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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 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.

15 A number ofdifferent physical criteria may be used to establish when a
‘person is drowsy, including a change in the durationand interval of eye blinking.
Normally, the duration of blinking is about 100to 200 ms when awakeand 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.

 

te

Numerous devices have been proposed todetect drowsiness of drivers. 
 

vices are shown, for example, im U.S. Patent Nos. 5,841,354; 5,813,99;

5,689,241; 5,684,461; 5,682,144; 5,46p,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 ofthe driver, ¢.g.,
tilting: ii) devices that detect a phys} logical change in the driver, ¢.g., altered
heartbeat or breathing, andiii) devices that detect a physical result of the driver
falling asleep, e.g., a reduced grip om the steering wheel. Noneof these devicesis
believed to have met with commercyal success.
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evaluation of drowsinesslevel of a drver using a video cameraplaced near the feet

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

of the blink. More particularly, a upit 10 of the processorrealizes:
e a memorization of the vifleo image andits treatment, so as to determine

an area comprising the driver’s eyps,

e the detection ofthe tim¢ gap betweenthe closing of the driver eyelids and
10 ‘their full opening and °

« a treatment in a mem@ry 11 and a processor 22 in combination with unit

10to calculate a ratio of slow blink apparition. |

The object of the intemnational patent application published WO-97/01246
is a security system comprising a video camera placed within the rear-view mizror

15 ofacar and a video screen remotely disposed for the analysis ofwhatis happening
in the car and aroundit, as well as of what happened due to 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 andits surroundings, the
20 record allowing one to know later. what has happened in this scope (page6, lings

13 to 19), this is not a detector whoseeffective angle is strictly limited to the car
driver face in orderto detect its eventual drowsiness and to make him awake.

Commonly-owned PCT Application Serial Nos. PCT/FR97/01354 and
98/05383 disclose a generic image processing system that operates to
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METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

BACKGROUND OF THE INVENTION

1. Field ofthe 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.
Drowsinessis also a problemin other fields, such as for airline 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 personis

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 timeinterval 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 devices fall into
three categories: i) devices that detect movement ofthe head ofthe 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 F physical result of the driver falling asleep, ¢.g., a
reduced grip on the steering wheel. None ofthese 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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objects in relative movementin an image and to determine the speed and direction of the

objects in real-time. Each pixel of an {mage is smoothed using its own time constant. A
binary value corresponding to the exfstence ofa significant variation in the amplitude of

the smoothed pixel from the prigr frame, and the amplitude of the variation, are
determined, and the time constant for the pixel is updated. For each particular pixel, two
matrices are formed that include&subset of the pixels spatially related to the particular

pixel. The first matrix containg the binary values of the subset of pixels. The second

matrix contains the amplitude the variation of the subsetof pixels. In the first matrix,
it is determined whether the pixels along an oriented direction relative to the particular
pixel have binary values reprpsentative of significant variation, and, forsuch pixels, it is
determined in the second mgtrix whether the amplitude of these pixels varies in a known

mannerindicating move ent in the oriented direction. In domains that include

luminance, hue, saturation{ speed, oriented direction, time constant, and x and y position,
a histogram is formedofthe values in the first and second matrices falling in user

selected combinations offsuch 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 drowsiness of a person. ,
SUMMARYOF THE INVENTION

Thepresent invention is a process of detecting a driver falling asleep in which an

image ofthe 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

priorto the step of selecting pixels of the imagehaving characteristics corresponding to

characteristics of an eye. In this embodiment, the step of selecting pixels of the image
having characteristics of an eye involvesselecting pixels within the sub-area of the image.

The step ofidentifying a sub-area of the image preferably involves identifying the head of

4

SUBSTITUTE SHEET (RULE2@,MSUNG EXHIBIT 1004
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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 ofthe driver. Histograms of the selected pixels of
5 the edgesofthe driver's head are projected onto orthogonal axes. These histogramsare

then analyzed to identify the edges ofthe driver's head.
 

 
 
 

The facial characteristic of the driver nay be identified by selecting pixels of the

Aving characteristics correspondingtf the facial characteristic. Histogramsofthe
 selected pixels of the facial characteristic fare projected onto orthogonal axes. These

histograms are then analyzedto identify the facial characteristic. If desired, the step of
identifying the facial characteristic in thé image involves searching sub-images of the
image until the facial characteristic is foynd. In the case in which the facial characteristic
is the nostrils of the driver, a histogra is formedof pixels having low luminance levels 
to detect the nostrils. To confirm detéction ofthe nostrils, the histograms ofthe nostril

15 pixels may be analyzed to determine whether the spacing between the nostrils is within a
desired range and whether the dimeAsionsofthe nostrils fall within a desired range. In
orderto confirm theidentification of the facial characteristic, an anthropomorphic model 

bd and the location of the facial chdracteristic are used to select a sub-area of the image
containing a second facial chafacteristic. Pixels of the image having characteristics —

20 corresponding to the second facial characteristic are selected and a histograms of the
selected pixels of the secpnd facial characteristic are analyzed to confirm the
identification ofthe first facial characteristic. .

 

 

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 openingsandclosings of the eye. The histograms of shadowed
pixels are preferably projected onto/orthogonal axes, and the step of analyzing the shape

30 of the eye shadowing involvesanalyzing the width and height ofthe shadowing.
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An alternative method of dejermining openings and closings of the eyes of the
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 ang 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 sefected from the group consisting ofi) DP=1, ii) CO
indicative of a blinking eyelid, Aii) velocity indicative of a blinking eyelid, and iv) up and

down movementindicative offa blinking eyelid.
 

 

An apparatus for detecting a driver falling asleep includes a sensor for acquiring
an i of the face of the driver, a coftroller, and a histogram formation unit for

forming a histogram on pixels having selefted characteristics. The controller controls the
histogram formation unit to select /pixels of the image having characteristics

corresponding to characteristics ofat Idast one eye ofthe driver and to form a histogram
of the selected pixels. The controller/analyzes the histogram overtime to identify each

opening and closing ofthe eye, and determines from the opening andclosing information

on the eye, characteristics indicative ofthe 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

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

histogram formation unit selects pixels of the image having characteristics corresponding
to edges of the head ofthe driver and forms histograms ofthe 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

SUBSTITUTE Y, (RULE26)
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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 luminancelevels corresponding to the luminancelevel of.
the nostrils. The controller may also analyze the histograms of the nostril pixels to
determine whether thespacing between the nostrilsis 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 luminance levels corresponding to shadowing ofthe 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
closings of the eye. .

In an alternative embodiment, 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. 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
ofa blinking eyelid, and iv) up and down movementindicative ofa 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 an illumination
source, such as a source ofIR radiation, with the sensor being adapted to view the driver

whenilluminated by the illumination 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 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 asourceofillumination directed toward the driver, with the sensor

adapted to view the driver whenilluminated by the source of 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.Yisa diagrammaticillustration ofthe 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.4iiSaa blockdiagram ofthe spatial processingunit ofthe invention.
Fig.5ds‘a diagram showing the processing of pixels in accordance with the

invention. .

Fig. 6 illdstrates the numerical values of the Freeman code used to determine
movement difection in accordance with the invention.
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Fig. 7illustrates nested matrices as processed by the temporal processing unit.
Fig. 8illustrates hexagonal matrices as processed by the temporal processing

unit. ic Loy .

Fig. 9 iflustfates reverse-L matrices as processed by the temporal processing unit.

Fig. 19 illustrates angular sector shaped matrices as processed by the temporal
processing unit, 2 ,

Fig. 11/is a block diagram showing the relationship between the temporal andspatial ree units, and the histogram formationunits.
Fig. 12%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. | sa block diagramof an individual histogram formation unit.
Figs. 15A and 15B“fllustrate the use of a histogram formation unit to find the

orientation ofa linerelative to an analysisaxis.
Fig. 16.illastrates a one-dimensional histogram.
Fig.aillustrates the use of semi-graphic sub-matrices to selected desired areas

ofan image: So
Fig. 18is a side view illustrating a rear view mirror in combination with the

drowsiness detection system ofthe invention. .
Fig. 193isatopview illustrating operation of a rear view mirror.
Fig. 20s a schematicillustrating operation of a rear view mirror.

Fig. 214s a cross-sectional top view illustrating a rear view mirror assembly

incorporating the drowsiness detection system of the invention.
Fig. 22isis a partial cross-sectional top viewillustrating a joint supporting the

drowsiness detection system of the invention in the mirror assembly ofFig. 21.
Fig..231is a top view illustrating the relationship between the rear view mirror

assembly ofFig. 2Land a driver.
Fig. 24 Atfustrates detection of the edges of the head of a person using the system

of the invention.
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_ Fig., illustrates masking outside of the edges of the headofa person.

Fig. 26ise masking outside of the eyes ofa person.
Fig. 27Aflustrates detection of the eyes of a person using the system of the

invention.

Fig.28illustrates successive blinks in a three-dimensional orthogonal coordinate
system. oe

Figs. 296and296illustrate conversion of peaks and valleysof eye movement
histogramsto information indicativeofblinking.

Fig. 304s a flow diagram illustrating the use of the system of the invention to
detect drowsiness .Fig.syusrthe use of sub-images to search a complete image.

Fig. 32itfustrates the use of the system ofthe invention to detect nostrils and to
track eye mbvemefit

Fig.33illustrates the use of the system ofthe invention to detect an openeye.
Fig.HMiusirates the use ofthe system ofthe invention to detect a closed eye.
Fig,,25 is a-fiow diagram ofan alternative method of detecting drowsiness.neCases use ofthe 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 referénce for

 

detection of various criteria associated with. the human eye, and especially to detection
that a driveris falling asleep while driving a vehicle.

 

 

 

 

is similar to that described in the aforementioned

<Pplication Serial Nos. -PCT/FR97/01354 and PCT/EP98/05383, which will be
described herein for purposes ofcldri

The apparatus oftheinventi

ty. 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 i 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 monifors a scene 13a. Imaging device 13 is preferably a

SUBSTITUTE SHEET (RULE ¥ MSUNG EXHIBIT 1004
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conventional CMOS-type CCD qamera, which for purposes of the presently-described

inventionis mounted on a vehiclg facing the driver. It will be appreciated that when used

in non-vehicular applications, fhe camera may be mounted in any desired fashion to

detect the specific criteria of {nterest. It is also foreseen that any other appropriate

5 sensor, e.g., ultrasound, IR, Hadar, etc., may be used as the imaging device. Imaging

device 13 may have a direct fligital output, or an analog output that is converted by an

A/D converterinto digital signal S. Imaging device 13 mayalso be integral with generic

if desired.image processing system 2

j@ signal S may be 
 
 
 

 
 

 

 

 

 

progressive signal, it is preferably composed of a
cession of pairs of interlacedframes, TR; and TR’, and TR2 and TR’, each consisting

of a succession of horizontal Acannedlines, e.g., fia, lia,...l17 in TRi, and 21 in TRo.

Eachline consists of a succ sion of pixels or image-points PI, e.g., a11, a12 and a3 for
line 41.3; aliz.1 and a1i7.2) f line liz; ali and aj2 for line l.;. Signal S(PI) represents
signal S composed of pix Is PI.

S(PI) includes a frame synchfonization signal (ST) at the beginning of each

synchronization signalASL) at the beginning ofeach line, and a blanking

gnal (BL). Thus, S(PI) includes/a succession frames, which are representative of the
time domain, and within each frayhe, a series of lines and pixels, which are representative

of the spatial domain.

 
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

30 output from the system is inputdigit | video signal S, which is delayed (SR) to makeit

[|
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synchronous with the outputZHfor the frame, taking into accountthe calculation time
for the data in composite sighal ZH (one frame). The delayed signal SR is used to
display the image received byfamera 13 on a monitor or television screen 10, which may
also be used to display the ihformation containedin composite signal ZH. Composite |

5 signal ZH mayalso betransnjitted to a separate processing assembly 10a in which further
processing of the signal mayfbe accomplished.

Referring to Fig. 2, spatial and temporal processing unit 11 includes a first
assembly 1 1a, 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,

o and a pixel clock 20, which generates a clock signal HP, and which servesas a clock for
temporal processing unit 15 and Sequencingunit 19. Clock pulses HP are generated bymit

clock 20 at the pixel rate ofthe image, whichis preferably 13.5 MHZ.
Fig. 3 shows the operation of temporal processing unit 15, the function of which.

is to smooththe video signal and generate a numberofoutputs that are utilized by spatial
15 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 COshall be used to denote the pixel values (L) and time constants (C)

stored in memory 16 from temporal processing unit 15, and LI and Cl shall denote the
20 pixel values (L) and time constants (C) respectively for such values retrieved from

memory 16for 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
undergone significant variation, and a digital signal CO, which represents the updated

calculated value of time constant C. 

  
 

5 erring to Fig. 3, temporal processing unit 15 includesa first block 15a whichoy S the pixels PI of input vided signal S. For each pixel PI, the temporal processing
unit retrieves from memory 16 a gmoothed value LI ofthis pixel from the immediately
preceding corresponding frame,

 

hich was calculated by temporal processing unit 15

during processing of the immediately prior frame and stored in memory 16 as LO.
30 Temporal processing unit 15 calculates the absolute value AB of the difference between
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each pixel value PI and LI for the same pixel position (for example a,1, of 11.1 in TRy and
of ]1.) in TRa:

= |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 uponthepixel value PI, and morepreferably

varies with the pixel value so as to form a gamma correction. 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, whichindicates 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, DP is set to "0" for such pixel.

When DP= 1, the difference between the pixel value PI and smoothed value LI

of the same pixel in the prior frameis considered too great, and temporalprocessing unit
15 attempts to reduce this difference in subsequent frames by reducing the smoothing
time constant C for that pixel. Conversely, ifDP = 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 asa function of the

value ofDP are made by block 15c. IfDP = 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

IfDP = 0, block 15c 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 constantClplus 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

(4
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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? whichbecomes 2°". If DP = 0, block 15c adds one topin time constant 2°,

which becomes 2°"' The choice ofa time constant of the form 2? facilitates calculations

and thus simplifies the structure ofblock 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) and it must not exceed a limit N (CO < N), whichis preferably seven.

In the instance in which CI and COarein the form 2?, the upper limit N is the maximum

value forp.

The upper limit N maybe 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 of increasing N is to increase the sensitivity of the system to detecting
displacement of pixels, whereas reducing N improvesdetection of high speeds. N may
be made to depend on PI (N mayvary onapixel-by-pixel basis, if desired) in order to _

regulate the variation of LO as a function of the lever of PI, ie., Nix = 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
smoothed pixel value LI ofthe pixel in the previous frame from memory 16. Calculation

block 15d then calculates a new smoothedpixel value LO forthepixel as follows:
LO=LI + (PI - LI)/CO

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 |
+ (RUPE 28MSUNGEXHIBIT1004.

. Oo Page 20 of 404



SAMSUNG EXHIBIT 1004 
Page 21 of 404

it

a
By

‘bisa
wok
tant

ue

 

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 CIfrom memory
16, and generates new values LO (new smocthed pixel value) and CO (new time

constant) that are stored in memory 16 to replace LI and Cl 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 fis the

number of bits 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(e+f) bits rather than 2R(e+f) 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 DPjj and CO (where i

and j correspond to 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, TR; and the spatial processing in the these
frames of a pixel PI with coordinates x, y, at times ti, t2, and t;. 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 of lines L of the frame and the number of pixels M perline.

Is
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Matrix21 preferably includes 2/ + 1 lines along the y axis and 2+] 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
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, matrix 21 will have 2 x 8 + 1 = 17 rows
and 17 columns. Fig. 4 shows a portion of the 17 rows Yo, Yi,... Ys, Yis, and 17
columns Xo, Xi, ... X1s, X16 which form matrix 21.

atial processing unit 17 distributes into / x m matrix21 the incoming flows of
COj: from temporal prog€ssing unit 15. It will be appreciated that only a subset

of all DP;; and CO;, values wif be included in matrix 21, since the frame is much larger,
havingLlines and M pix per row (e.g., 312.5 lines and 250-800 pixels), depending
upon the TV standard ugéd. ,

In order to distinguish the L x M matrix of the incoming video signal from the / x
m 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 Plijis
characterizedat the inputofthe spatial processing unit 17 by signals DP; and COjt. The
(2/+1 ) x (2m + 1) matrix 21 is formed by scanning each of the L x M matrices for DP

and CO. .
In matrix 21, each pixel is defined by a row number between 0 and 16 (inclusive),

for rows Y, to Yis respectively, and a columnnumber between 0 and 16 (inclusive), for
columns X, to Xi¢ respectively, in the case in which /= m = 8. In this case, matrix 21
will be a plane of 17 x 17 = 289 pixels.

In Fig. 4, elongated horizontal rectangles Yo to Yie (only four of which have been
shown,i.¢., Yo, Yi, Yis and Yi¢) and vertical lines Xp to Xie (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 Pgsis at the intersection of column 8 and row8asillustrated
in Fig. 4 at position e, which is the center of matrix 21.

(co
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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 490) 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 rows in 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 inthe input image.
A delay unit 18 carries out thedistribution 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 COsignals, 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 frame line TP;

row Y2 - delayed by 2 TP;

and so on until

row Yie - delayed by 16 TP.

The successive delays of the duration of a frame row TP,are carried out in a

cascade of sixteen delay circuits r,r2,...r116 that serve rows Y1,Y2...Y16, respectively, row
Yo being served directly by the DP and CO signals without any delay upon arriving from
temporal processing unit 15. All delay circuits r,12,...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 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 Xo to Xi¢ on row Yo, is done by a cascade of sixteen shift

registers d on each ofthe 17 rows from Yo to Yie (giving a total of 16 x 17 = 272 shift

registers) placed in each row between twosuccessivepixel positions, namely the register

l¢
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dor between positions Plog and Plo, register doz between positions Plo, 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 /j, /... /i7 ina
frame TR, (Fig. 1), for S(PI) and for DP and CO,reach delay unit 18 shifted by TP

5 (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 rowsdisplay the DP
and CO signals at a given time for rows /;,/... /17 in the same frame portion. Similarly in
a given row, e.g., /;, successive pixel signals a;1, a;2 ... arrive shifted by TS andshift
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 Yie 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 ofthe shift registers, as well as upstream of the
registers ahead of the 17 rows, i.e., registers do1, dy... die.1, Which makes a total of 16 x
17+17=17x17 outputs for the 17 x 17 positions Po9,Po.1,...Ps.2...Pi6.16.

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
we central element of the 9 elementsthereofis pixel e with coordinates x = 8, y = 8 as
Le illustrated below:
ei |

20 i ; abe

BY def (M3) -
5) gh i 

 
  

rix M3, positions a, b/c, d, f, g, h, i around the central pixel e correspond
ght oriented directions relative to the central pixel. The eight directions may be

identified using the Freeman codg illustrated in Fig. 6, the directions being coded 0 to 7 

 

Starting from the x axis, in Steps Mf 45-. In the Freeman code, the eight possible oriented
directions, may be represented Yy-a 3-bit number since 2° = 8. |

Considering matrix M3,the 8 directions of the Freeman code are as follows:
30

SUBSTITUTE SHEET (RULE29AMSUNG EXHIBIT 1004
Page24of404



SAMSUNG EXHIBIT 1004 
Page 25 of 404

 

 

 

20

25

30

WO 99/36893 . -- PCT/EP99/00300

17

3.2 |

4 e 0

6 7

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, 11 x 11,9 x9, 7x 7, 5x5 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 movement ofthe aligned pixels.

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 1<a<N. For example, if positions g,e,

and c of M3 have values -1, 0, +1, then a displacement exists 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 = |. 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

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=I 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

chosenas the 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=! 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 whichare

symmetrical relative to the central pixel are considered.
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Since CO is represented as a power of 2 in a preferred embodiment, an extended
range of speeds may be identified using only a few bits for CO, while still enabling

identification ofrelatively 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 speed halfas fast as

5 the speed correspondingto 1, 0, +1 for the samepositions in matrix M3. 

 
 

ed on the results to remove uncertainties. The 

 

 

Two tests are preferably perfo

St test chooses the strongest variatibn, in other words the highest time constant, if

there are variations of CO along sevfral directions in one of the nested matrices. The
secondtest arbitrarily chooses oneoftwo (or more) directions along which the variation
of CO is identical, for example by/choosing the smallest value of the Freeman code, in

the instance whenidentical lines Pfmotion are directed in a single matrix in different

directions. This usually arises when theactualdirection of displacement is approximately

between two successive coded directions in the Freeman code, for example between
directions 1 and 2 correspondigg to an (oriented) direction that can be denoted 1.5 (Fig.

6) of about 67.5- with the x

The scanning of an entire frame ofthe digital video signal S preferably occurs in

s direction (direction 0 in the Freeman code).

the following sequence. Thefirst group of pixels considered is the first 17 rowsorlines
pa of the frame, and the first 17 columns of the frame. Subsequently,still for the first 17

rows of the frame, the matrix is moved column by column from the left 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 number of pixels per

frameline or row) at the extremeright. Oncethefirst 17 rows have been considered for

each columnfrom 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 thedisplacement 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 speed is in the form of a

# f )20D
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powerof 2, and therefore may be stored in 3 bits, ii) a signal DI representing the
directionof displacementofthe pixel, whichis 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 2 bits, iii) a binary validation signal VL
which indicates whether the result of the speed and oriented directionis 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 0 for anirivalid output, iv) a
time constant signal CO,stored in 3 bits,. for example, and v) a delayed video signal SR
consisting ofthe 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 rectangularmatrices 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) areall centered on point MRO which corresponds to the central point of
matrices M3, M9in Fig. 7. The advantage of a hexagonal matrix system is that it allows
the use of oblique coordinate axes x,, y,, and a breakdown into triangles with identical
sides, to carry out an isotropic speed calculation.

The matrix in Fig. 9 is composed ofa single row (L,) and a single column (Cy)
starting from the central position MR, in which the two signals DP and CO respectively
are equal to "yn 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 signalis 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 CO is
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 L,, and the binary signal DP is equal
to 1 in all positions in column C,, from the origin MR,, with the value CO,, up to the

2)
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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 CO is equal to CO,in

positions (boxes) of L, andinpositions (boxes) of C,, the slope being determined by the

perpendicular to the line passing through the two positions in which the signal CO,

changesbythe value ofone unit, the DP signal always being equalto 1.

 

 

 

ig. 9 showsthe case in whichJP= I and CO, changes value by one unit in the

Specific positions Ly; and Cys and fndicates the corresponding slope Pp. In all cases,
the displacement speed is a function /of the position in which CO changes value by one
unit. If CO changes by one unit inPL,or C, only, it corresponds to the value of the CO
variation position. If CO changespy oneunit in a position in L, and in a position in Cu,
the speed is proportional to the distance between MR, and E, (intersection of the line

perpendicular to C,- Ly passing tfrough 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 MC5 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 upon userspecified 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 theareas in 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.
Thefunction 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 formed for the

luminancevalues of the video signal. Since the luminance of the signal wil! 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 number ofpixels 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 of the 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
havinga sufficient number ofbits to correspond to the numberofpixels in a frame.

Histogram formation blocks 28 and 29 receive thex and y positions respectively
of pixels for which a histogram is to be formed, and form histograms for 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

25
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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 numberofpixelsinaline.

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 —

5 VI - 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 25includes a histogram forming portion 25a, which forms

10 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

a 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.ayaGRwyHod!BORWeaHaat
IS. Referring to Fig. 14, histogram forming portion 25a includes a memory 100,

be

#Fx

a

whichis preferably a conventional digital memory. In the case of histogram formation

block 25 which formsa histogram of speed, memory 100is sized to have addresses 0-7, 
“0 each of which may store up to the number of pixels in an image. Between frames,

a memory 100isinitiated, i.e., cleared ofall memory, bysetting init=I in multiplexors 102
20 and 104. This has the effect, with respect to multiplexor 102 of selecting the "O" input,

which is output to the Data Inline of memory 100. At the sametime, setting-init=1
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
throughall of the addresses for memory 100, in this case O<address<7. This has the

25 effect of placing a zero in all memory addresses of memory 100. Memory 100 is
preferably cleared during the blanking interval between eachframe. 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, i.e, the V data, being sent to the

30 Address line of memory 100.
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pb ase 25b_ enables only datS OL Ci deredidéred further, meaning to possibfy be included in the histograms formed by

 

 
 

 

 
 

 

 

having selected classification criteria to be -

histogram formation blocks 24-29. r example, with respect to speed, which is
preferably a value in the range of 0-7, fclassifier 25b may be set to consider only data

5 within a particular speed category or categories, e.g., speed 1, speeds 3 or5, speed 3-6,
etc, Classifier 25b includes a register 406 that enables the classification criteria to be set

‘by the user, or by a separate comput 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 number2, only data that meets thecriteria ofthe selected class, e.g., speed

8 register in which R(k) = b, wherekis the register number andbis the boolean value
atry

stored in the register:

| utput= R(data(V))
So for a data point V of magnitlide 2, the outputofclassifier 25b will be "1" only if

aeAyeyAPT eetHOH.LHBLOESE
R(2)=1. Theclassifier associate with histogram formation block 24 preferably has 256

4g
tn

registers, one register for eac possible luminance value of the image. The classifierPREHEa Heel

associated with histogram fornjation block 26 preferably has 8 registers, one register for

each possible direction value./The classifier associated with histogram formation block

bs 27 preferably has 8 registers, fone register for each possible value of CO. Theclassifier
wv0 associated with histogram fprmation 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 numberof registers as the number oflines
per frame. The output ofeath classifier is communicated to eachofthe validation blocks

30-35 via bus 23, in thejcase of histogram formation blocks 28 an 29, through

combination unit 36, which pill be discussed further below. 
 

lidation units 30-35 receivd the classification information in parallel from all

sification units in histogram formdtion blocks 24 - 29. Each validation unit generates

a validation signal which is communigatedtoits associated histogram formation block 24
- 29. The validation signal determines, for each incoming pixel, whether the histogram

 

30 formation block will utilize that pixgl in formingit histogram. Referring again to Fig. 14,
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which shows histogram formation block 25, Yalidation 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 vafue that maybe 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. ind that for any data domdin, e.g., speed, the

output of the classifier for that data doynain will only be "1"if the particular data point
being consideredis in the class of the fegisters set to "in the classifier for that data
domain. The validation signal from gach validation unit will only be "I" if for each
register in the validation unit that is/set to "1", an input of "1" is received from the

classifier for the domain ofthat register. This may be expressed asfollows:

out = (ing + Rego). (7; + Reg) ... (itn + Reg, )(ito + in; +... inn)
where Regp isthe register in the val{dation unit associated with input inp. Thus, using the
classifiers in combination with vélidation units 30 - 35, the system may select for

processing only data points in ayy 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 egch of the following registers to "1": the registers in the

validation units for speed, direftion, and luminance, register 2 in the speed classifier,
register 4 in the direction classi er, and register 125 in the luminanceclassifier. In order
to form thosepixels into a bjock, the registers in the validation units for the x and y
directions would be set to "1"fas well.

 

 

 

erring again to Fig. 13, validati | signal V2 is updated on a pixel-by-pixel
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 atthe 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 datd line will be 6. Assuming that validation signal V2 is
"1", the content in memory at cation 6 will be incremented. Over the course of an

 

image, memory 100 will conta a histogram ofthe pixels for the image in the category
associated with the memory. }f, for a particularpixel, validation signal V2 is "0" because

that pixel is not in a category for whichpixels are to be counted(e g., because that pixel
does not have the correct rection, 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) of the histogram, the number of points (NBPTS)in the
histogram, the position (POSRMAX)of the maximum ofthe histogram, and the number

of points (RMAX) at the maximum of the histogram. These characteristics are

determined in parallel with the formation ofthe 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 ofthe histogram), then write data value in MIN;

(b) ifthe data value of the pixel > MAX (whichis initially 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 (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(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 framebycontroller 42, and the memories 100 are
cleared and units 112 are re-initialized for processing the next frame. .

The system of the invention ingludes a semi-graphic masking function to select

‘to be considered by the system/ Fig. 16 shows a typical image 53 consisting of

23
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pixelsarranged in a Q x R matrix, wifich is divided into sub-matrices 51 each having a
dimension of s x ¢, wherein each s x{sub-matrix includes s x ¢ numberof pixels of the
image. Each sub- matrix shown in Fig. 17 is a 3x4 matrix. In a preferred embodiment,
s=9 and 12, although any appropri te sub-matrix size may beused, if desired, including
1 x 1. Referring to Fig. 12, histografn processor 27a includes a semi-graphic memory50,
whichincludes a one-bit memory Ibcation 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 fuch sub-matrix50, 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 p sible to limit those areasofthe image to be considered
during histogram formation. Fqr example, when an image of a road taken by a camera
facing forward on a vehicle is ysed 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 Buch an application, the semi- graphic memory is used to
maskoff the distant portiong of the road by setting semi-graphic memory 50 to ignore
such pixels. Alternatively, fhe portion of the road to be ignored may be masked by
setting the system to track ixels only withina detection box that excludes the undesired
area of the screen, as discugsed 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 thepixelwill be ignored, otherwise the pixel will be considered in the usual manner.

It is foreseen that the AND operation may be run onother than the validation signal,

with the sameresultant 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 memory50is set by controller 42 via data bus 23.

Fig. 16 shows an example of the successive classes C,, C2...Cp1, 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 shownis

envelope 38, whichis a smoothed representation ofthe histogram.

 
In order to locate the position of an gbject having user specified criteria within.

 
— Sc signal xy(m) that are output to bus 73 are used to determineif there is a moving areain

the image, to localize this area, ahd/or to determine its speed and oriented direction.

Becausethe area in relative movement maybein an observation plane along directionsx

and y which are not necessarily Mrthogonal, as discussed below with respect to Fig. 18, a 
data change block 37 may be ysed to convert the x and y data to orthogonal coordinates.

f= 15 Data change block 37 receiyes orientation signals x(m), and y(m), for x(m)o and y(m)po

axes, as well as pixel clock signals HP, line sequence and column sequence signals SL
ey

and SC(these three signals being grouped together in bundle F in Figs. 2, 4, and 10) and
he heteee generates the orthogongl x(m); and y(m), signals that are output to histogram formationape

blocks 28 and 29 resp¢ctively.

 

 

 

 

 
 
 

In order to process pixels only within a user-defined area, the x-direction20

yb. histogs ation unit 28 may be progran
pixels defined by boundaries, i.e. XMIN and/XMAX.This is accomplished by setting the

ed to process pixels only in a class of

XMIN and XMAX values in a user-programmable memory in x-direction histogram

formation unit 28 or in linear combinationjunits 30-35. Any pixels outside ofthis class

25 will not be processed. Similarly, y-direction histogram formation unit 29 may beset to

processpixels only in a class of pixels defined by boundaries YMIN and YMAX. This is

accomplished bysetting the YMIN and values in a user-programmable memory
in y-direction histogram formation unif 29 or in linear combination units 30-35. Thus,
the system can process pixels only if a defined rectangle by setting the XMIN and

30 XMAX, and YMIN and YMAX valugs as desired. Ofcourse, the classification criteria
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and validation criteria from the other fistogram formation units may be setin order to
form histogramsofonly selected classqs of pixels in selected domains within the selected

 

 

 

 

rectangular area. The XMIN and memory locations have a sufficient number of

bits to represent the maximum numb¢r of pixels in the x dimension of the image under
consideration, and the YMIN and memory locations have a sufficient number of
bits to represent the maximum nunjber ofpixels in the y dimension the image under
consideration. As discussed furtheg below, the x and y axes may berotated in order to

create histograms of projections algng the rotated axes. In a preferred embodiment, the
XMIN, XMAX, YMIN and Y

represent the maximum numbeq of pixels along the diagonal of the image under
memory locations have a sufficient numberofbits to

consideration (the distance from [Origin" to "Stop" in Fig. 15). In this way, the system

may be used to search within a piser-defined rectangle along a user-defined rotated axis

system.

