux (U) de celui-ci dans ladite

portion des trames de ce signal, et pour élaborer un signal de fin de cadrage des

yeux du conducteur ;

30 - des moyens,activés par ledit signal de fin de cadrage des yeux, pour déterminer, a

partir de Ja portion des trames successives de méme nature dudit signal vidéo

correspondant au cadrage des yeux, les durées successives des clignements des

yeux du conducteur;
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ee 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



 

   

 

          

             

    

           

          

               

                 

 

              

                 

              

           

             

                

               

                

      

                

               

             

              

           

              

                

             

           

           

             

              

             

           

           

             

Petitioner LG Ex-1023, 0291

FEUILLE RECTIFIEE ©
22

- des moyens pour comparer ces durées successives des clignements, ainsi

déterminées, a un seuil représentatif du passage de I’état éveillé 4 1’état somnolent

du conducteur ; et

- des moyens pour déclencher, lorsque les durées des clignements dépassent ledit

5 seuil, une alarme (22) apte a réveiller le conducteur.

9. Dispositif selon la revendication 8, caractérisé en ce que ledit capteur (10) est placé

dansle boitier du rétroviseur (8) derriére le miroir de celui-ci, qui est un miroir (9) sans

tain.

10. Dispositif selon la revendication 8 ou 9,caractérisé en ce que lesdits moyens pour

10 détecter la présence du conducteur a4 sa place et pour élaborer un signal de présence

sont constitués par des moyens pour déterminer le nombre de pixels dans les trames

successives de méme nature dudit signal vidéo pour lesquels un déplacement

significatif est détecté, des moyens pour comparer ledit nombre au nombre total de

pixels par trame du signal vidéo, afin de déterminer si le rapport entre le nombre de
15 pixels correspondant a un déplacementet le nombretotal de pixels par trame dépasse

un seuil représentatif du passage de I’état d’absence de conducteur a sa place a 1’état de

présence d’un conducteur4 sa place.

11. Dispositif selon la revendication 8, 9 ou 10, caractérisé en ce qu’il comprend en outre

des moyens, activés par ledit signal de fin de cadrage du visage, pour sélectionner, dans

20 ladite portion des trames successives dudit signal vidéo correspondant au cadrage du

" visage, une portion réduite correspondant 4 un cadrage large, ou grossier, des yeux du

conducteur englobant Iles yeux et leur environnement immédiat par application du

rapport anthropomeétrique entre ledit cadrage large et le visageentier d’une personneet

des moyenspour élaborer un signal de fin de cadrage large des yeux, ce signal activant

25 lesdits moyens pour détecter les déplacements verticaux dans le visage du conducteur.

12. Dispositif selon l’une quelconque des revendications précédantes, caractérisé en ce

qu’il comporte des moyens, fonctionnant en paralléle avec lesdits moyens pour

déterminer les durées successives des clignements des yeux et donc activés par ledit

signal de fin de cadrage des yeux, pour déterminerles intervalles de temps séparant

30 deux clignements successifs et pour déclencher une alarme renforcée dés que ces

intervalles de temps présentent une irrégularité qui dépasse un seuil déterminé.

13. Dispositif selon ’une quelconque des revendications précédantes, caractérisé en ce

qu’il comporte des moyens pour réactualiser en continu les données concernant au
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moins un des paramétres suivants: déplacements horizontaux, déplacements

verticaux, durées des clignements des yeux, intervalles entre clignements

successifs, afin de perfectionner les approximations des valeurs normales du

paramétre impliqué pour le conducteur effectivement présent et a 1’état
5 éveillé.

14.Dispositif selon l’une quelconque des revendications précédentes, caractérisé

en ce que l’ensemble capteur opto-€lectronique (10) - unité électronique (19)

produit un signal vidéo comportant une succession de trames correspondantes

de méme nature 4 succession de lignes constituées par une succession de

10 pixels et traite ledit signal vidéo pour successivement:

- déduire, des variations de la valeur ou intensité de chaque pixel entre une

trame et la trame correspondante antérieure,

e d’une part, un signal binaire, noté DP, dont les deux valeurs possibles

sont représentatives, l’une, d’une variation significative de la valeur du

16 pixel et, |’autre, d’une non-variation significative de cette valeur, et

e d’autre part, un signal numérique, noté CO, 4 nombre réduit de valeurs

possibles, ce signal étant représentatif de la grandeur decette variation de

la valeur du pixel;

. . - répartir suivant une matrice, par roulement, des valeurs de ces deux signaux

20 DP et CO pour une méme trame qui défile 4 travers la matrice;et

- déduire, de cette répartition matricielle, le déplacement recherché et ses

paramétres de localisation et de direction. . .
15.Rétroviseur de véhicule automobile, caractérisé en ce que son miroir est

constitué par une glace sans tain (9) et en ce qu’il comporte, derriére cette

25 glace, un capteur avec optoélectronique (10) qui coopére avec une unité
- électronique (19).également_disposée 4 l’intérieur du rétroviseur et en ce que

l'ensemble capteur opto-électronique (10) - unité électronique (19) produit un

signal vidéo comportant une succession de trames correspondantes de méme
nature 4 succession lignes constituées par une succession de pixels et traite

30 Jedit signal vidéo pour successivement:

- déduire, des variations de la valeur ou intensité de chaque pixel entre une

trame et la trame correspondante antérieure,

e d’une part, un signal binaire, noté DP, dont les deux valeurs possibles .

sont représentatives, |’une, d’une variation significative de la valeur du

35 pixelet, J
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e d’autre part, un signal numérique, noté CO, 4 nombre réduit de valeurs

possibles, ce signal étant représentatif de la grandeur de cette variation de
la valeur du pixel;

- répartir suivant une matrice, par roulement, des valeurs de ces deux signaux

5 DP et CO pour une mémetrame qui défile 4 travers la matrice;

- déduire, de cette répartition matricielle, le déplacement recherché et ses

paramétres de localisation et de direction; et —
- déclencher un dispositif d’alarme (22) dés que ladite unité détermine que les

mouvements verticaux des paupiéres d’une personne regardant Ja face avant

10 (9a) de ladite glace correspondent a une durée des clignements des yeux qui

dépasse un seuil prédéterminé inclus dans J’intervalle temporel compris
entre la durée des cliquements d’une personne éveillée et celle d’une

personne qui somnole.
16.Rétroviseur de véhicule automobile selon la revendication 15, caractérisé en

15 ce qu’il porte en outre au moins une diode (20) électroluminescente au moins
dans l’infra-rouge qui est activée au moins lorsque la luminosité ambiante

devient insuffisante pour éclairer le visage du conducteur et en ce queledit

capteur optoélectronique (10) est sensible, entre autres, aux radiations infra-

rouges émises parladite diode.
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: AY Od - 44 °

REVENDICATIONS

1. Procédé pour surveiller en continu |’état de vigilance du conducteur d’un véhicule

automobile, afin de détecter et prévenir une tendance éventuelle 4 l’endormissement de

5 celui-ci, ,

qui consiste

- 4 produire un signal vidéo représentatif, en temps réel, des images successives d’au

moinsle visage du conducteur ;

- Atraiter ce signal, successivement et en continu, pour

10 ° détecter, dans ce signal, la portion correspondant effectivement a l’image de

~ |atéte du conducteur,

e déterminer la valeur d’unparamétrerelatif au clignement des paupiéres, qui

se modifie notablement lors du passage de I’état éveillé 4 1’état somnolent du

conducteur de part et d’autre d’un seuil, et

15 e repérer, en tempsréel, le franchissement, par la valeur de ce paramétre, de ce
seuil représentatif du passage de |’état éveillé a I’état somnolent du
conducteur ; et

- a déclencher, en réponse au franchissement de ce seuil, une alarme apte 4 réveiller
le conducteur;

20 et qui est caractérisé en ce que

- dune part, le signal vidéo est produit en utilisant un capteur optoélectronique

solidaire d’un rétroviseur du véhicule automobile, dimensionné et disposé pour

recevoir essentiellement |’image du visage du conducteur en place sur son siége et

ayant son axe optique de réception des rayons lumineux dirigé vers la téte du

25 conducteur lorsquele rétroviseur est correctement orienté ; et

- d’autre part, le traitement dudit signal vidéo consiste, aprés avoir détecté la

présence du conducteur 4 sa place, 4, successivementet en continu ,

° détecter, 4 partir d’une analyse des pixels en déplacement entre deux trames

successives de méme nature dudit signal vidéo, les déplacements

30 horizontaux du conducteur, afin de cadrer le visage de celui-ci dans les
trames correspondantes successives du signal vidéo,

FR 60.048J - 98.00.378

14/01/99
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° détecter, a partir d’une analyse des pixels en déplacement entre deux trames

successives de méme nature dudit signal vidéo, les déplacements verticaux

dansle visage, ainsi cadré, du conducteur, afin de cadrer les yeux de celui-ci,

° déterminer, 4 partir d’une analyse des pixels en déplacement entre deux

5 trames successives de mémenature dudit signal vidéo, les durées successives

des clignements des yeux, ainsi cadrés, de celui-ci, ces durées constituant le

dit parameétre,

° comparer ces durées successives des clignements, ainsi déterminées, 4 un

seuil représentatif du passage de l'état éveillé a I'état somnolent du

10 conducteur, et

° déclencher, lorsque les durées de clignement dépassent vers le haut le dit

seuil, une alarme apte réveiller le conducteur.

2. Procédé selon la revendication 1, caractérisé en ce que ledit capteur est placé dans le

boitier du rétroviseur derriére la glace de celui-ci qui est constituée par un miroir sans

15 tain, axe optique de réception (2a) dudit capteur étant symétrique 4 un axe (2b)

orienté dans le plan vertical médian dudit véhicule, par rapport 4 un axe (6) orthogonal

au dit miroir sanstain.

3. Procédé selon la revendication 1 ou 2, caractérisé en ce qu’on détecte la présence du

conducteur 4 sa place en déterminant le nombre de pixels correspondants dans les

20 trames successives de mémenature du signal vidéo pour lesquels un déplacement

significatif est détecté et en comparant ce nombre au nombre total de pixels par trame

du signal vidéo, afin de déterminersi Je rapport entre le nombre de pixels représentant

un déplacementet le nombre total de pixels par trame dépasse un seuil représentatif du

passage de l’absence de conducteura sa place 4 laprésence(tinconducteurasaplace.
25 4. Procédé selon la revendication 1, 2, ou 3 caractérise en ce qu’entre les phases de

détection des déplacements horizontaux, afin de cadrer le visage du conducteur, et de

détection des déplacements verticaux, afin de cadrer les yeux de celui-ci, on prévoit

une phase de cadrage large des yeux en se limitant a une portion du visage cadré

englobant les yeux et leur environnement immédiat, par application du rapport

30 anthropometriqueentre ladite portion et le visage entier d’une personne.

5. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce,
simultanément 4 la phase de détermination des durées des clignements des yeux, on

prévoit une phase de détermination desintervalles de temps séparant deux clignements

EERE
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successifs de ceux-ci et on déclenche une alarme renforcée dés que ces intervalles de

temps présentent une irrégularité qui dépasse un seuil déterminé.

Procédé selon |’une quelconque des revendications précédentes, caractérisé en ce qu’on

réactualise en continu les données concernant au moins un des paramétres suivants :

déplacements horizontaux,-déplacements verticaux, durées des clignements des yeux,

intervalles entre clignements successifs, afin de perfectionner les approximations des

valeurs normales de ces paramétres pour le conducteur effectivement présent et a l’état

éveillé. -

Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce que

les différentes phases successives du procédé sont réalisées au moyen de programmes

informatiques successifs portant sur le traitement des valeurs successives des pixels

correspondants des trames de méme nature du signal vidéo obtenu 4 partir dudit

capteur.

Dispositif pour surveiller en continu |’état de vigilance du conducteur d’un véhicule

automobile, afin de détecter et prévenir une tendance éventuelle 4 l’endormissement de

celui-ci, qui met en ceuvre le procédé selon l’une quelconque des revendications 1 4 7

et qui est caractérisé en ce qu’il comprend, en combinaison:

un capteur optoélectronique (10), qui, en combinaison avec une électronique associée

(19), élabore, en réponse4 la réception de rayons lumineux, un signal vidéo & trames de
méme nature, ou correspondantes, successives, ledit capteur étant solidaire d’un

rétroviseur (8) du véhicule automobile et dimensionné et disposé pour recevoir

essentiellement l’image du visage du conducteur enplace sur son siége et ayant son axe

optique (10b) de réception des rayons lumineux dirigé vers la téte (T) du conducteur 

lorsquele rétroviseur est correctementorienté ; et

au moins d’un circuit intégré comportant

- des moyens pour détecter la présence du conducteur a sa place dans le véhicule, et

pour élaborer un signal de présence ;

- des moyens, activés par ce signal de présence, pour détecter, 4 partir d’une analyse

des pixels en déplacement entre deux trames successives de méme nature dudit

signal vidéo, les déplacements horizontaux de dit conducteur, afin de cadrer le

visage (V) de celui-ci dans les trames successives de méme nature dudit signal

vidéo, et pour élaborer un signal de fin de cadragede visage;
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- des moyens, activés par ledit signal de fin de cadrage du visage, pour détecter, 4

partir d’une analyse des pixels en déplacement entre deux trames successives de

méme nature de la portion des trames successives de méme nature dudit signal

vidéo correspondant au cadrage du visage, les déplacements verticaux dans le

5 visage, ainsi cadré, du conducteur, afin de cadrer les yeux (U) de celui-ci dans

ladite portion des trames de ce signal, et pour élaborer un signal de fin de cadrage

des yeux du conducteur ;

- des moyens, activés par ledit signal de fin de cadrage des yeux, pour déterminer, a

partir d’une analyse des pixels en déplacement entre deux trames successives de

10 méme nature de la portion des trames successives de méme nature dudit signal

vidéo correspondant au cadrage des yeux, les durées successives des clignements

des yeux du conducteur ;

- des moyens pour comparer ces durées successives des clignements, ainsi

déterminées, 4 un seuil représentatif du passage de I’état éveillé 4 l’état somnolent

15 du conducteur ; et
- des moyens pour déclencher, lorsque les durées des clignements dépassent ledit

seuil, une alarme (22) apte a réveiller le conducteur.

9. Dispositif selon la revendication 8, caractérisé en ce que ledit capteur (10) est placé

dansle boitier du rétroviseur (8) derriére le miroir de celui-ci, qui est un miroir (9) sans

20 tain, ledit capteur (10) étant porté par une premiére extrémité d’une premiéretige (13)

traversant, a travers une rotule (17), un étrier (16) porté par le boitier du rétroviseur (8),

a l’intérieur de celui-ci, la seconde extrémité de cette tige (13) étant articulée librement,

au moyen d’un joint (14a,14b), a la premiére extrémité d’une seconde tige (12)

traversant, 4 traversune rotule (15); le boitier du rétroviseur (8), tandis que la seconde

25 extrémité de ladite seconde tige (12) est fixée 4 la carrosserie du véhicule (en 5) au

dessus du pare-brise, de maniére que l’axe optique de réception (2a) du dit capteur soit

symétrique 4 un axe (2b) orienté dans le plan vertical médian dudit véhicule, par

rapport 4 un axe orthogonal (6) au dit miroir sans tain.

10. Dispositif selon la revendication 8 ou 9,caractérisé en ce que lesdits moyens pour

30 détecter la présence du conducteur a sa place et pour élaborer un signal de présence

sont constitués par des moyens pour déterminer le nombre de pixels dans les trames

successives de méme nature dudit signal vidéo pour lesquels un déplacement

significatif est détecté, des moyens pour comparer ledit nombre au nombretotal de

eeeeeseeneeseennetteneee,  
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pixels par trame du signal vidéo, afin de déterminer si le rapport entre le nombre de

pixels correspondant 4 un déplacementet le nombre total de pixels par trame dépasse

un seuil représentatif du passage de |’état d’absence de conducteur a sa place a l’état de

présence d’un conducteura sa place.

. Dispositif selon la revendication 8, 9 ou 10, caractérisé en ce qu’il comprend en outre

des moyens, activés par leditsignal de fin de cadrage du visage, pour sélectionner, dans

ladite portion des trames successives dudit signal vidéo correspondant au cadrage du

visage, une portion réduite correspondant a un cadrage large, ou grossier, des yeux du
conducteur englobant les yeux et leur environnement immédiat par application du

rapport anthropomeétriqueentreledit cadrage large et le visage entier d’une personneet

des moyenspourélaborer un signal de fin de cadrage large des yeux, ce signal activant

lesdits moyens pour détecter les déplacements verticaux dans le visage du conducteur.

Dispositif selon !’une quelconque des revendications 8 4 11, caractérisé en ce qu’il

comporte des moyens, fonctionnant en paralléle avec lesdits moyens pour déterminer

les durées successives des clignements des yeux et donc activés par ledit signal de fin

de cadrage des yeux, pour déterminer les intervalles de temps séparant deux

clignements successifs et pour déclencher une alarme renforcée dés que ces intervalles

de temps présentent uneirrégularité qui dépasse un seuil déterminé.

Dispositif selon l’une quelconque des revendications 8 a 12, caractérisé en ce qu'il

comporte des moyens pour réactualiser en continu les données concernant au moins un

des paramétres suivants: déplacements horizontaux, déplacements verticaux, durées

des clignements des yeux, intervalles entre clignements successifs, afin de

_perfectionner les approximations des valeurs normales du paramétre impliqué pour le

conducteur effectivement présentet a l’état éveillé.

Dispositif seion l’une quelconque des revendications 8 a 13, caractérisé en ce queledit

ensemble capteur opto-électronique(10) — unité électronique (19) produit un signal

vidéo comportant une succession de trames correspondantes de méme nature a

succession de lignes constituées par une succession depixelset traite le dit signal video

pour successivement:

déduire, des variations de la valeur ou intensité de chaque pixel entre une trameet la

trame correspondante antérieure,
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e d'une part, un signal binaire, noté DP, dont les deux valeurs possibles sont

représentatives, l’une, d’une variation significative de la valeur du pixel et, l’autre,

d’une non-variation significative de cette valeur, et

e d’autre part, un signal numérique, noté CO, a nombre réduit de valeurs possibles, ce

5 signal étant représentatifde la grandeur de cette variation de la valeur du pixel;

- répartir suivant une matrice, par roulement, des valeurs de ces deux signaux DP et CO
pour une mémetrame qui défile a travers la matrice ; et

- déduire, de cette répartition matricielle, le déplacement recherché et ses paramétres de

localisation et de direction.

10 15. Dispositif selon l’une quelconque des revendications 8 a 14, caractérisé en ce queledit

capteur (10), ladite électronique associée (19) et ledit circuit intégré sont constituées

par une puce électronique (chip) disposée a l’intérieur du boitier du rétroviseur (8).
16. Rétroviseur de véhicule automobile, caractérisé en ce que son miroir est constitué par

une glace sans tain (9) et en ce qu’il comporte, derriére cette glace, un capteur opto-

15 électronique (10) qui coopére avec uneunité électronique (19), produit un signal vidéo
comportant une succession de trames correspondantes de mémenature a succession de

lignes constitué par une succession de pixels et traite le dit signal video pour

successivement:

- déduire, des variations de la valeur ou intensité de chaque pixel entre une trameet la

20 trame correspondanteantérieure,

e d'une part, un signal binaire, noté DP, dont les deux valeurs possibles sont

représentatives, Pune, d’une variation significative de la valeur du pixel et, |’autre,

d’une non-variation significative de cette valeur,et

“ed’autre part, un signal numérique, noté CO, 4 nombre réduit de valeurs possibles, ce —

25 signal étant représentatifde la grandeur de cette variation de la valeur du pixel;

-  répartir suivant une matrice, par roulement, des valeurs de ces deux signaux DP et CO

pour une mémetrame qui défile 4 travers la matrice ;

- déduire, de cette répartition matricielle, le déplacement recherché et ses paramétres de

localisation et de direction ; et

30 - déclencher un dispositif d’alarme (22) dés que ladite unité détermine que les
mouvements verticaux des paupiéres d’une personne regardant la face avant (9a) de

ladite glace correspondent a une durée des clignements des yeux qui dépasse un seuil
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prédéterminé inclus dans l’intervalle temporel compris entre la durée des clignements

d’une personne éveillée et celle d’une personne qui somnole..

17. Rétroviseur de véhicule automobile selon la revendication 16, caractérisé en ce que

ledit capteur (10)), ladite électronique associée (19) et ledit circuit intégré sont
5 constituées par une puce électronique (chip) disposée 4 l’intérieur du boitier du

rétroviseur (8). .
18. Rétroviseur de véhicule automobile selon la revendication 16 ou 17, caractérisé en ce

qu’il porte en outre au moins une diode (20) électroluminescente au moins dansI’infra-

rouge qui est activée au moins lorsquela juminosité ambiante devient insuffisante pour

10 éclairer le visage du conducteur et en ce que ledit capteur optoélectronique (10) est

sensible entre autres, aux radiations infra-rouges émisespar ladite diode.

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



 
 

 

 

 
 

    
      

 

    
    

      
  

  

   
 

         
  

  

     

  

  

     
     
      

   

      
      

      
      

   
  

   
    

     
  

        
       

 

  

  
   

      

Petitioner LG Ex-1023, 0312

. POYV/EP 99/00300
_Europaisches European Patent Office européen
Patentamt Office des brevets

r

PRIORITY
DOCUMENT

SUBMITTED OR TRANSMITTED IN
COMPLIANCE WITH RULE 17.1(a) OR (b)

 

@ Bescheinigung Certificate Attestation

Die angehefteten Unterlagen stimmen The attached documents are exact Les documents fixés a cette attestation
mit der urspranglich eingereichten Fas-_—copies ofthe international patent appli-|sont conformes4la versioninitialement
sung der auf dem niachsten Biatt be-_—cation described on the following page,§déposée de la demande debrevet inter-
zeichneten internationalen Patentan- asoriginally filed. national spécifiée 4 la page suivante.
meldung iberein.

Den Haag, den
The Hague, 0 g. GE. aq
La Haye,le

Der Président des Europdischen Patentamts
Im Auftrag 2
For the President of the European Patent Office
Le Président de fOffice européen des brevets
p.o.

ffl

R.LA. Pether

 
PatentanmeldungNr.

Patent application no. PCT/EP 98105383Oemande de brevet n°

EPA/EPO/OEB Fo 82

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



    
     

    

  
  

  

 
 

 

  

      
     

   
         
   

 
   
   

    

    
  

  

   
    

     

       
        
       

 
 

 

    

 

 

Petitioner LG Ex-1023, 0313

 

 
 
 
 
 
 
 
 
 

 
 
 

 
 

  

Blatt 2 der BescheinigungSheet 2 of the certificate 9)
Page 2 de l’attestation

Anmeldung Nr.: PCT/EP 98/05383Application no.:
Damanda n°:

Anmelder: 1. HOLDING BEVS.A. - Luxemburg, Luxemburg
Applicant(s): 2. PIRIM,Patrick - Paris, France
Demandeur(s):

Bezeichnung der Erfindung:
Title of the invention: [mage pr iEeoeuentnn ge processing apparatus and method

Anmeldetag:
Date of filing: 25 August 1998 (25.08.98)
Date de dépét:

In Anspruch genommene Prioritaét(en)
Priority(ias) claimed

@ Priorité(s) ravendiquée(s)
Staat: Tag: Aktenzeichen:
State: Date: File no,

Pays: Date: Numéro de dépét: 

Benennung von Vertragsstaaten : Siehe Formbiatt PCT/RO/101 (beigetogt)
Designation of contracting states : See Form PCT/AO/101 (enclosed)
Désignation d’états contractants : Voir Formulaire PCT/RO/101(ci-joint)

Bemerkungen:
Remarks:
Remarques:

EPA/EPCYOEBForm 1012 02.89

ESSl 
 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



      

 
         

  

                                                                                                                                                                                                                                                                                         
 

               
   
    

   
    

   
      

   

   
   

   
   
       
    
   
    

   

    
      
    
    

    
      
       

   

   
   
    
   
          
   
    
    
            
      

     
    
    
    
   

  

   

      
    

    
    
       

    

        

   
    

   
   

    
   
   
   
    

   

    
   
    
    
    
     
   
     
       
   

            
       

   
     
      
   
     

            
                

   
   

                                                                                                               

Petitioner LG Ex-1023, 0314

21 487454.56- HH) 8G 2B465: #

PCT/EP98/ 05383
525 BhsTRCVVONTEPA MULACHEN 06

Aneet Na

iin, SUV DESIGNATION OF STATIS TOTnee y

Vaz toltow-ng destenatigns arg Hereby rade under Rule Yay suse. oe oprceate ae ase ot ast patano wd,
Retinal Pateng

AP ONREFO Patent: GU Ghara, Gi
2W Zimbamss. ast cov awe MGaming, NE Reaea LS Lesotho. MWMalai §D Sudan

T Sie watchs a Contacting State of the Harare PB
( tA Eurasian Patent: AM Auwenis AZ aaerbouan BY Relanis. kG

Vieldoea, RO ise Pederaton, Py Tapkista, TM
Se Fatastan “acat Conventoand ofthe PUT

Luropean Patent. HE Belgium. CH aad Lt Switrcrland ant U heotes
Dh Wenmark. LS § AFR Rise. GBC acd Kanga GG: Wy
“"C Monaco. NE Ne 33. PT Portugal. SE Swedes and ans QUhet Siar wis
‘tent Conveatier gas ofthe PCT

® os OAPT Patent: BF tuchina rato, IS Rema CF Cestab Agtican Reweah CG Conse Choe ey .
Ga Gabon. GN Gunes, MIL Mali, Me Magriannga NE ager. SN Senegal, TH Cass, WG bese. and an one :
which wamember State oFOAPL anda Contractiag Stote ofthe PC 7 Pfasher EdaOnEaE OSTPALE A oteon dotted bine. :

SZ Sear sol i Gh waada.Potosi und ef tne POT

’ Keres esian. KZ Razukhstan, MD &
SMTKeIe i tan. and ans ther Stare whee!

louhhee oe
vitCamessag sate

 

 
 

Moor avin CY Cyprus, DF ay
ut  
   )we

   

National Pacent 47other boas afeatschon on weetmenit aesleed ws
(X Al. Albania
GG AM Armenia

Yo oAT Ausuia
AU Australia .

AZ Azerbaijan
RA Bosnia and Rericos ina
BB Harbados

BG Bulgans
BR iteazil

BY Belsrus
CA Canads

Cand LE Swigerland and Lacedtenstein
CN Cluna . .
CU Cuba ..

C2. Cresh Repubhe
DF Germany

han doued anes
Ls

LY Pathusma

Lt) Luxemboure
IV Latvia

ML Republics af Mald-va

MG Madapases: .. Le

MIBK The sonner Yugosiss Republic of Va

 
besshe |

ow
onons

MN Mongols
MWMalawi.
MIN, Meso

NO Norway
NZ New Zealand
PL Polane
PT Ponutal

RO Romama NASBANEYCRSSEIeeee,SeaCRSCARSSSOBOOSAOSSOSEARDK Denmark .. RU Russian Pedecanon
FE Estonia... SD Sudan
ES Spain . . SE Sweden
FI Finland..., SG Singapore
GB United Kinedon: ST Slovenia...
GE Georgia. .. , SK Slovakia...
GH Ghana SL Sisna Leone
Goi Gambia Td Tajikistan...@ GWGuinea-Bissau. TM=Yurkmenistan
HR Croatia TR Turkey... 0.
HU Hungary .... . TT Urinidad and Tobago
10 Indonesla . UA Ukraine
|a 2:| . UG Ligands ... an .