In orderfor a pixel PI(a,b) to be considered in the formation of x andy 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, respecti x and y coordinates, for velocity data. In this example, xm and ym

resent the x and y coordinates of the maxima of the two histograms 38 and 39,

whereas|, and |, for the x axis and le and/la for the y axis representthe limits of the range
ofsignificant orinteresting speeds,1, anf |, being the longer limits and |, and 1, being the
upperlimited ofthe significant portions of the histograms. Limits I,, lb, 1, and ly may be

set by the user or byan application program using the system, may beset asa ratio ofthe

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 La

of ordinals l, 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 ofthe limits

I, 1, 1. and ly 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) data block.

Thus, the system of the invention generates in real time, histograms of each 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, 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 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 anddirection could be identified on the video image in 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 temporal processing unit 11.

 

 

 

-While the system of the inventionHasbeen described with respect to formation of

. S using an orthogonal coordinafe 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 determinethe orientation of certain points in an image, a

method which may be used, for exanfple to detect lines. In a preferred embodiment, the

4]
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x-axis may berotated in up to 16 diffe entdirections (180°/16), and the y-axis may be
independently rotated by up to 16 Aifferent directions. Rotation of the axes is

 

 

 

accomplished using dataline change bipck 37 whichreceives as an input the user-defined —
axes of rotation for each of the x anyfy axes, and which performs a Houghtransform to

S 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 chordinate systems using a Houghtransform is known
in the art. Thus, the user maysflect rotation of the x-coordinate system in up to 16
different directions, and mayin pendently rotate the y-coordinate system in up to 16

10 different directions. Using the qotated coordinate systems, the system may perform the
a functionality described above, iscluding 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
15 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
20. =NBPTS/RMAX,i.e., the ratio of the number ofpoints 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 histogramofcertain points under consideration, where the 
 

“iS taken along the x-axis,fi.e., projected down onto the x-axis. In this

Age example, the ratio R, while not calcuJated,is high, and containslittle information about
the orientation of the points under. nsideration. As the x-axis is rotated, the ratio R
increases, until, as shown in Fig. 19B, at approximately 45° the ratio R would reach a

“maximum. This indicates that the boints under consideration are most closely aligned.
30 perpendicular to the 45° x-axis, {n 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, £.g., 33.75° and 57.25° (assuming the axes are limited

to 16 degrees of rotation), in order to constantly ensure that R is at a minimum. For
applications in whichit is desirabjfe to detect lines, and assuming the availability of 16 x-_

5 direction histogram formation uglits, it is advantageous to carry out the calculation of R
simultaneously alongall possible axes to determine the angle with the minimum R to

determine thedirection of orifntationof the line. Because the x amd y axes may be
rotated independently, the and y histogram formation units are capable of
simultaneously independently, detecting lines, such as each side line of a road,in the same

 

 

 

 

manner.

 As discussed above, the system offthe invention may be usedto search for objects
d area defined by XMIN, XMAX, YMIN and YMAX. Because moving

Object may leave the bounded area the ystem preferably includes an anticipation function
which enables XMIN, XMAX, YMIN and YMAX to be automatically modified by the

<= 15 system to compensatefor the speed and direction ofthe target. This is accomplished by

 
  

 
 

within

determining values for O-MVT,corfespondingto 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 ona frame-

20 by-frame basis to ensure that fhe target remains in the bounded box being searched.

 
These parameters also enable fhe system to determine when a moving object, e.g.>a line,

that is being tracked based upon its axisof rotation, will be changing its axis of

orientation, and enable th¢ system to anticipate a new orientation axis in order to
maintain a minimized valug ofR.

Referring to Fig. 12, a controllef 42, which is preferably a conventional
sub. micro Or-based controller, is used th control the various elements of the system

and to enable user input of commands and controls, such as with a computer mouse and 
  

 
 

keyboard (not shown), orother input dévice. Components 11a and 22a, and controller

42, are preferably formed on a fingle integrated circuit. Controller 42 is in

30 communication with data bus 23, whigh allows controller 42 to run a program to control

22.
SD—
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various parameters that maybesetfin the system and to analyzethe results. In order to
select the criteria of pixels to be ftracked, controller 42 may also directly contro! the

following: i) content of each registerin classifiers 25b, ii) the content of each register in

validation units 31, iii) the content of XMIN, XMAX, YMIN and YMAX, iv) the

5 orientation angle of each of fhe x and y axes, and v) semi-graphic memory 50.
Controller 42 may also retrievefi) the content of each memory 100 and ii) the content of

registers 112, in order to an yze the results of the histogram formation process. In
addition, in general controller/42 may access and controlall data and parameters used in

the system. .
10 The system of the 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 cameraorthe like and processes the image to detect one or morecriteria of the 
= eyes ofthe driver to determine whenthedriver's eyes are open and whentheyare closed.
Ee 15 As discussed above, a wide-awake person generally blinks at relatively regular intervals

2 of about 100 to 200 ms. When a person becomes drowsy, the length of each eye blink
=

oe increases to approximately 500 to 800 ms, with the intervals between blinks beingay

weKoa. 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 betweenay

wh HeWot
20 blinks to determine when the driveris falling asleep. This is possible because the video

signal coming from the sensorinuse, 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

betweenblink lengths of 100 to 200 ms for an awake person from blink lengths of 500 to

25 800 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 videosignal.

  The system of the invention utifizes a video camera or other sensor to receive —

river T in order to detegt when the driveris falling asleep. While various:

methods of positioning the sensor shall be described, the sensor may generally be

2s\
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 position by any meansandin any locatioh that permits acquisition of a continuous image
of the faceof the driver whenseated in/the driver's seat. Thus,it is foreseen that sensor
10 may be mountedto the vehicle or gn the vehicle in any appropriate location, such as

in or on the vehicle dashboard, steering wheel, door, rear-view mirror, ceiling, etc., to
5 enable sensor 10 to view the face of fhe driver. An appropriate lens may be mounted on

the sensor 10 to give the sensor a wifler view if required to sée drivers ofdifferent sizes.
 

 

 
 

Figs. 18 and 19 show a conventional fear-view mirror arrangement in which a

see ahead along direction 301f/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 $04 which enables adjustment ofvision axes

302a and 302b. Axes 302a and 302b ar¢ generally parallel and are oriented in the

direction of the vehicle. Optical axis 306/ which is perpendicular to the face 303a ofz
e3 mirror 303, divides the angle formed byy&

BR,

*= 15 attachmentportion ofvehicle body 305,

es 302a and 302b into equal angles a and b. 

 

 
 

 

Axis 307, which is perpendicular to axis} 302b and therefore generally parallel to the

efines 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 abracket 299. The camera may be mounted in any desired position to engble the driver to have a clear view of the road

while enabling sensor 310 to acquire infages of the face of the driver. Bracket 299 may

20 be an adjustable bracket, enabling tht camera to be faced in a desired direction, ice.,
toward the driver, or may be at a fixgd orientation such that when the mirror is adjusted
by drivers ofdifferent sizes, the cangera continues to acquire the face of the driver. The
signal from the camera is communifated to the image processing system, which operates
as described below, by meansoflead wires or the like (not shownin Figs. 18-20).

 
 igs. 21 and 22 show a rear-view nfirror assembly 308 in which sensor 310is
mourtted interior to the mirror assembly. /Mirror assembly 308 is adapted so that as
assembly 308 is adjusted by a driver, senspr 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

30_preferably an electronic mini-camera of MOS sensor with a built-in lens, is affixed to a

 
Oe “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 sothat
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 when thedriver whenthe driver djusts the rear view mirror so that the receiving face

310a of sensor 310 receives thefimage of the face ofthe 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 ofa 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 oneend, 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 includesa ball having a channel therethrough in which rod
313 is engaged, and which rotates in substantially hemispherical caps supported by clamp
316. The joint constantly maintains a desired angle between mirror 309 andbracket 31 1,

 
5 thereby permitting normal adjustmentof rear-view. mirror 309 while bracket 311 adjusts
3 the direction of sensor 310 so that the face 310a ofthe sensor will receive an image of

20 the face of the driver.If desired, it is foreseen that sensor 310 may be mounted interior
to rear-view mirror assembly 308 ata fixed angle relative to the face 309a of the misror

assembly, provided that sensor 310 is able to receive an imageof 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. 

 
 

 

 

sor 310 is connected by means pf one or more lead wires to image processor

ch is preferably an image procesging system of the type discussed above and is .
preferably in the form ofan integrated ci uit 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

co ;
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assembly 308 by means of conventiodal lead wires. While controller 310 is preferably a
microprocessor, it is foreseen that cntroller 310 may be an ASIC or simple controller
designed to perform the functions specified herein, particularly if the system is.
embedded, e.g. contained in a mirrog 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 ambientlightis 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. Illuminationof 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 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 ofthe driverat all times, provided that sensor 310 is compatible
withtheillumination source. This eliminates many problemsthat 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 monitors the alertness of the driver by detecting, in

real time and on a continuous basis, the duration of the blinks of the driver's eyes and/or
intervals between blinks, and by triggering alarm 322 to wakeupthe driverin 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

‘3 adjacent to the eye, and others. The eye may also be detected by detecting either
changes in the appearanceofthe eye whenblinking or by detecting motion of the eyelid
during blinking.

Referring to Fig. 30, as aninitial step, the system of the invention preferably
detects the presence of a driver in the driver's seat (402). This may be accomplished in

10 any number of ways, such as by an electrical weight sensor switch in the driver's seat or
ae by interfacing with a signal generated by the vehicle indicating that the vehicle is in use in
a? 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 such a signal, the system

enters into a search modefor detecting the driver's face or driver's eye(s). Alternatively,
15 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 when the engineis turned on, and enters into a search modein

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

 
20 aware ofthe presence ofthe driver.

s an alternative method of detect{ng the presence of the driver, if sensor 10 is 
 
  
 

 

in a mannerthat enables (orr. uires) that the sensor be adjusted toward the
face of the driverpriorto use, e.g., by Adjustment of the rear-view. mirror shown in Fig.

21, the system mayactivate an alarm yntil the sensor has acquired the face ofthe driver.

The driver may also be detected by/using the image processing system to detect

ver 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 sensof to a circuit of the vehicle electrical system that 

 

 

has constant power. Alternatively, fhe system may be powered upon detecting the
30 vehicle door open, etc. Whenthe diiver enters the driver's seat, the image from sensor

2
bt
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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 Jnalateral direction away from the driver's door.
The pixels will also have hue characteri 

 

stics 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 movement$fthe 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 sef the validation units to detect DP=1, and analyze the
histogram in the histogram fornfation unit for DP to detect movementindicative of a

person entering the vehicle, e.gf NBPTS exceeding a threshold.
Fig. 23 showsthefield of view 523 of sensor 310 between directions 323a and

ére the head T ofthe driveris/within, and is preferably centered in, conical field

323. Field 323 maybe keptrelatively narrow, given that the movementsofthe head T of

the driver during driving are limite 
 

 

. 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 pixejs, 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 of pixels characteristic of a driver moving into the
vehicle to the total number of pixels in a frame is a function ofthe size ofthe field of

vision of the sensor. For a narrowfield 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 entersthe 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 characteristicsof the driver entering the vehicle may bé

detected by the system, including a high CO,hue, direction, etc., in any combinations, as
appropriate, to make the system more robust. For example, controller 42 may set the

204
S |
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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

mayset 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,

5 as appropriate. The resultant histogram may then be analyzed: to determine whether
NBPTSexceeds a threshold, which would indicate that the driver has movedinto 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.

10 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 ofthe 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

 
anSY in normally be characterized by DP=1 dueto differences in the luminance of the skin and
mw

the background, even due to minimal movements of the head while the head is still.
 Movementof the head may befurther characterized by vertical movementon the top and
  av

oeA bottom edges ofthe head, and left and right movement on the vertical edges of the head.
why feHalHot The pixels of the head in movementwill also be characterized by a hue corresponding toaye

20 humanskin andrelatively slow movement as compared to eyelid movement for example. —
Controller 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 combinationunits for velocity and hue may beset to detect
low velocities and human skin hues to make the system more robust. Also, the linear

25 combination unit for CO maybeset to eliminate the very fast movements characteristic

of eye blinking in order toprevent 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

30. ~=detected.
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. Asillustrated in Fig. 24, the pixel having the selected characteristics are formed
ams 324x and 324y along/axes Ox and Oy, i.e., horizontal and vertical

projections, respectively. Slight mofements of the head of the driver having the.

characteristics selected are indicatedfas ripples 327a, 327b, 327c. and 327d, which are

5 shown in line form but which actualy extend over a small area surroundingthe periphery

of the head. Peaks 325a and 325} of histogram 324x, and 325c and 325d of histogram
coordinates 326a, 326b, 326c dnd 326d, a frame

, Xc, Xd, which generally correspond to the area in

324y delimit, -by their respecti

bounded by straight lines Fa,
which the face V of the driv

324y from the histogram fo vation units, preferably during the blanking interval, and
detects the locations of peakf 325a, 325b, 325c and 325d (408). In order to ensure that |
the head has been identifi

' located. Controller 42 reads the histograms 324x and
 

 

 
 

 

, 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 hadsizes.

Once the location of coordinates /326a, 326b, 326c and 326d has been

, the area surrounding the face of the driver is masked from further processing

(410). Referring to Fig. 25, this is acc plished by having controller 42 set XMIN,
XMAX, YMIN and YMAX to correspgnd to Xc, Xd, Ya, and Yb respectively. This

ee masks the cross- hatched area surrounding face V from further consideration, which

 

 
 
 

20 helps to eliminate background movem@nt from affecting the ability of the system to
detect the eye(s) of the driver. Thus, for subsequent analysis, only pixels in central area

Z, framed by the lines Xc, Xd, Ya, Yp 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

25 memory may be used to mask off selected pixels of the image in individual or small
| rectangular groups. Since head V if not rectangular, use of the semi-graphic memory
enables better masking around the rounded edges of the face to better eliminate
backgroundpixels from further congideration.

The process of detecting the head of the driver and masking backgroundareasis

30 repeated at regular intervals, and preferably once every ten framesorless. It is foreseen

fA
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that this process may be repeated every frame, if desired, particularly if more than oneset
of histogramformation 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, Yd, if desired. This will establish a nearly
fixed position for the frame overtime.

Once the framehas beenestablished,¢Centered-Face flag is set to “1" (412), and
er 42 initiates the process of reducing the framesize 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, Xddetermined in the priog step, controller42 initially uses the usual
anthropomorphic ratio between the zong ofthe 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 YajY’b, X'c and X'dthat includes the eyes U ofthe
driver. Thus, the pixels in the outer ross-hatched area of Fig. 27 iseliminated 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, Xd, Y'a, and Y/b respectively (414).. This masks the pixels in the
area outside Z' from further considgration. Thus, for subsequentanalysis, only pixels in
area Z' containing eyes U are consifered. As an 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 anthropomgrphic ratio may be used to set frame Z' around only a
single eye, with detection ofbli

 for one eyeonly.

king being generally the same as described below, but

Oncethe 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 movementof pixels 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 ofvertical movement, by detection ofhigh
velocity, and bydetection of hue. As an alternative to detection of hue, movementofthe
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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, Xd, Y'a, and Y’b respectively.
Referring to Fig. 27, a histogram is formed ofthe selected criteria, which is analyzed by
controller 42 (420). If desired, atest 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 numberof pixels 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).

ig. 27 illustrates histogram 28x along axis Ox and histogram 28y along axis Oy

pixels with the selected criteria corr¢sponding to the driver’s eyelids, preferably
DP=1 with vertical movement. Controllgr 42 analyzes the histogram and determines
peaks 29a, 29b, 29c and 29d of the histogram. These peaks are used to determine
horizontal lines X“e and X“d and vertigal lines Y“a and Y“b which define an area of

 

 

 

movementofthe eyelids Z”, the moverfients 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 Y“a, Y“b, Xe, X"d ispreferably determined and updated by time-averaging
the values of peaks 29a, 29b, 29c anf 29d, preferably every ten frames or less. Once the
eyes have been detected and frame £" 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 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 areaZ" —

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

7 5Ar,
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information, it is possible to determine whenadriveris falling asleep. Two successive
blinks C1 and C2 are shown onFig. 28.

 
 

Fig. 29Aillustrates on curve C tHe variation over time of the number of pixels in
aving the selectedcriteria,  -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 histopram formation units. Alternatively, controller 42
may analyze the x and/or y histogragns of the histogram formation units (Fig. 27) to
detect peaks 29a and 29b and/or 49c and 29d, which over time will exhibit graph
characteristics similar to those showy in Fig. 29A. 

 
 
 

Controller 42 analyzes the data in F/g. 29A over time to determine the location
ifig of peaksin the graph (428). THis may be done, for example, as shownin Fig.

29B, by converting the graph shownin Fg. 29Ainto a binary data stream, in whichalloiebth
pixels counts overa threshold are set to "1", and all pixel counts below the threshold are

set to "0" (vertical dashes 31), in order fo convert peaks P1, P2, P3 to framed rectangles
yet

15 Rl, R2 R3, respectively. Finally, Fig. 29B showsthe lengths of each blink (5, 6, and 5

SG
iahid3a

B

frames respectively for blinks P1, P2 ahd P3) and thetime intervals (14 and 17 frames for
the intervals between blinks P1 and Pp, and P2 and P3 respectively). ‘This informationis

determined by controller 42 throughfan analysis of the peak data overtime. 
Finally, controller 42 calculates the lengths of successive eye blinks and the

20 interval between successive blinks (430). If the 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 timeinterval between successive blinks is found to vary significantly over time, a flag
is set to "1" indicting a variable intervals between blinks. Uponsetting the first flag,
which indicates that the driveris blinking at a rate indicative offalling asleep, controller

25 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 sound level.

WD
tem may beused to detect a driver/falling asleep. Initially, controller 42 is placed in a

 

 
 

1 - 36 show analternative method by which the generic image processing

search mode (350), in which contrdller 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 defiged by low luminance. Referring to Fig. 31, the

area of the imageis broken upinto a nymberof sub-images 352, in this case six, labelled
A-F, which are sequentially analyzed controller 42 to locate the nostrils. As shown,

5 each of the sub-images 352 preferably overlaps each adjacent sub-image by an amount
353 equal to at least the normal fcombined width of the nostrils and the spacing
therebetween to. minimizethe likelinbod of missing 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
10 combination unit to detect low luminance levels (356). The actual luminance level

selected will vary depending upon variousfactors, such as ambient lighting, time of day,
. weather conditions, etc. Keeping in mind that controller 42 is able to access the
S Ahistogram calculated for luminance from histogram formation unit 24, controller 42 may
Fi use a threshold or other desired technique to select the desired luminances to search for
t= 15 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 luminancelevels. Controller 42 then analyzes the x and y

_ direction histograms to identify characteristics indicative of the nostrils, as discussed
20 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

25 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 mostlikely 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 be restricted to a small sub- area of the

QL
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image. It is also foréseen that the entire image may be search at once for the nostrils,if
desired.

While the invention is being described with respectto 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 othersearchable characteristics of the eye), without the needfor 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
x foreseen that separate sensors may be used for each purpose.
y Fig. 32 shows sample x andy histograms of a sub-image in which the nostrils are
iz 15 located. Nostrils are characterized by a peak370 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 
ensurethat 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 exceeda similar threshold. Second, the distance betweennostrils dis

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 shadowing effects. 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. Oncethe nostrils are acquired, the x position of
the center of the face (position a/2 within the sub- image under consideration) is

A
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determined, as is the y location of the nostrils in the image (POSRMAX ofthe y

histogram) (364).

In thepresent example, only a singlf eye is analyzed to determine when the driver

 

 

 

 
 
 

eep. In this case the shadow ofthe eye in the open and closedpositionsis
used to determine from the shape of the shadow whether the 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 posyfioned abovethe driver at a position to cast a shadow
having a shape capable of détected by the system. The anthropomorphic model is

10 preferably adaptive to mofn, to features of the driver, and to angular changes of the
driverrelative to the sengor.

 
 
 

 

 

 

 

Referring to Fig. 32, having determined th¢ location of the nostrils 272 of the

aving a center position Xx, Yn, a search box]276 is established around an eye 274

of the driver (366). The location of search box 2776 is set using an anthropomorphic

model, wherein the spatial relationship between the eyes and nose of humansis known.
Controller 42 sets XMIN, XMAX, YMIN, and
by search box 276. Controller 42 further sety.the luminance and x and y direction

to search within the area defined

histograms to be on, with the linear combinatj nunit for luminance set to detect low

 
oat histogram levels relative to the rest of the image, e.g., the lowest 15% of the luminance

20—levels (368). As a confirmation of the deteftion of the nostrils or other facial feature

being detected, search box 276, which is ¢stablished around an eye 274 of the driver

using an anthropomorphic model, may be ghalyzed for characteristics indicative of an eye
present in the search box. These charafteristics may include, for example, a moving

eyelid, a pupil, iris or cornea, a shape cofresponding to an eye, a shadow corresponding

25 ‘to an eye, or any other indica indicatiye of an eye. Controller 42 sets the histogram
formation units to detect the desired ¢riteria. 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 shapes of the x and y histograms

30 to knowncharacteristics 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 of the driyér.

Upon detection of the desired secondary facial criteria, identification of the
nostrils is confirmed and detection of eye openings and closings is initiated.

5 Alternatively, the criteria being detected to confirm identification of the nostrils may be

eye blinking using thetechnique 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
10 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 theimage, 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

= 15 detected movement of the head, and a resultant shift in the position of Xy, Yn, search
cS box 276 is shifted according to the anthropomorphic modelto 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,

Fe and Fig. 34 shows the. shapes of the x and y histograms 380, 382 with the eye closed.

 
20 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 ofthe light source

creating the shadow, e.g., the sun or the IR light source. In anycase, 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

25 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, NBPTSof each histogram exceeding a threshold, RMAX ofeach histogram

exceeding a threshold, change in position of POSRMAX as compared to a closed eye,

30 etc. Similarly, a closed eye may be determined by any numberofcharacteristics of the x

 

i y
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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, -
5 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 eachof 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).

10 MAX and MIN are preferably the MAX and MIN calculatedin thehistogram formation
units. On the other hand, MAX and MIN maybeother thresholds, e.g., the points on the
histograms corresponding to RMAX/2 or someother threshold 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 

15 this information, controller 42 determines whether the driver is drowsy (388). Upon

determining that the driver is drowsy, controller 42 generates an alarm to awakenthe
driver (390) or another signal 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

20 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 on the side ofthe nose, and may also adjust the
sensor gain to minimize this effect. If desired controller 42 may cause the histogram

25 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 respectto

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

30 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. More generally, although the present
invention has been described with respect to certain embodiments and examples,
variations exist that are within the scopeofthe invention as described in the following

5 claims.

 

? is ‘
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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 ofthe person;

selecting pixels of the image having characteristics corresponding to
characteristics ofatleast one eye of the person;

forming at least one histogram ofthe selectedpixels;
analyzing the at least one histogram over time’ to identify each opening

10_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 toclaim 1 further comprising the step ofidentifying a

sub-area of the image comprising the at least one eye prior to the step ofselecting pixels

15 of the image having characteristics corresponding to characteristics of at least one eye,

and wherein the step ofselecting pixels of the image having characteristics corresponding

to characteristics of at least one eye comprisesselecting pixels within the sub-area of the

image.

| 3. The process according to claim 2 wherein the step ofidentifying a sub- area
20 of the image comprising the at least one eye comprisesthe stepsof.

identifying the head of the person in the image; and

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

4. The process according to claim 3 whereinthestep ofidentifying head of the
person in the image comprises the stepsof:

25 selecting pixels of the image having characteristics corresponding to
edgesof the headofthe person;

forming histogramsofthe selected pixels projected onto orthogonal axes;

and |
analyzing the histogramsoftheselected pixels to identify the edges of the

30 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 the at least one eye comprisesthe stepsof:

identifying the location of a facial characteristic of the person inthe
image; and

identifying the sub-area of the image using an anthropomorphic model
and the location ofthe facial characteristic.

6. The process according to claim 5 wherein the step of identifying the location
ofa facial characteristic ofthe 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

analyzing the histogramsofthe 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 ofat least one eye of the person comprises selecting
pixels having low luminancelevels corresponding to shadowingofthe eye; and

wherein the step analyzing the at least one histogram over time to identify
each opening andclosing ofthe eye comprises analyzing the shape of the eye shadowing
to determine openings and closingsofthe 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 corresponding to blinking; and

wherein the step analyzing the at least one histogram overtimeto identify

each opening and closing of theeye comprises analyzing the number of. pixels in

movementover time to determine openings and closingsofthe 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, 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-imagesof
the imageto identify the nostrils.

15. The process according to claim 13 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
characteristic to select a sub-area of the image containing a secondfacial characteristic;

selecting pixels of the image havingcharacteristics corresponding to the

second facial characteristic; and
analyzing the histograms of the selected pixels of the second facial

characteristic to confirm theidentification ofthe 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 ofthe face of the person, the image
comprising pixels corresponding to 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 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. .

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 of the head of the person and forms histograms of

the selected pixels projected onto orthogonalaxes; and
the controller analyzes the histogramsofthe selected pixels to identify the

edges ofthe head ofthe 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 ofa facialcharacteristic of the personin 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 orthogonal axes;

the controller analyzes the histogramsofthe selected pixels to identify the
position ofthe facial characteristic in the image.

22. The apparatus accordingto 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 ofthe 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 of the 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 openingsand closings ofthe 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 numberof pixels in movement over time to
determine openings and closingsoftheeye.

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 ofa blinking eyelid,iii) velocity indicative of a blmking eyelid, and iv) up and
down movementindicative ofa blinking eyelid.

28. The apparatus according to claim 20 whereinthe 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 characteristicto cause the histogram formation unit to select a sub-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 ofsuchpixels; and

20 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.

25 32. The apparatus according to claim 16 further comprising an alarm, the

controller operating the alarm upon detection of the person falling 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 ofIR 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 murror.

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 mountedto 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.

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 thedriver. |

39. The rear-view mirror assembly according to claim 35 further comprising a
source ofillumination 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 person falling 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 according to claim 16.
43. A process ofdetecting a feature of an eye, the process comprising the steps

of:
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acquiring an imageofthe face of the 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; .

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.

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 of the eye, the image comprising pixels

corresponding to 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
Se

personfalling asleep.
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\CLAIMS

| 1. A process of detecting a person filling asleep, the process comprising -
AUS 5 _ acquiring an image ofthe face {V) ofthe person; selecting pixels ofthe image having characteristics corresponding to

characteristics ofatleast one eye ofthe peréon;

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

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

10 each opening and closing of the eye; and

determining from thd opening and closing information on the eye,

characteristics indicative of a perso falling asleep;
 

identifying a sub-afea of the image comprising the at least one eye
ptior to the step of selecting pixels of the image having characteristics.

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

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

 
identifying the fead ofthe person in the image; and

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

2. The process accofding to claim 1 wherein the step ofidentifying head
ofthe person in the image co . prises the steps of.

selecting pixels ofthe image having characteristics corresponding to

edgesofthe head ofthe person; |
25 - forming histo g ams (328x, 328y) of the selected pixels projected

onto orthogonal axes; and | |
analyzing the histogramsofthe selected pixels to identify the edges

of the head ofthe person.

3. The process of jdetecting a person falling asleep, the process
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 comprising the stepsof.
acquiring an image ofthe face V ofthe person;

selecting pixels ofth image having characteristics corresponding to
characteristics of at least one eye of theperson; ,

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

analyzing the at least ong 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;

identifying a sub-area of fhe image comprising the at least one eye
prior to the step of selecting pixels of the image having characteristics
corresponding to characteristics ofatleast one eye, and wherein the step of
selecting pixels ofthe image having characteristics corresponding to characteristics
ofat least one eye comprises selectiig pixels within the sub-area ofthe image;

identifying the locafion 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.

4. The process according to claim 3 wherein the step of identifying the
location of a facial characteristic ofthe person in the image comprises the steps of.

selecting pixels ofthe image having characteristics corresponding to

the facial characteristic;

forming histogramsofthe selected pixels projected onto orthogonal
axes; and - .

analyzing the histograms of the selected pixels to identify the

position ofthe 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 cortespondingto the facial characteristic comprises selecting
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pixels having low luminancelevels.

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

 

 

 

 

  
 
 

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

steps of |

‘acquiring an imageoftheface (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 (348x) of the selected pixels,

analyzing the at least one histdgram 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 leep;
the step of selecting pixelé of the image having characteristics

corresponding to characteristics of at-Ifast one eye of the person comprises 
selecting pixels having low luminance lévels corresponding to shadowing of the

eye; and

20 wherein the step analyfing the at least one histogram over time te
identify each opening and closing of the eye comprises analyzing the shape of the

eye shadowing to determine openigs and closings ofthe eye. _
l( ZB. The process according to claint9 wherein the step of forming at least

one histogram of the selected pixels comprises forming histograms of shadowed
25 pixels ofthe 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.

b ~9,The process of detectijg a person falling asleep, the process
ohui . prising the steps of:
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acquiring an imageofthe fate V of the person;

selecting pixels of the image hkving 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 openingjand closing information on the eye,

characteristics indicative of a personfalling 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 timeto

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

pixels in movement over time to dete:

 
ine openings and closings ofthe eye.

15 10. The process according to dlaim 9 wherein the step of selecting pixels
of the image having characteristics corfesponding to characteristics of at least one

eye of the person comprises selecting having characteristics selected from the

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

20 blinking eyelid.

 
iv) up and down movementindicative of a

11. The process accordigg to claim 3 wherein the step of identifying a
facial characteristic of the personjnthe image comprisesthe step of searching sub-

imagesofthe image to identify tHe facial characteristic. |
| 12. The process according to claim 5 wherein the step of identifying a

25 facial characteristic of the persgn in the image comprises the step of searching sub-
images ofthe imageto identifythe nostrils.

gq | MB. The process according to claim Y 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
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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. .

i V.- 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 ofthe person; ;

a controller; and

ahistogram 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 toidentify 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 theat 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 ofthe person in the image; and

the controller identifies the sub-area of the image using an
anthropomorphic model.

15. The apparatus accordingto 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

histograms ofthe selected pixels projected onto orthogonal axes; and

the controller analyzes the histograms of the selected pixels to
5 identify the edges of the head ofthe person.

16. The apparatus according to claim 14 wherein:

the controller interacts with the histogram formation unit to identify

the location ofa facial characteristic ofthe person in the image; and
the controller identifies the sub-area of the image using an

10 anthropomorphic modelandthe location ofthe facial characteristic.

17. The apparatus according to claim 16 wherein:

the histogram formation unit selects pixels of the image having

characteristics correspondingto 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 luminancelevels corresponding to the luminance level 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 ofthe nostrils fall

within a desired range. |
25 pf? ZA. 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 openingsand closingsofthe eye.
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odd Aw. The apparatus according to claim 7 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 andclosings of the eye. .

5 a5 24. 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 numberofpixels in movement over time

to determine openings andclosings ofthe eye.
 
 

 

 
3. The apparatus according to\claim 22 wherein the histogram formation

unjte-Slects pixels of the image having fharacteristics of movement corresponding
 to blinking, such characteristics bei selected from the group consisting ofi)

DP=1,ii) CO indicative of a blinking eyelid, ili) velocity indicative of a blinking
eyelid, and iv) up and down movementindicative of a blinking eyelid.

15 ja 94. The apparatus according to claim NG swinerein the controller interacts
with the histogram formation unit to search sub-images of the image to identify the
facial characteristic. 
0 ZS. 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. 7 Ho ~
JAK. The apparatus according to claim34 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-

25 area ofthe 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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correspondingto the second facial characteristic to confirm the identification of the

first facial characteristic. |

27aw. The apparatus according to claim 14 wherein the sensor is integrally
constructed with the controller and the histogram formation unit. |

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

controller operatingthe alarm upon detection ofthe 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. A rear-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 mounted interior to the housingwith 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 ofthe vehicle

during adjustmentofthe 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 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. Arear-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, |

38. Avehicle comprising the apparatus according to claim 14. 
 

 
. A process ofdetecting a feature pf an eye, the process comprising the

 

 

acquiring an image of the face of the person, the image comprising
is pixels correspondingto the feature to be defected; |
2 15 selecting pixels ofthe imag¢ having characteristics corresponding to

| the feature to be detected; .
forming at least one histogram ofthe selected pixels; 
analyzing the at least jone histogram over time to identify

characteristics indicative ofthe feature to be detected.