IS fceland ] US  Conited States of Americn ( CIP of PCT/FR!
JPojapan ..--. oe, 97/01354 filed on 22/07/97) |
KE Kenya..... Levees Lk eee MR] U2 Usbekisan ....
KG Kyrgyzsn. 88, sees El VN VietNam oo...
KP Democrauc People’s Repubtic of Korea RJ YU Yuposiavia

bonne eee ee tee eas Kl ZV Zimbabwe ...... a
KR Republic of Korea Check boxesreserved for desienating States (for the purposesof
Kz Kazakhstan. national patent) winch have become party to the pet afer
LC Saint Lucia issuance of this sheet:
LK Sti Lanka
LR (Liberia

MORBEENONVOeoRAREoOoOoeeeReeeseg
PrecautionaryDesignation Statement: (n addition

TeeS etter

othe designations mace abov

ee

¢, the appiicantalse makes andes Rule 4 9b) 3!! other

we

designations which would be pennined under the PCYexcept any designation(s) indicated ia the Supplemental Box as bene excluded
from the scope of this statenient. The applicant declare:§ Hat those additonal designations arc subject to confirmation and wal ans

onthsfrenthe priority dateisto be reparded as withdrawnby the applicantdesignation whichis notconfinned before theexpiration of15m
al the expiration of that timelimit. (Coryirmaiion| Payment ofthe designation and confirmauon

Form PCIROL (sccond sheet) (uly1998)
ofa designation consisis ofthefilag ofa rowee speesfng jiet designation angBe

fees Confirmanen must reach the teceiving Office within the [demonilt enefoul y
tne - leet os eemeee ertee wr

See Notws to the request form

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



 

           

     

   

     

     

            

               

               

   

        

             

             

                

                

              

           

              

               

             

               

 

              

              

               

                  

                

                  

                 

Petitioner LG Ex-1023, 0315

RCV. VOREEPA MUENCHEN 0G 12B- 8-98 > 16:47 ; 33.01 48745456—- +49 89 29994465:# 5 ”4,

secvepG Rs OF 48%

IMAG)! PROCESSING APPARATUS AND METHOD

Juventor: Patrick }irim

5

BACKGROUNDOFTH: INVIINTION

1. l‘icld of the Invention

10 Thepresent invention relates generally (o an image processing apparatus, and

®@ more particularly to a method and apparatus for identifying and localizing an area in
relative movement in a scene and determining the spced and oriented direction of the urea

in real time.

15 2. Description of the Kclated Ari

The human or animal eye is the best known system for identifying and

localizing an objectin relativemovement, and for determining its speed and dircction of
movement. Varions offorts have been made to mimic the function ofthe cye. Onetype of

device for this purposeis referred to as an artificinl retina, which is shown, for cxample,

20 in Giocomo Indiveri ef. al, Procecdingsof MicroNeuro, 1996, pp. 15-22 (analogartificial

retina), and Pierre-Frangois Rucdii, Proceedings ofMicroNcuro, 1996, pp. 23-29, (digital

artificial retina which identifies the edges of an object), However, very fast and high
e capacity memorics are sequired for these devices (0 opcrate in real time, and only limited

information is obtained about the moving areas or objects observed Other cxamples of __|

25 artificial retinas and similar devices are shown in U S. Patent Nos. 5,094,495 “and
5,712,729, .

Another proposed method for detecting, objects in an image is (o store a frame
from a video camera or other observation scnsorin a first (wo-dimensional memory. The

frune is composed of a scquence of pixels representative of the scene observed by the

30 camera at time t,. The video signal for the next frame, which represcnts the scene al time

{,, is slorod in a sccond two-dimensional memory. If an object has moved betwcentimesty
and t, the distance d by which the object, as represented by ils pixcls, has moved in the
scene between {, and {,is determined. The displacement speed is then equal to d/I, where
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Te-ty+ dy This type of system requires a very Jarge memory capacily if 1is used io obtain

precise spocd and oriented direction. Information for lhc movement Gf the obicet. There is

also a delay in obtaining, the speed and displacement direction information corresponding

to i, ‘1 R, where R is the time necessary for the calculations for the period 1, - (, system.

S$ These two disadvantages limit applications of this type of systcm.

Another type of prior image processing systemis shown in !rench Patent No,

2,613,063, of which the inventoz hercof is also an inventor. This patent icles 10 4

‘method and apparatus for rcal time processing of a sequenced data flow from the output

of a cainera in order to perform data compression. A hisiogtam of signal levels fon: the

10 camera is fonned using a first sequence classification law. A repicsentative Gaussian

@ function associated with the histogram is stored, and the maximum and minimum ievels
wre extracted. The signal Jevels of the next sequenec are compared with the signal ic .cls

for the first sequence using a fixed time constant identicad for cach pixel... sinary

Classification signal is gencrated that characterizes the nex! sequence with refercncs «.. the

15 classification Jaw An auxiliary signal is generated from the bimary signe) wir is

representative of the duration and position of a range of significant vulues Finais, the

auxiliary signal is used to pencrate a signal localizing the range with the longest cist on,

called the dominant range. These operations are repeated for subseguent sequence> - “he

sequenced signa).

20 This prior process cnables data compression, keeping oniy inig:.:ing

parameters in the processed flow of sequenced data. In particular, the process i. vapcle

@ _ Of processing @ digital video signal in order to extract and loculize ni Ives one
a characteristic of af Ieast one arca in the image.It is thus possible 10 classify, for cxaninic,

brightness and/or chrominance levels of the sipnal and to characterize and Jecakz< an

25~—object in the image.

U.S. Patent No. 5,488,430 detccts and cstimates a displacement by scnaraicly

determining horizontal and vertical changes of the observed area. Difference signah are

used to detect movenicnte from right to Iefl or fromIch to right, or fron top te batten or

bottomto top, in the horizontal andvertical directions respectively. This is acconm ished

30 bycarrying out an EXCL.USIVJ' OR function on horizontal/veriicel difference signals and

on frame difference signals, end by using a ratio of the sums of the horizontal’ veritcal

signals and the sume of frame difference signals with respect to n K x 3 window.

Calculated values of the image slong orthogonal horizontal and vertical directions are
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used with an identical repetitive difference K in the orthogonal dircetions, this difference

K being defined as a fanction of the displacement speeds that arc (o be determined. The

device determines the direction of movement along cach of the two orthagonal directions

by applying # sct of calculation operations to the difference signals, which requires very

5 complex computations, Additional complex computations arc also necessary to obtain the

speed and oriented direction of displacement (extraction of a square root to obtain the

amplitude of the specd, and calculation of the arctan function to obtain the oriented

direction), slarting fromprojections on the horizontal and vertical axes. This deviec also

docs noi smooth the pixc] valucs using a lime constant, especially a timc constant that is

JQ variabic for cach pixel, in order to compensate for excessively fast variations in the pixel

®@ valucs,

Uxtraction from a Sequence of Vipitized Gray-Scale Images," Institute of Micctrical and

Hinally, Albcrio Tomita Sates Representative. and RokuveIshii, "Wand Shape

lilcctronics Engineers, Vol. 3, 1994, pp. 1925-1930, detects movement by subtracting

15 between successive images, and forming histograms based upon the shape of a human
hand in order to extract the shape of a human hand in a digitized scene. The histogram

analysis is based upon a grayscaic inherent to the human hand. }( docs not include any

means of forming histograms in the plane coordinates . ‘The sole purpose of the method is

10 delect the displacement of a humanhand, for example, in order to replace the normal

20 computer mousc by a hand, the movements of which arc identified 1o control a computer.

Tt would be desirable to have amimage processing system which has a

relatively simple stracture and requires a relatively small memory cnpavity, and by which

information on the movement of objects within an image can be obtained in real-time. It

would also be desirable to have a method and apparatus for detccling movements that are

nat limited to the hand, bul to any object (in the widest scnse of the term)in a scene, and25

30

which docs not use histograms based on the gray values of a hand, bul rather the

histograms of different variables representative of the displacement and histograms of

plane coordinates. Such a sysicm would be applicable to many types of applications

requiring the detection ofmoving, and non-movingobjects.
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SUMMARY O}SHL INVENTION

The present invention is a process for identifying relative movement of an

object in an input signal, the input signal having a succession of frames, cach frame

sr having a succession of pixcls. For cach pixel of the input signal, the input signal is

smoothed using a time constant for the pixcl in order to generate a smoothed inpul signal.

Vor cach pixel in the smoothedinput signal, a binary value corresponding to the existence

of a significant variation in the amplitude of the pixc) betweenthe current frame and the

immediately previous smoothed inpul frame, and the amplitude of the vatiation. are

10 determined.

e Using the cxistence of @ significant variation for @ piven pixcl, ‘hc iime
constant for the pixel, which is to be uscd in smoothing subsequent frames of thinput

signal, is modified. ‘The time constant is preferably in the form 2", and is inereased or

decreased by incrementing, or dcecrementing p. Yor cach particular pixe) of sh: vuput

15 signal, two matrices are then formed: a first mairix comprising the binary vac: of a

subset of the pixels of the frame spatially related to the particular pixel; and a 3. cond

matrix comprising the amplitude of the variation of the subset of the pixcls of th. fame

spatially related to the particular pixel, Jn thefirst matrix, it is determingd woeds ths

particular pixel and the pixels along anoricnted dircetion relative to the particu a7 vixel

20 havo binary values of « particular valuc representing significant variation, and fr. such

pixels, it is determined in the second matrix whether the amplitude of the pixels aicay the

@ oriented direction relative to the particular pixe] varics in a known manne: dancingy

= movement in the osiented dircclion of the particular pixel and the pixels along the
oriented direction relative to the particular pixel. The amplitude of the variation of the

25~ pixels along the oricnted direction determines thevelocity of movement of the particular

pixel andthe pixels along the oricnted direction relative to the particular pixel.

In cach of onc or more domains, a histogram of the valucs distributed in the

first and second matrices falling in cach such domain is formed, For a particulier domain,

an area of significant variation is determined from the histogram for that domain,

30=Nistogyams of the arca of significant varialion ulong coordinate axes are then formed,

l'rom these histograms, it is determined whether (here is an area in movement for the

particular domain. The domains are preferably sclected from the group consisting of i)
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luminance,ij) speed (V),iii) oriented direction {121), iv) time constant (CO), v) hue, vi)

saturation, und vii) first axis (x(m)), and viii) second axis (y(m)),

In onc cmbodiment, the first and sccond matrices are square matrices, with the

same odd number of rows and columns, centered on the particular pixel. In this

5 embodiment, the steps of determining in the first matrix whetherthe particular pixel and

the pixcls along un oricnicd directionrelative to the particular pixel have binary valucs of

a particular value representing significant variation, and the step of determining in the

sccond inatrix whether the amplitude signal varics in s predetermined criteria along an

oriented direction relative to the particular pixel, comprise applying nested n x n matrices,

10° where nis odd, centered onthe particolar pixel to the pixels within cachofthe first and

@ sccond matrices, ‘The process then includes the further step of determining the smallest
nested matrix in which the amplitude signal verics along an oriented direction around the

particular pixel.

In an alternative embodiment, the first and second matrices are hexagonal

15 matrices centered on the parlicular pixel. In this embodiment, the steps of determining in

the first matrix whether the particular pixcl and the pixcls along an oriented dircetion

relative to the particular pixel have binary valucs of a particular valuc representing
significant variation, and the sicp of determining in the second matrix whether the

amplitude signa) varies in a predetermined criteria along an oricnted dircclion relative to

20 the particular pixel, comprisc applying nested hexagonal matrices of varying size centered

on the particular pixcl to the pixels within cach of the first and sccond matrices. The

@ process then further includes determining the smallest nested matrix in which the
"ee amplitudesignal varics along an oricnteddirection around the particular pixcl.

In_a stil} further embodiment of the invention, the first_and_ secondmatrices

25 are inverted J-shaped matrices with a single row and a single column. Jn this

embodiment, the steps of determining in the first matrix whether the particular pixel and

the pixcls along anoriented direction relative to the parlicular pixel have binary values of

a particular value representing significant variation, and the step of determining in the

second matrix whether the amplitude signal varics in & predetermined critcria along, an

30 oriented direction relative (0 the parlicular pixcl, comprise applyingnested n x n matrices,

where 1) is odd, to the single linc and the single column to defermine the smallest matrix

in whichthe amplitude varies on a Jine with the steepest slope and constant quantification.
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If desired, successive decreasing portions of frames of the input signat may be

considered using a Mallat time-scale algorithm, and the largest of these portions, which

provides displacement, speed and orientation indications compatible with the valuc of p,

is sciccted,

5 In a process of smoothing an inputsignal, for cach pixel of the input signal, i)

the pixel is sinoothed using a time constant (CQ) for that pixcl, thereby peneraling a

smoothed pixe) valuc (I.0), ii) it is determined whether {here exists a significant variation

between suchpixed and the sane pixe) in a previous frame, and ili) the time constant (CO)

for suchpixel to be used in smoothing the pixel in subsequent fames of the input signal is

10 modified based uponthe existence or non-existence of w significant variation.

@ The step of determining the existence of a significant variation fo 4 given
pixel preferably comprises determining whether the absolute value of the differences (AB)

between the piven pixc} valuc (1) and the value of such pixcl in a smoothed poor tame

(14) exceeds a threshold (SK). The step of smoothing the input signal yrreierably

15 comprises, for cach pixel, i) modifying the ime constant (CQ)for pixct such bass .20n

the existence of a significant variation as determined in the priorstep, and ii) detcrusiv ing

a smoothed value for the pixel (1.0) as follows:

PV. Sd
i =: fl 4 — 7Os Li CO

20

@ Yime constant (CO) is preferably in the form 2", and pis incrementcdin the
evenl that AB<SEand decremenicd in the event AB?SIE.

In-this-process,the-system—penerates-_an_outpul_signalcomprising, for cach

25 pixel, a binary value (DP) indicating the existence or non-existence of a significant

variation, and the valuc of the time constant (CO). ‘The binary valucs (OP) and the time

constants (CQ) are preferably stored in a memory sized {o correspondto the franic size.

A process for identifying an arca in relative movement in an input signal

includesthe steps of

30 generating a first arrny indicative of the existence of sipnificant variation in

the magnitude ofcach pixel between a current frame and a prior frame,

pencrating a sccond array indicative of the magnitude of significant variation

of cach pixel between the current frame and a prior frame;
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establishing a first moving matrix comered on a pixel under consideration and

coinprising pixels spatially related 10 the pixel under consideration, the first moving

matrix (raversing thefirst array for considcration of cach pixel of the curremt frame; and

determining whether the pixel under consideration and cach pixel of the pixels

5 spatially related to the pixel under considcration along an oriented direction relative

thereto within the first matrix arc a particular value representing the presence of

significant variation, and if so, cstablishing in a sccond matrix within the first matrix,

centered on the pixel under consideration, and determining whetherthe amplitude of the

pixels in the second matrix spatislly related to the pixel under consideration along an

10 oriented direction relative thereto are indicative of movement along such oriented

@ dircetion, the amplitude of the variation ‘along the oricnted dircetion being indicative of
the velocily of movement, the size of the second matrix being variedto identify the matrix
size most indicative ofmovement.

‘The process Surther comprises, in at Ieast onc domain selected from the group

15 consisting of i) luminance, ii) speed (V), ili) oricnied dircction (D1), iv) ime constant

(CO), ¥) hus,vi) saturation, and vii) first axis (x(n), and viii) sccond axis {y(m)), and ix)
data characlerized by external inputs, forming a first histogram of the values in such

domain for pixcls indicative of movement along anoriented direction relative to the pixe)

under consideration. If desired, for the pixcls in the first histogram, histograms of the

20 position of such pixels slong coordinate axes may be formed, and from such histograms,

an arca of the image mecling criteria ofthe at least onc domain may bedetermined.

A nrocess for identifying pixels in an input signal in onc of a piurality of

e classes in onc of a plurality of domains comprises, ona frame-by-frame basis:
——___—____for-cachpixel_oftheinputsignal,analyzingthepixcLandproviding an outpul _|

25 signa) for cach domain containing information to identify cach domain in which the pixel
is classified ;

providing a classificr for cach domain, the classifier enabling classification of

pixcls within each domain to sclccied classcs within the domain;

providing « validation signal for the domains, the validation signal sclecting

30 onc or moreofthe plurality of domains for processing; and

forming a histogramfor pixels of the output signal within the classes sclected

by the classifier within cach domain selected by the validation signal.
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The process further includes the steps of forming histograms along coordinate

axes for the pixels within the classcs selected by the classifier within cach domuin

sclected by the validation signal, and forming a composite signal corresponding to the

spatial position of suchpixels within the frame. Pixels falling within limits J, J, 4. J in
5 the histograms along the coordinate axes arc then identified, and a composite signal from

the pixels falling within these limits is formed,

A process foridentifying the velocity of movement of an arca of an input

signal comprises:

for cach particular pixel of the input signal, forming a first matrix comprising

10 binary values indicating the existence ar non-existence of a significant variation in the

@ amplitude of the pixel signal belweon the current frame and a priorframe for a subsel of
: the pixels of the frame spatially related {o such particular pixel, and a second matrix

comprising the ampliude of such variation:

determining in the first matrix whether the particular pixel and the pixels

15 along an oriented dircction relative to the particular pixe) have hinary valucs af a

particular valuc represcnting significant variation, and, for such pixels, determining in the

second matrix whether the amplitudes of the pixcls along an oriented direction relutive to
the particular pixel vary in a known manner indicating movement of the pixcl and the

pixels along #n oriented direction relative to the particular pixct, the amplitude of the

20 variation along the oriented direction determining (he velocity of movement of the

particular pixel.

A process for identifying a non-moving, area in un input signal compriscs:® forming histograms along coordinatc axes for pixcle of the input signal
without significant variation betweenthe current frame and a prior frame; and 

25 forming @ composite signal corresponding16the Spatia) positionofsuch
pixcls within the frame. .

An apparatus for idenfying rclative movement in an input signal comprises:

means for smoothing the input signal using a time constant for cach pixel, thereby

generating a smoothed inpul signal;

30 means for deicrmining for cach pixel in the smoothed input signal a binary

value corresponding to the existence of a significant variation in the amplitude of the

pixel signal between the current frame and the immediately previous smoothed input

frame, and for determining the amplitudeofthe variation;

 

omm19296
Sticky Note
None set by omm19296

omm19296
Sticky Note
MigrationNone set by omm19296

omm19296
Sticky Note
Unmarked set by omm19296



                

    
     

 

              

                

  

              

                 

                

      

 

              

              

             

             

               

         

        

              

           

            

                

              

  

             

 

             

               

           

             

            

            

               

  

           

              

              

Petitioner LG Ex-1023, 0323

RCV. SON:EPA MUENCHEN 06 7;26- 8-98 ; 16:52 : 33 ! 48745456— +49 8Y 29994465: #123 -
_.

AGT FAERARSact erp ga sORAB
9

means for using the existence of a significant variation for a given pixcl to

modify the time constant for the pixcl io be used in smoothing subsequent frames of the

input signal;

means for forming a first matrix comprising the binary valucs of a subset of

5 the pixels of the frame spatiallyrelated to cach particular pixel, and for forming a second

matrix comprising the amplitude of the variation of the subset of the pixels of the frame
spatially related to such particular pixel;

means for determining in the first matrix a particular area in whichthe binary
value for each pixc) is a particular vahuic representing’ significant vayiation, and, for such

10 particular arca, for determining in the second matrix whether the amplitude varics along

@: an oricnted dircetion relative to the particular pixe) in a known manner indicating
movementof the pixel in the oriented direction, the amplitude of the variation along the

oriented direction determining the velocity of movement of the pixel.

Anapparatus for smoothing an input signa) comprises:
15 means for smoothing cach pixcl of the input signal using # time constant (CO)

for such pixel, thereby generating a smoothed pixel value (1.0) ;
means for determining the existence of a significant variation for a given

pixel, and modifying the time constant (CO) for the ‘pixel to be used in smoothing the
pixel in subscguent frames ofthe input signal based upon the existence of suchsignificant

20 ~—-varintion.

An apparatus for identifying an area ju relative movement in an input signal

comprises:

e means for pencrating # first .atray indicative of the existence of significant
variation in the magnitude of cach pixel between a current frame and a prior frame;

25 nicans for pencrating a second array indicative of the magnitude of significant
varjation of cach pixcl between the current frame and i prior frame;

means for establishing a: first moving matrix centered on a pixel under

consideration and comprising pixels spatially related to the pixel under consideration, the

first moving matrix traversingthe first array for consideration ofeach pixel of the current
30 frame;

means for determining whether the pixcl under consideration and cach pixel
along an oriented dircction relative to the pixel under consideration within the first matrix
is a parliculur value represcnting the proscnce of significant variation, and if so, for
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cstublishmp a socond matria within the first mattix, ecntcred on the pixel under

consideration, and for determining whether the amplitude of the pixcts in the second

matrix arc indicative of movement slonp an oricnied direction rolative to the pixel under

considcration, the amplitude of the variation along theoriented direction beingindicative
5 of the velocity of movement, thesize of the second matrix being vinied to idemify the

inatrix size most indicative of movement.

An apparatus for identifying pixels in an input signal mm one of a pimalily of

classes in one of a plurality ofdomains comprises:

means for enulyzing cach piacl of the input signal and for providing an output

10 signal for cach domain containing informationto identify cach damain in which th: pixe)

® is Classified; |
” a classifier for cach domuin, the classifier classifying pixcls wrhr. each

domain in sclected classcs within the domain;

a lincar combination unit for cach domain, the linear combinaron =nit
15 generating a validation signal for the domain, the validation signal sclecting ons. score

of the plurality of domains for processing, and

means for forming. histogram for pixels of the oulput signa) wiih the
classes selected by the classifier within cach domain selected by the validation si:..2

An appuratus for identifying tho velocity of movement of an area G! xn cooul

20 signal comprises:

means for determining for cach pixcl in the input signa) a bya + sive

corresponding to the existence of a significant variation in the amplitude of the pixel
@, signal betweenthe current frame and the immediately previous smoothed inpal fame, end

for determining the amplitude of the variation,

25 —means-for-forming,foreachpartieutarpixelofthenputsignalfirst naly)x

comprising the binary valves of a subset of the pixcls'spatially related to such particular
pixel, and a second matrix comprising the amplitude of the variation of the subsc: of the

pixels spatially related to such particular pixcl; and ;
means for determining in the first matrix whether for a particular pixct, and

30 other pixels along anoriented direction relative to the particular pixel, the binary valucfor

cach pixel is a particular valuc representing sipnificant variation, and, for such particular
pixel and other pixels, determining in the second matrix whether the amplitude varies

along an oriented direction relative to the particular pixel in a known mannerindicating
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movement of the pixcl and the other pixcls, the athplitade of the variation slong the
oriented direction determining the velocity of movement of the pixel and the otherpixels.

Anapparatus for identifying a non-moving area in an input signal compriscs:
means for forming histograms along coordinate axes for pixels of a current

frame withouta significant variation from suchpixcls jn 8 prior frame; and
meansfor forming a composite signal corresponding to the spatial position of

such pixels within the frame.

1
q

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. ] is a diagrammatic illustration ofthe system accordingto the invention.

Fig. 2 is a block dingramof the temporal and spatial processing units of the
invention. i

Fig. 3 is a block diagramofthe (empora] processing unit of the invention.
Fig. 4 is x block diagram ofthe spatial processing unit ofthe invention.

Vig. 5 is a diagram showing the provessinig of pixels in accordance with the
inycntion.

Fig. © illustratcs the numerical values of the Freeman code used to defeminc
movement direction in accordance with tho invention, :

lig. 7 illustrates two nested matrices as processed by the temporal processing
unit,

Fig.8 iVustrates hexagonal matrices as processed by the temporal processing,
unit.

_—Fig.9illustratesreverse-1.matrices.as_probessedbythetemporalprocessing
unit.

}ig.9a illustrates angular sector shaped maitices as processed by the temporal
processing unil. ,

Fig. 10 is a block diagram showing the rclationship between the temporal and
spatial processing unils, and the histogram formation units

Fig. 11 is a block diagram showing the intorrclationship betweenthe various
histogram formation units.

Tig. 12 shows the formation of a two-dimensional histogram of a moving arca|

fromtwo one-dimensional histograms. |
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Yip. 13 is a block diagramofan individual'histopram formation unit.

Fig.14 illustratcs the use of the classificr forfinding an alignment of points
relative to the direction of an analysis axis.

‘

Fig.14aillustrates a one-dimensional histogram.

Fig. 15 iustvates the use of the: system of the invention for
|

videoconferencing.

Kig.16 is a top view of the sysicm of the invention far video-conferencing.

Vig.17 is a diagrami}lustrating histograms fonned on the shape ef the heed of

8 participant in a video conference.

Fig, 18 ilustratcs the system of the invention eliminating unncceszary
information in a video-conferencing application.

Fig. 19 is a block diagram showing use of the system of the inventic: for

target (racking.

Fig. 20 is an illustration of the sysiem of the invention selecting « imgs jor

(racking. |
Figs. 23-23 illustratc the system of the invention jocking on tov sel. ted

darpot. :
Fig. 24 illustrates the processing ofthe system using a Mallat diazran:

DETAILED DESCRIPTION O} shi INVENTION
 

The present invention is a incthod and apparatas for detection oF resetive

movement or non-movement of an area within an image. Relative movement, as used
herein, means-movementofararea,whichmaybeanobject™itrthebroadestsense-oF the

lerm, ¢.g., 4 person, a porlion of & person, or any animals or jnanimate object, in an
approximatcly motionless environment, oF approximate immobility of an area in an
environment that is al least partially in movement.

Referring to Fig. 1, image processing aystom 1) inchides an inpui 12 that
receives a digital video signal § originating from a video camera or other imaging dcvice
12 which monitors a scenc 13a. Imaping device 13 is preferably a conventional CMOS
type CCD camera. It is, hawever, forcscen that the sygtom of the invention may be used
with any appropriate scnsarc, p. , ultrasound, IR, Radar, tactile array, cle. , that generates
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an output in the form of an array of information corresponding to information observed by

the imaging device. Imaging device 13 may have a direct digital output, o1 an analog
output that is converted by an A/D converterinto digilal signal S.

While signal § may be a progressive signal, in a preferred embodiment, in
5 which imaging device 13 is 4 conventional video camera, signal $ is composed of a

succession of pairs of imerlaced frames, TR, und TRY, and TR,and ‘T'R',, each consisting
of a successionof horizontal scanned lines, c.g,, J, ,, Vbreohsan in TR,, and 1,, in TR, Hach
line consists of a succession ofpixels or imvage-poims 1, CB Ay), 8), anda,, ior linc 1,4;
al,,, and at,., for fine },,, ; al,, and a,, for line hi. Signa) S(P]) represents signal S

10 composed ofpixels PI. |

@ As knownin the art, S(P)} includes a Same synchronization signal (ST) at the
, beginning of cach framc, a line synchronization signal (SJ) af the beginning of cachline,

and a blanking signal (3).). ‘Thus, S(PI) includes 4 succession frames, which arc
representative of the tine domain, and within cach frume, a scrics of lincs and pixels,

15 whichare represemiative of the spatial domain.

In the time domain, “successive frames" shall refer lo successive franyes of the
snme type (i. ¢. , add frames such as TR,, or cven frames such as ‘I'R’)), and “successive

pixcls in the same position" shall denote successive values of the pixels (P)) in the same
location in successive frames of the same type, c.p., a, of ],, in frame TR, and a,, of 1,

20 in the next corresponding frame TR. :
Imago processing, systom 11 generates optpuis ZI] and SR 14, which arc

& preferably digital signals. Cumplex signal 2H comprises a pumber of output signale
7 generated by the system, preferably including signals indicating the cxistence and

localization of an area or object in motion, and the speed V andthe oriented direction of
25~~displacement D) ofpixcls of the image. Also output from the system, if desired,is input

digital video signat §, which is dclaycd (SR) ta inake ht synchronous with the output ZH
for the framo, taking into acconnt the calculation time for the data in composite signal Z/)
(one frame). The delayed signal SRis used to display the image received by camera 13 on
a monitor or television screen 10, which may also be used to display the information

30=contained in composite signal 7J]. Composite signal 73] may also be transmitied to a
separate processing assembly 10a in which further procossing of the signal may be
accomplished.
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Referring to lig. 2, image processing syston 11 includes a first assembly | 1a,
which consists of a temporal processing unit 15 having an associated memory 16, a spatial
processing unit 17 having # delay unit 18 and sequencing unit 19, and a pixel clock 20,
which generates a clock signal HP, and which scrves as a clock for (cmporal processing

5 unit 15 and scquencinp unit 19. Clock pulses 12h are ‘generated by clock 20 at the pixel
ratc of the image, which is preferably 13.5 MJ)Z.