20 said feature being the iris, pupil or cornea.
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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.
A sub-atea of the image including the eye may be determined by identifying the head or a facial characteristic of the person, and then
identifying fhe sub-area using an anthropomorphic model. To determine openings and closings of the eyes, histograms of shadowedpixels
of the eye are analyzed to determine the width and height of the shadowing, or histograms of movement corresponding to blinking are
analyzed. An apparatus for detecting a person falling asleep includes a sensor for acquiring an image of the face of the person, a controller,
and a histogram formation unit for forming a histogram on pixels having selected characteristics. Also disclosed is a rear—view mirror
assembly incorporating the apparatus. : .
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  . PC TO 14 JUL 200g" ”

Rev8 ° U.S, --SPARTMENT OF COMMERCEPATENT AND TRADEMARKOFFICE . ATTORNEY'S DOCKET NUMBER
TRANSMITTAL LETTER TO THE UNITED STATES__|.20046H-000600us

DESIGNATED/ELECTED OFFICE (DO/EO/US) US. APPLICATION NO.(Ifknown. see 37 CFR 1.5)
CONCERNING A FILING UNDER35 U.S.C. 371 N19 /600390

INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED
PCT/EP99/00300 January 15, 1999 January 15, 1998
TITLE OF INVENTION

METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

j APPLICANT(S) FOR DO/EO/US
PATRICK PIRIM, THOMAS’ BINFORD

| Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US)the following items and otherinformation:
1. This is a FIRST submission of items conceminga filing under 35 U.S.C. 371.
2. L] This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371.
3. This express request to beginnational examination procedures (35 U.S.C. 371(f)) at any time rather than delay

_ examination until the expiration of the applicable timelimit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39(1).
A proper Demand for International Preliminary Examination was made by the 19th month from theearliest clayned priontydate.

A copy ofthe International Application as filed (35 U.S.C. 371(c)(2))
a. (| is transmitted herewith (reauired only if not transmitted bv the International Bureau).
h. has been transmitted by the International Bureau. , ;
C. is not required, as the application was filed in the United States Receiving Office (RO/US).
A translation of the International Application into English (35 U.S.C. 371(c)(2)).
Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))

a. C] are transmitted herewith (required onlyif not transmitted by the International Bureau).
b. C] have been transmitted by the International Bureau.
c. CJ have not been made; however, the time limit for making such amendments has NOT expired.
d. have not heen made and will not be made.

A translation ofthe amendments to the claims under PCT Article 19 (35 U.S.C. 371 (c)(3)).

An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)).

> PIR)

FA

9. OOO
10. A translation of the annexesto the International Preliminary Examination Report under PCTArticle 36

(35 U.S.C. 371(c)(5)).
Items 11. to 16. below concern document(s) or information included:

11. Be] oan Information DisclosureStatement under 37 CFR 1.97 and 1.98.
. \

; 12. C] An assignment documentfor recording.: A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
- i

13. LC A FIRSTpreliminarv amendment.

[-] A SECOND or SUBSEQUENT preliminary amendment. -

14. LJ A substitute specification.

15. CO A change of powerof attorney and/oraddressletter.

16.k| Otheritems or information:

Courtesy copy of published application
ISR

3 references

IPER w/amended spec. sheets 1-1A, claim sheets 49-57

Note: The claims under consideration are amended claims 1-39, submitted with
applicants’ letter of January 11, 2000, and which are attached to the
courtesy copy of the published application.
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US. APPLICATION NO, fifknown we S7CFRIS) INTERNATIONAL APPLICATION NO ATTORNEY'S DOCKET NUMBER
WY /60D0 590)|pct/ep99/00300 20046H-000600US

     
. . CALCULATIONS  PTOUSEONL17. The following fees are submitted: A b - t

BASIC NATIONAL FEE (37 CFR 1.492 (a) (1) - (8)):
Neither international preliminary examination fee (37 CFR 1.482)
nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO
and International Search Report not prepared by the EPO or JPO--------- $970.00

International preliminary examination fee (37 CFR 1.482) notpaid to

 

  
  
 

USPTO but International Search Renort nrenared bv the EPO or JPOQ...-... $840.00

International preliminary examination fee (37 CFR 1.482) not paid to USPTO but
international search fee (37 CFR 1.445(a)(2)) paidto USPTO —Oi«....... $760.00  

  
 
  

International preliminary examination fee paid to USPTO (37 CFR 1.482)
butall claims did notsatisfy provisions of PCT Article 33(1)-(4)....-. teas $670.00
International preliminary examination fee paid to USPTO (37 CFR 1.482)
and all claimssatisfied provisions of PCT Article 33(1)-(4) .............00.596.00

 $840 

 
ENTER APPROPRIATE BASIC FEE AMOUNT =

Surcharge of $130.00 for furnishing the oath or declaration later than[_] 20 [J 30
months from the earliest claimed priority date (37 CFR 1.492(e)).

=]

0 saa
MULTIPLE DEPENDENT CLAIM(S)(if applicable)

TOTAL OF ABOVE CAL ATIONS = $1,416

Reduction of 1/2 for filing by small entity, if applicable. A Small Entity Statement
must also by filed (Note 37 CFR 1.9, 1.27, 1.28).

SUBTOTAL =
Processing fee of $130.00 for furnishing the English translation later than [J20 C] 30
months from the earliest claimed priority date (37 CFR 1.492(f)). +

TOTAL NATIONAL FEE =[|$1,416

Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property ~*

TOTAL FEES ENCLOSED $1,416
Amountto be:

charged

a. CJ A check in the amountof $_uu0HNnEssstto cover the above fees is enclosed.

 

  

  
 

 

  

 
  

  

b. . Please charge my Deposit Account No. _20-1430___in the amount of $.13416 sto. cover the abovefees.
A duplicate copy ofthis sheetis enclosed.

¢. The Commissioneris hereby authorized to charge any additional fees which may be required, or credit anyoverpayment to Deposit Account No. 20-1430. A duplicate copy ofthis sheet is enclosed.

NOTE: Wherean appropriate time limit under 37 CFR 1.494 or 1.495 bas not been met, a petition to revive (37 CFR
1.137(a) or (b)) must befiled and granted to restore the application to pendingstatus.

SEND ALL CORRESPONDENCETo:

Babak S. Sani

Townsend and Townsend and Crew LLP SIGNATURE:

Two Embarcadero Aoe fl. Babak §. SaniSan Francisco, CA NAME

37,495
REGISTRATION NUMBER
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FORM PTO-1390 Us | WENT OF COMMERCE PATENT AND TRADEMARK OFFICE “Trornevs DOCKET NUMBER
(REV 11-98) - a

TRANSMITTAL LETTER TO THE UNITED STATES 20046H-000600US
DESIGNATED/ELECTED OFFICE (DO/EO/US) USS. APPLICATION N ). Af known. see 37 CFR 1.51

CONCERNINGA FILING UNDER 35 U.S.C. 371 09 /600390
INTERNATIONAL APPLICATION NO. INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED

PCT/EP99/00300 January 15, 1999 January 15, 1998

TITLE OF INVENTION |
METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

APPLICANT(S) FOR DO/EO/US
PATRICK PIRIM, THOMAS BINFORD

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information:
1 &]
2C
3.

ws FR)

Ao

3 L]
9 CI

lio

This is a FIRST submission of items conceminga filing under 35 U.S.C.371.

This is a SECOND or SUBSEQUENT submission of items conceminga filing under 35 U.S.C. 371.
This express request to begin.national examination procedures (35 U.S.C. 371(f)) at any time rather than delay
examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCTArticles 22 and 39(1).
A proper Demand for International Preliminary Examination was made by the 19th month from theearliest clauned priority date.

A copy ofthe Intemational Application as filed (35 U.S.C. 371(c)(2))
a. L] is transmitted herewith (reauired only if not transmitted bv the International Bureau).
bh. has been transmitted by the Intemational Bureau. .
c. C] is not required, as the application was filed in the United States Receiving Office (RO/US).
A translation of the International Application into English (35 U.S.C. 371(c)(2)).
Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3))

a. L] are transmitted herewith(required only if not transmitted by the International Bureau).
b. [] have been transmitted by the Intemational Bureau.
c. CL) have not been made: however, the timelimit for making such amendments has NOTexpired.

d. have not heen made and will not he made.
A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)).

An oath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)).

A translation of the annexesto the International Preliminary Examination Report under PCT Article 36
(35 U.S.C. 371(c)(5)).

Items 11. to 16. below concern document(s) or information included:

n. &]

12. C]

3. C

O

va

i.

16. kK]

An Information Disclosure Statement under 37 CFR 1.97 and 1.98.

An assignment documentfor recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.
ton

A FIRSToreliminarv amendment.

A SECOND or SUBSEQUENT preliminary amendment.

A substitute specification.

A change of powerofattorney and/or addressletter.

Otheritemsor information:

Courtesy copy of published application
ISR .

3 references

IPER w/amended spec. sheets 1-l1A, claim sheets 49-57
Note: The claims under consideration are amended claims 1-39, submitted with

page | of 2

applicants' letter of January 11, 2000, and which are attached to the
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934 Rec'd PCT/PTC 7 4 JUL2000me
 

 U.S. APPLICAT af TER HT UATERNATIONAL APPLICATION NO ATTORNEY'S DOCKET NUMBER
| _PcT/EP99/00300 20046H-000600US 

| : TO USE17. The following fees are submitted: CALCULATIONS_PTO USE ONLY
BASIC NATIONAL FEE (37 CFR 1.492 (a) (1) - (5)):

Neither international preliminary examination fee (37 CFR 1.482)
nor intemational search fee (37 CFR 1.445(a)(2)) paid to USPTO
and International Search Reoort not prepared bv the EPO or JPO------: 5970.00
International preliminary examination fee (37 CFR 1.482) not paid to
USPTO but. International Search Renortprenared hy the EPO or JPO...-..- $840.00

Intemational preliminary examination fee (37 CFR 1.482) not paid to USPTO but
international search fee (37 CFR 1.445(a)(2)) paidto USPTO... .... .. $760.00

Intemational preliminary examination fee paid to USPTO (37 CFR 1.482)
but all claimsdid not satisfy provisions of PCT Article 33(1)-(4).------ ...- $670.00

International preliminary examination fee paid to USPTO (37 CFR 1.482)
and all claims satisfied provisions of PCT Article 33(1)-(4) ................$96.00

ENTER APPROPRIATE BASIC FEE AMOUNT =

eatiaceranmO*Ofmonths from the earliest claimed priority date (37 CFR 1.492(e)).

NUMBEREXTRA|RATE|
9
=

MULTIPLE DEPENDENT CLAIM(S)(if applicable)

TOTAL OF ABOVE CALCULATIONS =

Reduction of 1/2 for filing by small entity, if applicable. A Small Entity Statement
mustalso by filed (Note 37 CFR 1.9, 1.27, 1.28).

SUBTOTAL =

Processing fee of $130.00 for furnishing the English translation later than [J20 C] 30months from theearliest claimed priority date (37 CFR 1.492(f)). ps|+

TOTAL NATIONAL FEE =|$1,416

Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be .

 

  
 

 
 

 

  
 accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property

| TOTALFEESENCLOSED =/51,416||
Amount to be:

one

a. C] A check in the amountof $_W.W.-Ss—sttto cover the abovefees is enclosed.

. . Please charge my Deposit Account No. 20-1430 _in the amount of $1,416_____to coverthe abovefees.
A duplicate copy ofthis sheetis enclosed.

. [x] The Commissioneris hereby authorized to charge any additional fees which may be required, or credit any
overpayment to Deposit Account No. "20-1430. Aduplicate copy of this sheetis enclosed.

NOTE: Wherean appropriate time limit under 37 CFR 1.494 or 1.495 bas not been met,a petition to revive (37 CFR
1.137(a) or (b)) must be filed and granted to restore the application to pending status.

SEND ALL CORRESPONDENCETO:

Babak S. Sani

Townsend and Townsend and Crew LLP SIGNATURE:

Two Embarcadero Center, 8th fl. Babak S$. Sani
San Francisco, CA 94111 NAME

37,495
REGISTRATION NUMBER
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EXPRESS MAIL NO. EL002037330US

DATE OF DEPOSIT:July 14, 2000

I herebycertify that this is being deposited with the United States Postal '
Service "Express Mail Post Office to Addressee" service under 37 CFR
1.10 on the date jzficated above and is addressed to the Assistant

 
Attorney Docket No. 20046H-000600US

Enclosures: Form PTO-1390, preliminary amendment, copy of
published PCT application, ISR, IDS, 3 references, IPER
w/amended spec sheets 1-1A, amended claim sheets 49-57
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PCT i WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

 
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6 :

GO08B 21/00
(11) International Publication Number: WO 99/36893  Al 

 
 

(43) International Publication Date: 22 July 1999 (22.07.99)

  
 

(21) International Application Number: PCT/EP99/00300|(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR,
BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, GD,
GE, GH, GM, HR, HU, ID,IL, IN, IS, JP, KE, KG, KP,
KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK,
MN; MW, MX, NO, NZ, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN, YU,
ZW, ARIPO patent (GH, GM, KE, LS,MW, SD, SZ, UG,
ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU,TJ,
TM), European patent (AT, BE, CH, CY, DE, DK,ES, FI,
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent
(BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, MR, NE,

 
 (22) International Filing Date: 15 January 1999 (15.01.99) 
 
  (30) Priority Data:

98/00378 15 January 1998 (15.01.98) FR
PCT/EP98/05383 25 August 1998 (25.08.98) EP

 
  
  
 

    (63) Related by Continuation (CON) or Continuation-in-Part

    
   

 
  
 
 
 

(CIP) to Earlier Application SN, TD, TG).
US PCT/EP98/05383 (CIP)
Filed on ‘ 25 August 1998(25.08.98)

Published

With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

 (71) Applicant (for all designated States except US): HOLDING
B.E.V. S.A. [LU/LU]; 69, route d’Esch, L~Luxembourg
(LU).  
 

  
 

(71)(72) Applicants and Inventors: PIRIM, Patrick {FR/FR];
56, rue Patay, F-75013 Paris (FR). BINFORD, Thomas
[US/US], 16012 Flintlock Road, Cupertino, CA 95014
(US).

  
 

 (74) Agent: PHELIP, Bruno; Cabinet Harlé & Phélip, 7, rue de
Madrid, F~75008 Paris (FR).  
 
 
 

(54) Title) METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

(57) Abstract 

 
 

 
 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 tc\an eye of the person are ‘selected and a histogram is’ formed of the selected pixels. The histogram is
analyzed overtime to identify eadh opening and closing ofthe eye, and characteristics indicative of the person falling asleep are determined..
A sub-area of the image including the eye may be determined by identifyingtheheadora facial characteristic of the person, and then
identifying the sub-area using an aryhropomorphic model. To determine openings and closings of the eyes, histograms of shadowed pixels
of the eye are analyzed to determing the width and height of the shadowing, or histograms of movement corresponding“to blinking are
analyzed. An apparatus for detecting 4person falling asleep includes a sensor for acquiring an image of the face of the person, a controller,
and a histogram formation unit for fotming a histogram on pixels having selected characteristics. Also disclosed is a rearview mirror
assembly incorporating the apparatus.
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INTERN« SIONAL SEARCHREPORT

 
CLASSIFICATION OF SUBJECT MATTER

TPC6  GOBB21/00

 

 

Intésationay application No

PCT/EP 99/00300 

Accordingto International Patent Classification (IPC)or to both nationalclassification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC 6 G08B GO06T

Documentation searched other than minimum documentation to the extent that such docurnents are included inthe fields searched

Electronic data base consulted during the international search (nameof data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category °|Citation of document, with indication, where appropriate, of the relevant passages : Relevant to claim No.

X,P WO 98 05002 A (CARLUS MAGNUS LIMITED 1-45
;PIRIM PATRICK (FR)) 5 February 1998
cited in the application
see claims 1-14

DE 197 15 519 A (MITSUBISHI MOTORS CORP)
6 November 1997

see the whole document

WO 97 01246 A (STEED VAN P
(US)) 9 January 1997
see abstract

[J Further documents are listed in the continuation of box C.
° Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E" earlier documentbut published on or after the international
filing date

“L" document which may throw doubts onpriority ciaim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“O" documentreferring to an oral disclosure, use, exhibition orother means

"P" document published prior to the international filing date but
later than the priority date claimed .

Date of the actual completion of the intemational search

28 May 1999

Nameand mailing address of the ISA
European Patent Office, P.8. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tal. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

 
Form PCT/SA/210 (second sheet) (July 1992) |

;CEJKA ROBERT K

Patent family members arelisted in annex.

"T" tater document published after the internationalfiling date
orpriority date and not in conflict with the application but
cited to understand the principle or theory underlying theinvention

“X" documentof particular relevance: the claimed invention
cannot be considered novai or cannot be considered to
involve an inventivestep when the documentis taken atone

“¥" document of particular relevance: the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu:
ments, such combination being obvious to a person skilledin the art.

"&" document memberof the same patent family

Date of mailing of the international search report

04/06/1999

Authorized officer

Sgura, S$
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INTERNATIONAL PRELIMINARY .
EXAMINATION REPORT Intemational application No. PCT/EP99/00300

1.

1.

Basis of the report

This report has been drawn on the basis of (substitute sheets which have been furnishedto the receiving Office in
response to 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 amendments.):

Description, pages:

2-57 as originally filed

ita as received on 45/01/2000_with letter of 41/01/2000

Claims, No.:

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

Drawings, sheets:

1/20-20/20 as originally filed

_ The amendments haveresulted in the cancellation of: -

C1 the description, pages:

(C1 the claims, Nos.:

O_sthe drawings, sheets:

_ (2 This report has beenestablished asif (some of) the amendments had not been made, since they have been
considered to go beyondthe disclosure as filed (Rule 70.2(c)):

_ Additional observations,if necessary:

Priority

1 This report has been established asif no priority had been claimed dueto the failure to fumish within the
prescribedtime limit the requested:

copyof the earlier application whose priority has beenclaimed.

translation of the earlier application whose priority has been claimed.-

Form PCTIIPEA/409 (Boxes I-Vill, Sheet 1) (January 1994)
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INTERNATIONAL PRELIMINARY

EXAMINATION REPORT Intemational application No. PCT/EP99/00300

2. (1 This report has been establishedasif no priority had been claimed dueto the fact that the priority claim has
been foundinvalid.

Thusfor the purposesof this report, the internationalfiling date indicated aboveis considered to be the relevant date.

3. Additional observations,if necessary:

see separate sheet

V. Reasoned statement underArticle 35(2) with regard to novelty, inventive stepor industrial
applicability; citationsand explanations supporting such statement

1. Statement

Novelty (N) Yes:
No:

Inventive step (IS) Yes:
No:

industrial applicability (IA) Yes:
No:

2. Citations and explanations

see separate sheet

Vi. Certain documentscited

Claims

Claims

Claims

Claims

Claims

Claims

1. Certain published documents (Rule 70.10)

and / or

2. Non-written disclosures (Rule 70.9)

see separate sheet

1-39

1-39

1-39

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

Form PCT/APEA/409 (Boxes|-VIll, Sheet 2) (January 1994)
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Vil. Certainn observations on the international application
The following observations on theclarity of the claims,‘description, and drawings or on the question whetherthe
claims arefully supported pythe description, are made:

see separate sheet

r
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INTERNATIONAL PRELIMINARY _ Intemational application No. PCT/EP99/00300
EXAMINATION REPORT - SEPARATE SHEET

1. The following documents will be referred to inthis report;

D1 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 opinion that the priorities claimed are validly claimed.

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/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, andfor 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 overail set of claims, see Guidelines PCT Section
IV-I1-5. :

In the present case the examineris of the opinion that the independent claims 1,
3,7,9,14,39 constitute an unreasonably. large numberof independentclaims

which could better be claimed in the form of one or two claims per category with
the remaining features claimed as independent claims..

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 ofone
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.
imageincluding the eyes or the corresponding methodof "selecting pixels" of the
image having characteristics correspondingto 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 personskilled in the art, presented with
the teaching of D2 alone or in combination with other available prior art would not
arrive at the subject matterof "identifying" a sub area or "selecting pixels" based
on the models given, rather it would appear from the teaching of D2 that the

apparatusonly looks at the eyes and then monitors movement. Whilst the blinking
rate is compared to an anthropomorphic modelin D2this is for the purpose of
recognising drowsinessof the driver and notto identify a particular area of the
face.

2.3 The remaining dependentclaims would appearto be allowable underArt. 33(3)
PCT since 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 beinterpreted as being referencesfalling under Rule 6.2B. In the caseof
_the expression "(328x) or(328y)etc.", appearing in claims 1,2,3,7 and 9 the

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

claimsare 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 scopeof these claims unclear, Art. 6 PCT.

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

The description should have been brought into.conformity with the claims placed
on file in accordance with the Rule 51aiii 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 ofthe‘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. Drowsiness is also a problem in other fields, such as forairline pilots and
powerplant operators, in which great damage may result from failure to stay alert.

15 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 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. Ge

Numerous devices have been proposed to detect drowsiness of drivers.
Such devices are shown, for example, in US. 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, andiii) 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.
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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
the blinks of the eyes determining the time gap between the beginning and the end
of the blink. More particularly, a unit 10 ofthe processorrealizes : |

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

an area comprising the driver’s eyes,
¢ the detectionofthetime gap between theclosing ofthe driver eyelids and

their full opening and

e 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 securitysystem comprising a video camera placed within the rear-view mirror

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. Thisis 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

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

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

driver face in order to detectits 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
localize | |
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CLAIMS

1. A process of detecting a personfalling asleep, the process comprising
the stepsof: |

5 | acquiring an imageofthe face (V) ofthe person;
selecting pixels ofthe image having characteristics corresponding to

characteristics ofat least one eye ofthe person; .
forming at least one histogram (328x) of the 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,
characteristicsindicative 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 of identifying head
ofthe person in the image comprisesthe steps of:

selecting pixels ofthe image having characteristics cofresponding to
edges ofthe head ofthe person;

25 forming histograms (328x, 328y) of the selected pixels projected
onto orthogonal axes; and

analyzing thehistogramsofthe selected pixels to identify the edges
of the headofthe person.

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

| acquiring an image ofthe face V ofthe person;
selecting pixels ofthe image having characteristics corresponding to

characteristics of at least oneeye ofthe person; |
5 forming at least one histogram (328x) of the 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,

characteristics indicative of a personfalling asleep; .
10 identifying a sub-area ofthe 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 havingcharacteristics corresponding to characteristics

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

15 identifying the location of afacial 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 comprises the steps oft |

selecting pixelsoftheiimage 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 ofthe 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 correspondingto the facial characteristic comprises selecting
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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 steps oft

acquiring an image ofthe face (V) ofthe person;

selecting pixels ofthe image having characteristics corresponding to
10 characteristics ofat least one eye ofthe 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 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 luminancelevels 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 claim 7 wherein the step of forming at least
one histogram of the selected pixels comprises forming histograms of shadowed

25 pixels ofthe eye projected onto orthogonal axes, and whereinthe 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:
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acquiring an imageofthe face V of the person;

selecting pixels of the image having characteristics corresponding to
characteristicsofat least one eye of the person; .

forming at least one histogram (328x)ofthe 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 ofa 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 overtime to determine openingsand closings ofthe 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, iti) 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-
images ofthe image toidentify thefacial 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 thesteps of:
using an anthropomorphic modeland 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 pixelsof the image having characteristics corresponding to

the second facial characteristic; and ~ ;
5 analyzing the histograms ofthe selected pixels of the second facial

characteristic to corifirm the identification ofthefirst facial characteristic.

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

comprising:

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

10 comprising pixels corresponding to the eye ofthe 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;
2 the controller interacting with the histogram formation unit to

identify the head ofthe 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 thehead 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 ofthe person in the image; and

the controller identifies the sub-area of the image using an
10 anthropomorphic model andthelocation ofthe 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 accordingto 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 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 ofthe nostrils fall

within adesired range. |

25 20. The apparatus according to claim 14 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 openingsandclosingsofthe eye.
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21. The apparatus accordingto 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 shadowingto
determine openings and closings 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 inmovement 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 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 blinkingeyelid.

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

with the histogram formation unit to search sub-images of 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-images ofthe image to 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 andthe location of

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

AMENDED SHEET

 
SAMSUNG EXHIBIT 1004

Page 141 of 404



SAMSUNG EXHIBIT 1004 
Page 142 of 404

 

45-01-2000 . : | EP 009900300
Se ee ° ee ee
fee *e fee co 8 fe co ee
2 3 5 offs og sg te ss56 (8 ese cee #C71/6e599/003000" “oe

048 JPCT 361

January 11, 2000

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

controller operating the alarm upon detection ofthe person falling 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 whereinthe illumination source

is a source of IR radiation.

31. A rear-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 apparatusto 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 apparatusin.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 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 .
remotefrom the sensor. a

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 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 bedetected; |
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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responseto an invitation underArticle 14 are referredto 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

qja as received on 15/01/2000 with letterof 11/01/2000

Claims, No.:

4-39 as received on 45/01/2000  with-letter of 41/01/2000

Drawings, sheets:

1/20-20/20 as originally filed

2. The amendments have resulted in the cancellation of:

the description, pages:

(1 the claims, Nos.:

Othe drawings, sheets:

3. 0 This report has beenestablished as if (some of) the amendments had not been made,since they have been
considered to go beyondthe disclosure as filed (Rule 70.2(c)):

4. Additional observations, if necessary:

ll. Priority

1. (1 This report has beenestablished asif no priority had beenclaimed dueto the failure to fumish within the
prescribedtimelimit the requested:

copyofthe earlier application whosepriority has been claimed.

translation of the earlier application whosepriority has been claimed.
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2. (1 This report has beenestablished asif no priority had been claimed due to the fact that the priority claim has
been foundinvalid.

Thus for the purposesofthis report, the internationalfiling date indicated aboveis 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

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

Thefollowing defects in the form or contents of the international application have been noted:
see separate sheet
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Vill. Certain observations on theinternational application

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

see separate sheet
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1. The following documentswill be referred to in this report;

D1 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 examinerisof the opinion thatthepriorities claimed are validly claimed.

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

As such D1constitutes prior art within the sense of Rule 64.1 PCT with regard to
subject matter whichis 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 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 defined in Art.
33(3) PCT.In addition other aspects, such as clarity requirements of Art. 6 PCT,
may be discussed as appropriate. ~

2.1. Concisenessof 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
|V-1-5.

In the present case the examineris of the opinion that the independentclaims1,
3,7,9,14,39 constitute an unreasonably large numberof independentclaims
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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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 modelof one
kind or another. ,

The closestprior art to the application is considered to be that disclosed in D2.
Whilst D2 discloses for exampleat 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 correspondingto a facial characteristic using an
anthropomorphic model(claims 1,3) or one of thekinds 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 aloneor 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 appearfrom 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 purpose of
recognising drowsinessof the driver and notto identify a particular area of the
face.

2.3 The remaining dependentclaims would appearto be allowable underArt. 83(3)
PCTsince they refer to allowable claims.

2.4 Clarity of the claims, Art. 6 PCT.

In orderto satisfy the requirements of Rule 6.2 B reference signsin the claims
should be placed in parenthesis. This applies toall referencesincluding "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 (328y) etc.", appearing in claims 1,2,3,7 and 9 the
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claims are rendered unclear. The claims should have been clarified to remove

these termsfrom brackets.

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

therefore render the scopeof 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 broughtinto 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 DROWSINESSAELODANDAPPARATUSFORDETECTIONOFDROWSINESS

Inventors: Dr. Patrick Pirim

Dr. Thomas Binford

5 BACKGROUND OF THE INVENTION

1. Field ofthe Invention.

 

Thepresent 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 known that a significant number of highwayaccidents 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 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 awakeand about

500 to. 800 ms when drowsy. The timeinterval 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, andiii) 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.
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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

the blinks of the eyes determining the time gap between the beginning and the end
of the blink. Moreparticularly, a unit 10 ofthe processorrealizes:

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

an area comprising the driver’s eyes,

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

their full opening and

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

10 to calculatea 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

en

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

in the car and aroundit, as well as of what happened due to the recording ofthe

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

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

13 to19), 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
localize .
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- CLAIMS

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

the steps of: |

| acquiring an image of the face (V) ofthe person;
selecting pixels ofthe 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) overtime to identify
each opening and closing ofthe 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.
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 personin 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
ofthe person in the image comprises the steps of:

selecting pixels ofthe image having characteristics corresponding to

edges of the head ofthe person;

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
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comprising the steps of:

acquiring an image of the face V ofthe person,

selecting pixels ofthe image having characteristics corresponding to

characteristics of at least one eye of the person;
5 forming at least one histogram (328x) of the 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, _

characteristics indicative ofa person falling asleep; . . |
10 identifying a sub-area of the image comprising the at least one eye

ptior 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
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 location ofthe facial characteristic.

4. The process according to claim 3 wherein the step of identifying the
20 location ofa facial characteristic ofthe person in the image comprises the 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 ofthe facial characteristic in theimage. |

§. The process according toclaim 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 claim 5 further comprising the step of

analyzing the histograms of thenostril pixels to determine whether the spacing

betweenthe 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 steps of. |

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

selecting pixels ofthe image having characteristics correspondingto

10 characteristics of at least one eyeofthe person; :
forming at least one histogram (328x) of the selected pixels;
analyzing the atleast 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 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 luminancelevels corresponding to shadowing ofthe
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 openingsand closingsofthe 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 ofthe 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
_ comprisingthe steps of:
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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 ofthe 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 closingofthe eye; and
determining from the opening and closing information on the eye,

characteristics indicative of a personfalling 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 movementover time to determine openingsandclosings 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 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 ofthe 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 thestepsof.
using an anthropomorphic modeland thelocation 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

5 analyzing the histograms ofthe 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 imageofthe face ofthe person, the image

10 comprising pixels correspondingto the eye ofthe person; |
a controller; and

ahistogram 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 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;

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 ofthe 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
identify the edges of the head ofthe person.

16. The apparatus according to claim 14 wherein:

thecontroller interacts with the histogram formation unit to identify
the location of a facial characteristic ofthe person in the image; and

| the controller identifies the sub-area of the image using an
anthropomorphic modeland the location ofthe 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; |
the controller analyzes the histograms of the selected pixels to

identify the position ofthe facial characteristic in the iimage.
18. The apparatus according to claim17 wherein the facial characteristic

is the nostrils of the person, and wherein the histogram formationunit selects pixels
of the image having low luminance levels corresponding to the luminancelevel of

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

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

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

within a desired range.

20. The apparatus according to claim 14 wherein:

the histogram formation unit selects pixels of the image having low

luminance levels correspondingto shadowing of the eye; and
wherein the controller analyzes the shape of the eye shadowing to

determine openingsandclosings 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 shadowingto
determine openings and closings of the eye.

5 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 iin 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 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.

15 24. The apparatus according to claim 16 wherein the controller interacts
with the histogram formation unit to search sub-images of 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-images of the image to 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 the location of ~

the first facial characteristic to cause the histogram formation unit to select a sub-
25 area ofthe 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 theidentification 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.

Ua 28. The apparatus according to claim 14 further comprising an alarm, the
controller operating the alarm upon detection ofthe 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 theillumination source. .

10 30, The apparatus according to claim 29 wherein theillumination source

is a source ofIR radiation. |
31. A rear-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 seé-

through fromthe interior of the housing to an exterior of the housing, the
apparatus being mountedinterior to the housingwith 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 apparatusin 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 when illuminated by the source of illumination.
36. The rear-view mirror assembly according to claim 31 farther

comprising an alarm, the controller operating the alarm upon detection of the
person falling asleep.

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.