Fig. 3 shows the opcration of temporal processing unit 15, the function of

whichis to smooth the video signal and gencrate a puynber of outputs that arc utilized by

spatial processing, unit 17. During processing. fempordl processing unit 15 retrieves from
10=memory 16 the smoothed pixel values 1) of the digital video signal from the immediately

® prior frame, and the values of a smoothing time cohstant Cl for cach pixel. Az used
hesein, 1.0 and CO shall be used to denote the pixel’ vahies {i.) and time constants (C)
stored jn memory 16 from temporal processing unit 15, and }J and Cd shall dcnaty ine
pixel valucs (L) and time constants (C) respectively for such valucs retricvcc om

18 memory 16 for usc by temporal processing unit 15. Temporal processing, unt. 35

generatcs a binary output signal 2) for cach pixel, which identifies whether the pase! sas
undergone significant variation, and a digital signal CO, which represents the wscsicd
calculaicd valuc of ume constant C. :

Referrmg to Fig. 3, temporal processing ‘unit 1S inchides a firsi Woes ‘Sa

20 which reccives the pixels Pl of input video signal s. For cach pixel Pl, the wmp..zal
processing unit retrieves from memory 16 a smoothed value LL) of this pixc! frow che

@ inmnediately preceding corresponding frame. whith was calculated by temporal
f processing unit 15 during processing of the immofiiatcly prior frame and stare.’ in

memory 16 as 1.0, Temporal processing unit 1$ calculates the absolute valuc AB of the
25—difference-between-exeb-pixel-value-PLand-Li-forthe-samepixel_position_(for_exwanle _

a,,, of ],, in PR, and of J,in TR, :

AB= [PI

30

‘Temporal processing unit 15 is controled by clock signal IP framclect 29 in

order to maintain synchronization with the incoming pixe] stream. Test block 15h of

temporal processing unit 15 receives signal AB and a threshold valuc SE. Threshold SH
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may be constant, bul preferably varics based uponthe-pixel value PJ, and more preferably

varies with the pixel value so as to form a gamma ebrreetion. Known means of varying
SEto form a gammacorrectionis represented by the plional block 15e¢ shownin dashed

lincs. Test block 15b compares, on a pixcl-by-pixel tai digital signals AB und $2 in
> order to determine a hinary signal DP. 1f AB excceils threshold SH, which indicates that

pixel vahic P} has undergone significant variationas compared to the smoothed value 3.]
of the same pixel in the prior frame, DPis set 10 "I" for the pixcl under consideration,
Otherwise, DP is set to "0" for such pixel. |

When DP = 1, the difference between thepixel value P) and smoothed value
10 3.3 of the same pixcl in the prior frame is considered too great, and icmporal processing

@ unit 15 atlempis to reduce this differencein subsequent frames by reducing the smoothing
lime constant C for that pixel. Conversely, if DP (, temporal processing unit 15

allempts to increase this difference in subsoquent frmes by increasing the smoothing
time constant €for that pixel. These adjustments to me constant C as a function of the

15. valuc of P are made by block 150, IF DP = 1, block 1] 5¢ reduces the time constant by a
unii value U so that the new value of the time constant CO equals the old valuc of the
constant Cl niinus unil. value 1;

 

CoO= CT-0

20 |
If DP =. 0, block 1Se incrcases the time vostant by a unit valuc U so thatthe

@ new valuc ofthe time constant CO equals the old valu of the constant C! plus unit value

25 CO: CHI) |
{

Thus, for cach pixcl, block 1S¢ receives the binary signal DY from test unit
15b and time constant C] from memory 16, adjusts ct up or clawnby unit value U, and
gencraies a new Lime constant CO which is stored in rhomory 16 1 replace time constant

30 Cl.

In a preferred cmbodiment, time constant C, is in the form 2", where p is
incremented or deeremented by unit value W, which preferably equals 1, in biock 1Sc.

Thus, if DP = 1, block 15c subtracts one (for the eave where U1) from p in the time
|
\

i
{|
1
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constant 2° which becomes 2”'. If DP = 0, block 15¢ adds one to p» in time constant 2”,
which becomes 2". The choice of a time cons(ant of the form 2”facilitates calculations

4 and thus simplifies the structure of block 15c.
; Block 15¢ includes several tests to nate proper operation of the sysicm.

§ First, CO must remain within defined limits. In a pheferred embodiment, CO must not
become negative (CO > 0) and it must not cxeced 4 tipi N (CO SN), whichis preferably
seven. Jn the instance in which C} and CO are in Ue form 2", the upper limit N is the
maximumvalue forp.

: The upper limit N may cither be constabit or variable. If N is variblc, an
10=optional input unit 1$f includes a register or memory that cnables the user, ar ancuber

® controller to vary N. The consequence of increasing N is to inercase the sensitivity of the
system to detecting displacement of pixels, whereas! reducing N improves detection: of

; high speeds. N may be made to depend on 21 (N may vary on 4 pixel-by-pixci basis, if
desired) in order to regulate the variation of 1.0as a function of the lever of FL ic. Ny=

15 (P14), the calculation of which is donc in block 154, which in this casc would receive the
value of P] from video camera 13.

Finally, a calculation block 15d receives, for cach pixel, the new time constant
CO generated in block 1S¢, the pixel valucs P) of the meoming video signal §, av. thet

smoothed pixel valuc }J of the pixel in the previous frame from memory 16, Caledleuon
' '

20 block 15d thencalculates a new smoothed pixe) valuc | (O for the pixe! as fallows

® _ 1O= LA at-14)/¢0

 
25 ooCO2then ~

1O= 114 (4-1/2
where "po", is the newvaluc ofp calculated in unit 150 and whichreplaces previous value

; 30. of "pi" in memory 16. |
The purpose of the smoothing operation is }o normalize variations in the value

of cach pixc) Pi of the incoming video signal for redycing the variation differences. lor

; each pixel of the frame, temporal processing unit 15 relricves 1.) and Cl frominemery16,
|I

{

{
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|
and generates new valucs 1.0 (new sinoothed pixel Lvahuc) and CO (newtine constant)j

that are stored in mcmory 1G to replace 1.) and | respectively, As shown in Fig. 2,temporal processing unit 15 transmits the CO and PP values for cach pixcl to spatial

pruccssing unit 17 through the delay unit 18.

The capacity of memory 16 agsusning, tha there arc R pixcls in a fram, and

therefore 2R pixels pcr complete image, must be af least 2K(c1f) bits, where ¢ is the

numberofbits requircd to store a single pixel valuc I) (preferably cight bits), and fis the

numberofbits required to store a single time constant, C] (preferably 3 bits). If cach video
imageis composed ofa single frame (progressiveimape),it is sufficient 10 use R(c+f) bits

rather than 2)(e Vf) bits.

Spatial processing unit 17 isused to identity an arca in relative movement in
the images from camera 13 and to determine the spcod and oriented dircetion of the

movement. Spatial processing nit 17, in conjunction jwith delay unit 18, cooperates with
a contro] anit 19 that is controlicd by clock 20, whith generates clock pulse IP at the

pixel frequency. Spatial processing, unit 17 receives signals JP, and CO, (where i and j
correspondto the x and y coordinates of the pixel) frqin {emporal processingunit 15 and

processes thesc signals as discussed below. Whefcas temporal processing unit 15
processes pixcls within cach frame, spatial processijp unit 17 processes groupings of
pixels withinthe frames.

Fig. 5 diagrammatically shows the telnporal processing of successive

corresponding frame sequences TR, TR, JR, and the spatial processing, in the (hese

_ frames of » pixel PJ with coordinates x, y, af timsp {,, 1and t,. A plane in Mg. 5
corresponds to the spatial processing of a frame, whercas the superposition of framescorresponds to the temporal processing of successive tee

Signals DP, and CO, from tempora) propessing unit 15 arc distributedA by
spatial processing wnit 17 into a first matrix 2] containing a number of rows and columns
much smaller than the number of lines 1. of the frame and the numberof pixels M per
line. Matrix 21 preferably includes 2} 4 1 Jincs along the y axis and 2nv!} columns along
the x axis Gn Cartesian coordinates), where 1 anf m arc small integer numbers.

Advantageously, | and mare chosen to be powers of 2] where for example| is equal 10 2"

and mis cqual to 2°, a and b being integer numbeo16' of ubout 2. to 5, for example. To

sinyplify the drawing and the explanation, mwill be ve to be cqualio | (although it may
fi will have 2x 8+! 1+ 17 rows andte different) and m «© 1: 2°+ 8. Jn this casc, matrix 2

- &-9B > 1Gi5G ¢ Bu | 48715456- 449 SY DBUs4 21
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17 columns. Fig. 4 shows a portion ofthe 17 rows Y.. Yyse Yyss Yi, and 17 columns X,,
Xy eXy5, X54 Which form matrix 21. |

Spatial processing unit 17 distributes inte ] x m matrix 21 the incoming flows
of 12, and CO,, from temporal processing, unit 15, WU will be appreciated thal only a

5 subset of all DP,, and CO,, values will be included il matrix 21, since the frame is much
larger, having J. Jincs and M pixels per row (ex| 312.5 lines and 250-800 pixcls),
depending upor the 1'°V standard used.

In order todistinguish the L. x M matrix of the incoming video signal fron: thea
1x m matrix 21 of spatial processing unit 37, the indices i and j will be used10 represent

10 the coordinates of the former matrix (which will oly be scon when the digital video

signal is displayed on a television screenor monitor) hind the indices x and y wil! be used
to represent the coordinates of the latter. A( a giveninstant, a pixc) with eninsiantancous

valuc PJ,is characterized at the input of the spatial processing unit 17 by signals DF,. and

Coy, The (2H ) x (2m 41 1) matrix 21 is formed by scanning cach of the 1.x M iucnces
18 for DP and CO.

In matrix 2.1, cach pixel is defined by 1, row nuinber between 6 anc 16

(inclusive), for rows Y, ta Yj, respoctively, and a= number between 0 cnc 16
(mclusive), for columns X, to X,, respectively, in the oase in which 2+ ni = 8. 3nthis caso,

matrix 21 will bs a plane of 17 x 17 = 289 pixels.
20 In lig. 4, clongated horizontal rectangles Y, to Y,, (only four of which have

boen shown,i.t., Y, Yys¥4s and Y,,) and vertical dines, X, to X,, (of which only four have

pixcls having indiccs defined at the intersection ofan ordinate row and an abscissa

column. For exaniple, the P,, is at the intersection of_~ 8 and row8 as iIusinaed m 25 Fig. 4 al position ¢, whichis the center of matrix 27,
|

sequencing unit 19: i) gencrates # line scquencesignal SI. at a frequency equal te the

In response to the NP and BL. signals fron clock 20 (Hig. 2), a rate contro} or

quotient of 13 5 MHZ (for an image with a corresponding numberof pixcis) divided by

the number of columns perframe (for example 400) toldelay unit 18,ii) generates a frame

number of rows in the video image, for example 312.5, iii) and outputs the HY clock

30 signal SC, the frequency of whichjs cqual to the quotjent 13,5/400 MIIZ divided vy the

signal. Blanking signal BI. is used to render ahunit 39 non-operational during

|
i

i
|'

{

|
|
|

1

|

-
i
\
||

i

|}
|

® boos shown, 1.6, Xp, X,,X,5 and X,, ) iustrate matrik 2] with 17 x 17 image points or
{
1

|

|

| synchronization signals in the input image.

|

|

|
|

:

——eR  
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A delay unit 8 carrics out tho disiributipn of portions of the 1. x M matrix

info matrix 21, Deluy unit 18 receives the DP, CO, afd incoming pixel S(PI) signals, and

distributes these into matrix 21 using clock signal PP and line scquence and column
sequenecc signals SL and SC.

5 In order to form matrix 21 from the incoming stream of DP and CO signals,

the successive rows Y, 10 Y,, for the DP and CO signals must be delayed as follows:

row Y, - not delaycd ;

row Y, - delayed bythe duration ofa frame linc TP;

row Y, - delaycd by 2 7p;

10 and so on until

row Y,,- delayed by 16 TT’.

The sucecasive delays of the duration of a frame row TP, arc carried outin a

cascade ofsixteen delay circuits r,,7,,...17,, that serve tows Y,,Y...Y,, , respectively, row

Y, being served dircetly by the })P and CO signals without any delay upon arriving from

15 temporal processing unil 1$, All delay circuits 1,,t..4,, may be built up by a delay line

with sixtcen oulputs, the delay imposed by any sectibn thereof between two successive
outputs being constant und cqual to 77’,

Rate control unit 19 controls the scanning of the entire 1. x M frame matrix

_—_—____—_—_—_@—___—_-
over matrix 21. The circular displacement of pixels in h rowofthe frame matrix onthe 17

20 x 17 matrix, for example from X, to X,, on row Y,, ig donc by a cascade ofsixteen shifi

regisicrs d on each of the 17 rows from Y,to Y,,(giving atota) of 16 x 17 = 272 shift

registers) placed in cach row belween two successive pixel positions, namely the segisicr

of d.; between positions Pl, and Ply), registerdy, betw n positions Pl,, and Pi,,, cite. Hach 

 

register inyposes # delay ‘I'S cual to the time diffcrende between two successive pixcls in

25  arow ofline, using column sequence signal SC, Hecalise rows / ,,/, ... fy) ina frame TR,

(Fig.1), for S(PI) and for DY and CO, reach delay| unit 18 shifled by TP (complete

duration of a row) one afler the other, and delay unit 18 distributes them with gradually

increasing delays ofTP onto rows Yo, Y,... ¥ 4, these rows display the DP and CO signals

at a given time for rows 4, /,,...4,, in the same frame|portion. Similarly in a given row,

30 c.g, 71, successive pixe) signals a,,, a)... arrive shied by TS and shifl registers d

impose a delay also cqual to ‘SS. As a result, the pixpls of the DP and CO signals in a

given row Y, to Y,, in matrix 2], are contemporary, i.c., they correspond to the same

frame portion,
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The signals representing the COs and J))’s in matrix 21 are available at a

giveninstant on the 16x 17 - 272 outpuls of the shift Pogisters, as wel! as upsivcain of the

registers ahead of the 17 rows,i.c. registers day, dy) .4. dig, Which makes a total of 16 x

17+17* 17x 17 outputs for the 17 x 17 positions Pod, Po j.uPgs Pain

5 In order to better understand the process of spatial processing, the systcm will

be described with respect to a smal] matrix M3 containing 3 rows and 3 cojumus where

the central element of the 9 elements thereof is pixel|¢ with coordinates x «8, y = 6 as

iustrated below:

(M3)oS ws= res —=™

Jn matrix M3, positions a, b, ¢, d, f, g, h, 3 around the comrai piace! ¢

corvespond to cight oriented directions relative to tha central pixel The cight directions

15 may be identificd using the Freeman code Hlustratcd ip Vig. 6, the dircetions being cuded

0 to 7 staning from the x axis, in steps of 45 ° Jn tht Freeman code, the cight possible

oriented direclions, may be represented by 4 3-bit number sinec 2? © §.

Considcring matrix M3. the 8 directions ofithe Freeman code ure as foils:

20

3°92 =41

_ . a 4 2 9 -

7 5 6 7

25 ~Returning tomatrix 2] having 17 x 17pixels, a calculation onit 174 exemines
ut the same time various nested squarc second matrices centered on ¢, with dimensions 15
x15, 13x 13,1) x 11,9x%9,7%7,5x5 and 3 x 3,lwithin matrix 21, the 3 x 3 matrix

being the M3 matrix mentioned above, Spatial progcssing unit 17 determines which

matrix is the smallest in which pixels with DP = J arclaligned along a straight hne which

30—determinesthe direction ofmovememofthe aligned pixels.

For the aligned pixcls in the matrix, the system determines if CO varics on

cach sids of the central position in the dircction of alignment, from ‘ia in an oricited

direction and -a in the opposite oricnted direction, where I <acN. Vor example, if
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positions g, e, and c of M3 have valucs -1, 0, +1, then a displacement cxists in (his matrix

from right to Iefl. in the (oricnted) dircction 1 in thé Freeman code (Fig. 6). However,

positions g, ¢, and ¢ must al the same time have DP} 3. The displacement speed of the

pixels in motion is greater when the matrix, among the 3 x 3 to 15 x 15 nested matrices, in

§ which COvaries from 41 or -1 between two adjacent positions along a directionis larger.

For example, ifpositions g, ¢, and ¢ in the 9 x 9 matr[x denoted M9 have values -1, 0, 41

in oricnted dircetion 1, the displacement wil] be faster than for valucs -1, 0, 4) in 3 x 3

matrix M3 (ip. 7). The smallest matrix for which »fine meets the test of DP 1 for the

pixcla in the Jine and CO varies on each side of the!ccntral position in the direction of
10=alignmem, from 4a in an oriented direction and -a i} the opposite oriented dircetion, is

chosen as the principal linc of interest. °
In a further step in the smallest matrix 3x3, the validity of tie calculation with

a variation of plus or minus {wo units (Co) with P41 determines a subpixel movement

ic. onc halfofpixc) per image.

14 In the same wayif the variation is of plub or minus 3, the movementis stil}

sloweri.c. onc third ofpixel per ininge.
One improvement: for reducing, the powoy of calculation is 10 test only the

valucs which are symetrical relative to the central vgluc. ‘he test DP] and CO=+1 or

 
CO.-42 and 43 in the smallest matrix allows to simplify the hardware.

20 Since CO is represented as a power of 2 in a preferred embodiment, an

extended range of speeds may be identified using only a fow bits for CO, while still

enabling identification of relatively low speeds. Varying enead may be detected bocausc, 

 

for example -2, 0, +2 in positions g, e, ¢ in 3 x 3 matyx M3 indicatcs a spced half as fast

as the speed corresponding to J, 0, 4-1 for the samcpositions in matrix M3. 

2 ‘Jwotests arc preferably performed on the Fesults 10 remove uncertaintics. The

first Lest chooses the strongest variation, in other words the highest time constant, if there

are variations of CO along several directions in onc pf the nesicd matrices, The second

test arbitrarily chooses onc of two {or more) directions along which the variation of CO is

identical, for example bychoosing the smallest valuc gf the Freeman code, in the instance

30 whenidentical lines of motion aro directed in a singlé matrix in different directions This

usually arises when the actual direction of displaccnjcnt is approximately between two

successive coded directions in the Frecman code, for example between directions 1 and 2
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corresponding to an (oricntcd) direction that can be denoted 1.5 (Fig. 6) of about 67.5°

with the x axis dircetion (direction 0 in the Freeman eqde).

The scanning, of an entire frame of the digital video signal S preferably occurs

in the following scquencc. Thefirst group of pixels copsidcsed is the first 17 rowsorlincs

5 of the frame, and the first 17 columnsofthe frame.|Subsequently, still for the first 17

rows ofthe frame, the matrix ismoved column by colin from the Icfl ofthe frameto the

right, as shown inFig.5, i.e. from portion TM,at the extreme Icfl, then ‘TM, offsel by one

column with respect to TM,, until TM, (where M is {he number ofpixels per frame Jine

or row) at the extreme right. Oncethe first 17 rows haye been considered for each column

 

 

 

 
 
 

10 from Iefi to right, the process is repeated for rows % to 18 in the frame. This process

continucs, shifting down one row ala time until {he Jast group oflincs at the bottomofthe

frame, i.c., lines L - 16... L (where L is the mumber of fines per frame) are considered.

Spatial processing unit 17 generates the} following output signals for cach

pixel: i) a signal V represcnting the displacement spced for the pixel, based upon the

15 amplitude of the maximumvariation ofCO surrounding the pixel, the value of which may

be, for example, represented by an integer in the range/0-7 if the speed is in the form of a

power of 2, and therefore may"be stored in 3 bits, 33) ajsignal DI representing the dircction

of displacement of the pixcl, which is calculated] from the dircction of maximum

variation, the valuc of 19] being also preferablyrepresented by an integerin the range 0 - 7

20 corresponding to the Jreeman code, stored in 3 bits! iii) a binary validation signa) VI.

 
which indicates whether the result of the speed and onented directionis valid, in orderto

be able to distinguish a valid output with V= 0 and DI = 0, fromthe lack of an output duc

1o an incident, this signal being 1] for a valid outputor0 for an invalid output, iv) 2 time

constant signal CO, stored in 3 bits, for example, and v} a delayed vidco signal SR

25consistingoftheinpnt-video-signal-S-delayed-i

durations TR and therefore by the duration of the distr}bution of the signal § in the 17x 17
Jny-unit-18-by-16-conscetive line

matrix 21, in order to obtain a video signal timed to matrix 21, which may be displayed

‘on & television set or monitor. Also output are the clock signal HP, line sequence signal
SL and columnsequence signal SC from contro] unit 19.

30 An improvement in the caleulation af the notion where several directions are

responsive at the same time consists in testing by proup of 3 contiguous directions the

validity of the operations and lo sclect only the centre) value.
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Nested hexagona) matrices (Fig 8) or anjinverlod L-shaped matrix (lig. 9)

may be substituted for the nested reclangulur matrices|in Figs. 4 and 7. In (he case shown

in Fig. 8, the nested matrices (in which only (he mosi central matrices MRI and MR2

have been shown) are all centered on point MRO which correspondsto the central point of

5 matrices M3, M9in Jip. 7. ‘he advantage of a hexagbnal matrix systemis that it allows

the use of obliguc coordinate axcs x,, y,, and a breakdowninto trianglos with identical

sides, to carry out an isotropic speed calculation.

The matrix in J‘ig. 9 is composed of a single row(1.,) and a single calumn (C,)
slurting fromthe central position MR, in which the two signals DP and CO respectively

10 are equal to "}"for DP and increase or decrease by ong unit for CO, if movement occurs.

If movementis in thedirection of the x coordinate, the CO signal is identical

in all positions (boxes) in column C,, and the binary signal DP is equal to'7 in all

positions in rowL.,, fromthe origin MR,, with the valpc CO,, up to the position in which

COis equal to CO, 4 or -J inclusive. Jf movement is fn the direction of the y coordinate,

15 the CO signal is identical in al positions (boxes) in pw 1,,, and the binary signal DP is

equal to 1 in all positions in column C,, from the origin MR,, with the valuc CO,, up to

the position in which CO is equal to CO, +1 or -J bnelusive. 1f movement is oblique
relative to the x and y coordinates, the binary signal 1)?is cqual to 1 and COis equalto
CO,in positions (boxcs) of]., und in positions (boxes) of C,, the slope being determined

20 by the perpendicular to the Jine passing through the two positions in which the signal CO,

changes by the valuc ofone unit, the DP signal alwaysicing cqual lo 1.

Tig 9 shows the case in which DP = 1 and CO, changes valuc by onc unit in

tho (wo spocific positions I, and Cy. and indicates the corresponding slope P,. In all

cases, the displacement speedis # function of the position in which CO changes valuc by 

25 onc unit. 1f CO changes by onc unit in L, or C, only, itjcorrespondsto the valuc of the CO

variation position. 1f CO changes by one unil in 4 position in L, and in a position in C,,

ihe speed is proportional to the distance between MR, and B, (intersection of the line

 

 

perpendicular to C,-1., passing through MR,).

Fig.9u shows an ‘imaping device with sdnsors located at the crossings of

30 concentric lincs.¢ and radial lincs d, said binces corrcapo iding io the rows and colunms ofa
rectangular matrix imaging device.

Anangular sector shaped odd matrix nxn Mcis associated to said imaging
device.
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The operation of such imaging arsangcment is controlled by a circular——
scaniing sequencer,

Lxecpt the sequencing differences, tho operation of this arrangement is

idcntical to that of the square matrix arrangement.

5 As shownin Vigs 10 - 14, image processing system 11] is used in connection

with « histogram processoi 22a for identifying object: within the inpul signal bascd upon

uscrspecified cri(cria for identifying such objects. Al bus Z-2., (Sec Figs. 2. 16 and 17)

transfers the output signals of image processing sysicm 11 to histopram processo: 22a,

Histogram processor 22a gencrutes composite ojiput signal ZU whieh contains

10 information on the areas in relative movementinthe stenc.

Referring to Fig. 1, histogram processor 22n includes e bus 2: for
communicating signals between the various comporjents thereof, Histogran: fermion

and processing blocks 24 - 29 reccive the various inpyt signals, i.c., delayed disc’ .-1e0

signal SR, spced V, oricnted directions {in Freeman egde) 11, time constant CO. se. xis

15 x(m) and sccond axis y(m), which are discussed in fletail below. The fimeter ¢ ach 
 histogram formation block is to enable a histogram to be formed for te: .1...am

associaicd with that block. For example, histogram formation block 24 reve. che

delayed digital video signal SR and enables a histogram to be formed for the ii. ace
od

20 by anumberinthe range of 0-255, histogram formation block 24 is preferabiy i>... ry

valucs of the video signa). Since the Juminanceof the bignal will gencrally be reee>

addressable with 8 bils, with cach memory location having a sufficient number oF 3. - to

correspondto the numberofpixels in a frame, |
Histogram formation block 25 receives, speed signal Vo and cnehi,

histogram (o be formed for the various speeds prpscni in a frame. Ine metered

25—~cmbodiment, We speed is an intoger in the range 0-7) Histogram formation bios. DFis
then preferably a memory addressable with 3 bits, with cach memory location havinga
sufficient numberofbits to correspondto the number of pixels in a frame,

Histogram formation block 26 reecives priented direction signa! 2. end

enables a histogram ta be formed for the oriented directions prescnt in @ fram< Ina

30 preferred embodiment, the oriented direction 1s an integer in the range 0-7, comesponc:ng
to the Freoman code. Histogram formation block 26 is then preferably a memory

addressable with 3 bits, with cach memorylocation having a sufficient numberaf hits to

correspond fo the numberofpixcls ina frame.
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Histogram formation block 27 reccives time constant signal CO and cnables a

hisiogram to be formed for the time constants of te pixels in a frame In a preferred
embodiment, the time constant is an integer in the rafige 0-7, Histogram formation block

27 is then preferably a memory addressable with3bits, with cach memary location
Shaving a sufficient numberofbits 10 correspond 10 tnetmumber of pixels in a frame.

Vlistogram formation blocks 28 and 2) ieccive the x and y positions

respectively ofpixels for which a histogram is to be foymed, and formhistograms for such

pixels, as discussed in greater detai) below. Histograin formation block 28 is preferably
addressable with the numberofbiis corresponding to fhe number of pixels in a line, with

10 each memory Jocation having a sufficient numberofbits ta correspond to the number of

eo lines in a frame, and histogram formation block 29]is preferubly addressable with the
- number of bits corresponding 10 the number of lints in a frame, with each memory

location having a sufficient number ofbits 10 concspodd to the numberofpixels in a linc.

Referring to Figs. 12 and 13, cach of the pistogram formation blocks 24 - 29
15 has an associated validation block 30 - 35 respectively, which gencrates a validation

signal V1 - VG respectively. In gencral, cach of the hfstogram formation blocks 24-29 is

identical to the others and functions in the same manndr. For simplicity, theinventionwill
be described with respect to the opcration of histogram formation block 25, it being

appreciated that the remaining histogram formation {blocks operatic in a Tike manner.

20° -Histogrem formation block 25 inchades a histogramfotming portion 25a, which formsthe

histogramfor that block, and a classifier 25b, for sclecting the criterin of pixcls for which

the histogramis to he formed. Histogram forming poxion 25a and classifier 25b onerate

under the control of computer soflware in: an osecircuit 250, which extracts certain
limits of the histogram pencrated by tho histogram formationblock.

25 Refersing to Fig. 13, histogram forming portion 25a inchides a memory 100,
which is preferably a conventional digite] memory. Ip the case af histogram formation

block 25 which forms a histogram of speed, memory 400is sizcd to have addresses 0-7,

each of which may store up to the number of pixdls in an image. Between frames,

memory 100 is initiated, i.c., cloared of all memory, by setting fi#--1 in multiplexors 102

whichis output to the ala In fine of memory 100, Al fhe same fime, sciting Hit: 1 canson

multiplexo: 104 to select the Counter inpul, which jis output to the Address linc of

30 and 104, This has the effect, with respoct to mulliplexor 102 of selecting the "CG" input,

memory 100. The Counter input is connecicd to a counjer (not shown) that counts through
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all of the addresses for memory J00, in this case Osaddresss7. ‘This has the cffer: of

placing a zero in al] memory addresses of memory 10. Memory 100 is preferably cleaed

during the blanking interval between cach frame. Affer memory 100 is cleared, the rif

linc is sci to zero, which in the case of multiplexor 142 results in the content of the Pata

line being sent to memory J00, and in the casc of mulfiplexor 104 residts in Che data from

spatial processing unit 117, i.¢., the V data, beimg sent fo the Address line of memory 100.