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

39. A process ofdetecting 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; .

selecting pixels ofthe image having characteristics corresponding to
the feature to bedetected;

forming at least cone histogram ofthes selected pixels;
analyzing the at least one histogram over time to identify

characteristics indicative of the feature to be detected.

said feature being theiris, pupil or cornea.
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FEUILLE RECTIFIEE

On va décrire maintenant un mode de réalisation préféré d’un dispositif selon
linvention, mettant en ceuvre le procédé selon l’invention, ainsi quecertaines variantes de
celui-ci, avec référence aux dessins annexés, sur lesquels:

Les figures 1 et 2 sont des vues, respectivementde coté et par-dessus, illustrant.
schématiquementla téte d’un conducteur de véhicule automobile et ses axes de vision vers
l’avantet vers l’arri¢re. .

La figure 3°illustreschématiquementla dispositionclassique du miroir d’un rétro-
viseur intérieur dans un véhicule automobileet les différents axesde vision du conducteur,
cette figure correspondanta l’état'de la technique.

~ Les figures 4 et 5 représentent’respectivement l’ensemble et les articulations d’un
rétroviseur avec le capteur optoélectronique et son électronique associée dans le cadre de
invention. ' :

Lafigure6 illustre le champ ducapteur optoglectroniqueprévu dansle rétroviseur
des figures 4 et 5.

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.

Les figures 11 et 12 sontrelatives 4 lamesure de la durée des clignements des yeux
du conducteur et des intervalles temporels séparentdeux clignements successifs.

‘La figure 13 représente \’ordinogramme-desphases 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 l’invention par celle du dispositif optique et
mécanique avec le capteur’ optoélectronique (micro-camera vidéo ou capteur MOSavec 

lentille incorporée) et son ensemble électronique associé, constitué essentiellement par une
ou plusieurs puces, quitransforme l’image captée par le capteur en un signal vidéo qui est
traité afin de détecter une tendance a l’endormissement du conducteur en place, observé
par ledit capteur.

En effet l’invention utilise essentiellement lavariation de la durée des clignements
des yeux d’une personnelors du passage de l'état éveilléa I’état somnolent ou assoupi de 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 l'état somnolent
passe 4 500 & 800 ms environ, les intervalles entre clignements augmentant et étant variables.

SAMSUNG EXHIBIT 1004

Page 169 of 404



SAMSUNG EXHIBIT 1004 
Page 170 of 404

 

 

10

45

20

25

30

10

sensiblement hémisphériques portées par |’étrier 16) avant de rejoindre par son autre
extrémité la rotule 14a ou le manchon 14.

Unetelle articulation, qui maintient en permanence un angle approprié entre le
miroir 9 et le support 11, permet 4 la fois orientation habituelle du rétroviseur intérieur
par le conducteuret l’orientation du support 11 du’capteur 10 pour quela face 10a de ce.

capteur regoive l’image d’au moinsle visage du conducteur en place lorsque le.rétroviseur
est convenablementorienté. |

Le capteur optodlectronique 10 débite par un conducteur 18 dans une unité
électronique ‘analyse 19 (avantageusement |constituée par un boitier a puce ou puces logé
a l’intérieur du rétroviseur 8) le signal vidéo qu"il labore.a partir de ’image qu’il regoit
sur sa face 10a.

On peut prévoir des diodes électroluminescentes 20 pour émettre, en direction du
conducteur en place, lorsque le Tétroviseur est correctement orienté, un rayonnement
infrarouge apte a éclairer au. moins le visagede conducteur en place, lorsque la lumieére
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 rayonnement infrarouge, et de
son unité électronique 19 ; l’excitation, éventuellement progressive, de ces diodes est, par
exemple, contrdlée par l’unité électronique 19 grace 4 une cellule photoélectrique (non
représentée) ou en réponse a des signaux de pixels (dans le signal vidéo) d’intensité
insuffisante (commereprésenté schématiquement par le conducteur 21).

L’alarme.activée, en cas d’endormissement du conducteur, par l’unité électronique

19est illustrée schématiquement en 22 sur le figure 4, sur laquelle on n’a pas iffustré les
. alimentations du capteur 10, de Punité électronique 19 et des diodes 20, pour simplifier

—cettefigure— _ 

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 optodlectronique 10 @ micro-caméra électronique ou capteur
MOSaveclentille incorporée suivie d’une unité électronique), ce signal vidéo comportant
une succession detrames correspondantes (de méme nature) a la cadence de 50 ou 60 telies
trames par seconde (soit les trames paires ou bien iimpaires dansle cas d’un signal a deux
trames entrelacées par image, soit les trames uniques dans le cas d’un signal 4 une seule
trame par image) ; ce traitement @ 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
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de ses yeux et en déclenchant, en cas de tendance du conducteur 4 |’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
visage et ses yeux, en particulier ses paupiéres) et déterminerla 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 demandesdebrevet.

Dans ces demandes, le signal vidéo (produit par une camera vidéo ou autre
capteur), qui comprend une succession de trames de mémenature (constituées par les
trames correspondantes, soit paires, soit impaires, dans le cas d’un systéme vidéo a deux
trames entrelacées par image, soit les trames successives dansle cas d’un systéme vidéo a

trame unique par image), est traité pour successivement
- déduire, des variations dela valeur ou intensité de chaque pixel entre une trameetla

trame correspondante antérieure,

e dune part, un signal binaire, noté DP, dont les deux valeurs possibles sont

représentatives, Pune, dune variation significative de la valeur du pixel et, |’autre,
d’une non-variation significative de cette valeur, valeurs notées par exemple «1»et

«0» respectivement,et

e d’autre part, un signal numérique, noté CO, a nombre réduit de valeurs possibles, ce
signal étant représentatif‘de la grandeurdecette variation de la valeur du pixel ;

_ répartir suivant une matricé, par roulement, des valeurs deces deux signaux DP et CO
pour une méme trame qui défile a travers la matrice ;et

- déduire, de cette répartition matriciell, le déplacement recherché et ses paramétres
(localisation, direction et vitesse).

Cette derniére opération de détection du déplacement met en préférence en ceuvre,
selon ces demandesde brevet précitées,

- la formation @histogrammes, suivant deux axes, par exemple Ox et Oy orthogonaux,
d’au moinsles signaux DPet CO, répartismatriciellement dans l’opération précédente,
et

- le repérage, dans chacun des histogrammesrelatifs 4 DP et CO, d'un domaine de
variation significativede 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 phase préliminaire,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, successives du signalvidéo ;
- - dans une deuxiéme phase, le cadrage des yeux du conducteur a l’intérieur du cadrage

du visage; |
- dans unetroisiéme phase, la détermination des durees 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 4 un certain
seuil, avec génération d’un signal d’alarme apte a éveiller le conducteur dés que cette
comparaison révéle le dépassement vers le haut de ce seuil par cette durée, et
éventuellement la comparaison desvariations temporelle des intervalles de temps entre
deux clignements successifs a unautre 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 deces cinq phases

par le procédéetle dispositif selon l’invention.
La phasepréliminaire, qui détecte la présence d’un conducteur en place et amorce

‘Ja 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

pourorienterla face avant 9a du miroir sans tain 9 de celui-ci (figure 4) vers le conducteur
afin qu’il apercoive dans ce miroir la rue ou route derriére lui, au cas il y a besoin d’untel
réglage. ;

La figure6 illustre, entre les directions 23a et 23b, le champ 23 du capteur 10,la
téte T du conducteur devantse trouver, du fait du réglage du rétroviseur intérieur 8, tel que
décrit avec référence auxfigures 4 et 5, a Pintérieur et dans la zone centrale de ce champ

- conique 23. Ce champ peutétre relativement étroit, étant donné queles déplacements de la
téte T du conducteur au cours de la conduite sont limités (sauf rares exceptions);
limitation du champ améliore la sensibilité du dispositif étant donnéque 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 rayonslumineux 1, 2a et 2d dela figure

La mise en place du conducteur est avantageusementdétectée 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 l’arrivée du conducteur a sa placeetle déplacement de sa téte 7 en résultant

sont révélés par le nombre important de pixels du signal vidéo pour lesquels le signal
binaire DPala valeur «1» correspondanta 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 nombre de tels 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 devision du capteur de part et d’autre de la téte T en
place pourla conduite. En cas de champ devision étroit (angle réduit entre 23a et 23
figure 6), on peut considérer par exemple, que si plus de la moitié des pixels «en
déplacement» d’une trameont un DP et un COavecles 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 déplacement» et le nombretotal 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 commengant
par la premiére phase. Bien entendule seuil retenu pour le déclenchement du drapeau «1»
peut étre différent de 50 %, en tenant compte du champ de vision du capteur 10.

En variante, le drapeau «1» de présence amorcant la premiére phase peut étre
produit par une commande externe a l’unité électronique 19, mais déclenchantcelle-ci, par
exemple provoquée par lactionnement dela clé decontact, le bouclage de la ceinture de
sécurité du conducteuroule 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, a 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 4 gauche de la téte dans
image percue par le détecteur 10.

A cet effet, par mise en ceuvre du procédé et du dispositif selon !’invention, ce sont
les déplacements horizontaux, c’est-a-dire de la droite vers la gauche et inversement, qui-
sont détectés, car la téte d’un conducteur a tendance4 se déplacer horizontalement plutét
que verticalement, c’est-a-dire de haut en baset inversement.

Onextrait, donc, du flot des données représentées danslestrames correspondantes
successives du signal vidéo, un signal de déplacement horizontal, en position, sens et éven-
tuellement vitesse, grace a la matriceroulante des valeurs de DP et CO, et on l’analyse par
sélection suivant deux axes de coordonnées privilégies, par exemple les axes classiques Ox
et Oy des coordonnées cartésiennes, par mise en ceuvre des moyens de formation
d’histogrammes des demandesdebrevet précitées. |

La comptabilisation, en finde trames, des pixels représentatifs d’un déplacement
horizontal permet de détecter des pics de déplacement le long des bords du visage, pour
lesquels les variations de juminosité, 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 surJa 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
horizontale et verticale respectivement.

Lespics 25a et 25b, de Phistogramme 24x, et 25¢ et 25d, de ’histogramme 24y,
délimitent, par leur coordonnés. respectives 26a, 26, 26c, 26d, un cadre limité par les
droites Ya, Yb, Xc, Xd qui renfermele visage V du conducteur entouré par les ondulations

_-gespectives 27a, 27b, 27¢, 27d quiillustrent leslegers mouvements du conducteur dansles
zones de plus grandevariation des intensités des pixels, lors de ses mouvements.

Le repérage des coordonnées 26a, 26b, 26c et 26d, correspondant aux quatre pics
25a, 25b, 25c et 25ddes deux histogrammes 24x et 24y, permet donc de mieux définir et
cadrer emplacement duvisage V du conducteur dans la zone Z et d’éliminer, pourla suite
du traitement du signalvidéo,les portions supérieure,jnférieure, de droite et de gauche par
rapport au cadre Xc, Xd, Ya, Yb, comme illustré surlafigure8 par des zones hachurées
encadrantlevisage 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 contenantle visage V.
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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, 26b, 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 pourl’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, @ savoir 4 celui des yeux du conducteur.

Cette deuxiéme phase comporte, de préférence, une opération préliminaire
consistant a utiliser, dans l’unité électronique 19, Je rapport anthropométrique habituel
entre la zone des yeux et l’ensemble du visage chez un étre humain, notamment dansle
sens vertical, la zone des yeux occupant seulement une portion limitée du visage entier.

L’unité électronique 19 déterminealors, dans cette opération préliminaire, par ratio
un cadre Z’ pluslimité, 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, Xc etX4 Pintérieur 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
deuxiémephaseet augmente saprécision et la vitesse de sa détermination.

Aprés la fin de cette opération préliminaire sielle existe, ce qui génére un_drapeau
«ly de cadrage grossier des yeux, ou directement aprés la premiére phase detraitement,
c-est-d-dire respectivementen réponse4 lapparitiondu drapeau «1» de cadrage grossier
des yeux ou du drapeau«1» devisage cadré respectivement, l’unité électronique 19
effectue 1a 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 =
et CO présente une valeur élevée, notamment pour des déplacements dansle sens vertical
du fait que les paupiéres clignent de hauten bas etinversement.

Lorsque le nombrede tels emplacements de pixels atteint un certain seuil dans le
cadre Ya, Yb,X'c, Xd (zone Z) dansle cas od Popération 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 nombre total 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 généré ; ce
drapeau indique en fait que les paupiéres du conducteur sont actives, car il est provoqué
par les clignementsdes yeux du conducteur, mouvements dans le 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,Yb, Xe, Xd, définissent la zone
Z'de cadrage grossier des yeux du conducteur, ainsi que les histogrammes 28x selon l’axe
Ox et 28y suivant Paxe Oydes 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, 29b, 29c, 29d, des droites horizontales X"c et Xd et des droites
verticales Y’a et Yb définissant, a ]’intérieur de la zoneZ' une zone Z"qui encadre les
yeux du conducteur dontles déplacements des bords sont indiqués en 30a et 306 pour un
ceil et 30c et 30d pour l’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, a partir de la production du drapeau «1» de cadrage fin des
yeux, ce sont seulementles pixels compris dans le cadre limité de 1a zone Z" qui sont

- traités dans la troisiéme phase déclenchéepar ce drapeau (la zone Z” étant figurée en blanc
sur la figure 9). .

Danscette troisiéme phase.sont déterminées les durées des clignements des yeux, et
_-éventuellementlesintervallesde temps séparant deux clignements successifs, en perfec-

tionnant analyse des déplacements verticaux des paupicres dansla zoneZ:z"‘partraitement
dans l’unité électronique 19 des portions des trames successives du signal vidéo corres-

~ pondant a cettezone Z ’, ce qui permet une grande précision.
Surla figure 11 on a illustre dans un systeme de coordonnées suivant trois

directions orthogonalesentreelles, a savoir 0g sur laquelle on a porté CO,c’est-a-dire les
intensités de la variation de la valeur de pixel, correspondant au mouvement vertical 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, donctrois parameétres
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conducteur. Deux clignements successifs C, et C2 sont représentés sur la figure 11.
La figure 12 illustre par la courbe C,sur la portion (a), la variation, dansle temps

suivant Ot du nombre de pixels par trame en mouvement vertical significatif (pour lesquels
5 DP=1 et CO a une valeurrelativement importante), les pics successifs P;, P2, P3 du

nombre de pixels en mouvement correspondant a des clignements.
Les trames correspondantes successives relatives a la courbe C sont représentées,

schématiquementet en partie, sur la portion (5) delafigure 12, par des traits verticaux, tels
que 31, dont les pics P;, P2, P;sont encadrés par desrectangles R), R2, Rs respectivement,

10 les deux portions (a) et 0) 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 l'étatéveillé du conducteur.

_ L’unité électronique 19, dans cette troisiéme phase, calcule les durées successives
15 des clignements des yeuxet 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 uncertain 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

20 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
réveiller|le conducteur, tandis que le second drapeau renforce l’alarme, par exemple en

25 augmentant le niveau sonore. |
L’ordinogramme annexé (page suivante) résumeles 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 a droite, et peut éventuellement
30 tre un rétroviseur extérieur, notamment du cété du conducteur. ©

Commeil va de soi, Vinvention n’est pas limitée aumode deréalisation préféré
décrit et illustré, ni a ses variantes mentionnéesci-dessus: !’invention englobe au contraire
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- 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
celui-ci,

qui consiste

a produire un signalvidéo représentatif, en temps réel, des images successives d’au
moins le visage du conducteur;

4 traiter ce signal, successivement et en continu, pour
° ‘détecter, dans ce signal, la portion correspondant effectivement a Pimage de

la téte du conducteur, |
e déterminer la valeur d’un parametrerelatif au clignement des paupieres, qui

se modifie notablement lorsdu passage de |’etat éveillé a 1’état somnolent du
conducteur de part et d’autre d’unseuil,et

° 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;

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

. a

réception des rayons lumineux dirigé vers la téte du conducteur lorsque le
- rétroviseur est correctementorienté; et

d’autre part, le traitement: dudit signal. vidéo consiste, aprés avoir détecté la
présence du conducteurasa place, a, successivement et en continu ,
e _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,

° 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
paramétre,

° comparer ces durées successives des clignements, ainsi déterminées, a un»
5 seuil représentatif du passage de l'état éveillé a4 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 a sa place en déterminantle nombre de pixels correspondants dansles
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 déterminersi le rapport entre le nombre de pixels représentant
un déplacementet le nombretotal de pixels par trame dépasse unseuil représentatif du
passage de l’absence de conducteur a sa place a la présence d’un conducteur a 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

_____englobantlesyeuxetleurenvironnement immédiat, par application du rapport
anthropométrique entre ladite portion et le visage entier d’une personne.

25 5. Procédé selon l’une quelconque des revendications précédentes, caractérisé en ce,
simultanément a la phase de déterminationdes durées des clignements des yeux, on
prévoit une phase de détermination des intervalles de temps séparant deux clignements
successifs dé ceux-ci et on déclenche une alarme renforcée dés que ces intervalles de
temps présentent uneirrégularité 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 le conducteur effectivement présent et a l'état
éveillé. |

_ Procédé selon ’une quelconque des revendications précédentes, caractérisé en ce que
les différentes phases successives duprocédé 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.

_ Dispositif pour surveiller en continu I’état de vigilance du conducteur d’un véhicule
automobile, afin de détecter et prévenir une tendance éventuelle 4 l’endormissementde
celui-ci, qui met en ceuvre. le procédé selon l’une quelconque des revendications 1 47
et qui est caractérisé en ce quil comprend, en combinaison:

un capteur optoélectronique (10), qui, en combinaison avec une> électronique
associée (19), élabore,en réponse 4 la réception de rayons lumineux, un signal

_--vidéo a trames de mémenature, ou correspondantes, successives, ledit capteur étant
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 ;
des moyenis, 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 dans les trames successives de mémenature 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
_ 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 cadre, 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,activéspar |ledit signal de fin de cadrage des yeux, pour déterminer, a
partir de la portion des trames successives de mémenature dudit signal video
correspondant 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

23

déterminées, 4 un seuil représentatif du passage de1’état éveillé a l’etat somnolent
du conducteur; et

- des moyens pour déclencher, lorsque les durées des clignements dépassent ledit
seuil, une alarme (22) apte a réveiller le conducteur.

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

11.

détecter la présence du conducteur a sa place et pour élaborer un signal de présence
sont constitués par des moyens pour déterminer le nombrede 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 signalvidéo, afin de déterminer si le rapport entre le nombre de
pixels correspondant a un déplacement et le nombretotal de pixels par trame dépasse
un seuil représentatif du passage de I’état d’absence de conducteur4 sa place a l’état de
présence d’un conducteur a saplace. |
Dispositif selon la revendication 8, 9 ou 10, caractérisé en ce qu’il comprend en outre
des moyens,activés par ledit signal de fin decadrage 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 anthropométrique entre ledit cadrage large et le visage entier d’une personne et
des moyens pour élaborer unsignal de fin de cadrage large des yeux, ce signal activant

_lesdits moyens pourdétecterles 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 determiner les intervalles de temps séparant
deux clignements successifs et pour déclencher une alarme renforcée dés que ces
intervalles de temps présentent une irrégularité qui dépasse un seuil détermine.

13. Dispositif selon Pune 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 |’état
éveillé. ,

14.Dispositif selon l’une quelconque des revendicationsprécédentes, caractérisé
en ce que l’ensemble capteur opto-électronique (10) - unité électronique (19)
produit unsignal vidéo comportant une succession de trames correspondantes
de méme nature 4 succession de lignes constituées par une succession de

pixels et traite ledit signal vidéo pour successivement:
- déduire, des variations de la valeur ou intensité de chaque pixel entre une

trameet 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
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 signal étant-représentatif de la grandeur de cette variation de
la valeur du pixel; Se .

- répartir suivant une matrice, par roulement, des valeurs de ces deux signaux
DP et CO pour une méme trame quidéfile 4 traversla matrice; et

- déduire, de cette répartition matricielle, le déplacement recherché et ses

paramétres delocalisation 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
glace, un capteur avec optoélectronique (10) qui coopére avec une unité
électronique (19) également disposée a 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

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
pixel et,
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e d’autre part, un signal numérique, noté CO, 4 nombre réduit de valeurs
| possibles, ce signal étant représentatif dela 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 mémetramequidéfile a traversla 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 queles
mouvements verticaux des paupiéres d’une personne regardantla face avant

10 (9a) de ladite glace correspondent’a une durée des clignements des yeux qui
dépasse un seuil 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 émises par laditediode.
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_ REVENDICATIONS

1. Procédé pour surveiller en continu l’état de vigilance du conducteur d’un véhicule
automobile, afin de détecter et prévenir une‘tendance éventuelle 4 I’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, successivementet en continu, pour
10 ° détecter, danscé signal, laportion correspondanteffectivement a l’image de

la téte du conducteur,

e _. déterminer Ja valeur d’un paramétre1relatif au clignementdes paupiéres, qui
se modifie notablementlors du passage de Pétateveillé aa 1’état somnolent du
conducteur departet.d’autre dun seuil, et

15 e _repérer, en temps'réel, le franchissement, par la valeur de ce paramétre, de ce
| seuil représentatif du; passage. de Jétat. eveillé 4 l'état somnolent du

conducteur ; et |
- a déclencher, en réponse au franchissement dece seuil, une alarme apte a réveiller

le conducteur; |
20. et qui est caractérisé en ce que

. qWune 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 correctement orienté ; et

25 - d’autre part, le traitement dudit signal vidéo consiste, apres avoir..détecté la
présence du conducteur a sa,place, a, successivement et en continu ,
e_—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;-apartir dudit signal vidéo, les déplacements verticaux dans le
visage, ainsi‘cadré,duconducteur, afin de cadrer les yeux de celui-ci,
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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

paramétre,
° comparer ces durées successives des clignements, ainsi déterminées, 4 un

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.

_ Procédéselon la revendication 1, caractérisé en ce que ledit capteur est placé dansle
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 a 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 cenombre au nombre total de pixels par trame
du signal vidéo, afin de déterminersi lerapport entre le nombre depixels représentant
un déplacementetle nombretotal de pixels par trame dépasse un seuil représentatif du
passage de l’absence de conducteura sa place 4 laprésence d’un conducteur a sa place.

_ 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 ense limitant a une portion du visage cadré
englobant les yeux et leur environnement immédiat, par application du rapport
anthropomeétrique entre ladite portion et le visage entier d’une personne.

. Procédé selon 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-ci et on déclenche une alarme renforcée dés que ces intervalles de
temps présentent une jrrégularité qui dépasse un seuil déterminé.

_ Procédé selon unequelconquedes revendications précédentes, caractérisé en ce qu’on
réactualise en continu les données: concernantau moins un des parameétres 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 pourle conducteur effectivement présent et 4 1’etat
éveillé. -

7. Procédé selon l’une queloonque 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 @ partir dudit
capteur.8. Dispositif pour surveiller en continu I’état de vigilance du conducteur d’un véhicule
automobile, afin de détecteret prévenir une tendance éventuelle @a l’endormissement de
celui-ci, qui met en ceuvre le procédé selon Pune quelconque des revendications 1 a 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 ala réception de rayons lumineux, un signal
vidéo a trames de méme nature, ou correspondantes, successives, ledit capteur étant

-solidaire d’un rétroviseur (8) du véhicule et ayant son axe optique (10b) de
réception des rayons lumineux diriggvers la téte (T) du conducteur lorsque le
rétroviseur est correctement orienté ;

- des moyens pourdétecter la présence du conducteur a sa place dans le véhicule, et
pour élaborer un signalde 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 (V)
de celui-ci dans les trames successives de méme nature dudit signal video, et pour
élaborer un signal de fin de cadrage de visage ;;

-desmoyens,activesparTed5parleditsignalde-finde-cadrage_du-visage,.pourdétecter, &
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;

- 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;
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- des moyens pour comparer ces durées successives des clignements, ainsi
déterminées, a un seuil représentatif du passage de l’état éveillé a 1’état somnolent

du conducteur; et

- des moyenspour déclencher, lorsque les durées des clignements dépassent ledit
seuil, une alarme(22) apte a réveiller le conducteur.

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

11.

12.

13.

détecter la présence du conducteur a sa place etpour élaborer un signal de présence
sont constitués pardes moyens pour déterminer le nombre depixels 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 dedéterminersi le rapport entre le nombre de
pixels correspondant a un déplacementet le nombretotal de pixels par trame dépasse
un seuil représentatif du passage de I’état d’absence de conducteura sa place 4 I’état de

présence d’un conducteur a sa place.
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
ladite portion des trames successives dudit signal vidéo correspondant au cadrage du

visage, une portion réduite correspondant a un cadrage large, ou grossier, desyeux du
conducteur englobant les yeux et leur environnement immédiat par application du

rapport anthropométrique entre ledit cadrage large etle visage entier d’une personne et
des moyens pour élaborer un signal de fin de cadrage large des yeux, ce signal activant
lesdits moyenspour détecter les déplacementsverticaux dansle visage du conducteur.
Dispositif selon ’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 yeuxet donc activés par ledit
signal de fin de cadrage des yeux, pour déterminerlesintervalles de temps séparant
deux clignements successifs et pour déclencher une alarme renforcée d&s que ces
intervalles de temps présentent uneirrégularité qui dépasse un seuil déterminé.
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 approximationsdes valeurs normales du
paramétre impliqué pour le conducteur seffectivementprésent et 4 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)
produitun 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 Jes deux valeurs possibles

sont représentatives, l’une, d’une variation significative de la valeur du
15 pixelet, l'autre, d’une-non-variation significative de cette valeur, et

 d’autre part, un signal numérique, noté CO, 44 nombre réduit de valeurs
possibles, ce signal étant représentatif de la grandeurde 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 méme trame qui défile 4 traversla 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
constituépar une glace sans tain (9) et en céqu’il comporte, derri@re cette

25 glace, un capteur avec optoélectronique (10). qui coopére avec une unité
électronique..(19)_égalementdisposée 4 Vintérieur 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 a 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 pixel et, : . my
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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 decette 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 a 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 regardantla face avant

10 (9a) de ladite glace correspondent 4 une durée des:clignements des yeux qui
dépasse un seuil prédéterminé inclus dans V’intervalle temporel compris
entre la durée des cliquements d’une personne éveillée et celle d’une
personne qui somnole.

16.Rétroviseur de véhicule automobileselon 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 émises par ladite diode.
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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 représentéssurla figure 11.

La figure 12 illustre par la courbe C, surla portion (a), la variation, dans le temps
suivant Ot du nombre depixels par trame en mouvementvertical significatif (pour lesquels
DP = 1 et CO a unevaleur relativement importante), les pics successifs P;, P2, P3 du

nombrede pixels en mouvementcorrespondanta des clignements.
Les trames’ correspondantes successivesrelatives 4 la courbe C sont représentées,

schématiquementet enpartie, sur la portion (b)de la figure 12, par destraits verticaux, tels

que 31, dont les pics P;, P2, P3 sont encadrés par des rectangles R,, R2, R3 respectivement,
les deux portions (a) et (b) 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
nombrede trames, valeurs qui correspondent a l’état éveillé dy conducteur.

L’unité électronique 19, danscette 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 uncertain seuil, par exemple 350 ms, et dans ce cas déclenchent un
drapeau «1» de seuil de clignement .dépassé etéventuellementsi les intervalles de temps
entre deux clignements successifs sont relativement constants ou au contraire
significativement variables dans letemps, 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 4
réveiller le conducteur, tandis que le second drapeau renforce V’alarme, par exemple en

augmentant le niveau sonore.

L’ordinogramme annexé4 titre de planche 6 (figure 13) résumeles différentes

phases successives.

Le dialogue avec I’extérieur est réalisé, de préférence en mode série (CAN — VAN).
Le rétroviseur des figures 4 et 5 convient aussi bien pour un conducteur occupant le

siége gauche que le siége droit, pour les pays 4 conduite a droite, et peut éventuellement
étre un rétroviseur extérieur, notammentdu cété du conducteur.

Commeil va de soi, Pinvention n’est paslimitée au mode de réalisation préféré

décrit et illustré, ni 4 ses variantes mentionnéesci-dessus; l’invention englobe au contraire
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-REVENDICATIONS

Procédé pour surveiller en continu I’état de vigilance du conducteur d’un véhicule.

automobile, afin de détecter et prévenir une tendanceéventuelle a l’endormissement de

celui-ci, .

qui consiste
- a produire un signal vidéo représentatif, en temps réel, des images successives d’au

moinsle visage du conducteur;

- 4 traiter ce signal, successivementet en continu, pour
° détecter, dans ce signal, la portion correspondanteffectivement 4 "image de

~ la téte du conducteur,

e déterminer la valeur d’unparamétre relatif auclignement des paupiéres, qui
se modifie notablement lors du passage de I’état éveillé a 1’état somnolent du

conducteur depart et d’autre d’un seuil, et

° repérer, en tempsréel, le franchissement, par la valeur de ce paramétre, de ce
seuil représentatif du passage de 1’état éveillé & Létat somnolent du
conducteur; et /

- a déclencher, en réponse au franchissement de ce seuil, une alarme apte 4 réveiller
le conducteur;

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
 _ Tecevoiressentiellementl’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
conducteur lorsque le rétroviseur est correctementorienté; et

- d?autre part, le traitement dudit signal vidéo consiste, aprés avoir détecté la
présence du conducteur 4 sa place, a, successivementet en continu >
e détecter, a partir d’une analyse des pixels en déplacement entre deux trames

successives de méme nature dudit signal vidéo, les déplacements

horizontaux du conducteur, afin de cadrer le visage de celui-ci dans les
trames correspondantes successives du signal vidéo,

FR 60.0484 - 98.00.378

14/01/99
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° détecter, a partir d’une analyse des pixels en déplacemententre deux trames
successives de méme nature dudit signal vidéo, les déplacements verticaux
dansle visage, ainsi cadré, du conducteur, afinde cadrer les yeux de celui-ci,

e déterminer, a partir d’une analyse des pixels en déplacement entre deux
trames successives de mémenature dudit signal vidéo, les durées successives
des clignements des yeux, ainsi cadrés, decelui-ci, ces durées constituant le
dit paramétre,

° 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 | .

° déclencher, lorsque les durées de clignement dépassent vers le haut Je dit
seuil, une alarmeapte réveiller le conducteur.

2. Procédé selon la revendication 1, caractérisé en ce que ledit capteur est placé dans le
boitier du rétroviseur derriérela glace de celui-ci qui est constituée par un miroir sans
tain, axe optique de réception (2a) dudit capteur étant symétrique 4 un axe (2b)
orienté dansle plan vertical médian dudit véhicule, par rapport a un axe (6) orthogonal
au dit miroir sans tain.

_ Procédé selon la revendication 1 ou 2, caractérisé en ce qu’on détecte la présence du
conducteur 4 sa place en déterminant le nombre depixels 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 déterminersi le rapport entre le nombre de pixels représentant
un déplacementetle nombretotal de pixels par trame dépasse un seuil représentatif du
passage de l’absence de conducteurasaplacea la présenced’un Conducteur a sa place.

_ Procédé selon la revendication 1, 2, ou 3 caractérise en ce qu’entre les phases de
détection des déplacements horizontaux, afinde 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 & une portion du visage cadré
englobant les yeux et leur environnement immédiat, par application du rapport
anthropométrique entre ladite portionet le visage entier d’une personne.

. Procédé selon lune 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
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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 1’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 présentet a l’état
éveillé. =

Procédéselonl’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 a P’endormissement de
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 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
méme nature, ou correspondantes, successives, ledit capteur étant solidaire d’un
rétroviseur (8) du véhicule automobile et dimensionné et disposé pour recevoir
essentiellementI’image du visage du conducteuren place sur son siége et ayant son axe
optique (10b) de réception des rayons jumineux dirigé vers la téte (T) du conducteur
lorsque le rétroviseur est correctement orienté ,et

au moins dun 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, a partir d’une analyse
des pixels en déplacement entre deuxtrames successives de méme nature dudit
signal vidéo, les déplacements horizontaux de dit conducteur, afin de cadrer le
visage (V) decelui-ci dansles 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, a
partir d’une analyse des pixels en déplacemententre 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
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 duconducteur; | .