Classificr 25b enables only data having gclected classification criteriz to be 

 

: 5

considered further, meaning, to possibly be included in the histograms formed by

histogram formation blocks 24.29. For example, fwitlh respecl to specd. whic 18

10 preferably a value in the range of 0-7, classifier 25t may be sel to consider eni+ Jute

within a particular speed categoryor categories, c.p.jspecd 1, specds 3 or S, snecé 2-6,

ele. Classifier 25b includes a register 106 that enableg the classification ciitcrin (7 he set

by the user, or by a separate computer program. By}wayof example, regen. iG. ill

include, in the case of speed, cighi registers nymbcrod 0-7. By sclling arcerss 6 1

18 eg, register number 2, only data that meets the criteri® of the selected class, e008). 02,

will result in a classificalion output of "I". LExpresged mathematically, for avs 2 en

register in which R(k} = 6, where k is the regisicr umber and b is the busica: . ve

20

30

stored in the register:

Output Ridaia(V))

So for a data point V of magnitude 2, the output of classifier 25b will be "*' oo if

Tegisters, one register for exch possible luminance palue of the image. The class fer

cach possible dircetion valuc. The classifier associated with histogram formation: blac: 27

R(2)=4. The classifier associated with histogram formation block 24 preferably bc. 256

yhas8rovisiers,oneweiss. For

preferably has § registers, one register for cach pogsible value of CO. The ciassifier

associated with histogram formation block 28 preferabjy has the sume number 0: ryzis-2rs

as the number of pixcls per linc. Finally, the classifier associated with histogram

formation block 29 preferably has the same numberoffregisters as the number of hiss per

frame. The output of cach classifier is cammunicatot to cach of the validation blocks

30-35 via bus 23, in ihe case of histogram formation blocks 28 an 2%, through

combination unit 36, which will be discussed further bhlow.

es  
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Validation units 30-35 receive the classifitation information in parallel from

all classification units in histogram formation blocks 24 - 29. liach validation unit

generatcs a validation signal which is comniunicated tq its associated histogram formation

block 24 - 29. The validation signal determines, forjcach incoming pixel, whether the

5 histogram formation block wil) utilize that pixel in forming it histogram, Referring again

to Vig. 13, which shows histogram formation block{ 25, validation unit 31 inclides a

register block 108 having a register associated with dach histogram formation block, or

more generally, a register associated with cach data d main that the system is capab)c of
processing, in this case, luminance, speed, direction, CO, and x and y position. The 

 
 

 
 

 

10 content of each register in register block 108 is a binary valuc that may be sct by a user or

by a computer controller, Hach validation unit reccive Via bus 23 the output of each of the

classifiers, in this casc numbered 0 ... p, keeping in mind that for any data domain, c.g.,

speed, the output of the classifier for that data domaip will only be "1" if the particular

data point being considered is in the class of the registers sct to" J" in theclassifier for

15 that data domain. The validation signal from cach validation unit will only be ")"if for

each register in the validation unit that is set (o "J", ai input of "1" is reccived from the

classifier for the domain of that register. ‘his may be expressed as follows:

20 out = (ino 4 Regy).(éin + Reg,)...(it, 4 Reg, itty 4 itt,a dn, )

where Reg, is the register in the validation unit associated with input in,. Thus, using the9
classifiers in combination with validation units 30|- 35, the sysicm may select for

-—processing onlydala points in any sclected classes jwithin any sclected domains. lor

25 example, the system may be used fo detect only data points having speed 2, direction 4,

and luminance 125 by setting cach of the folowing rézisters ta" 1": the registers in the
validation units for speed, direction, and luminanceregister 2 in the spocd classifier,

register4 in the directionclassifier, and register 125 ip the luminance classifier. In order

to form those pixels into a block, the regisicrs in the validation units for the x and y

30—directions would be sc1 to" J“ as well.

Referring again to Fig. 13, validation sipng)] ¥2 is updated on a pixcl-by-pixe]

basis. If, for a particular pixcl, validation signal V2 is "1", adder 110 inercments the

output ofmemory 100 by onc. Jf, for a parlicular pixc), validation signal V2. is "0", adder
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100 docs not increments the outpat of memory. In atfy case, the output of adder 10°is

stored in memory 100 a1 the address corrcsponding fo the pixel bemp considered For

example, assuming that memory 100 is used to form alhistogram of speed, which may be

categorized as speeds 0-7, and where memory 100 will include 0-7 corresponding

5 memorylocations,if a pixcl with speed 6 is received, the address input to multiplexor 104

throughthe data Jinc will be 6. Assuming that validatipn signal V2 is ° 1", the content in

memory at location 6 will be incremented. Over the caurse of an image, memes y10 will

contain a histogram of the pixcls for the image in! the category associated witl: the

 
 

memory.If, for a particular pixci, validation signal V2lis “O" because that pixel is no: ina

10 category for which pixcls are 10 be counted (c¢ g., bapausc that pixel does jot hove the

correct dircction, specd, or luminance), that pixel jill not be used in form: the

histogram.

For the histogram formed in memory j100, key characteristic. i that

histogram are sinniltancously computed in a anit 112. Unit 112 includes newev for

15 each of the key characteristics, which include the minimum (MIN) of the hist. the

maxinium (MAX) of the histogram, the number of po nts (NBI'TS) in the histc: cc .. the
position (POSRMAX) of the maximum of the hisipgram, and the monbe: <-> ints

(RMAX) at the maximum of the histogram. These characteristics are de y+ in

paralle] with the formationof the histogramas follows

20 For each pixcl with a validation signal V2 of "3":

(a) if the data valuc of the pixel < MIN (whichis initially set to the.) um

possible valuc of the histogram), then write data value fin MIN,

 
(b) if the data value ofthe pixel > MAX (whichis initially set to the i-.um

possible valuc of the histogram), then write data valuefin MAX:

——25—__---___+e}iMthe-contentofmemory100attheadducss ofhedatawaluc of ti: tine) >

RMAX (which is iniGally set to the minimumpossible value of the histngrair, {cn i)

write data value in POSRMAX und ii)write the memopy output inRMAX.

(a) increment NBPTS (whichis initially sat to zero).

At the completion of the formation of the histogram in memory 100 +: the ond

30 of cach frame, unit 112 will contam important data charactcrizing the histosram. The

histogram in each memory $00, and the characteristi¢s of the histogramin units }12 are

read during the scanning spot of cach frame by 0 scharate processor, and the memories

100 are cicared and units 112 arcre-initialized for progcssing the next frame.
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Vigure 14 showsthe determination of the pricntation ofan alignment ofpoints
relative 10 thedirection ofan analysis axis.

In this figure, the analysis axis extends with an angle relative to the horizontal

side of the screcn and the histogram built along|the analysis axis refers to points
Sr concemed bythe analysis appearing on the screen.

Forthe histogram calculation device five particular values are calcutated:

MIN, MAX, NBPTS, RAMX,|POSRMAX

‘The use ofthese values allows {o obtain sdrapid results.

For example, the calculation of the ratio NBPTS/RMAXi.c. the number of
10 points involved in the histogram and the numberofyoints in the maximal linc allows to

find analignmentofpoints perpendicularto the scanning axis.

The smaller is R and the most the alignmbnt is perpendicular to the scamming
axis.

One improvement of the calculation for ckample for positioning a vehicle on

15 the road is to carryout for cuch pixel simultancously ab analysis according all the possibic

analysis axis. In an analysis region, the calculation of theration R for all the analysis axcs

and the search of the smallest valuc of K allows to|find the axis perpendicular of the
analysed points and consequently to know the alignjnent with a positioning, from the
value POSRMAX,

20 Presently the map is divided by 16 (180°/J).

The use of the moving pixels Instogram) direction histogram and velocity

histogramsallowsto find hy reading POSRMAXthe overall motionof the scone (moving

 
camera) and in the classifying unit to inhibil these preponderant classes.

The device thus becomes responsive ta cloncnts which arc subject to relative

24 motion in the image. The use of histograms accordifp to two perpendicular axes with

these elements in relative motion as validation clement allows to detect and track and 
 

 

object in relative motion,

The calculation of the histogram according to a projection axis is carried oul

in a region dclimited by the associated classifier between points a and b on the analysis

30 axis.

An important improvement is to assoojate anticipation by creating an

histogramofthe same points with orientation and intengity of motion as input parameters.
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The nominal valucs O-MVT cosrespandine to orientation of thu movement

wxd I-MV17 correspondingto mensity of movement allow to modify the valves a end b of

ihe classifier of the wni{ connected to the caloualion of the analysis axis fer the

calculation forthe next frame. Thisis anticipation. |
. 5 Theresult is gicatly improved.

Fig.dda shows an cxample of the successive classis CC) 6, ,.0.. cach

representing a particular velocity, for a hypothetical vepocity histogram, with ther) sag

categorization for up to 16 velocities ( 15 are showd) in this example. Aise dly.cn is

envelope 38, which is a smoothcdrepresentation ofthejhistogram.10 In order to locate the position Gf an object i aving, user specified ction. cidhin
the image, histogram biocks 28 and 29 are used to ghnerate histogiams for i. aad y

positions of pixels with the selected criteria. These age shown in Mig. i2 as bes ams

along the x and y coosdlinaics. These x and y dala arp output to moving are. ne. ion

block 36 which combines the abscissa and ordingle information xinij30-. im),

15 respectively into a composite signal xy(m) that is output anto bus 23, A sande ic. site

histogram 40 is shownin Vig. 12. ‘The various histograms and composi ss... 4m)

that are output to bus 23 are used to determine if theré is a moving arca in the om +, to

localize this arca, and/or (o determine its speed and ori¢meddirection. Liceas: 2 in

relative movement maybe in an observation planc alade directions x and y win... not

20 necessarily orthogonal, (c. g. , as discussed below with respect to Pips. 1S arc + Jato

change block 37 maybe used to convers the x and y dpta to orthogonal enon. 2: Jala

change block 37 receives orientation signals x(m), andiy(in), for x(m). and yurosas

, well as pixe) clock signals HV, ine sequence and column sequence signals »! +. SC

(these three signals being grouped together in bundle F in Figs. 2, 4, and i: and

25 ——pencratesthe-orthogonat-x(m)-and-yGn),-signals-vhatlare output to histugran, .ar-tion

blocks 28 and 29 respectively.

In order to process pixels only within ajuses-defined area, the x-cbrcction

histogram formation unit may be set to process pixels Onlyin a class of pixels defined by

boundarics, ic. XMIN and XMAX. Any pixels oulsidc:of this class will not be proc eased.

30 Similarly, the y-direction histogram formation unit may be set fo process pixcis ow. ina

class of pixels dcfincd by boundarics YMIN and YMAX. Thus, the system can pracess

pixels only in # defined rectangle by sclting the XNIIN and XMAX, and YMINand

YMAXvalucs as desired. Of course, the classification triteria and validation entcria from

eee  
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the other histogram formation units may be set in Order to form histograms of only

sclected classes of pixcls in selected domains in sclccta areas.

Vig 12 diagrammatically represents the cajvelopes ofhistograms 38 and 39,

respectively in x and y coordinates, for velocity data. 19 thhs example, x,, and y,, represent

5 the x and y coordinates of the maximaof the two histagrams 38 and 39, whereas J, and i,

for the x axis and /, and J, for the y axis represent the fimits of the range of significant or

intercsting speeds, J, and /, being the longerlimits and]|/, and /, being the upper limited of

the significant portions of the histograms. ]imits /,, Ald, and J, may be sct by the user or

by an application program using the system, maybe sé as a ratio of the maximumof the

10 histogram, ¢.g., ¥y/2, oray be sct as otherwise desired for the particular application.

The vertical lines 1, and 1, of abscisses|)and J, and the horizontal lines 1.,

and L, of ordinales /, and /, form a rectangle that surpunds the cross hatched arca 40 of

significant speeds (for all x and y directions). A fewsmaller areas 4] with Jonger speeds,

exist closc to the main arca 40, and arc typically ighored. In this example, all that is

15 necessary to characterize the arca with the largest yarinlion of the parameter for the

histogram, the speed Vin this particular casc, is 10 ide: (ify the coordinates of the limits /,,
i, 4, and /, and the maxima x,y and y,,, which may bejreadily derived for oach histogram

from memory100, the data in units 112, and the xy(im) data block.

Thus, the system of the invention gencratc§ in real time, histograms of each of

20 =the parameters being detected. Assuming that it were flesired to identify an object with a

speed of "2" and a direction of "4", the validation unils for speed and direction would be

set 10 "I", and the classificrs for spced "2" and direction "4" would be set to "I". In

addition, since it is desired to locate the objcct(s) w)th this speed and direction on the

video image, the validation signals for histogram fg@rmation blocks 28 and 29, which  
25 correspond to the x and y coordinatcs, would be. set to"I"agwell. In this WAY, histogram

formation blocks 28 and 29 would form histograms $f only the pixels with the sclocted

specd and dircction, in real-time. Using the informatipn in the histogram, andespecially

POSRMAX,the object with the greatest namber of pixels at the selected specd and

direction could be identifiod on the video image fin real-time, More generally, the

30 histogram formation blocks can localize objects i real-time mecting user-selected

criteria, and may produce an output signal, c.g., a Jiph{ or a buzzer ifan object is detected.

Allernatively, the information may be transmitted, a.g., by wirc, optical fiber or radio
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relay for remote applications, to 4 control unit, such §s wit 10a in Fig. J, which may be

neat or remote from image processing sysiem11,

Fig. 15 shows an exampleof use of the bysicm of the invention 16 perform

automatic framing of a person moving, for cxamplc, Guring a video conference. A video

5 camera 13 observes the subject P, who may or may not be moving. A video signal S om

the video camera js transmitted by wire, optical fiber, fadio relay, or other communication

means (0 a monitor 10b and to the image processing system of the invention }} The

image processing system dctcrmines the position aml movement Gi the subjedi !. ead

controls scrvo motors 43 of camcra 13 (o direet the oplical axis of the camera towe.ds 20

10 subject and particularly towards the face of the subject, as a fimction of the lose on,

speed and directionofthe subject, and mayvary the zdom, focal distance anda: th. fo. us

of the camera to provide the best framing and image of the subject.