- des moyens, activés par ledit signal de fin de cadrage des yeux, pour déterminer, a
partir d’une analyse des pixelsen déplacement¢entre deux trames successives de
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 conducteur5 .

- des moyens pour comparerces- durées successives des clignements, ainsi
déterminées,4 un seuil représentatif du passage de Vétat éveillé a P’état somnolent
du conducteur ; et _

- des moyens pour déclencher, lorsque les durées des clignements dépassent ledit
seuil, une alarme (22)apte a réveiller le conducteur.

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, ledit capteur(10) étant porté par une premiére extrémité d’une premiére tige (13)
- traversant, a travers unerotule (17), un étrier(16) porté par le boitier du rétroviseur (8),

a Pintérieur de celui-ci, la seconde extrémité de cette tige(13) étant articulée librement,
au moyen d’un joint. (14a,14b), a la premiéreextrémité d’une seconde tige (12)

“traversant, atraversunerotule (1 5), le boitier du rétroviseur (8), tandis que la seconde
extrémité de ladite seconde.tige (12) est fixée a la carrosserie“du véhicule (en 5) au
dessus du pare-brise, de maniéreque Paxe optique deréception (22) du dit capteur soit
symétrique 4 un axe (2b) orienté |dansle plan vertical médian dudit véhicule, par

~~ rapport 4 un axe orthogonal (6)au dit miroir sanstain,
10. Dispositif selon la revendication 8 ou 9,caractérisé en ce que lesdits moyens pour

_détecter la présence du conducteur 4 sa place et pour laborer un signal de présence
sont constitués par des moyens pour déterminerle 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
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pixels par trame du signal vidéo, afin de déterminer si le rapport entre le nombre de
pixels correspondant a un déplacement et le nombretotal de pixels par trame dépasse
un seuil représentatif du passage de I’ état d’absence de conducteur a sa place a |’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 ledit signal 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 3a uncadrage large, ou grossier, des yeux du
conducteur englobant les yeux et leur environnement immédiat par application du
rapport anthropométrique entreledit cadrage large et le visage entier d’une personne et
des moyens pourélaborer un signal de fin de cadragelarge des yeux, ce signal activant
lesdits moyens pourdétecter les déplacementsverticaux dansle visage du conducteur.
Dispositif selon une queleonque des revendications 8 a 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 pourdéclencher une alarme renforcéedés que ces intervalles
de temps présentent une irrégularité qui dépasse un seuil déterminé.
Dispositif selon |’une quelconque des revendications 8 a 12, caractérisé en ce qu"il
comporte des moyenspour réactualiser en continu les données concernant au moins un
des paraméetres suivants : déplacements horizontaux, déplacements verticaux, durées
des clignements des yeux, intervallesentre clignements successifs, afin_ de

. perfectionner les approximations des valeurs normales du paramétre impliqué pour le

14.

 
 

conducteur effectivement présent et al’état éveillé. .
Dispositif selon l’une quelconque des revendications 8 413, caractérisé en ce que ledit
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 depixels et traite le dit signal video

_ pour successivement:
déduire, des variations de Ia valeur ou intensité de chaque pixel entre une trame et la
trame correspondante antérieure,
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© dune 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 autre part, un signal numérique, noté CO, a nombre réduit de valeurs possibles, ce
signal étant représentatifde la grandeurde cette variationde la valeur du pixel ;

- répartir suivant une matricé, par roulement, des valeurs deces deux signaux DP et CO
pour une mémetramequi ¢défile atravers la matrice; et

- déduire, de cetterépartition matticielle, Je‘déplacement recherché et ses paramétres de
localisation et de direction. .

15. Dispositif selon l’une quelconque des revendications 8 a 14,-caractérisé en ce que ledit
capteur (10), ladite électronique associée (19).et ledit circuit intégré sont constituées
par une puce électronique (chip) disposée 4 lintérieur 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-
électronique (10) qui coopére avec une unité électronique (19), produit un signal vidéo
comportant une succession de trames correspondantes de mémenature 4 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 trame et la
trame correspondante antérieure, .

e dune 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, Lautre,
d’une non-variation significative de cette valeur,et

e d’autre part, un signal numérique, ‘notéCO;4nombrerédoitde-valeurs‘possibles, ce
signal étant représentatif de la grandeurde 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 @ 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 la face avant (9a) de
ladite glace correspondent 4 une durée des clignements des yeux qui dépasse un seuil
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prédéterminé inclus dans |’intervalle temporel compris entre la durée des clignements
d’une personneéveillée 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 a 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 moinsdans |’infra-
rouge qui est-activée au moinslorsquela luminosité ambiantedevient insuffisante pour

10 éclairer le visage du conducteur et en ce queledit capteur optoélectronique (10)est
sensible entre autres, aux radiations infra-rouges émises par ladite diode.
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DEVELOPMENTOF DROWSINESS DETECTION SYSTEM

5/4
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/

Masataka Tsukino

Vehicle Research’ Laboratory,
“Nissan Research Center a

~ NISSAN MOTOR Co., Ltd. ae
1, Natsushima-cho, Yokosuka, Kanagawa 237, Japan

Abstract: The developmentoftechnologies for preventing
drowsiness at the wheel is a major challengein thefield of |
accident avoidance systems. Preventing drowsiness during
driving requires a method for accurately detecting a
decline in driver alertness anda method for alerting and
refreshing the driver. As a detection method, the authors
have developed a system that uses image processing

technology to analyzeimagesofthedriver'sfacetaken.ithgidsoncamera, iminished alertness ts detected on
the basis of rie Hegrsecin-swichthedriverscyesareOpenopclosed,. This detection system provides ncontact
technique for judging various levelsof driver alertness and
facilitates early detection of a decline in alerness during:
driving. . ‘ :

1. Introduction

The growing number of traffic accident fatalities in
Japan in recent years has become a problem of serious
concem to society. Based on the results of accident
analysis, the authors are engaged. in research and
development work on active safety systems that are
intended to reduce the numberof accidents causing death
of injury. The key to driving safety and the prevention of
accidents before they happenlies with the driver. For this
reason, eliminating situations in which the driver is
insecure is essential to accident prevention.

Accidents due to drowsiness at the wheel ‘have a high
fatality rate because of the marked decline in the driver's

Detection Techniques
 

 
 
  

  
 
 

 
 

 
Sensing of Driving Operation

Sensing of Vehicle Behavior _

Response of Driver
 

 Traveling Conditions

©: Very Good

O-7HIR-2105— 7/94 754.00 (1994 TEED

1904 Vehicle Nangation &  Loformauion Systems Conference Proceedings

Table 1 Techniques for Detecting Drowsiness _
aa was Detection! vt noon

Detection by Changesin Brain Wavés, Blinking,
Heart Rate, Pulse Rate, Skin Electric Potential, etc.

Detection by Changesin Inclination Driver's Head,
Physical Reactions. |Sagging posture, Frequency at Which EyesClose,, Wheel etc. ”Gripping force on Steering

Detection by Changesin Driving Operations
(Steering, Accelerator, Braking, Shift Lever’, etc.}

Detection by Changesin Vehicie Behavior
(Speed,Lateral G, Yaw Rate, Lateral Position, etc.}

Detection by Periodic Request for Response

Detection by Measurementof Traveling Time and
Conditions (Daytime or Nighttime, Speed, etc.)

abilities of perception, recognition and vehicle control
when sleepy. The prevention of such accidents is 2 major
focus of effort in. the field of:active safety research.

Preventing accidents caused by drowsiness requires a
technique for detecting sleepiness in a driver and a
technique for arousing.the driver from that sleepy
condition. This paper describes a system that uses an
image processing technique to recognize the open or
closed state ofthe driver's eyes as a way of detecting
drowsiness at the wheel. The results of various
investigations are presented to show the effectiveness of
this system in detecting a state of reduced alertness in the
driver.

2. Drowsiness-Related Accidents

Drowsiness can be caused by various factors such as
fatigue, lack of sleep and the use of medication. In
addition, another factor that can be considered is the
monotony of driving on expressways or in congested
traffic. . oe

The continued construction of highways and
improvementof vehicle performance have made it possible
for drivers to enjoy pleasant, comfortable motoring. On
the other hand, drivers are more apt to operate their
vehicles under monotonous: driving conditions. This
observation is proved-by ‘the findings of various surveys,
which indicate that approximately 70% of the respondengs
said they have experienced drowsiness while driving.
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An examination of the situations when drowsiness , a
occurred shows that approximately two-thirds of the
instances. were on expressways. The vehicle speed at the
time drowsiness occurred was over 80 krvh in about 60%
of the instances and over 60 km/h in nearly 80%. -These
large percentages are due in part to the high incidence of
drowsiness while driving on expressways, In view of these
vehicle speeds, it is clear that sleepiness at the wheelis
likely to result in a sertous accident.

The time frame in which drowsiness most often occurs:
is from late at night to early moming, followed by the early
afternoon hours. During these time frames, drowsiness
occurs most often after less than ‘one hour of continuous
driving. This result indicates that drowsiness is not
necessarily caused by long hours of continuous driving.

Among those who experienced drowsiness, over. half
also indicated that they felt anxious about falling asleep
while driving.

In. many instances, drivers are not conscious of
becoming drowsy while driving. A consideration of the
psychology of drivers suggests that a slight feeling of
sleepiness is not regarded as-a sufficient reason for
stopping to rest. As a result,it is not unusualfor drivers to
subsequently fall asleep while. continuing to drive. “An
active safety system that could effectively prevent
drowsiness at the wheel would contribute to a large
reduction in fatal and injury-causing accidents.

"3. Techniques for Detecting Drowsiness in Drivers

The process of falling asleep at the wheel can be
characterized by a gradual decline in alertness from a
normal state due to monotonous driving conditions or other
environmental factors; this diminished alertness leads to a
state of fuzzy consciousness followed by the onset of
sleep. Thecritical issue that a drowsiness detection system
must addressis the question of how to accurately and early
detect drowsiness at the initial stage.

Possible techniques for.detecting drowsiness in drivers
can be broadly divided into five major categories, asshown in Table 1. oo

Among these different. methods, the best detection
accuracy is achieved with techniques that are. based on
physiological phenomena, which.can be accomplished in
two ways.

One approach would be to measure changes -in
physiological signals, such as brain waves, eye blinking,
heart rate, pulse rate or skin electric potential, as a means
of detecting a drowsy state. While this approach is
suitable for making accurate and quantitative judgments of
alertness levels, ir Would be annoying to drivers because
the sensing electrodes would have to be attached directly
to the body. Thus, it would be difficult to use a system.
based on this approach under real-world . driving
conditions. 4 also has the disadvantageofbeingill-suited
to measurement over a long period of time owingto the
large effect of perspiration on the sensors. .

The other approachin this category focuses on physical
changes, such as. the inclination of the driver's head,
Sagging posture,-decline in gripping force on Steering
wheel or the open/closed state of the eyes. Ways of
measunng these physical changes are classified as being.
either the contact type or the noncontact type. The former <
type involves the-detection of movementby direct means,
such as by using a hat or eye glasses or attaching sensors to
the driver's body. The latter type makes use of. optical
sensors or video cameras to detect changes. |

Detection methods that are superior in’ terms. of
practicality are ones that sense driving operation or vehicle
behavior thatis distinetly characteristic of a sleepydriver.

~The, vehicle control Systems that might be monitored for
sensing driving operation include the steering wheel,

accelerator, brake pedal or transmission shift lever. The
vehicle behavior detected might be the vehicle speed,
lateral acceleration, yaw rate or tateral displacement.
Since these techniques allow noncontact detection of
drowsiness, they do not give the driver any feeling of
discomfort. On the negative side, they are subject to
numerous limitations-depending on the vehicle type and
driving conditions. It would also be necessary to devise a
different detection logic for each type of vehicle. Still
another problem with this approach is that detection would
not be possible at low speed.

“This research focused on an investigation of a system
for detecting changes in the degree of openness of the
driver's eyes, which has a high correlation with drowsiness.
In Table 1, this approach falls under the category of
detection of physical changes in physiological phenomena.
This particular method was selected because a practical
drowsiness detection system would have to. assurea high
level of detection accuracy equivalent to that of methods
based on physiological signals and an early detection at the :
initial stage. Moreover, the system should be able to detect
drowsiness in the driver by means of a noncontact
technique. ~

4.Drowsiness Detection by Image Recognition

4.1 Detection method

An investigation of the human eyes under a condition of
reduced alertness indicated that the eyes are narrower than
in a wide-awake state and that there are times when the

.eyes actually close. Fig.l presents experimental results
showing the alertness level and the number of times the
driver's eyes closed for two or more seconds while driving
on a test course. Good correlation is seen between the two
sets of data, This result indicated. that a reduced level of
alertness could be detected with good accuracy by
monitoring changes in the degree of openness of the
driver's eyes.
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. Fig. 1: Number of times eyes close and alertnesslevel

4.2. System configuration

The configuration of the drowsiness detection system is
shown in Fig.2))

Asmall CCD camera positioned in front of the driver
takes images of the driver's face. The fucial image data are
converted to binary image data by one frame and sent to
the frame memory of the image processor. The frame
memorystores each imagein a 512x432 pixel format, with
eight bits of memory capacity used Tor each pixel.

16 1994. Vehicle Navigation & ‘information Systems Conference Proceedings
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CCD Camera. *
iR Lamp

Warsng System

Fig.2 System configuration .

 
A personal computer connected to theimage processor

controls the image processing procedure and judges the
processed results.

An infrared lamp is provided in the instrumentpanel to
facilitate the recording of facial images during nighttime
driving.

4.3 Basic algorithm —

4.3.1 Flowchart of major functions-
A flowchart of the major functions of the drowsiness
detection system is shownin Fig.3.
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Fig.3 Flowchart of Major Functions

 

The functions of the system can be broadly divided into
an eyeball detection function, comprising the first.half of
the processing routine, and a drowsiness detection
funcaon, comprising the second half.

4.3.2 Eyeball detection function
A brief explanation is given here of the eyeball

detection procedure. .
After inputting a facial image, preprocessingis first

performed to binarizethe. image and remove noise, which
makes ‘it possible for the image to be..accepted: by the
image processor.- :

Th j idth of the face is then detected so that
i d ace can be identified. After

that, the vertucal ‘position of each eye .is detectedindependently within an area defined by ihe centerline of
the face width: and lines running through the outermost

 
 
 

.. points of the face. Onthat basis, the area in which each
_ eye is presentis determined.

Once the areas of eye presence have been defined,they
can be updated by mracking the movement of the eyes. The

degree. cye.9Peangss is output simultaneously with theestablishment or updating of the areas of eye presence.
That value-is used: in judging whether the eyes are open or
closed and:also in judging whether the eyes have been
detected correctly or not. If the system. judges that the eyes
have not been detected correctly, the routine returns to the
detection of the entire face.

The following explains the eyeball detection procedure
in the order of the processing operations.

(1)Preprocessing
The preprocessing operations include the binarization of

a.facial: image. (0. increase the processing speed: and
- Conserve memory. capacity,and noise removal.

The_ image. processor,developed for this drowsiness
detection.system performs the expansion and contraction
operations on the .white pixels, and.processing for noise

. Temoval. is. performe: on, the. small black. pixels of the
facialimage.

After the binarization, the noise removal procedure
involves a expansion processing method combined with
the use of a median filter. These preprocessing operations
are sufficient to support detection of the vertical positions
of the eyes.

However, following identification ofthe eye positions,
the size of the eves must be converted back to the original
image format at the timethe degree of eye opennessis
output. To facilitate that, data concraction is performed in
the latter stage of preprocessing.

(2) Face -width detection
The maximum width of the driver's face must be

detected in.order to determine the lateral positions of the
areas in which the eyes are present.

Face widthis detected by judging the continuity of
“white pixels and the pattern of change in pixel number. On
that basis, the outer edges of the face are recognized and
determined, as indicated in Fig.4.

(3) Detection of vertical eye positions
Each vertical eye position is detected independently

within'an aréa.demarcated. by ‘the center line ofthe face,
which is“found. from the-face width, and straight lines
running through: the right and left outer edges of the face.
In a binary image, the-cyes:become collections of black
ixels along with the eyebrows, nostrils, mouth and other

acial features. “©.” a

These collections of black pixels are recognized on the
basis of a labeling ‘operation, and the position of each eve.
is extracted by judging the area of each label along with its

1994 Vehicle Navigation & Information Systems Conference. Proceedings 17
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aspect ratio and relative coordinate positions in the facial
image.

Through this process of detecting each vertical eye
position, the central coordinates of each eye are
recognized. The coordinates serve as references for
defining the areas of eye presence, as indicated in Fig.4.

Area of eye presence

 

 

Fig.4 image of face and objects of detection _

' (4) Eyeball racking
A function for tracking the positions of the eyeballs is

an important capability for achieving high-speed
processing becauseit eliminates the need to process every
frame in order to detecteach eve position from the. entire
facial image. This function consists of a subroutine for
updating the areas of eye’ presence anda subroutine for
recognizing when tracking becomes impossible.

The basic. concept of eyeball trackingis to update the
area of eye presence, in which an-eye search is made in
the following frame, according to the central coordinates
of the eye in the previous frame. a

Coordinates of x = xk cos
| .Define.area of

eye presence
for second:

image

Coordinates

ofysyk ~~"

a: Eye position in first image
' Change area

 
Area of eye A | B of eye
presence for AJ presenceto
second this area
image ~ before taking

third image

im

‘Aréa of eye
. presencefor

Coordinates — taking third
ofy = yk image
 

¢: Eve pasition in third image

Fig.5 Trackingof eye position
The following is an explanation of the specific

processing procedure. Q poe .

The updating process involves defining an. area of eye
presence on the basis of the coordinates (xk, yk) at the
pointofintersection of center lines running through the
Feret's diameter of the detected eye (Fig.5-a}. The area
thus defined becomesthe area of eye presence in which the
system searches forthe eyeball in the image data of the
next frame. : :

Owing to movement of the driver's head or other
reasons. the center point (point B) of the eye detected in
this area in the next frame changesrelative to the center
point (point A) of this area of eye presence (Fig.5-b). In
relation to this change in eye position, the area of eye
presence is updated in reference to the center point
(point B)-of the eye detected in this frame, and then the
facial image data of the next frame are input. Similar to
the previousstep, the system then searchesfor the eyeball
in the updated area of eye presence (Fig.5-c).

This process of using information on eye position to
define the eye position for obtaining the next facial. image
data makes it possible to rack the position of the eyeball.
Asis clear from this description, the size of the area of eye
presencecan. be defined so as to correspond to these eye
position changes. _

If the eyes are tracked correctly, their degree of
openness will always vary within a certain specified range
for each individual driver, as illustrated in Fig.6.
Consequently, if the value found by the system falls
outside that range, it judges that the eyes are not being
tracked correctly. The process of detecting the position of
each eye from the entire facial image is then executed once
more.

Feret's diameter
t

; én resL Closed:: ee small
i

1 Degree of openness

 Open:
large

 

Fig.6 Degree of eye openness.

4.3.3 Drowsiness detection function

(1) Judgment of whether eyes are open/closed
A window is defined on the basis of the Feret's diameter

of the eyes. The maximum number of black pixels along
the vertical axis of the window indicates the degree of eye
openness andis used as the basis for judging whether the
eyes are open-or closed (Fig.6).

(2) Criterion for judging eye open/closed state, and
leaming function

A threshold value is established for each driver for
judging whetherthe person's-eyes are open or closed. That
Criterion is -based'on the degree of eye openness observed
for the individual when the eyes are open and closed.

The system also teamsthe size of each-person’s eves in
order to cope with variation in eye sizes due to individual
differences or to differences in the distance between the
camera and the driver's face ac the time facial images are
taken. :

(3) Method of judging alertness level
As the level of alertness drops, rapid blinking gives way

to the appearance of long intervals when the eyes are
closed, which provides a basis for detecting drowsiness.

A specific method which we have devised for judging
the level of alertness, is to count the numberof times the
eyes Close within a specified interval.

18 1994 Vehicle Navigation &- Lnformation Sysiéms Conference Proceedings
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As shown in Fig.7, the method of counting the number
of times the eves close begins with the second consecutive
closure. This is done to avoid including instances of eye
closure due to blinking. In the figure, the numbersin the
middle of the interval for judging the alertness level
indicate the eye closure count. In this example, the system
judged that the eyes closed four times. The specified
interval for judging the alertness level with this system:has
been set at one minute, a

This interval for judging the alertness level. varies
according to the processing speed determined from. the:
abilicy of the image processor.

Processinginterval

 

 
1 2. 3

 Interval forjudging alertness level

Fig.? Method oftotaling no. of times eyes close

Criteria for judging the alertness level on the basis of the
eye closure count have been determined accordingto. the
results of driving tests in which drowsiness at the wheel
was investigated.

5. Drowsiness Detection Performance *

5.1 Alertness index

An-alertness index has been devised for making
quantitative judgments of ‘a driver's state of drowsiness.
This index is based on the assignment of points to brain

’ waves, blinking and facial expression, which are known to
vary according to a person's level of alertness. ‘The point
total provides a quantitative measure for judging the
alertness level. The specific procedure for. rating these
three elements is outlined in Fig.8.

frendbnA

No a@2waves

Clusters of smalt
amplitude a 2 waves

 
 

Facral
expression  

  
 

  
Continuous.
‘fapid. blinking  
 

 
 

 
 
 
 

 
Appearanceof

slow blinking 

 
 
 

Continuous appearance of
large-amplitude a2 waves  

 for long intervals||closed

Fig.8 Evaluation criteria for brain waves, blinking
and tacial expression .

As a person's level of alertness drops, a large numberof
a 2 waves appear and their amplitude becomes larger.
Points are thus assigned according to the number and
amplitude of the « 2 waves detected.

Blinking is rated by evaluating the measured. waveforms
for the upper and lower electric potential of the eyes. Ina
normal state of alertness, blinking appears as sharp spikes
in the waveform. As the level of alertness drops, -the

spikes appear more frequently and subsequently lose their
shape to become a-gentle waveform when a person
becomes. drowsy. Eventually, the waveform shows
trapezoidal shapes indicating that the eyes close for long
intervals...

In terms’ of facial expression, a drowsy-looking
appearance can be determined from the slackness ofthe
face muscles and the droopingof the upper eyelids.

Each of the three elements is rated in this way using a
. three-point scale and the points are totaled to indicate the

alertness level, which ranges from a wide-awake state (9
points) to a fuzzy state just prior to falling asleep (3
points). :

The correlation. between the alertness level, based on
the alertness: index, and the eye closure count was found
from the driving test data. When the correlation was
determined; states. of alertness. were divided into three
levels: a: wide-awake state (an-alertness index of 9.0-8.0), a
slight decline ‘in-alertness. accompanied by a litle
drowsiness (7.5-6.5) and a large decline in alertness, a
state ill-suited for continued driving (6.0-3.0).

5.2 Evaluation of detection performance

The drowsiness detection performance of the system
was evaluated in laboratory tests and.actual driving tests.
In these tests, the subjects were asked to perform a simple
task or to drive under monotonous conditionsin order to
induce drowsiness.

.§.2.1 Laboratory tests
Fig.9 shows the laboratory. test setup used to simulate 2

Image
processor’

condition of driving while drowsy.

 

 
  

Drowsiness detection

by Image recognition CAT screen

&

 direction” ~
Contro! task results

Fig.9 Schematic diagram of test setup

A CRT monitor was positioned in front of the driver's
seat of a trimmed body,the interior of which was darkened
by covering the windows. ,

A subjectsat in the driver's seat and performed a simple
task while watching the CRT screen. The task involved

using a ‘ring to pursue a target point that moved at a
constant speed in a circular pattern on the screen. The
subject moved the ring laterally by. turning the steering
wheel and vertically by operating the accelerator.

Because of the monotonoussimplicity of this task, it
soon made the subject drowsy. The subject's alertness
level was judged. by. the methods explained earlier for
detecting drowsiness from. physiological signals. The
performance of the drowsiness detection system was
evaluated on the basis of the degree of correlation between
the alertness level provided by the system and the alertness
level obtained from the physiological signals.

1994 Vehicle Navigation .&. information: Systems.Canlerence Proceedings 19
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5.2.2 Driving tests using an.actual vehicle. .
The subjects. were asked to drive at a constant speed on

a circuit around the periphery of a test course, and. this
monotonous driving served to induce a natural state of
drowsiness. /

Similar to the laboratory tests, a data recorder was. used
to record the subject's: brain waves-.and-eye electric
potential in order to facilitate judgment of the alertness
level ‘on the basis of physiological signals. A CCD camera
was installed’on the steering column in the same position
as in. the laboratory tests. The camera recorded the facial
image data used to facilitate drowsiness. detection by
means of image recognition. This image data was also
used to facilitate judgment of the alertness level on the
basis of facial expression of physiological signals. -

Just as in the laboratory tests, drowsiness detection
performance. was evaluated by comparing the degree of
correlation between the alertness level indicated by image
recognition and that. based onthe physiological signals.

5.3 Evaluation results

Laboratory tests and driving tests were conducted
several times with multiple subjects and comparisons were
made of the alertness index scores found. from the
physiological signals and the alertnesslevels, obtained by
image recognition. An example of the results: obtained is
given in Fig.10. wore!

By processing of facial images

9

we Bees eeeees jeseeeeee See beeesecheeeeeesi.
g ;
=? +
g :
% 6 4-physiological-+--- :
55 ;
< : 

0 § 10 16 20. .° 25 30-
Elapsed time > (min)

Fig.10 Evaluation of drowsiness detection

It is ‘seen that the method of detecting alertness on the
basis of image recognition accurately-traced the changes
that occurred in the alertness level withelapsed time.

Table 2 Correlation-coetficients

 
 
 

 
 

 

 
 

Correlation

coefficient
(average)

Correlation
coetticient

(individual)

 

Using the method of counting the number.of eye
closures, alertness levels were determined for 17 facial
image records obtained in laboratory tests involving five
subjects.The results. were then subjected to a correlation
analysis and the correlation coefficients obtained are given
in Table 2.,,"These data also indicate that.an exceptionally

_ high level of detection performance was obtained with the
-system in: these multiple tests involving a number of
subjects.

The foregoing results thus confirmed that the
drowsiness detection system based on image recognition |
can provide detection performance. close to that of
techniques using physiological signals, even thoughit is a
noncontact method. This indicates that the system is ~
capable of early detecting the initial stage of drowsiness .

Various factors can be considered as possible causes of
a decline. in the degree of correlation. One factor might be
subjective variation on the part of the test engineers in
judging intermediate levels of alertness from the
physiological signal data. Another factor might be
discrepancies between the timing for changes in alertness

' Ievels'and the ime when alertness judgments are made. In
order to obtain better correlation with alertness levels
based on physiological signals, further studies are needed,
including possible alternation ofthe criteria for judging the
alertness level.

6. Conclusion

The results of tests conducted under a drowsy state in
- the laboratory and on a test course with an actual vehicle

have made the following points clear.

(1). Image: recognition: achieves highly. accurate and
reliable detection of drowsiness.

(2) Image recognition offers a noncontact approach to
detecting. drowsiness without annoyance and
interference. :

(3) A drowsiness detection system developed. around the
principle of image recognition judges the driver's
alertness level on the basis of a continuous time

history and provides early detection of redtteed
alertness at initial stage.

There area number of issues that remain to be

addressed in the drowsiness detection. system. These
include ‘improvement of its adaptability to changes in
ambient brightness, assurance. of reliability and attainment
of a more compact system design.
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, __ | | a : bo

peeareeras : "Us. DEPARTMENT OF COMMERCEPATENT AND TRADEMARK OFFICE ATTORNEY'S DOCKET NUMBER
TRANSMITTAL LETTER TO THE UNITED STATES 20046H-000600US

DESIGNATED/ELECTED OFFICE (DO/EO/US)
CONCERNINGA FILINGUNDER35 U.S.C. 371 09/600 ,390

INTERNATIONAL FILING DATE PRIORITY DATE CLAIMED _ |
PCT/EP99/00300 January. 15, 1999 January 15, 1998

METHOD AND APPARATUS FOR DETECTION OF DROWSINESS

PATRICK PIRIM, THOMAS BINFORD

Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US)the following items and other information:
L. C This is a FIRST submissionofitems concerning a filing under 35 U.S.C. 371.
2.EX]This is a SECOND or SUBSEQUENTsubmission of items concerninga filing under 35 U.S.C. 371.

3, CF] This is an express request to promptly begin national examination procedures (35 U.S.C.371(f)).

  

   
  
  
  
  
  

  
  

    

4, CO The UShas beenelected by the expiration of 19 months fromthe priority date (PCT Article 31).
3. O A copyof the Intemational Application as filed (35 U.S.C. 371(c)(2))

a. C] is attached hereto (required only if not communicated by the International Bureau).
b. C] has been communicated by the International Bureau.
c. C] is not required, as the application wasfiled in the United States Receiving Office (RO/US).

6 C] An English language translation of the International Application asfiled (35 U.S.C. 371(c)(2)).
7. C Amendmentsto the claims ofthe International Application under PCT Article 19 (35 U.S.C. 371(c)(3))

. Cj are attached hereto (required only if not communicated by the Intemational Bureau).
have been communicated by the International Bureau.

. C] have not been made; however, the timelimit formaking such amendments has NOTexpired.
. C7) have not been made andwill not be made.

8. CO An English languagetranslation of the amendmentsto the claims under PCTArticle 19 (35 U.S.C. 371(c)(3)).
9. Anoath or declaration of the inventor(s) (35 U.S.C. 371(c)(4)). (2 counterparts)

po

ao
    10. C] An English languagetranslation of the annexesto the International Preliminary Examination Report under

PCTArticle 36 (35 U.S.C. 371(c)(5)).  

 
 

 

Items 11 to 16 below concern document(s) or information included:

HH. C An Information Disclosure Statement under 37 CFR 1.97 and 1.98.
 

 in

  
  
 
  

 

 

12. C] An assignment documentfor recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.31 is included.

13. CJ A FIRSTpreliminary amendment.
CI A SECOND or SUBSEQUENTpreliminary amendment.

14, CI A substitute specification.

15. CI A change of powerofattomey and/or addressletter.

16. Otheritemsor information: _

Copy of Notification of Missing Requirements

2/13/2001 LIANDGRA 00000058 09600390

02 FCriS4

page 1 of2
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U.S. APPLICATION NO.(ifknown, see 37 CFR 1.8) INTERNATIONAL APPLICATION NO. ATTORNEY'S DOCKET NUMBER

09/600 390 PCT/EP99/00300 20046H-000600US

17. The following fees are submitted: CALCULATIONS pro useony
BASIC NATIONAL FEE (37 CFR 1.492 (a) (1) - (5)):

Neither internationalpreliminary examination fee (37 CFR 1.482)
nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO
and International Search Report not prepared by the EPO or JPO:-- +++" $1000.00

_International preliminary examination fee (37 CFR 1.482) not paidto
USPTO butInternational Search Report prepared by the EPO or JPO..-..-- $860.00

Internationalpreliminary examination fee (37 CFR 1.482) not paid to USPTO but
international search fee (37 CFR 1.445(a)(2)) paid to USPTO —«... ss. $710.00

International preliminary examination fee paid to USPTO (37 CFR 1.482)
butall claims did notsatisfy provisions of PCT Article 33(1)-(4)........++. $690.00

International preliminary examination fee paid to USPTO (37 CFR 1.482)
and all claimssatisfied provisions of PCT Article 33(1)-(4) ..........--0005 $100.00

ENTER APPROPRIATE BASIC FEE AMOUNT =

Surcharge of $130.00 for furnishing the oath ordeclaration later than[_] 20 30
months from theearliest claimed priority date (37 CFR. 1.492(e)).

CLAIMS NUMBER FILED NUMBER EXTRA

TToaiclims|——-20=|—SSSS—~d88.00
independentcima]3=|__|_xsso.00|

TOTAL OF ABOVE CALCULATIONS _=

CJ Applicant claims small entity status. See 37 CFR 1.27. The fees indicated above
are reduced by 1/2.

; SUBTOTAL _=

Processing fee of $130.00 for furnishing the English translation later than [20 C] 0
months from the earliest claimed priority date (37 CFR 1.492(f)). +

TOTAL NATIONAL FEE__=|$ 130
Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property

TOTAL FEES ENCLOSED = |_$130
Amountto be

[S|

a. C] Acheck in the amount of $—W.___._ to cover the abovefees is enclosed.

b. | Please charge my Deposit Account No. — 20-1430 in the amount of $_130______ to coverthe abovefees.
A duplicate copy ofthis sheet is enclosed.

c. 4 The Commissioner is hereby authorized 8 charge any additional fees which may be required, or credit anyoverpayment to Deposit Account No. ~20-1430A duplicate copyofthis sheet is enclosed.

NOTE: Wherean appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR
1.137(a) or (b)) must be filed and granted to restore the application to pending status.

SEND ALL CORRESPONDENCETO:

Gerald T. Grey
Townsend and Townsend and Crew LLP

Two Embarcadero Center, 8th fl.: Babak S. Sani
San Francisco, CA 94111 ‘ NAME

37,495
REGISTRATION NUMBER

SIGNATURE:

 
Form PTO-1390 (REV 10-2000) page 2 of 2
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’ “aRecd PCT/PTO 09 FEB 2008

+

EXPRESS MAIL NO. EL624022347US.

DATE OF DEPOSIT:February 9, 2001

Attorney Docket No. 20046H-000600US

Enclosures: Petition to extend time, Form PTO-1390, 2 counterpart
declarations, copy ofNotification ofMissing Requirements

SF 172729 v1
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HSE
TED STATES DEPARTMENT OF COMMERCE

atent and Trademark Office
dress: ASSISTANT COMMISSIONER FOR PATENTS

Washington, D.C. 20231 
    

   i. DOCRETRS
09/600390 PIRIM P 20046H-00060

BAKAK S$ SANI

TOWNSEND AND TOWNSEND AND CREW Tt PCT/EP99/00300TWO EMBARCADERO CENTER -
BTH FLOOR

SAN FRANCISCO, CA 94111 15 JAN 99 15 JAN 98
DATE MAILED: 2 2 FEB 2001

NOTIFICATION OF ACCEPTANCE OF APPLICATION UNDER35U.S.C. 371
. AND37 CFR1.494 OR 1.495

1. The applicant is hereby advised that the United States Patent and Trademark Office in its capacity as L] a
Designated Office (37 CFR 1.494), an Elected Office (37 CFR 1.495), has determined that the above
identified international application has metthe requirements of 35.U.S.C. 371, and is ACCEPTED for nationalpatentability examination in the United States Patent and Trademark Office.

2. The United States ApplicationNumber assignedto the application is shown above and the relevantdatesare:
O9FEBO1 ° oe 09 FEB 01

35 U.S.C. 102(e) DATE DATE OF RECEIPT OF
35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-1 03X)will be issued for the present application in due course. THE DATE
APPEARINGON THEFILING RECEIPT AS THE "FILING DATE"IS THE DATE ON WHICH THE
LAST OF THE 35 U.S.C. 371(C) REQUIREMENTSHAS BEEN RECEIVED IN THE OFFICE. THIS
DATE IS SHOWN ABOVE. Thefiling date ofthe above identified application is the internationalfiling date
ofthe internationalapplication (Article 11 (3) and 35 U.S.C. 363). Once the Filing Receipt has been received,
send all correspondenceto the Group Art Unit designated thereon.

 | A requestfor immediate examination under35 U.S.C. 371(f) was received on 14 JUL 00 and
the application will be examinedin turn.

4. The following items have been received:
U.S. Basic National Fee.

Copyof the international application in:
a non-English language.
English.

L] Translation of the international application into English.
Oath orDeclaration of inventors(s) for DO/EO/US.
CopyofArticle 19 amendments.L_]Translation ofArticle 19 amendments into English.

The Article 19 amendmentsL_Jhave have not been entered.

The International Preliminary Examination Report in English and its Annexes,if any. . -
Copy of the Annexesto the International Preliminary Examination Report (IPER).

O Translation of Annexesto the IPER into English.
The Annexes LJ have|4]have notbeen entered.

Preliminary amendment(s) filed 14 JUL 00 and

Information Disclosure Statement(s) filed. __14 JUL 00 and___ 29SEPTOO
Assignment document.

PowerofAttorney and/or Change ofAddress.
Substitute specification fileda,
Verified Statement Claiming Small Entity Status.
Priority Document. _ De
Copyofthe International Search Report [x] and copies ofthe referencescited therein.
Other:

 

Applicantis reminded that any communication to the United States Patent and Trademark Office must be mailed
to the address given in the heading and include the U.S. application no. shown above. (37 CFR 1.5)

. Vonda M. Wallace » WW,
FORM PCT/DO/E0/903 (December 1997) Telephone: 703-305-3736
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097600390

. D STATES DEPARTMENT OF COMMERCE
gn ~, atent and TrademarkOfficewe A ; ASSISTANT COMMISSIONER FOR PATENTS .

* ‘ Washington, D.C. 20231 -

“ne ¢ «

LSANRetoracerarpan)

[terincoae[raceraire]

. : DATE MAILED:

NOTIFICATION OF ACCEPTANCEOF APPLICATION UNDER35 U.S.C. 371
AND 37 CFR 1.494 OR 1.495

I. The applicantis hereby advisedhagthe United States Patent and Trademark Office in its capacity as OC a
Designated Office (37 CFR 1.494),X_Jan ElectedOffice (37 CFR 1.495), has determined that the above
identified intemational application Aa\met the requirements of 35 U.S.C. 371..and is ACCEPTEDfornational
patentability examination in the United States Patent and Trademark Office. .

2, The United States Application Number assigned to the application is shown above and the relevant dates are: .

35 U.S.C. 102(e) DATE. - DATE OF RECEIPT OF
35 U.S.C. 371 REQUIREMENTS

A Filing Receipt (PTO-103X)will be issued for the present application in due course. THE DATE
APPEARING ON THE FILING RECEIPT AS THE "FILING DATE" IS THE DATE ON WHICH THE
LAST OF THE 35 U.S.C. 371(C) REQUIREMENTS HAS BEEN RECEIVEDIN THE OFFICE. THIS
DATE IS SHOWN ABOVE.Thefiling date ofthe above identified applicationis the internationalfiling date
ofthe internationalapplication (Article 11(3) and 35 U.S.C. 363). Once the Filing Receipt has, been received,

send all correspondence to the Group Art Unit designated thereon. i 4 JUL 20003. A request for immediate examination under 35 U.S,C. 371(f) was received on
the app ication will be examined in turn. ‘ .

4. The folowing items have been received:
.S. Basic National Fee.

Copyof the international application in:

a non-English language.

English.

Translation of the international application into English.
Oath or Declaration of inventors(s) for DO/EO/US.

CopyofArticle 19 amendments. Translation ofArticle 19 amendments into English.
: The Article 19 amendments O haveLJhave not been entered.
The International Preliminary Exainination Report in English andits Annexes, if any. -

Copy of the Annexesto the International Preliminary Examination Report (LPER).

TranslationofAnnexes to the LPER into English.

The ceedhave, L_,J have not been entered.Preliminary amendment(s) fil ArJUL2000 and
information Disclosure Statement(s) fied -4JUL2000and ,
Assignment document. .
Powerof Attorney and/or Changeof Address.

Substitute specification filed
Verified Statement Claiming Small Entity Status.
Prionty Document. .

Copy of the Intemational Search Repo and copies of the referencescited therein.
Other:

Applicant is reminded that any communication to the United States Patent and Trademark Office must be mailed
to the address. given in the heading and include the U.S. application no. shown above. (37 CFR 1.5)

FORM PCT/DO/EO/903 (December 1997) Telephone: 703

SAMSUNG EXHIBIT 1004

Page 237 of 404.



SAMSUNG EXHIBIT 1004 
Page 238 of 404

 

09 /600390..
Attorney Docket No.: 20046H-000600US

Client Reference No.: 048J US 3724

B34 Rec'd PCT/PTC 14 JUL20086 as

6 .

—~2)1-0IN THE UNITED STATES PATENT AND TRADEMARK OFFICE! 2}-02

In re U.S. National Phase of

PCT/EP99/00300 of:

PATRICK PIRIM,etal.

Application No.: Not yet assigned INFORMATION DISCLOSURE
STATEMENT UNDER37 CFR §1.97 and

Filed: Herewith §1.98

For: METHOD AND APPARATUSFOR
DETECTION OF DROWSINESS

 
San Francisco, CA 94111
July 14, 2000

Box PCT

Assistant Commissioner for Patents

Washington, D.C. 20231

Sir:

The references cited on attached form PTO-1449 are being called to the
attention of the Examiner. Copies of the referencesare enclosed. In addition, applicants attach
a copy of an International Search Report dated April 6, 1999 which wasissued in conjunction

with the above referenced application, and in which these references were cited.

It is respectfully requested that the cited references be expressly considered

during the prosecution of this application, and the references be madeofrecord therein and
appear among the “references cited” on anypatentto issue therefrom.

As provided for by 37 CFR 1.97(g) and (h), no inference should be madethat

the information and references cited are prior art merely because they are in this statement and

SAMSUNG EXHIBIT 1004
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09 /600390
PATRICK PIRIM, 1. | PATENT
Application No.: No. yet assigned . .
Page 2 534Rec'd PCT/PT? 14 JUL2000

no representation is being made that a search has been conductedor that this statement

encompassesall the possible relevant information.

Respectfully submitted,

 
Babak S. Sani

Reg. No. 37,495

TOWNSEND and TOWNSEND and CREW LLP

Two Embarcadero Center, 8" Floor
San Francisco, California 94111-3834
Tel: 415-576-0200
Fax: 415-576-0300

BSS/tp

SF 1115537 v1
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. ; : 534” “Gd PCT/PT" 14 JUL2000

FORM PTO-1449 (Modified)

LIST OF PATENTS AND PUBLICATIONS FOR
APPLICANT’S INFORMATION DISCLOSURE|Applicant: PATRICK PIRIM,etal.
STATEMENT(Useseveral sheets if necessary) Filing Date:-E the 6

Attorney Docket No.: 20046H-000600US 
 

 

  

  
nce Designatio PATENT DORe gnation Page 1

Examiner Initial Document No. Date Name Class Sub-class . Filing Date
If Appropriate
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Document No. Date Country Class Sub-class Translation

Yes/No
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   OTHERART(Including Author, Title, Date, Pertinent Pages, Etc.

 
><  
 

>

iMlZAoascosomesB/E
EXAMINER:Initial if reference considered, whetherornotcitation is in conformance with MPEP 609; Draw line through citation if not in conformance and not
considered. Include copy of this form with next communication to applicant.

_EXAMINER_
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 TENT COOPERATION TREATY =~
PCT -

INTERNATIONAL SEARCH REPORT

(PCTArticle 18 and Rules 43 and 44)
] Applicant’s or agent’sfile reference see Notification of Transmittal of International Search Report; FOR FURTHER (Form PCT/ISA/220) as well as, where applicable, item 5 below.

0483 PCT 361 ACTION :
International application No. Internationalfiling date (day/month/year) (Earliest) Priority Date (day/month/year) .

PCT/EP 99/ 00300 15/01/1999 15/01/1998
Applicant

HOLDING B.E.V. SA et al.

This International Search Report has been prepared bythis International Searching Authority andis transmitted to the applicant
according to Article 18. A copy is being transmitted to the International Bureau.

This International Search Report consists of a total of 2 sheets.
It is also accompanied by a copy of each prior art documentcitedin this report.

1. Basis of the report

a. With regard to the language,the international search wascarried out on the basis of the international application in the
languagein whichit wasfited, unlegs otherwise indicated underthis item.

[] the international search was carried out on the basis of a translation of the international application furnished to this
Authority (Rule 23.1(b)).

With regard to any nucleotide and/or amino acid sequencedisclosed in the international application, the international search
was carried out on the basis of the sequence listing :

contained in the international application in written form.

filed togetherwith the international application in computer readabie form.

furnished subsequentlyto this Authority in written form. _
furnished subsequently to this Authority in computer readble form.
the statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the
international application asfiled has been furnished.

the statementthat the information recorded in computer readable form is identical to the written sequencelisting has been
furnished

Certain claims were found unsearchable (See Box|).

Unity of invention is lacking (see Boxfl).

With regardtothetitle,

[X] thetext is approved as submitted by the applicant.
C] the text has been established by this Authority to read as follows:

With regard.to the abstract,

[X]_the text is approved as submitted bythe applicant.
CJ " the text has been established, according to Rule 38.2(b), by this Authority asit appears in BoxIll. The applicant may,

within one month from the date of mailing of this international search report, submit comments to this Authority.

Thefigure of the drawings to be published with the abstractis Figure No. —_—
[| as suggestedby the applicant. [X] Noneof the figures.
in becausethe applicantfailed to suggesta figure. ,
[| because this figure better characterizes the invention.

 
Form PCT/ISA/210 (first sheet) (July 1998)
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FE. EP 99/00300

‘jonal Application No
INTERNATIONAL SEARCH REPORT

}

   

 
 

  
A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 G08B21/00 
 
 Accordingto International Patent Classification (IPC) or to both nationalclassification and 1PC

B. FIELDS SEARCHED .

Minimum documentation searched (classification system followed byclassification symbols)
IPC 6 GO8B GO6T

 

  
 

 
 

Documentation searched other than minimum documentation to the extent that such documentsare included in the fields searched 
 
 Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

 
'

 
  
 

C, DOCUMENTS CONSIDERED TO BE RELEVANT

Category °|Citation of document, with indication, where appropriate, of the relevant passages : Relevant to claim No.

X,P WO 98 05002 A (CARLUS MAGNUS LIMITED 1-45
;PIRIM PATRICK (FR)) 5 February 1998
cited in the application
see claims 1-14

 

 
 

 

  
 

 
 

  DE 197 15 519 A (MITSUBISHI MOTORS CORP )
6 November 1997
see the whole document   

 WO 97 01246 A (STEED VAN P ;CEJKA ROBERT K
(US)) 9 January 1997
see abstract

  

  [] Further documents arelisted in the continuation of box C. Patent family members arelisted in annex. 
  ° Special categories of cited documents :  
 

"T" later document published after the internationalfiling date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying theinvention

 
 "A" documentdefining the general state of the art whichis not

considered to be of particular relevance

“E" eartier documentbut published onorafter the international’ “X" documentofparticular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to

"L" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
whichis cited to establish the publication date of another “Y* document of particular relevance: the claimed invention
citation or other special reason (as specified) cannot be consideredto involve an inventive step when the

 

  
  
  
  

“O" documentreferring to an oral disclosure, use, exhibition or documentis combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled

"P" document published priorto the international filing date but in theart.
later than the priority date claimed *&" document memberof the samepatent family

 
 

 
 

  Date of the actual completion of the international search Dateof mailing of the international search report
 

 28 May 1999

Nameand mailing address of the ISA
European PatentOffice, P.B. 5818 Patentlaan 2 _
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

 04/06/1999

Authorized officer 
 

 
 

 
 
 
   Sgura, S$
 
Form PCT/ISA/210 (second sheet) (July 1992)

SAMSUNGEXHIBIT1004 —
Page 242 of 404



SAMSUNG EXHIBIT 1004 
Page 243 of 404

  

 
   
 

 

 
INTERNATIONAL SEARCH REPORT

Infe non patent family members

Patent document

cited in search report

iG tional Application No

tr. ZEP 99/00300

Publication Patent ney. Publicationdate member(s date  
  

WO 9805002 A 05-02-1998 2751772 A 30-01-1998. AU 3775397 A 20-02-1998
0912964 A 06-05-1999

 

 

 9277849 A 28-10-1997

FR 2747346 A 17-10-1997

5786765 A 28-07-1998 

mraaawneeaeeeereeee

Form PCT/ISA/210 (patent family annex) (July 1992)
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Europaisches
Patentamt

cr

PRIORITY

DOCUMENT
SUBMITTED OR TRANSMITTED IN

COMPLIANCEWITH RULE17.1(a) OR (b)

Bescheinigung

Die angehefteten Unterlagen stimmen
mit der urspriinglich eingereichten Fas-
sung der auf dem nachsten Blatt be-
zeichneten internationalen Patentan-
meldung iberein.

 

PCI/EP 99/00300

  
 

. European Patent Office europeen
Office des vets

Revd «15 APR 1999

09£600399

Certificate "(Attestation

The attached documents are exact
copies of the international patent appli-
cation described on the following page,
as originallyfiled.

Les documentsfixés a cette attestation
sont conformesa la version initialement
déposée de la demande de brevet inter-

> national spécifiée a la page suivante.

Den Haag, den
The Hague, 0 2 03. gg
La Haye,le

Der Prasident des Europaischen Patentamts
Im Auftrag” a ~ one -
For the Presidentof the European Patent Office
Le Président de lOffice européen des brevets
p.0.

le
R.L.R. Pether

Patentanmeldung Nr.
Patent application no.
Demandede brevet n°

PCT/EP 98/05383

SAMSUNG EXHIBIT 1004
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Blatt 2 der BescheinigungSheet 2 of the certificate | | 9d
Page 2 de attestation :

 

Anmeldung Nr.: PCT/EP 98/05383
Application no.:
Demande n°:

Anmelder: 1. HOLDING BEVS.A. - Luxemburg, Luxemburg
Applicant(s): 2. PIRIM,Patrick - Paris, France
Demandeur(s): :

Bezeichnung der Erfindung:
Title of the invention: JTmage rocessin: a ethTitre de l'invention: Be Pp 8 Pparatus and met od

Anmeldetag:
Dateoffiling: 25. August 1998 (25.08.98)
Date de dépot:

In Anspruch genommene Prioritat(en)
Priority(ies) claimed
Priorité(s) revendiquée(s)
Staat: Tag: Aktenzeichen: ~
State: Date: File no.
Pays: Date: Numéro de dépat:
Benennung von Vertragsstaaten : Siche Formblatt PCT/RO/101 (beigefigt)
Designation of contracting states: See Form PCT/RO/101 (enclosed)
Désignation d’états contractants : Voir Formulaire PCT/RO/101 (ci-joint)
Boemerkungen:
Remarks:
Remarques:

EPA/EPO/OEB Form 1012 02.89
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0299 poms. »
an : C145: 34 1 48745450- +49 86 239904465: # 2

RCV. VONSEPA MUENCHEN 06 325- 8-98 + 16845 | oe P°T/E -- — P98/053
* . ?

Apeot wt

[ ey Nu DESIGNATION OF STATES ~
Ths folowing destenationsare netehs made under R al1.94 spears ine ut pintive chatena, ot est PrAed
Regional Patene

| MO vr ARIPO Patent: GU Ghara, GM Gaming, KE Keay, LS Lesotio. MW Malas. SD Sudan. 8Z Swarrand UG Ltda.
i EW Cimbsbas. and sny other Stats which ts.a Contuacuag Sate of the Liarare Protoser and ef the POI

I) tA Eurasian Patent: AM Anucraa AZ Azerbeian. BY Belarus. KG Ky ry87sian, KZ Razuhlotan, MD KReoutle or
Moldova, RO ioasun Federanen, 1 Tajikisen, TM lurkinessstan. and aes wher State which oa Canmtracnag sts
whe Eurasian Uaear Convention aad ofthe PUP

| Moo European Patenus AT Austria. RE Belgium. Cl anad Lf Switeerdang aol Lissateein, CY Csonus. OF u:
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IMAG) PROCESSING APPARATUS AND METHOD)
Jnventor: Patrick Pirim

BACKGROUNDOFTIE INVENTION

1. liicld of the Invention

Thepresentinventionrelates generally to an image processing apparatus, and

more particularly lo a method and apparatus for identifying and localizing an area in
relative movement in a sceneand determining the spced and oriented directionof thearea

in real time.

2. Description of the Kelated Art
The human or animal eye is the best known system for identifying and

localizing an objectin relative’ movement, and for determining its speed und dircction of
movement. Various offorts have beon made to mimic the functionof the cyc. Onetype of

device for this purpose is referred to as an artificial retina, which is shown, for cxample,

in Giocomo Indiveri ct. al, Proccodingsof MicroNeuro, 1996, pp. 15-22(analogartificial
retina), and Pierre-Frangois Riiedi, Proceedings of MicroNcuro, 1996, pp. 23-29, (digital
artificial retina which identifies the edgcs of an object), However, very fast and high
capacity memories are required for these devices to opcrate in real time, and only Jimited
information is obtained aboutthe moving areas or obiccts observedOthercxamples_of
artificial relinas andsimilar devices are shown in US. Patent Nos. 5,694,495 and
5,712,729, .

Another proposed method for detecting, objects in an imageis to slore a frame
from a video camora or other observation sensorin 4 first (wo-dimensional memory. The
frame is composed of a scquence of pixels representative of the scene observed by the:
camera at time {,. The video signal for the next frame, which represents the sceneat time
1, isstored in a second {wo-dimensional memory. fan object has moved between timest,
and (, the distance d by. which the object, as represented by its pixels, has moved in the
scone between {, and t, is determined. ‘The displacement speed is then equal to d/T, where
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T+, to. This type of system requires averylargo memory capacity if i is used to obtain
precise specd and oriented direction. Information for the movement of the object. There is
also & delay in obtainingthe speed and displacement direction information corresponding
10 {, ‘1 R, where R is the time necessary for the calculations for the period 1, - {, system.

These two disadvantages limit applications ofthis type of system.
Another typeof prior image processing. systemis shownin }rench Paicnt No.

2,611,063, of which the inventor hereof is also an inventor. This patent ichues 10 4

‘method and apparatus for real time processing of a sequenced data flow from the output

of a camera in order to perform data compression. A histogram of signal levels fron the
camera is formed using u first sequence classification law. A representative Gaussian
function associated with the histogram is stored, and the maximum and minimun levels
ure extracted. The signal levels ofdhe nextsequence are compared with the cignal ives
for the first sequence using a fixed time constant identical for cach pixel... Ginary
classification signal is pencrated that characterizes the next sequence with references ithe
classification Jaw An auxiliary signal is generated from the binary sive: var. 18
roprescnitative of the duration and position of a range of significant values. Final, the
auxiliary signal is used to gencrate a signal localizing the range with the longest diurst.on,
called the dominant range. These operations xre repeated for subsequent sequences ~ che
sequencedsignal.

This prior process enables data compression, keeping, only imigrcs ing
parameters in the processed flow of sequenced data, In particular, the process 3. vapanle

_ of processing &@ digital video signal in order 10 extract. and Jocalize ni eae one
characteristic afaf Icast one arca in the image.It is thus possible ia classify, for cxanipic,

brightness and/or chrominance levels of the signal and to characterize and Jecakzc an
object in theiimage.

US. Patent No.5ABR,430 detcots and estimates A»displaceanent by separately
determining horizontal and vertical changes of the observed arca. Difforenes signal are
used 10 detect movements from right to left or from Ich to right, or froma top to botten: or
bottomto top, in the horivontel and vertical directions respectively. ‘This is accornptished.
by carrying out an EXC)AUSIVE OR function on horivontal/vertical differencesignals and
on frame differencesignals, and by using a ratio of the sums of the horizontal!voritcal
signals and the sums of frame difference signals with respect to u K x 3 window.
Calculated values of the image along orthogonal horizontal and vertical directions arc
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used with an identical repetitive difference K in the orthogonal dircctions, this difference

K being definedas a fimetion of the displacement specds that arc to be determined. The
device determines the direction of movement along cach of the two orthogonal directions
by applying a sct of calculation opcrations to thedifference signals, which requires very

§ complex computations. Additional complex computations arc also necessary to obtuin the
speed ant oriented direction of displacement (extraction of a square root to obtain the
amplitude of the speed, and calculationof the arctan function to obtain the oriented

direction), starting from projections on the horizontal and vertical axes. This device also
docs not smooth the pixc) values using a time constant, especially a time constant that is

10 variable for cach pixel, in order 19 compensate for excessively fast variations in the pixcl

e@ values.

ixtraction from a Sequence of Digitized Gray-ScaleImages," Institute of Lectrical and
Kinally, Atbcrio Tomita Sates Represcutative. and Rokuve Ishii, "Nand Shape

Lilectronics Engineers, Vol. 3, 1994, pp. 1925-1930, detects movement by subtracting
15 detwoon successive images, and forming histograms based upon the shape of a human

hand in order to extract the shape of a human handin a digitized scene. The histogram
analysis is based upon a gray scalc inherent to the human hand. }( docs not include any
means of forming histogramsin the plane coordinates . ‘The sole purpose of the methodis
{0 detect the displaccment of a human hand, for cxamplo, in order to replace the normal

20 computer mouse by a hand, the movements of which arc identified {o control a computer.
It would be desirable to have an image processing system which has a

relatively simple stracture and requires arclatively small’memory Crpavity, and by which
information on the movement of objects within an image can be obtained in real-time. 11
would also be desirable tohave a method and apparatus for detecting movementsthat are

25—not limited to the hand, butto any object (in the widest sense of the term)in 4 scene, and
which docs not use histograms based on the pray values of a hand, but rather the
histograms of different variables representative of the displacement und histograms of
plane coordinates. Such a system would be applicable to many types of applications
requiring the detection of moving, and non-moving, objects.

30
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The present invention is aprocess for identifying relative movement of an
object in an input signal, the input signal having a succession of frames, cach frame

mn having a succession ofpixcls. Kor cach pixel of the input signal, the input signal is
smoothedusing a time constant for the pixel in order'to generate a smoothed inpul signal.
Kor cach pixel in the smoothed input signal, a binar"y value correspondingto the existence
of a significant variation in the amplitude ofthe pixe) between the current frame and the
immediately previous smoothed input frame, and the amplitude of the variation, are

10 determined,

e Using the oxistonce ‘ofa significant ‘vatiation for t piven pixel, the ime
constant for the pixel,which iis to be used in smioothing subsequent frames of the input
signal, is modified, The time ‘constant is preferably in the form 2", and is increased or
decreased by incrementing or decrementing, p. Kor cach particular pixe) of ine caput

15 signal, two matrices arc then formed: a first matrix comprising the binary valucs of 8
subset ofthe pixels of the frame spatially relatcd to the parlicular pixel; and a gecond
matrix comprising the amplitude ofthe variation ofthe subset ofthe pixels of th. fame
spatially related to the particular pixel, in the first matrix, itis determingd wheth.s the
particular pixel and the pixels along, an orionted direction relativeto the partivwar pixel

20 havo binary values ofa particular value representing significant variation, and, fo. such
pixels, it is determinediin the second matrix whether tlic amplitude of the pixels alone. the
oriented direction rclative to thepatticular pixel varies in a known manne: inaicaning

Ne” movement in the oricnted direétion of the particular pixel and the pixels along. the
orjented direction relative to the particular pixel. The amplitude of the variation oF the

“25°fpixclsBtong the oriented direction determines tlrevolovity of movement of the particular
pixe) and thepixels along theorienteddirection relativeto theparticular pixel.

In cach of one or more domains,a‘histogram of the values distributed in the
first and second matrices fallingiin cachsuch domain is fornied, For a particular domain,
an arca of significant:“variation is determined from the histogram for that domain.

30 }listograms of the ara: of significant variation along coordinate axes are then formed,
Irom these histograms, it is determined whethes {here is an avea in movement for the
particular domain. The domains ary preferably selected fromthe group consisting of 3)
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luminance,ii) speed (V), iii) oriented direction (11), iv) time constant (CO), v) huc, vi)

saturation, and vil)first axis (x(m)), and vili) second axis (y(m)).

In one embodiment, the first and second 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 firstmatrix whether the particular pixel and
the pixcls along an oricnicd directionrelative to the particular pixel have binaryvalues of
ft particular value representing significant variation, and the step of determining in the
sccond inatrix whether the amplitude signal varies ina predetermined critena along an
oriented d irection relative to the particular pixel, comprise applying nested n x n matrices,

10 where nis odd, centered on‘the particular pixelto the pixels within cach ofthefirst and
@ sccond matrices, 4 the process thenincludes the further step of determining the smallest

nested matrix in which the amplitude signal varics along an oriented direction aroundthe
particular pixel. —— a

| In an alternative embodiment, the first and second matrices are hexagonal
15 matrices centered on theparticular pixel. In this embodiment,the slcps of determining in

the first matrix whether tho particular pixel and the pixcls along an orienicd direction
relative to the particular pixel have binary values of a particular valuc representing
significant variation, and the step of determining in the second matrix whether the
amplitude signal varies in apredetermined criteria along an oriented dircclion relative to

20 the particular pixel, compriseapplying, nested hexagonal matrices of varying size centered
on the particular pixel to the pixels within cach of the first and sccond matrices. The

@. process then further includes determining the smallest nested matrix. in whichthe
nee amplitude signal varies atong an oriented direction aroundthe particular pixel.

In astill further embodimerntof the invention,the first_and secondmatriecs==
25 - are inverted J-shaped matrices with @ “single row anda single cohimn. In_ this

cmbodiment, the steps of determining iin the first matrix whether the particular pixel and
the pixcls along anoriented direction iclative to the particular pixel have binary values of
a particular value representing significant variation, and the step of determining in the
second matrix whether the amplitude signal varies in & predotermined criteria along an

30 oriented direction rclative to the particular pixcl, comprise applying nesicd n x n matrices,
where1) is odd, fo the single lineand the single column to determine the smallest matrix
in which the amplitude varieson a line with the Btcepeat slope and constant quantification.
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If desired, successive decreasing portions of frames of the input signal may be

considered using a Mallat time-scale algorithm, andthe largest of these portions, which
provides displacement, specd and oricntation indications compatible with the valuc of p,
is sclected, o

Ina process of smoothing an input signal, for cach pixel of the input signal, i)
the pixel is smoothed using a time constant (CO) for that pixel, thereby generating a
smoothed pixel valuc(1 0), ii) if is determined whether there exists a significant variation
between such pixe) and the samepixel ina previousframe, andiii) the time constant (CO)
for suchpixelto be uscd in smoothing the pixel in subsoquent frames of the input s:ignal is
modified based upontheexistence or non-cxistence ofa significant variation.

The step of determining the existence of a significant variation for 4 given
pixel preferably comprises determining whether {he absolute value of the difference (AB)
betweenthegiven pixel value (11) and the valueof such pixcl in a smoothed prior Irame.
(14) exceeds a threshold (SH). The step of smoothing the input signal preferably
comprises, for cach pixcl, i)modifying thetime constant (CO) for pixel such bawd L son
the cxistence of a significantvariation as determinediinthe priorstep, and ii) deter micing
a smoothed value for the pixel (J 4) asfollows:

Pl. da

LO= Lla-—CO

Tiime constant (0)is preferably iin the form 2", and pis incrementedfiin the
event that AB<SE and deercmented inthe event AB?SE.

—- Jn this process, the system generates an output signal comprising, fo:cach_—_______
pixel, a binary value (DP) indicating ihe existence or non-existence of a significant
variation, and the valuc of thetime constant (CO). ‘The binary valucs (DP) and the time
constants (CQ) are prefcrably stored in a memory sized to correspondto the framesize.

A process for identifying an arca in relative moventent in an input signal
includes thesteps of

generating a first array indicative of the existence of significant variation in
the magnitude of cach pixel between 8 currentframe and a prior frame;

gencraling a sccond array indicative of the magnitude of significant variation
of cach pixel betweenthe current frame anda prior frame;
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establishing a first moving matrix ccmercd ona pixel under consideration and
comprising pixcls spatially related to the pixel under consideration, the first moving
matrix traversing the first. array for consideration of cach pixel of the current frame; and

determining whetherthe pixe) under consideration andcach pixel of thepixels
5 spatially related to the pixel under consideration along, an oriented direction relative

thereto within the first matrix arc a particular value representing the presence of
significant variation, and if so, establishing, im a sccond matrix within the first matrix,
centered on the pixel under consideration, and determining whetherthe amplitude ofthe
pixels in the second matrix spatially related to the pixel under consideration along an

10 oriented direction relative {hereto are indicative of movement“slong such oriented

@ dircction, the amplitude of thevariation along tho oriented direction being indicative ofthe velocity of movement, the siveofthe second matrix being variedto identi fytho matrix
size most indicative ofmovement. .