Roferring to Tip. 18, the system of the ilvntion may be used to we oe

 

 
 

face of the subject in the videosignal while linia superfluous portions of vari. 2c
18 yceecived by the camera 13 above, below, and io the right and Jefl of the Ine 2 us

subject. Camera 13 has a ficld of view 123, whichis defined heween directions 32>- -d

123b. The system rotaics camera 13 using servomojors 43 so (hat the head! + ce

subject is centered on contra! axis 2a within cortical fipld 123, and also adiustyu. a

of camera 13 to ensure that the head T of the subject occupies a desired amoun -  ¢

20~~frames of the video signal, preferably as represented hy a desired ratio ofthe mu of

pixcls comprising head ‘I to the total numberofpixels perframe.

Jn order fo accomplishthis, the system of the invention mayfocus on the us

nsing its luminance or motion. By way of example only, the system will be describe. th

respect to detecting the head of the user based upon ifs motion. Theperipheral cdzc: of

25 the head-ofthe-user are detected-using-the-horizontalmovements of the head, i ciiner

words, movements right and Jef\, and the vertical movements, in other words, movcincis

up and down, As the horizontal and vertical motion jof the head is determined by ihe

sysicm, it is analyzed using proferred coordinate axcg, preferably Curicsian coord) ies

Ox and Oy, in moving, arca block 36 (Fig.) 4).

30 The pixels with greatest movement within the image will normally occe. at

the peripheral cdges of the head of the subject, where tven duc 16 slight moveincnts, the

pixcls will vary between the juminanceofthe head of thesubject and the luminanes a7 the

background. Thus,if the system of the inventionis sctlo identify only pixcls wilh 11:
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end to form a histogram of thesc pixels, the histogram will detect movement peaks along

the edges of the face where variations in brightness, @nd thereforein pixel valuc, arc the

greatest, both in the horizontal projection along Ox gnd in the vertical projection along

Oy,

5 this is illustrated in Fig.17 m which ates Ox and Oy are shown, as arc

histograms 124x, along Ox, and 124y, along Oy, i.c., in horizontal and vertical

projections, respectively. Histograms 124x and 124y would be output from histogram

formation units 28 and 29 respectively (Tig. 1) ).Peaks 125a and 125b of histogram 124x,

and 125¢ and 125d ofhistogram124y,delimit, by thei} respective coordinates 126a, 126b,

10 126¢ and 126d, a frame bounded by straight lines Yu, Wb, Xc, and Xd, which encloses the

face V of the video-conferenceparlicipant, and which, denote areas 127a, 127b, 127¢ and

127d, which are areas of slight movement of the head T, which will be the areas of

grcatcst variation in pixcl intensity during these moverents,

Location of the coordinates 126a, 126b, 126c¢ and 126d, corresponding to the

15 four peaks 125a, 125b, 125c and 125d, is preferably, determined by computer software

reading the x and y coordinate histograms during tHe spot scanning scquence of each

frame. The location of the coordinates 126a, 1266, 136c and 126d of peaks 125a, 125b,

125c and 125d of histograms 124x and 124y make it possible to better define and center

the position of the face V of the subject in the image. [In a video conferencing system, the

20 remainder of the image, ic, the top bottom, ngbt gnd Jefl portions of the image, as

illustrated in Fig. 18 by the cross-hatched arcas furrounding the face V, may be

eliminated to reduce the handwidth required 10 transmit the inage. ‘Ihe center of face Voe
maybe determined, for example, by Jocating the pix¢] position of the conter of the box

bonnded by Ya, Yb, Xe, and Xd ((Xe 1 (Xd - Xep/2), (Ya + (Vb - Ya)/2)) and by

25 comparing this position to a desired position of face, V on the screen. Scrvomotors 43
(Fig.13 are then actuated to move camera 13 to batter center face V on the screen.
Similarly, if face V is in movement, the system may getecl the position of face V on the

screenas it moves, and follow the movement by gencrgting conumands to servomotors 43.

If desired, the center position of faceVWmay be determined at regular

30 intervals, and preferably in cach frame, and the average value (over (ime) of coordinates
126a, 12Gb, 126c¢ and 126d used to modify the inovement of camera 13 to center face V.

With face V centered, the sysiem mayadjust the zoom of camera 13 so that

face V covers a desired amount of the image. The dimples method to accomplish this
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zoomfunctionis to determine the dimensions of (or jumberofpixcis in) the box bounded

by Ya, Yb, Xc, and Xd. Camcora 13 may then be voomed in or out until desired

dimensions (or pixel cont) ure achieved.

Another application of the inventionrelates to automatic tracking of 5 target
5 by, for cxumple, a spotlight or a camera. Using a spotlight, the invention might be uscd on

a helicopter to track a moving target on the ground] or to track a performer o. 3 siage

during an exhibition, ‘She invention would similarly|be applicable to weapons tapciing

systems. Referring to Mig, 19, the system includes4camera 200, which is preferal Sy a

conventional CCD camera which communicates an of(put signal 202 to image or c2sing
10 system 204 of the invention. specially for covert and military applications. 1. be

appreciated that the systcm may be used with sensorsich as Radar and WR, in hc. es in

combination with, camera 200. A controller 206, Which is preferably a cou. od -nat

microprocessor-based conlrolicr, is used to cantrol thé various elemems of the sv... ud

to enable user input of commands and controls, sudh as with computer nigi. 2. a

IS keyboard (not shown), or other input device. As in}the prior embodiment, us cm

includes once or more servomotors 208 that control mpvement of camcra 290 2 22 he

desired target, 11 wil) be appreciated that any appropfiate means may be uscd i °~ol

the arca of intercst of camera 200, including usc of moving mirrors relative‘ od

camera, and the use of a stecred beam, for example in| a Radar system, 10 (rack tet 20~~without physically moving the scisor.

&In the example shown in Fig. 20, monitog 212 is shown with five sim.

objects, which may be, for example, vehicles, or performers on a stage, inclycin_ sur

 
background targets 216, and one target to be tracked 21.8. Computer mouse 210 is vir to

control an icon 220 on moniter 212. The userof the systemselects the target for nav ng

-25 —by-moving_icon220-overiapet2-418,-and-depressing|a-predetermined-butlon o: me se ~

210. ‘The pixe} position of icon 220 is then used vs a plarling position for tracking icczel

216.

 

Referring to Fig. 21, the initial pixel siarling position is shown as... in

orderto process the pixels surrounding the starting position, image processing svsicu 204

30 will process the pixels im successively karger arcas sounding the pixel, adjusung uc

center of the arca bascd upon the shane ofthe objcct, funti) substantially the colin, terzet

arca is being tracked. Theinitial arca is set by controller 206 to include an arce bowed

by Xa. Xs Yor Yp This is acconiplished by setting these boundaries in the classif:ceiion
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unils of x and y histogram formation units 26 and 29) Thus, the only pixe}s that will he

processed by the systemarc those falling within the Bounded area, Assuming that in the

example given, the target is in motion. the system inay be set (0 trach pixels with DP= 1.

Those pixels with DP=1 would normally be located on the peripheral edges of target 218,

S$ unless the target had a strong color or luminance vayialion throughout, in which casc,

inany Of the pixels of the target would have DP= J. In any ease, in order to locate pixels

with DP-1, the validation units would be set to det 

 
 

 

 

 

 

 

 
 

pixels with D}'=1. Thus, the only

pixels that will be considered by the systcm arc thost: in the bounded area with DP-1.

Alternutively, the system may be set to detect a velodity greater than zcro, or any other

10 criteria that define the edges of the object.

Histograms are then formed by x and y higtogram formation units 28 and 29.

In the example shown in Fig. 2), an insignificant number of pixels would be idontified as

having DP=1, since the sclecicd arca docs not include the border of target 218, so no

histogram would be forined. The size of the area undef consideration is then successively

15 increased, preferably by a constant size K, so that if subscquent itcrations, the pixels

considered would bein the box bounded by X)4ns Xp ix] Yauns Yiu» Where n is the number
of the current iteration.

This process is continued until the hisiogiim fonned by cither of histogram

formation units 28 and 29 contains meaningfal infornjation, i, ¢. , until the box overlaps

20 the boundary ofthe target. Referring to Fig. 22, when the area under considcration begins

to cross the borders of target 218, the histograms 222 and 224 for the x and y projections

will begin to include pixels in which DP+} (or any ¢herselected criteria to detect the

target cdgc). Prior to further cnlarging the arca under consideration, the ecnter of the arca

under consideration, which until this point has been the pixel selected by the user, will be

25—adjusted based uponthe cantent of histograms 222. anjl 224. In a preferred embodiment,

the newcenter of the area is determined 10 be (Xp4 Xyaand2s Came 7 Yuand/2, Where xynn

and X44,are the posilions of the minima and maximajof the x projection histogyam, and

where Yuin 206 Yyax ate the positions of the minimg and maxima of the y projection

histogram, This serves to adjust the arca under considcfation for the situation in which the

30 inilial slarling position is nearer to one edgeof the tarpet (han to another, Other methods

desired.

1, 23, it being, understood that ihe

of relocating the cemerofthe target box may be uscd j

Aller additional iterations, as shownin Fi

center of the box bounding, the area of consideration) may have moved from the prior
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iteration, the box will be larger thun the target in Mhat xX juc<Xagg NaauXmans YarSains

and Ya;?¥uaxe Whenthis oceurs, the entire target is bounded, and the constant K may

then be reduced, to thercby icduce the sizo of {he wacking box. Jn a preferred

embodiment, when initially tracking a target, constant K is preferablyrelatively largo,

5 e.g, 10-20 pixels or more, in orderthat the systcrn my lock on the target expeditionsly.

Once a target has been locked onto, K may be reduce. 1 will be appreciated the: in the

course of tracking a target, the tracking box will be enlarged and reducedas approprintc to

maintain a track of the target, and js preferably adjusic) on a frame by-frame basis.

Assuming that the sysicmis to be uscd to train a spotlight onthe ta:p.t, far

10 example from an airborne vchicle or in a theater, thejcamera is preferably syvehvonived

with the spotlight so that cachss pointing at the sanje location. In this way, ‘ie: the
camera has centered the tarpe! on its image, the spotleht will be ccincred of Ms creo

Hlaving acquired the targct, controller 206 controls servomotors 208 to mainiain tis «ter

 

 

 
 

of the target in the center of the image, For example, pf the center of the tarcet te o> ow

18 and to the Iefi of the centerof the image, the camera is moved downward and jo Vis. a8

requiredfo center the target. The center ofthe target may be determining in real th: ! om

the contents of POSRMAXforthe » and histogram formationunits.

It will be appreciaicd that as the target inpves, the tangcling bo +7 e

with the target, constantly adjusting the conter of the targeting box based ws. ac
20 movement ofthe targel, and cnlarging and reducing fhe size of the targeun.: bu. 7 10

targeting box may be displayed on monitor 212, or jon another monitor as Goao.. 10

visually track the target.

A similar tracking box maybe used to track an object in an image bases oon

its characteristics. or cxample, assuming it is desired {o truck a target moving only Ui tis

—95—yightinrtheimage-Thehistogramfornmation-unitsaresetupbothatthe only vaiidaron

units set to "1" are for direction and forthe x and y projections, The classification ww: . tor

direction is set so that only dircetion "right" is set to "J". The histograms for the x any

projections will then classify only pixcls moving to tHe right. Using, these histsjiaime a&

box bounding the target may be established. For example, referring, to Fig. 12. the pox

30=surrounding the target muy be established using /,, /,, [., and 2, as the bounds ofthe box.

‘The {argel box may be displayed on the sorecn using te¢hniques knowninthe art.

After a very short initialization period on|the order of about 10 frames, the

invention determines the relative displacement parameters instantancousty afler the end of
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cach frame on which the temporal and spatial progessing war performed due to the

recursivencss ofcalculations according to the inventiog.

The invention, including components }lajand 22a is preferably formed on a
single integrated circuit, or on two integrated circuitg. 1f desired, a microcontroller, for

$ enabling uscr-input to the sysiem, c.g., to program the validation and classification units,
may be integrated on the sainc integrated circuit.

NK will be appreciated that the present Jnvention is subject to numcrous

modifications. In an embodiment in which a color ¢amera is used, the system of the
invention preferably includes histogram formation units for huo and saturation. This

10 cnabler classification oftargets 1o be made using thesé characteristics as well, Jn fact, the

invention may be modified by adding histogram formation units for any possible other
measurable characteristics of the pixels. Morcover, whfle the invention has been described

with respectto tracking a singletarget,it js foroscen tHat multiple targets may betracked,
each with uscr-defincd classification criteria, by replipating the various elements of the

15 invention. For example, assuming the systcm of {he invention included additional

histogram formation units for huc and saturation, the system could be programmed,using
a commoncontroller atiached to two histogram formation processors of the typo shown in
Fig. 11, to track a singic target byits velocity, and/orjcolor, and/or direction, etc. In this

manner, the sysiem could continue {0 track a target if, for cxamplc,the target stopped and
20 the frack based upon velocity and direction waslost, sipce the target could still be tracked

 
hy color.

Nwill also be apprecinted that the limitation of cight spccds maybc increased

 

 

 
 

by using a greater bit count {o represent the specds, Moreover, while the invention has

been described with respect to detection of cight differpnt dircetions, it may be appliedfo
25 | detect 16 or more directions by using different sizc matrices,c.g, sixteen directions may

be detected in a Sx5matrix, to detect a preatcr number
Finally, Fig. 24 shows « method oftracking a wider range of speeds V if the

limited number provided by p bits for time constant CO is insufficient. Using Mallat's

dingram(sce arlicle by S. Mallat "A ‘Theory for nuilti-tesolution signal decomposition"in

30 1EEETransactions on Pattern Analysis and Machine )ntelligones, July 1989 p. 674-693),

the video image is successively broken down into halves, identified as 1, 2, 3, 4, 5, 6, 7.

This creates a compression that only proccsscs portiors of the image. For example, with

p= 4 (2" = 16), the system may determine speeds within) a wider range.
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