The processfiurther comprises, in at Ieast onc domain selected from the group
15 consisting of i) luminance,ii) specd {V), iii) oriented direction (191), iv) time constant

(CO), v) hue, vi) saturation, and vii) first axis (x(n), and viii) sccondaxis (y(m)), and ix)
data characterized by external inputs, forming a first histogram of the values in such
domain for pixcls indicative of movementalong anoriented direction relative to thepixel
under consideration. If desired, for the pixcls in the first histopram, histograms of the

20 position of such piacls along coordinate axes maybe formed, and from such histograms,
an arca ofthe image mecting criteria of theat least onc domain may bedetermined.

A process for identifying pixels in an input signal in one oF a piuralily. of
e classes in oncofaplurality of domains compriscs, on a: frame-by-framebasis:

______fecachpixeloftheinputsignal,analyzing.thepixclandprovidingan.output.
25—signal for cach domaincontaining information to ident fy cach domain i) whichthe pixel

is classificd ;

providing a classificr for cach domain, theclassifier onabling classification of
pixels within each domain to aclected classes within the domain;

providing a validation signal for the domains, the validation signal sclecting
30. onc or moreofthe plurality ofdomainsfor processing; and

forminga histogramfor pixels of the output signal within the classes selected
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 classes: selected by the classifier within cach domain

selectedby the validation signal, and forming a composite signa) corresponding to the
spatial position of such pixelswithin the frame. Pixels falling within limits. /,, J, 4. Jy in

5 the histograms along the coordinate axesarc thon identified, and a composite signal from

the pixels falling within thesc limits is formed.

A process for identifying the velocity ofmovement of an arca of an input
signal conipriscs: .

for cach particular pixel of the input signal, forming 4 first matrix comprising
10 binary values indicating,the existence or non-existence of « significant variation in the

@ amplitude of the pixel signal bet woonthe current frame and a prior framefor a subset of
~ the pixels of the frame spatially related to such particular pixel, and a second matrix

comprising the ampliurde 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 binary valucs of a

particular value representingsignificant variation, and, for.such pixels, determiningin the
secondmatrix. whether the amplitudes ofthe pixels along anoriented direction relative to

the parlicular pixel vary in a known manner indicating movement of the pixel and the
pixels along anoriented direction relative to. the particular pixel, the amphiude of the

20 variation along the: oriented direction determining, {he velocity of movement of the
particular pixel. |

A process foridentifying a non-movingatea in un input signal comprises:
e forming histogramsalong coordinatc axes for pixcls of the input signal

without significant variation betwecnthe current frame and a prior frame; and
 25 | Torig a composite signal corresponding to the spatial position of such

pixels within the frame. | |
Anapparatus for identifying rclative movement in.an input signal comprises:

means for smoothing the iiput signal using a limeconstant for cach pixel, thereby
generating a smoothed input signal; .

20 means for determining for cach pixel in the smoothed input signal a binary

value corresponding {o the existence of a significant, variation in the amplitude of the
pixel signal between (he current frame and the immediately previous smoothed input
frame, and for determining the amplitudeofthe variation;
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means for using the cxisicnes of a significant variation for a given pixcl to
modify the time constant for the pixel to be used in smoothing subsequent frames of the-
input signal;

means for forming a first matrix comprisingthe binary values of a subsct of
the pixels of the frame spatiallyrelated to cach particular pixel, and for forming & second
matrix comprising the amplitude of the variationof the subset of the pixels ofthe frame
spatially related 6 suchparticular pixel; |

means for dotermining in the first matrix a. particular area in which the binary
value for each pixel is a particular valuc representingsignificant.variation, and, ‘for such
particular area, for determining in the sccond matrix whether the amplitude varies along
an oriented direction relative to theparticular pixel ina known manner indicating
movementofthe pixel in theoriented direction, {he amplitude ofthe variation slong the
oriented direction determiningthe velocity of movemopt ofthe pixel.

Anapparatus for smoothing an input signal comprises:
means for smoothing cach pixcl of the input signal using # time constant (C0) |

for such pixel, thereby:pencrating, a smoothed pixel valuc (1.0);
means for determining the existence of , significant variation for a given

pixel, and modifying the tine constant (CO) for the pixel to be used in smoothing the
pixel in subsequent frames ofthe input signal based wpon the existenceof such significant
variation.

An apparatus for identifying an area in relative movement jn an input signal
comprises: : |

means for pencrating # first .atray jndicative of the existence of significant
variationin the magnitude ofcachpixel betweena current frameand a priorframe,

meansfor generating a second array indicative of the magnitudeof significicant
variation of cach pixel between the current frame and ‘ prior frame;

means for establishing a‘first moving matrix centered on a pixel under
consideration and comprisingpixels spatially related to the pixel under consideration, the
first moving matrix traversing the first array for consideration of each pixel of the current.
frame; 7

. means for determining whether thepixe) under consideration and cach pixel
along an oriented dircction relative fo the pixel under consideration within the first matrix
is a particular value representing the presence of significant variation, and if so, for
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‘establishing a second matrix within the firet mattix, centered on the pixel under

consideration, and for determining whether the amplitude of the pixcls in the second

matrix are indicative of movement along an oriented dircetion rolative to the pixel under
consideration, the. amplitude of thevariation alongthe‘oticated direction being indicative

5 of the velocity of movement, thesize of the second touts being varied to idemisy the
matrix size most indicative of movement.

An ‘apparatus for identifying pixcls in an input signal m one of a piimality of
classes in one ofa plurality of domains comprises:

means for analyzing cach pixel of the input signal and for providing aoutput
10 signal for.cach domain containinginformation to identify cach domain in whichth: pixel

@ is classificd; —
domain in selected classes withinthe domain;

a classifier for each domain, the clasifir classifying pixcls wrhr. each

a lincar combination unit for cach domain, the lincar combination unit

}5 generating a validation signal for the domain, the validation signal selecting one v2 core
of the plurality of domains for‘processing, and .

| means for forming. histogram for pixels of the oufput signa) wane ihe
classes selected by theclassifier within cach domain selected by the validation sivi.:

An apparatus for identifying,» thevelocity of movement of an area of an conut
20 signal comprises:

incans for determining for cach pixel in the input signal a binary + luc

corresponding {o the existence of a significant variation in the amplitude ofthe mixel
®, signal betweenthe current frame and the immediatcly provi ous smoothed inpal fame; and

for determining the amplitude of the variation, ,
25 —means-for forming,for-each-pantienlarpineloftheinpat-signalye-firt-anetri

comprising the binary values of a subset of the pixcls‘spatially related to such particular
pixel, and a sccond matrix comprising the amplitade ofthe variation of the subse! of the
pixels spatiallyrelated to such particular pixel; and ;

meansfor determining in the first matriix whether for aparticular pixel, and
30 other pixels along an orienteddirection relative to the particular pixel, the binary valuc¢ for

cach pixel is a particular valuc representing. significant variation,and, for such particular
pixel and other pixels, determining in the second matrix whether the amplitude varies
along an oricnted direction relative to the particular pixel in a known mannerindicating
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1)  
movement of the pixel and the other pixels, the arnplitade of the variation stong the
oriented direction determining thie velocity of movement of the pixel and theother pixels.

_ An apparatus for identifyiying @ non-moving area in an input signal compriscs:
means for forming histograms along cookdinae axes for pixels of a Current

5 frame withouta significant variation from such pivots}In y priorframe; and
means for forming a composite signal cotfesponding to the spatial position of

such pixels within the frame.

10 . BRIEF DESCRIPTION OFSHB DRAWINGS

@ Fig. ] is a diagrammatic illustration ofthe aystcm accordingto the invention.
Fig. 2 is a block diagramof the temporaljand ‘spatial processing units of the

invention. 1

i

Fig. 3 is a block diagramofthe (emporal processing unit of the invention.
15 Fig, 4 is a block diagram ofthe spatial processing unit of the invention.

Tig. 5 is a diagram showing the processing of pixels in accordance with the
invention. mo

Fig. 6 illustrates the numerical valucs of the Freeman code used to determine
: ‘ * : : ‘ . 4

movement direction in accordance with the invention. ;

20 lig. 7 illustrates two nested matrices as processed by the temporal processing
unit, .

® Fig.8 iNnstrates hexagonal matrices as processed by the temporal processing
~ unit. ~

_ Vip.9 itlustrates reverse-), matrices as protested bythe. temporal proccssing_________—.
25 uit, | 7 oR ~

1ig.9a iffustrates angular sector shaped marieices as pr-ocessed by the temporal
processingunit. os

Fig. 10 is a block diagrain showing» the relationship between the temporal and
spatial processing, units,‘andthi histogram formation upits,

30 Fig. 11 isa block diagram showing the interrclationship between the various
histogram formation units. !

Fig, 12 showsthe formation ofa tvo-imensionl histogram of a movingarca
from two one-dimensional histograms. |
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Fig. 13 isa block diagram of an individual'hisiopram formation unit,
Fig.14 illustraics the use of the classifierfor finding an alignment of points

relative {0 the direction of an analysis axis.

Fig.14aillustrates a one-dimensional histogram.
> Vig. 15 ilustrates the usc of the: system of the invention for

video- conferencing. ,
Fig.16 is a top view ofthe aysicm ofthe invention for video-conferencing.
Vig. 17 isa diagram Nustrating histograms formed ontheshape of the heed of

‘a participant in-a video conference.
10 Vip, 18 jiustrates the system of the invention eliminating, unnecessary

® information in a video-confereneing application.Fig. 19 is a block diagram showing usc of the system of the inyenticr for
target tracking. :

Fig, 20 is anillustration of the system ofthe invention selecting, & teres Jor
15 tracking.

Figs. 21-23 illustrate the system of the invention jocking on to « selected
target.

Tig, 24 illustrates the processing ofthe sysiom: using a Mallat diagram:

20 .

DETAILED DHSCRIPTION oO} 1) ui INVENTION’
|

‘The present invention is a method and apparatus fordetection of reigive
_ movement or non-movement of an area, within an image. Relative movement, ass used

25 herein,’-avsanemovementsnarewhiehmeybee oon the treadsenehe$$
(erm, c.g. a person, a portion of a person, «or any apimals.or inanimate objeci, in an
approximately motiontess environment, oF approximate immobility of an ares in an
environment thatis al toast partially in movement. . |

Referring to Fig. 1, image processing system 11 ineludes an input 12 that
30 receives a digital video signal S originating from a video cunera orother imaging device

13 which monilors a scenc 13a. Imaging deviec 13 i, preferably a conventional CMOS
type CCDcamera. 11 is, however, forcscen that the otiom of the invention may be used
with any appropriate scnsor ¢. g. , Witrasound, IR, Rade, tnctile array, cic. , that generates
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an output in the formofan array of information coresponding {0 informationobserved by
the imaging device, Imaging, device 13 may have a direct digital output, or an analog
output that is converted by an A/D convertorintodigill signal S.

While signal S may be # progressive signal, in a preferred embodiment, in
5 which imaging device 13 is a conventional video‘camera, signal S is composed of a

succession of pairs of imerlaced frames, TR, und TRY, and TR,and ‘I'R',, cach consisting
of a succession ofhorizontal scanned lines, c.g.J, Vbreolaan in TR,, and 1,, in TR, Bach
linc consists of a succession ofpixels or image-poinis D1, CB» Aya 8,7 and a,, for linc 1,4;
al,,, and at,., for line },,) ; al), and 4,, for line 1). Sten S(PI) represents signal S

10 composed of pixels P). . | .
@ As knownin theart, 5(72) includes a frame synchronization signal (ST) at the

beginningof cach frame,a linesynchronization signal (S].) at the beginning of cachlino,
und a blanking signal (31.). ‘Thus, S()) includes a succession frames, which arc
representative of the time domain, and within cach frame,a scrics of lincs and pixels,

15 whichare representativeofthe spatial domain. !
In the time domain, “SUCCESSIVE frames" shall refer to successiveframes of the

same type (i, ¢. , odd frames such as TR,, or even frames such as ‘I'R',), and "successive
pixels in the same position" shall denote successive values of the pixels (2) in the same
location in successiveframes of the sametype, C.f., m , of },, in frame TR, and Batof |,

20 in the next correspondingframe TR,.

Image processing system 11 gencrates opus Z]} and SR 14, which arc
© preferably digital signals, Complex signal 2H comprises a number of output signals
7 generated by the sysicm, proferably including sia indicating the existence and

localization ofan area or objectiin motion, andthe speed Vandthe oriented direction of
25 displacement D) of pixels oftheiimage. ‘Also output from the system, if desired,is input

digital video signal §, which is delayed (SR)ta makei synchronous with the output ZH
for the frame, takinginto accountthecalculation time for the data in composite signal “i
(oneframe). The delayed signal SIis used10 display thoiimagereceived by camera 13 on
a monitor or television scroci 10, which may also be used to display the information

30 contained in composite signal 7M. Composite signalim may also be transmitted to a
separale processingassembly10a in which further iprocossing of the signal may be
accomplished. !

|\

i
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Referring to Tig. 2, image processing systom 11 includesa first asscmbly 11a,
whiclyconsists 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 BcrVves it a clock for temporal processing

5 unit 15 and scquencingunit 19. Clock pulses 12]? are generated byclock 20at the pixel
ratc of the image, whichis preferably 13.5 M112. _ i

Fig. 3 shows the operation of temporal processing unit 15, the function of
whichis to smooth thevideo signal and gencratea pumnber of outputsthat are utilized by

spatial processing unit 17, During processing, temporal 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 valucs|of a smoothing time constant Cl for cach pixel. As usedhercin, 1.0 and CO shall be.‘used to denote the pine values (1) and time constants (C)
stored in memory 16from temporal. processing |unit 15, and JJ and CI shall denots ihe
pixel values(1.) and time constants (C) respectively‘for such values relrieved: trom

15° memory 16 for usc by temporal processing. unit 15, Temporal processing unk 15
generates a binary output signal DP Sor cach pixel, which identifies whether the pixel 1as
undergone significant variation, and a digital signal§C0, which represents the vedricd
calculated valuc of time constant C. :

Referring to Fig. 3, tomporal processing|iunit 18 includes a first bloc: [5a
20 which reccives the pixels PI of input video signal S. For cach pixel Pl, the tempsral

processing unit retrieves from memory 16a amnothee valuc LI of this pixe! from <he
@ immediately preceding corresponding, frame, whit+h was calculated by scimparalJ processing unit 15 during processing of the immotliatcly prior frame and store! in

memory 16 as }.0. Temporal processing unit 15 caleylates the absoluic value AB of the
25 differmitechinoaePafep pton example

ay,0f},) in PR, and of},in TR:

AB« [P1-14|

30
‘Temporalprocessing unit 15 is controlled by clock signal HP from clock 29 in

order to maintain synchronization with the incomingpixel stream, Test block 15b of
temporal processing unit 15,receives signal AB and 4 threshold value SL. ‘Threshold SE
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i

maybe constant, but preferably varies based upon the.pixel valuePJ, and more preferably
varices with the pixc) valuc so as to form a gamma ct rection. Known means of varying
SEto forma pamima correctionis represented by the optional block 15¢ shownin dashedlincs. Test block 1Sb compares, on a pixel-by-pixel tsi digital signals AB and SE in

5 order to determine a binary signal DP. If AB exceed threshold Si, which indicates that
pixel value P) has undergonesignificant variationas fompared to the smoothed value1.1
of the same pixeliin theprior frame, DP is‘set to m1 for the pixel under consideration.

|

Otherwisc, DP is sct to "0" for such pixel.
When DP = 1, the difference between the pixel value PY and smoothed valuc

10 3.3 of the samepixel in the prior frame is consideredHoopreat, andtcmporal processing

@ unit 15 attemptsto reducethis differencein enbsoqer frames by reducing the smoothingtime constant C for that pixel. Converscly, if pp f 0, temporal processing unit 15
attempts to increase this difference in subsequent frhmes by increasing, the smoothing
timeconstant Cfor that pixel.“Theseadjustments 10 dme constant C as a function of the

15 valuc of ))P are made by block 15¢. 1DP = 1, block !15¢ reduces the time constant by a
unit value U so that the new valuc of the time constpntCOequals the old value of the
constant Cl minus unit. valuc Vv: |

{

i
Coz CT-U

i

 
 

20 |
If DP =- 0, block 15c increases the time vohstant by a unit valuc Usothatthe

@ new valuc of the time constant CO equals the old va of the constant Ciphus unit valueU, . . |
|

25 CO: CHY
| |

Thus, for cach pixel, block 15¢ receives the binary signal DP from test unit
15b and time constant CJ] from memory 16, adjusts | up or clownby unit value U, and
gencrates a new time constant-CO which is stored in memory 16 to replace time constant:

30. Ch. |
In a preferred cmbodiment, time constant C, is in the form 2", where pis

incremented or decrementedby unit value U, which preferabtyequals 1, in block 1c.
Thus, if DP = 1, block 15¢ subtracts one(for the oage where U= 1) from p in the time
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constant 2? which becomes 2”'. If DP = 0, block : adds oneto p in time constant 2",
which becomes 2”. The choice. ofa time. constant of the form 2"facilitates calculations
and thus simplifios the structure ofblock 15c.

Block 15c¢ includes several teststo onsite proper operation of the system.
Kirst, CO must remain within defined limits. In a pletesrod embodiment, CO must not
becomenegative (CO 2 0) and il must not exceed a iit N (CO SN), whichis preferably
seven. In the inslanec in which Cj and CO arein the form 2", the upper limit N is the
maximum value forp.

The upper limit N may cither be constah or+ variable. If N is variabic, an
optional input unit 1Sf includes. a register or memory that cnables the uscr, or ancther
controller to vary N. The consequence of increasing,yNiis toincreasethe sensitivityofthe
system to detecting displacement ofpixels, whereasreucing N improvesdetection of
highspeeds. N may be madeto depend on 1 (N may vary on a pixel-by-pixcl basis, if
desired) iin order to reguiatc the variation of 1.0 as a function of the lever of Pl 1c.{(P],), the calculation of which jis donc in block Sf, wich in this¢case would receiv«the
value of PI from video camera 13. |

Finally, a calculation block 1541receive5, for cach pixel, the newtime conistant
CO generated in block 5c, thepixel values Y} of thé incoming video signal S, an. the
smoothed pixel value 1] of the pixe) in the previous frame from memory 16, Caleulauon
block 15d then calculates a new smoothed pixel] value | Oforthe pixel! as fallows:

: : \
1O-LIA@1-1))/ Go

 

30

ifCoe2"then

{1‘‘
{
{
i
t

|‘
{

LO: J14 Plaayie
where "po", 38 the newvalucofp calculatedin unit 156 and which replaces previous value
of "pi" in memory 16. |

Thepurposeof the smoothing operation is to normalize varlations in the value
of cach pixel PI of the incoming video signal for reducing, thevariation differences. lor
each pixel of the frame, temporal processing unit 15 re ricves 1.) and Cl from memery 16,

|

\

{
|1
q
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| and generates new valucs LO (new sinoothed pixel pe and CO (newtime constant)
that ate stored in memory 16 10 sepluce 1) and fe respectively, As shown in Fig, 2,
temporal processing unit 15 transmils the CO and

!
! processing unit 17 through the delay unit 18.

P values for cach pixel to spatial

4 The capacity of memory 16 assuiningthat there arc R pixels in a frame, and

therefore 2R pixcls per complete image, must be af least 2R(ctf) bits, where ¢ is the

numberofbits requiredto store a single pixel valuc If (preferably cight bits), and fis the
| numberofbits required to store a single time constant C) (preferably 3 bits). If cach video

imageis composed ofa singleframe (progressivejima 30), itis sufficient to use R(ctf) bits
| 10—rather than 2K!) bits. |@ Spatial processing unit 17 isuscd to sity an arca in relative movement in

the images from camera 13 andto determine the spcod and oriented direction of the: movement. Spatial processing unit 17, in mee delay unit 18, cooperates with
| a contro] unit 19 that is controlled by clock 20, whith generates clock pulse 1P at the
| 15 pixel frequency. Spatial processing unit 17 receives5ignals JP, and CO, (where i and j

correspondto the x and y coordinates of the pixel) frqin temporal processing unit 15 and
processes thesc signals as discussed below. Whefcas temporal processing unit 15
processes pixels within cach frame, spatial processing unit 17 processcs groupings of
pixels within the frames,

20 Fig. 5 diagrammatically shows the temporal processing of successive
corresponding frame sequences TR, TR, 1K, and the spatial processing, in the these

® . frames of« pixel PJ] with coordinates x, y, a! tine t,, t, and t,. A plane in Ip. 5
corresponds to the spatial processing of a frame, whereas the superposition of frames

 
25 Signals DP, and CO, from temporal probessing unit 15 arc distributed by

spatial processing unit 17 into a first matrix 21 contain ng a numberof rows and columns
much smaller than the number oflines J. of the frame and the numberof pixels M per
line. Matrix 21 preferably includes 2] 4 1 ines along the y axis and 2m] columns along

30 Advantageously, Land mare chosen to be powers of 2} where for exampleJ is equal to 2°
und mis cqual {o 2°, a and b being integer numbers! of about 2 to 5, for example, To
simplify the drawing andthe explanation, mwillbetaken to be equal to} (although it may

[
|
i

|
|

| feably
the x axis (in Cartesian coordinates), where 1 and m_ are smal] integer numbers. -

|
|\

| se different) and m=.J: 2°» g. In this casc, matrix 2]! will have 2 x 8-1 1 © 17 rows and
|

|1 |
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17 columns. Fig. 4 shows a portion ofthe 17 rows Yio Y4... Ys Yo and 17 columns Xq,
X, «-Xj—o Xeq Which form matrix 21. | |

Spatial processing unit 17 distributes into,] x m matrix 2) the incoming flows
of DP, and CO, from temporal processing, unit 15. 1 will b¢ appreciated that only a

5—subset of all DP,, and CO, valucs will be included il matrix 21, since the frame is much
larger, having J. lines and M pixels per row (4 312.5 lines and 250-800 pixcls),
depending upon the 1°V standard used. .

In ordertodistinguish the L. x M matrix of the incoming video signal fron: the
1x m matrix 21 of spatial processing unit 17, the indices i and j will be used vorepresent

10—the coordinates of the former matrix (which will only be seen whenthe digital video
signal is displayed ona television sercci)or monitor) hind the indices x and y will be used
to represent the coordinates of the latter. At a given instant, a pixel with en insiantancous
valuc P],, is characterized at the input ofthe spatial processing unit 17 bysignals DP, and
Co. ‘The (2H1)x @m 41) matrix 21 is formed by stanming cach of the 1.x M HURICES

18 for DP and CO, : 4
In matrix 21, cach pixel is defined by ii row number between G anc 16

(inclusive), for rows Y, to Yy, respectively, and a column number between @ anc 16

matiix 21 will bea plane of 17x17 289 pixels, |

200 In Hig. 4, clongated horizontal rectanglesY,to Y,, (only four of which have
bcen shown, iw, Yo YY s3 andY0) and vertical lines, X to X,, (of which only four have
hoon shown, iC. Noe XpXyy ANd Xy¢ ) iustrate mai 21 with 37 x 37 image points or

|
\

|
|1

|
{

|{

|
|

|

e
|
|
|

|

| (inclusive), for columns X,to X¢ respectively,in the ouse in which 7+ m = 8. 3nthis caso,
|\
|

pixels having indiccs defined at the intersection oftan ordinate row and an abscissa
!
{ column. For example, the Py, is at the intersection of"a 8 and row8 as illustraied in

25 Fig. 4 at position ¢, whichis the center of matrix 21.
In response to the HP and BI. signals. fron clock 20 (Fig. 2), a rate contro! or

sequencing, unit 19: i) generates a linc sequence signal SI. at a frequency equal te the
quotient of 13 $ MHZ (for an imagewith a correspo ding numberof pixcis) divided by
the numberof columnsper frame(for cxample 400) to , iclay unit 18, ii) genorates a frame

20 signal. SC, the frequencyof which is equal to the quotient 13,5/400 MHZ divided oy the

signal. Blanking signal131. is used to render sequencing unit 19 non-operational during

|

|

| number of rowsin the video image, for example 312.5, iii) and outputs the TP clock
|

| synchronization signals in the input image. |

|
|
|
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Adelay unil 18 carrics out tho distributipn of portions of the 1, x M matrix
into matrix 21, Delay unit 18 receives the DP, CO, abd incoming pixel S(PI) signals, and
distributes these info matrix 2] using ‘clock signal [P and line sequence and column
sequence signals SL and SC."

5 In ordertoform matrix 21 fromthe incohing stream of DP and CO signals,
the successive rows Y,to Y,, for the DPand CO signdls niuat be delayed as follows:

row Y,- not delayed ;  

 

 

row Y,- delayed bythe duration of a frame line TP;

row Y;- delayed by 2 TP;
10 and soonuntil

row Y,,- delayed by 1617.
Thesuccessive delays of the duration of a frame row TP, are carried out ina

cascade of sixteen delay circuits TyNoneelyg that serve tows Y,,Y,...Y4,, respectively, row
Y, being served directly by the DP and CO signals w hout any delay uponarriving from

15 temporal processing unit 15, All delay circuits 1),%...44, may be built up by a delay line
with sixteen outputs, the delay imposed by any sectipn, thereof between two BUCCCEBIVG
outputs being constant and equal to TP.

ee

a
Rate contro! unit 19 controls the scanning of the entire J. x M frame matrix

over matrix 21. The circular displacement of pixels in h rowofthe frame matrix on the 17
20 x 17 matrix, for example from X, to X,¢ on rowYo, ig donc by a cascade of sixteen shifl

registers d on each of the 17 rowsfrom Y_ to Yq (giving a total of 16 x 17 = 272 shit
registers) placed in cach row betweentwo successivepixel positions, namely the rogisier

: a aaa d,, betweenpositions Pli. and Ply, register d,, belwegn positions Pl,and Piqp, cle. Each
register imposes a delay ‘I'S equal to thetimedifferenge between two successive pixcls in

25 arow orline, using column sequence signal SC, Becaise rows | wry ow Uy ina frame TR,
(Fig.1), for S(PI) and for DP and CO, reach delay| unit 18 shifled by TP (complete
duration of a row) one afterthe other, anddelay unit |18 distributes them with gradually

“jncreasing delays ofTPonto rows Yo, Y,... Yinthose tpws displaythe DP and CO signals
al agiven time for rows Igy Topeedyy in the game frame|portion, Similarly in a given row,

30 c., 21, successive pixel signals #1,a2 « - arrive shifted by TS and shift registers d
impose a delay also cqual to VS. Asaresult the pixpls of the DP and CO signals in a
given row Y, to Y,, inmatrix 21,are contemporary i.c., they correspond to the same
frame portion,
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20

The signals representing the COs and 1)’s in matrix 21 are available at a
given instant on the 16x 17 = 272 outputsofthe shifl registers, as wel] as upstream of the
registers ahead of the 17 rows, j.¢. registers doys Ghy te Ges which makes a total of 16 x
17+ 17> 17x 17 outputsfor the 17 x 17 positions Pog. PosnePggePrare

) In orderto betier understand the process of: spatialprocessing, the system will
be described witli respect to a smal] matrix M3 conte ning 3 rows and 3 columns where
the central element of the9 elements thercofis pixellg with coordinates x + 8, Y = § as
illustratedbelow:

a bc

10 die tf (M3)|
| goh i ee

Jn matrix M3, positions a, b, ©, 4, f, g, h. i around the central njael
correspondto cight oriented directions relative 10 thd conta}pixel The cight directions

18 may be idontificd using thie Hreeman code iustratcd it Tip. 6, the dircetions being coded
0 to 7 starting fromthe x axis, in stops of 45° Jn tht Freeman code, the cight possible
oriented directions, maybe represented by a 3-bit numbersince 2?8.

Considering matrix M3. the 8 directions ofthe Freemancode ure as follows:

20

eee 4 ¢ 9
5.6 7  “95 “Returningfomatrix 21 having 17 x 17 pix¢ls, a calculation unit 174 exemines

at the samc time variousnested square second matrice: centered on ¢, with dimensions 15
x 15, 13 x 13,x 1M, 9x 9,787, 8x 5 and 3 x 3,
being the M3 matrix mentioned above. Spatial pro¢essing ynit 17 determines which

within matrix 21, the 3.x 3 matrix

matrix is the smallest in.which pixels with DP = 1 arcjatigned along a straight line which |
30 determines the directionofmovement ofthe alignedpixels.

For the aligned pixels in the matrix, the system determines if CO varics on
cach side of the central position in the dircetion of lignment, from ‘(a in an oricntcd
direction and -a in ihe opposite oriented direction,| where ] <a<N. Vor example, if
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positions g, e, and c of M3 have valucs-1, 0, +1, then a displacement exists in this matrix
from right to Ieft in the (oriented) direction 1 in the Freeman code (ig. 6). However, 

 
 

positions g, ¢, and ¢ must al the same time have DP} 1. The displacement speed of the
pixcls in motion is greater whenthe matrix, among, the 3.x 3 to 15x 15 nested matrices, in

§ which COvaries from 41 or -1 betweentwo. adjacent, rositions alonga directionis larger.
Kor example, ifpositions g, ¢, and ¢in the 9 x 9 matrix denoted M9 have values-1, 0, 11
in oriented dircetion 1, the displacement will be fastérthan for valucs -1, 0, +) in 3x3
matrix M3 (ig. 7). The smallest matrix for which a fine meets the test of DP+ 1 for the
pixels in the line and CO varies oneach side of the|ccniral position in the direction of

10=alignment, from ‘1a in an oriented direction and -a it} the opposite oriented direction, is
chosen as theprincipal linc of intercst. © "

In a further step in the smallest matrix 3x3, the validity of the calculation with
a variation of plus or minus two units (Co) with DP: 1 determines a subpixel movemcnt
ic. onc halfofpixel per image.

15 In the samo way if the variation is. ofplub or minus 3, the movement is stil)
sloweri.c. onc third ofpixel per image.

Onc improvement .for reducing, the power of calculation is 10 test only the
‘  yalucs which are symetrical relative to the central value. The test DP} and CO) or

C'O:-42 and 13 inthe smallest matrix allows to simplify the hardware.
20 Since CO is represcnicd as a power ofIin « preferred embodiment, an

extended range of speeds may be identified using only a few bits for CO, while still
enubling, identification ofrelatively low speeds. Varymg, speed may be detected becauac,
for example-2, 0, +2 in positions £,€, in3 x 3 mathx M3indicates a speed half as fast
as thespeed correspondingto 1, 0, +:‘] for thesamepo itions in matrix M3.

25 ‘wotests are preferably performedon the Fesults 10 remove uncertainties,The
first test chooses the strangest variation, in other wo s'the highest time constunt, if there
arc variations of CO along several directions in onepf the nested matrices, The second
test arbitrarily chooses onc:oftwo(or more) directions along which the veriationof CO is
identical, for example by choosingthesmatlest.valuc oftheFreeman code, in the instance

30 whenidentical lines ofmotion aro directed in a sing! ‘matrix in different directions This
usually ariscs when the actual direction of displacenjent is approximatcly between two
successive coded directionsinthe Freeman codc, for example betweendirections | and 2
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corresponding to an (oricnicd) dircetion that can be enoted 1.5 (Fig. 6) of about 67.5°
with the x axis direction (direction 0 in the Proeman cade).

The scanning, of an entire frame ofthe dightal vidco signal S preferably occurs
in the following sequence.‘Thefirst group of pixels cosidered is the first 17 rows or lines

5 of the frame, and the first 17 colunms of the frame. Subsequently, still for the first 17
rows ofthe frame,the matrix is moved columnby coh{mn from theIefl of the frameto the

right, as shown inFig. 5,ie, from portion TM, at the extremeIefl, thon TM, offset by one
column with Tespect to TM,, until TMy (where M is {he number ofpixcls per frame line
or row) at the extremeright, Once the first,1 rows haye been considered for each column

10 from Iefl to right, the process. is repeated for rows | . 10 18 in theframe. ‘This process 

 
 

continucs, satindownone row ala time until the last group ofJincs at the bottomoftheframe, i.c., lines L - 16... (whereLiis the number offines per frame) arc considercd.sailprocessing.unit 17 generates the following output signals for cach
pixel: i) a signal V representing the displaccment speed for the pixel, based upon the

15 amplitude ofthe maximumvariationofCO surroundit gthepixel, thevaluc of which may
_ be, for example, represented by-aninteger in the range 0.7 if the speed is in the form of &

powerof2, and therefore may"be storediin 3 bits, ji) a signal DI representing thedirection
of displacement of the pixel, which is. calculated from the direction of maximum
variation,the value of 13] being> alsopreferably repres ted by an integerin the range 0 - 7

20 corresponding to the I'reeman code, slored in 3bits} iii) a binary validation signal VI,
which indicates whether the resultof thespocd‘andonented directionis valid, in orderto
be ableto distinguish a valid.output with V =. 0 and YD} = 0, from the lack of an output duc.
1o an incident, this signal being } fora valid output oy 0 for an invalid output, iv)@8 time
constant signal CQ, stored, in 3bits, for cxample,, nd v) a delayed video signal SR

25—vonsistingofthe-input-video‘signal:‘§-delayed in thedclay unit 18 by 16 consceutivé line
— durations TR and therefore by the duration of the disty bution ofthe signal § in the 17x 17

matrix 21, in order to obtain a video signal timed to Inatrix 21, which may be displayed
‘on a television set or monitor. Also outpul are the ol ock signal HP, line sequence signal
SL and column pequence signal SC from conuol unit 19,

30 An improvement iin the caleutation of the notion where several directions are
responsive at the sametime consists in testing by. Joup of 3 contiguous directions the

validity of the operations and lo select onlythe central) value.
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Nested hexagonal matrices (Fig 8) or an|inverled L-shaped matrix (lig. 9)
may be substituted for the nosted rectangularmatrices|in Figs. 4and 7. In the case shown

in Hig. g, the nested matrices (in which only the mo“ central. matrices MRI and MR2
have becn shown) are al) centered on point MRO which corresponds ta the central point ofmatrices M3, M9in Vig. 7. ‘The advantage ofa~~ matrix systemis thatit allows
the use of oblique coordinate axcs x,, y,, and a breakdowninto triangles with identicalsides, 1o carry outan isotropic speedcalculation. ] |

Thematrix in ig. 9 is composed of a singlerow(1) anda single column (C,)
stunting from the central position MR, in which the (Wo signalsDP and CO respectively

10 are equal to "1" for DP and inercase or decrease by ong uni for CO,ifmovement occurs.
If movementis in thedirection of the xcoordinate, the COsignal is identical

 

 

 

inall positions (boxes) in column C,, and the binary signal DP is equa] to'] inall

| 5
positions in rowL.,, fromthe origin MR,, withthevalue CO, up to the position in which
COis equal to CO, +) or +] inclusive. Jf movement is }nthe direction of the y coordinate,

15 the CO signalis identical in all positions (boxes)in rpw 1,,, arid the binary signal DP is

cgual to 1 in all positions in column C,, from the origin MR,, with thevalue CO,, up to
the position in which COis equal to CO, 41 or -J pnclusive. 1f movement is oblique
relative to the x and y coordinates, the binarysignal JP is cqual to 1 and COis equal to
CO, in positions (boxes) of],_ andin positions (boxes) of C,, the slope being determined

20 by the perpendicular to theline passingthrough thetw positions in which the signal CO,

changes by the valuc ofone unit, the DP signal always cing equal tol.
Tig 9 showsthe case in which DP =1and CO, changes valucby. one unit jin

tho two spocific positions Ins and Cy, and indicates he corresponding slope P,. In all
__ cases, the displacement speedis a function ofthe posi ionin which CO changesvaluc by 

25 one unit. ICO changes byone unit in L, or Conly,itlcorrespondsto thevaluc of the CO
variation position. 1f CO changes by one unit in po ition in L, and in a position inCy

~ the speed is proportional to thedistance between MR, and R, (intersection of the line
perpendicular to C-I,‘4 passing through MR,).

Fig.9u shows an ‘imaging device with 5 nsors located at the crossings of |
30 concentric lines.c and radiallines d, said lines coriespo idingfo the rows and colummsofa

rectangular matrix imaging device.

Anangular scotor‘shapod odd matrix nxn! Mc is associated to said imaging
device.
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The operation of such imaging arrangement is controlled by a circular

scanning scquencer,

Lixcept the sequencing differences, tho operation of this arrangement is

identical to that of the square matrix arrangement.  
5 As shownin igs 10. 14, image process}ng systcm 11 is used in connection

with a histogram processor22a foridentifying objects within the inpul signal based upon

uscrspecified critcria for identifying such objects. Albus Z-7., (Sco Figs. 2, 10 and 11)
transfers the outpul signals of image processing, sys(cm 11 to hisloyram processor 22a.

Histogram processor 22a° generates composite obiput signal ZH which contains

10 information onthe areas in relalive movement in the stene.
Referring to Fig. 1, histogram processor 228. includes e bus 2: for

communicating signals between the various compoijents thereof. Histogran: fmsiion

and processing blocks 24 - 29 reecive the various inpyt signals, i.c., delayed dizuc! x 1eo
signal SR, spced V,oriented directions(in l'reoman edde) 11, time constant CC. yee “NIB

15 x(m) and second axis y(m), which are discussed in tletail below. ‘The fonction @ -ach
histogram formation block is to enable a hislogram to be formed for the ut ain
associated with that block. For cxample, histogram, formation block 24 rece. che

delayed digital video signal SK and enables a histogy' m to be formed for the nin. 168
values of the video signal. Since the luminanceof the bignal will generallybe. renee vod

20 by anumberinthe rangeof0-255,histogram formation block 24 is preferably a... ory
addressable with8 bits, with cach memorylocationhavingasufficicnt number o: 3... to

correspond to the number ofpixels in a frame.

 
s ‘—~

Histogram. formation block 25 reecives, speed signal V and chabis. &
histogram to be formed for the various speeds prpscnt. in a frame. Ine mete “rod 

 

 

“25 embadinient,Wespeedisan integerin-therange0-7 ‘Histogram formation hose2s
then preferably a memoryaddressable with 3 bits, wilh cach memory location having a
sufficient numberofbits to correspondtothe number of pixels in a frame.

Histogram formation block 26 receives priented direction signal 12; and
enables a histogram to be. formed for the oriented directions present in « frame. In a.

30 preferred cmbodiment, the oriented direction is an integer inthe range 0-7, corresponding
to the Freeman code. Histogram formation block 26 is. then preferably a memory
addressable with 3 bits, with cach memory location having a sufficient number af bits to
correspond fo the numberofpixcls in a frame.
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Histogramformation block 27 receives tire constant signal CO and cnables a
histogram to be formed for the time constants of tie pixels in a frame In @ preferred
cmbodiment, the time constantis an integer in the rahge 0-7, Histopram formation block
27 is then preferably a memory addressable with3bits, with cach memory location
having a sufficient numberofbitsto correspondto thenumber ofpixels in a frame.

Histogram formation blocks 28 and 2! roccive the x and y_ positions
respectively ofpixels for whicha histogramis to be foymed, and Jorn histograms for such
pixels, as discussed in greater detail below. Jlistograin formation block 28 is preferably
addressable with the numberofbits corresponding 10 fhe number ofpixels in a linc, with
each memory Jocation having a sufficicnt number of its to correspond to the numberof
ines jn 2 frame, and histogram formation block 29}is preferably addressable with the
number of bits corresponding to the number of lings in a frame, with cach-memory
Jocation having a sufficient numberofbits to con cspo 3 to thenumberofpixels inaline.

Referring to Figs. 12 and 13, cach of the histogramformationblocks 24 - 29

signal VI - VGrespectively. In general, each of the h
has an associated validation block30 - 35 respoctiycly, whichgencrates @ validation

fem formation blocks 24-29is
identical to the others and functions jn (he sume mannor. For simplicity, the invention will
be described with respect to the operation of histodram formation block 25,if being
appreciated that the remaining, histogram formation blocks operate in a Tike manner.
Histogram formation block 25 includes #histogramfotmingportion 25a, whichforms the
histogram forthat plock, and a classifier25b,for scle ing the criteria of pixcls for which
the histogramis to be formed. Histogram forming potion 25a and classifier 25b operate
under the control of computer sofiware in-an integrated cirenit 250, which extracts cerfiin

__fimitsofthe histogramgenerated by {ho histogram formation block. 

Referring (o Fig. 13, histogram forming portion 25a inchidesa memory 100,
which is preferably a conventional digital memory. Ip the case of histogram formation
plock 25 which formsa histogram of spced, memory|00 is sizedto have addresses 0-7,
each of which may store up.to the mumber of pixals in an image. Between frames,
memory 100 is initiated, iG. cleared of all memory, bt setting init--1 in multiplexors 102
and 104. This has the effect, with respect to multiplexer 102 of selecting the “O" inpul,
whichisoutputto the Data Inline of memory 100, At fie same time, selling iif=1 causes
mulliplexor 104 to select the Counter input, which jis output to the Address linc of
memory 100. The Counter input is connected to a counjcr (not shown) that counts through
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all of the addresses for memory 300, in this case O<addresss7. ‘This has the effer: of

placing a zero in all memory addresses of memory. 100. Memory 100 is preferably clea ed
duringthe blanking interval between cach frame. After memory 100 is cleared, the “rif
line is sct {0 zero, which'inthecase of multiplexer 142 results in the content of the Yala 

 
 
 
 

 

5 fine being sent 1o memory100, andin the casc ofmulliplexor 104 results in the data from
spatial processing unit 117, i.c., the Vdata, boing sont to the Address line of memory 100.

Classifier 28benables only data having gclected classification criterite be
considered further, meaning to possibly be: included in the histograms formed by
histogram formation ‘blocks 24-29. For cxample, twith respect to specd, whici: is

10 preferably a value in the range of 0-7, classifier 256 may be sel to consider oniy data
within a particular specd category oF catcporics, c.g.,{specd 1, speeds 3 or 5, spore 3-6,

 
etc. Classificr 25b includes a’register 106 that enableé the classification critons to by set
by the user, or by a separate computer program. Bylwayof example, register 1G. ill
inchide, in the case of speed, cight registers numbcrod. 0-7, By sotiing aregice ss OT"

18 eg., register number2, onlydata that meets the criterié. of the selected class, ey...5-5 2,é

will result in a classification output of "I". Expresgcd mathematically, for any. en

register in which R(k) = b, where k is the register wober and b is the bogica: .:ve
stored in the register:

20 ~~ Output R(data(V))

So for a data. point V of magnitude 2, the output o classifier 25b wil) be Sto on it
R(2}*4. The classivier associated.with histogram fort ation plock 24 preferably bis 256Tegisters, one register for each. possible luminance value of the image. The befer

--25—associnted-with-histogramformationblock-26prefer ply.has.8-regisiors,-oneregisic: for
cachpossibledirection value. The classifier associated with histogram formation blaci, 27

 

preferably has & registers, one register for cach po sible value of CO. The classifier
associated with histogram formation block 28 preferab, y has the same number 7regisvers
as the number of pixels per linc. Finally, the clqssifier associated with histogram

30 formation block 29 preferably has the same number 0 repisters as the numberof nes per.
frame. The output of cach classificr is cammunicatotl to cach of the validation blocks
30-35 via bus 23, in the case of histogram formation blocks 28 an 2%, through

combination unit 36, which will be discussedfurtherbblow.
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Validation units 30-35 receive the classifitation information in parallel from
2s 24 - 29. Viach validation witall classification units in histogram: formation bloc

generatesa validationsignal which is comniunicated tq its associated histogram formation
block 24 - 29. The validation signal determines, forjeach incoming pixel, whether the

5 histogram formation block will utilize that pixel in fo ming jt histogram, Referring again
to Vig. 13, which shows histogram formation. block} 25, validation unit 31 includes a
register block 108 having a ropister associated with dach histogram formation block, or
more generally, a register associated with cach data domain that the systemis capable of
processing, in this case, himinance, speed, dircctio: CO, and x and y position. The

 
 
 

10 content of each register in register block 108 is a binary valuc that may be set bya user or
by a computercontroller. Hach validationunit reccive Via bus 93 the ouipul of each of the
classifiers, in this casc numbered 0... p, keepingin njind that for any data domain, ¢.g.,
speed, the output of the classifier for that data domaih will only be "1" if the particular
data point being considered js in-the classof the registers sct to" 7" in theclassifier for

15 that data domain. The validation signal from cach va idation unit will only bo "1" if for
each registerin the validationunit that is set fo "J", a input of "1" is recived from the
classificrfor the domuin of that registcr. This maybe expressed as follows: ,

20 out = (ing Rego)-Adt+ RER,)»--Cita 4 Rog, Mitty 4 HH,4 vadtt,)

where Reg, is the rogister in the validation unit associated with input in,. Thus, using the

 
classifiers in combination with validation wits 30{- 35, the sysicm may select for
processing, only data points in any sclected: classes [within any selected domains. For

25 example, the system may be used{0 detect only data points having speed 2, direction 4,
and luminance 125 by setting each of the following régisters to" 1": the registers in the
validation units for speed, dircction, and luminance] register 2 in the spocd classifier,

|
register4 in the direction classifier, and register 125 ip the juminance classifier. In order
to form those pixels into a block, the repistcrs in the validation units for the x and y

30 directions would be set to" } "as well.
Referring apain 10 Fig. 13, validationsign J} V2is updated on a pixcl-by-pixel

basis. MW, for a particular pixcl, validation signal V2 is "I", adder 110 increments the
output of memory 100 by one. If, for a particular pixc}, validation signal V2. is "0", adder
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28  
100 docs not increments the output of memory. In ary case, the output of adder 309 is

stored in memory 100 at the address corresponding 0 thepixel being considered For
cxample, assuming that memory 100) is used to form & histogram of speed, which maybe
categorized as speeds 0-7, and where memory 100 will include 0-7 corresponding

5 memorylocations,if a pixel with speed 6 is received, ihe address input to multipiexoy 104
throughthe data line will be6. Assumingthat valida n signal V2 is" 1", the content in
memory at location 6 will be incremented. Over the ca irsc of an image, memary 150 will
contain a histogram of thepixels for ‘the image inl the category associated witl the
memory.M, fora particular pixel, validation siignal Valis "0" because tha! pixel is pot ma

10 category for whichpixcls arc to be counted (eg. bobause that pixel does not have the 
 
 

 

correct direction, speed, or luminance), that pixel will not be used in formm: the
histogram. : |

For the histogram formed in memory {100, key characieristies 1° ‘hat

histogram arc simultancously computed in a anit 112.» Unit 112 includes niveeons for
15 each of the key characteristics, which includethe mis imum (MIN) of the histo... the

maximum (MAX) of the histogram, the numberofpo nts (NBI'TS)in the histerris .. the

position (POSRMAX)_ of the maximum of the hist rpram, and the number o> ints
(RMAX) al the maximum of the histogram. Those characteristics are dew. in
paralle} with the formation of the histogram As follows .

20 For each pixel with a validation signal V2 pf"'1":

(a) if the data value ofthe pixel < MIN (whichis initially set to the 2.9um
possible valuc of the histogram), then write datavaluen MIN,

 
(b) if the data valueof the pixel > MAX(whichiis initially sel to the sestum

possibievaluc of the histogram), then write data valuc in MAX,
thedalavalucof tie pixel >

RMAX (whichis initially sct to the sninimum possible valuc of the histogram. {cn i)
 

write data value in POSRMAXandii)write the memo 'y output inKMAX.

(d) iincrement NBPTS (whichis initially Sat to Zero).
Al the completion of the formation ofthe histogram in memory 100 1 the ond

30 of cach frame,unit 112 will contain important data characterizing the histogratr. The
histogramin each memory 100, and the churacteristi¢s of the histogram in units 112 are
read during the scanning spot of cach frame by # scparate processor, and the memories
100 are cleared and units 112 arc re-initialized for pro ossing the next frame.
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Vigure 14 shows the determination ofthe bricntation of analignmentofpoints
relative to thedirection of an analysis axis.

Inthis figure, the anulysis axis extends with an angle rclative to the horizontal

side of the screcn and thehistogram built along the analysis axis refers 10 points
§—concerned by the analysis appearing on the screen.

Forthe histogram caiculation device fiveparticular valucs are calculated:
MIN, MAX, NBPTS, RAMX,|POSRMAX |

‘The use ofthese values allows fo obtain samerapid resulls.

For example, the calculation of the ratio NBPTS/RMAXi.c. the number of
10 points involved iin the histogram and the smnber of joints in the maximallinc allowsto

find an alignmentofpoints perpendicularto the scann ng axis. .
‘The smaller is R and the mostthe alignmpnt is perpendicularto the scanning

axis.

One improvement ofthe calculation for example for positioning a vehicle on

15 the road is to carryout for cach pixel simultancously i analysis according all the possible
anelysis axis. In an analysis region, the calculation of the ration R for all the analysis axcs
and the search of the smallest valuc of K allows 1o{find the axis perpendicular of the
analysed points and consequently to know the alignjnent with a positioning, from the
valuePOSRMAX, | |

20 Presently the mapis divided by 16 (180°/I)).
The use of the moving pixels histogram) direction histogram and velocity

histograms allows to find by reading POSRMAXthe dverall motionof the scone(moving

 
camera) and in the classifying unit to inhibitthese preponderant classes.

‘The devicothus becomes responsive to cl nents which arc subject to relative 

25 motion in the image. The use of histograms accordigg to two perpendicular axes with
these clements in relative motion as validation clomént allows to detect and track and 

 

 
 

objct in relative motion.

The calculation ofthe histogram according to a projection axis is carried out
in a region delimited by the associated classifier bet “on points a and b on the analysis

30 axis. | .
An important improvement is to assodiate anticipation by creating an

histogramofthe same paintswith orientation and intensity of motion as input parameters.

SAMSUNG EXHIBIT 1004

~ Page 275 of 404



SAMSUNG EXHIBIT 1004 
Page 276 of 404

2CV. VON EBRA MEENCHION Gt: 195- 8-98: 17°04: B30) BBTABAGG- +s) BE! DAVYELOD | #34
‘. , Ant Ro me re ee

: i ou eo RG - 93 =‘ i & troy LR 5

30 |

The nominal values O-MVTcosrespondihg to orientation of thy movement

and IEMVTTcorresponding to imensity of movementallow to modify the valuesa and bof
the classifier of the unit connected to the calculation of the analysis axis for the

calculation for the nextframe, This is anticipation. |
5 Theresult is greatly improved.

Fig.ida shows an cxample of the successive. classes CyC..0,..0,. cach
representing a particular velocity,for a hypothetical ve acity histogram, with them Lang
categorization for up to 16 velocities (15. are show ) in this example. Aisce shovn is
envelope 38, which is asmoothedrepresentation of the histogram.

10 in orderfo locate the position of an objeel having user specified critiilhin
the image, histogram blocks 28 and 29 arc used to generate histogeans fm tie: aad y
positions of pixels with the selectederitoria. ‘These a cshownin Fig. 12 as hich, sams
along the x and y coordinates. These x and y data art output to moving are: fe..7 tion 

block 36 which combines. the abscissa and ordingle information xi}, m),

15 respectivelyinto a composite sigual xy(m)that isoutput onto bus 23, A samijle ee... site
histogram 40 is shownin Vig. 12. ‘The various histograms and composite stan. (m)
that are ovtput to bus 23 are used to determineif ther¢.is a moving arca in fhe cos os, fo
localize this areca, and/orto determineits speed and ori med direction. Lceaus: 3 -2an
relative movement maybe inan observation planc along directions.x and y wins... not

26 necessarily orthogonal, (¢. g., as discussed below with respect to Figs. 15 asc data
change block 37 maybe used to convers the x and y dhta to orlhogonal coondivs. + Jala
change block 37 receives orientation signals x(m)y andry(m), for xm). and yers

  
 

 

well as pixel clock signals HP, linc sequence and columnsequence signals 3! + = SC
(these three signuls being grouped together. in bundle F in Figs. 2, 4, an¢ i) and

xf puito-histoyran; Jere ction

blocks 28 and 29 respectively.
In onder to process pixels only within a luser-defined area, the x-direction

histogram formation unit may be set to process pixels onlyin a class of pixels defiined by
boundarics, j.c. XMIN and XMAX. Anypixels outside:of this class will not be processed,

~

30. Similarly, the y-directionhistogram formation wnit may be set to process pixcis oi. ina

 
class of pixels defined by boundarics YMIN and YMAX. Thus, the system ca proccss
pixels only in a defined rectangle by sciting the XNUN and XMAX, and YMIN and
YMAXvalues as desired. Of course, the classification “riteria and validation cnicria from
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the other histogram formation units may be sot in Order to formhistograms of only
selected classes of pixcls in selected domainsin selector! areas.

Fig 12 diagrammatically represents theciivclopes of histograms 38 and 39,
respectively in x and y coordinatcs,for velocity data. 1) this example, x, and yy represent
the x and y coordinates of the maxima ofthe two hist grams38 and 39, whereas /, and /,
for the x axis and J, and J, for the y axis represent the fimits of the range of significant or
interesting specds, /, and /, being the longerlimits andj/, and /, being the upper limited of
the significantportions ofthe histograms. Limits J, Jst/, and /, may be set by the user or

by an application programusing the system, may be set asa ratio of ihe maximumof the
histogram, ¢.g., Xy/2, or may besotas otherwisedesire for the particular application.

The vertical lines 1, and 1., of abscisses(,and f, and the horizontal Jines 1.
and Ly of ordinalcs /, and /, form a rectangle that suri iunds the cross hatched areca 40 of
significant speeds (for all x andydirections). A fewsMaticrareus 41 with longer speeds,
exist closc to the main arca40, and arc typically ignored. In this example, al} that is

necessary {o characterize the arca with the largest ariation of the parameter for the
histogram, the speed Vin this particular casc, is 10 ide: tify the coordinates of the limits /,,
i,, 1, and 7, and the maxima 2%, and y,, which may belreadily derived for each histogram
{rom memory 100, the data in units 112, and thexy(m) data block.

Thus, the system oftheinvention gencratcs inreal time, histograms of each of

the parameters being detected. Assuming that it wercplesired to identify an objcct witha
speed of "2" and a@ direction of "4", the validationunilsfor speed anddirection would be
set to "I", and the classificrs fur specd. "2" anddirection "4" would ‘be sct fo "I. In
addition, since it is desired to locate the objcct(s) with this. speed and direction on the
video: image, the validation signals for‘histogram fdrmation blocks 28 and 29, which
correspond to the x and y coordinates, would be. sot to aswell.
formation blocks 28 and 29 would form histograms $fonly the pixels with the sclected

speed and dircction, in real-time. Using the informatipn inthe histogram, and especially
POSRMAX,the object withthe greatest number of pixels al the sclected specd and
direction could beidentified on the video image lin real-time. More generally, the

histogram formation blocks can localize objects ip realtime mecting user-selected
criterja, and may produce an output signal, c.g., a light or a buzzer if an object is detected.
Alternatively, the information may betransmitted, ¢.g., by wire, optical fiber or radio

SAMSUNG EXHIBIT 1004
Page 277 of 404

5B 8
4

“1as well. In‘this way, histogram



SAMSUNG EXHIBIT 1004 
Page 278 of 404

 

CV. VON BPA MUENCHEN OG 125- B-Oe : TUG 33 1 487454560— 44.9 8H E3004GD WBE
mw ACT SPO SR RS.
Pu op RR BO

32

relay for remote applications, 10 a control unit, such §s writ 10a in Fig. 1, which maybe
near or remote froin image processing system 11.

Fig, 15 shows.an example of usc ofthe bysicm of the invention 1perform

automatic framing of a person moving, for example, Curing a video conference. A video
5 camera 13 observes thesubject ?, who may or may not be moving. A video signal S from

the video camera is transmitted by wire, opticalfiber, fadio relay, or other conmunication
mncans {0 a monitor 10b and to the image processing system of the inventicn HW The
image processing, system determines the position ang movement of the subject}. aad
controls scrvo motors 43 of camera 13 todirect the oplical axis of the camera tows. ds the

10 -subject and particularly towards the face of the subject, as.a fwnction of the ioscan,
speed and directionofthe subject, and mayvary the zdom,focal distance and/or th. fous
of the camcra to provide the best framing and image ofthe subject.

Referring to Fig. 18, the system of the inbiention may be used to cite vue
face ofthe subject in the videosignal while climinatinp, superfluous portions of far ie. 2c

18 reecived by the camera 13 above, below, and 10 the right. and lefi of the hea oe
subject. Camera13 has afield of view123, whichis dpfined between directions 12%. 0 od
123b. The system rotates camera 13 using sorvomotors 43 so (hat the heac "ne

 

 

subject is centered on central axis 2a within cortical] fild 123, and also adiusis i. 2a
of camera 13 to cnsure that the head T of the subject occupies.a desired amour ©

20 frames of the video signal, preferably as represented hy a desired ratio of the mun of
pixcls comprising head ‘I to the totalnumberofpixels per frame.

- Yn order to accomplish this, the system of the invention may foous on he sea

 
using its luminance or motion. By way ofexample only, the system will be descaibetwan
respoetto detecting the head of the userbased upon ijs motion. The peripheral edge: of

25 the head-of-the-wser-are-tletectet-using-the-horizontat movements-of the-head, ip Gther
words,movements right and Jef, andthe vertical movgments, in other words, movencnis
up and down. As the horizontal and vertical motion jof the head is determined Wy ihe
system, it is analyzed, using proferred coordinate axcs, preferably Cartesian coordiaess
Ox and Oy, in moving, arca block 36 (Vig.11).

30 . The pixele with greatest. movement within the image will normally occur et 
 
 the peripheral edges of the head ofthesubject, where fven duc to Slight movements, {ne

pixcls will vary betweentheiuminance ofthe headof the subjectand the huminanee afthe
background. Thus,if the system ofthe invention is sctho identify only pixcls with 11° 1,
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and to form a histogramof these pixels, the histogram) will detect movement peaks along

the edges of the face where variations in brightness, nd thereforein pixel value, are the
greatest, both in the horizontal projection along Ox

Oy.

5 ‘This is illustrated in Fig.17 m which »

nd in the vertical projection along

es Ox and Oy are shown, as are

histograms 124x, along Ox, and 12dy, along Oy, i.c., in horizontal and vertical
projections, respectively, Histograms 124x and l24y would be output from histogram
formation units 28-and 29 respectively (Fig. 11 ).cakb 125a and 125b of histogram124x,
and J25¢ and 125dofhistogram 124y, delimit, by thei] respective coordinates 126a, 126b,

10 126c and 126d, a frame boundedby straight lines Ya, b, Xe, and Xd, which encloses the
face V of the video-conferenceparticipant, and which denote areas 127a, 127b, 127 and

 
127d, whichare areas of slight movement of the head T; which will be the areas of
greatest variation in pixcl intensity during these mov

 

 

Location of the coordinates 126a, 12Gb, 1P6c md 126d, corresponding to the
18 four peaks 125a, 125b, 125c and 125d, is preferabl

reading the x and y coordinate histograms during to spot scanning scquence of each
frame. The Jocation of the coordiniatcs 1262; 126b, 126¢ and 126d of peaks 125a, 125b,

‘determined by computer sofiwarc

125¢ and 125d of histograms124x and 124y makeit possible tobeticr define and center
the position of the face V of the subjectin the image. [na video conferencing system, the

20 remainder of the image, i.c. the top bottom, right gnd Jef. portions of the image, as
iHustratcd in Fig. 18 by thecross-hatched arcas purrounding the face V, may be

@ eliminated to reduce the bandwidth required 10 transmit the image.‘The center of face V= maybe determined, for example, by Jocatingthe pixg] position of the ccnter of thebox
bounded by Ya, Yb, Xe, and Xd (Xe 1 (Xd - Xcf/2), (Ya + (Yb - Ya)/2)) and by

25 comparing this position foa desired position of faco V on the screen. Scrvomotors43
(ig.13 are then actuated to move camera 13 to bade center face V on the screen.
Similarly, if face V is in movement,the sysicm may detec! the position of face V on the 

 

screenas it moves, and followthe niovement by gencrgting conimands to servomotors 43,
If desired, the center position of face WV may be determined at regular

30 intervals, and preferably in cachframe, and the average value (over time) of coordinates
126a, 12Gb, 12G6c and 126d used to modify the movement of camera 13 to center face V.

| With face V contered; the systen’ mayadjust the zoom:of camera 13 so tht
face V covers a desired amount of the image. ‘The dimnples method to accomplish this
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oom function jjs to determinethe dimensions of (or yuinber ofpixcis in) the box bounded
. by Ya, Yb, Xc, and Xd. Camera 13 may thenberoomed in or out until desireddimensions {or pixel count) are achieved a

$s automatic tracking of s target

5 by, for cxumple, a spotlight,ora camera. Usinga spotfight, the invention might be Wace On
a helicopter to track a movingtarget on the ground; orto track a performer oF a siage
during avexhibition, The invention would similarly be applicable {o weapons tarecing

 Another application of the invention=
systems. Referring to Fig, 19, the system includesacamera 200, which is preferal?y a

conventional CCD camera which communicates anionsignal 202 to image iecc sing10 system 204 of the invention, specially for cover! nd military applications. how. be
appreciated that the system may be used with sensors)ichas Radar and dR, mica es oom
combination with, camera 200. A controlicr 206 hich is preferably a oops. sual
microprocessar-based controller, is used 10 control the various elememsofthe sys... ud
to enable user input of commands and controls, sugh as with computer mo:-. toa

15 keyboard (not shown), or other input device. As in|the prior embodiment, oi: v7 sam
includes one or more servoniotors 208 that control nm vement of camera 200 6 4.2 he
desired target. It wil be appreciated that any approptieiate means may be uscd tO)
the arca of interest of camera, 200, including usc of noving mirrors relative {| od
camera, and the use.of a steored beam, for exainple iinaa Radar sysicm, 10 track iv. vet

20 without physically moving thescasor.

Inthe example shown in Fig. 20,nen 212 is shown with five sini. odobjects, which may be, for example, vehicles, or peiformers on a slage, inclya. ‘our
backgroundtargets 216, and ane target to be tracked 218. Computer mouse 2210 is vesto
control an icon 220 on monitor 212. The userofthe sysicmselects the target for nach ong

--25-—bymoving:Feon-220 over tapel 218, and depressing a predetermined button an mH ose
210. The pixel position of icon 220 iis then used as a blarling position for tracking sargel
216.

 
Referring to Fig. 21, the initial pixel stat ing position is shown as x. >, 10

orderto process the pixels surrou nding» the larting pos tion, image processing syste: 204
30 will process the. pixels in successively larger arcas 8 rrounding the pixel, adpsung vac

centcr of the arca bascd |upon the shapeof the object, junti] substantially the cHlire lerpet.
area is being wacked, The9 initial arca is set by controller 206 to include an arce bounded
by Xa. Xm Yeo Yo This is accomplished by setting. th Ae boundaries in the classificxtion
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units of x and y histogram formation units 28 and 29 Thus, the only pixels that will be
processed by the system.arc those Salling within the Bounded area, Assuming that in the
cxample given, the target is in motion.the system may be set fo track pixels with DP-1.
‘Those pixels with DP=1 wouldnormallybe located or the peripheral cdges of target 218,
unless the target had a strong color or luminance v: jation throughout, in which casc,
many ofthe pixole of the target would have DP: 1. int‘any case, in orderto locatepixels
with DP=1, the validation units would be set to dcies} pixels with I=]. Thus, the only 

 

 

 

 

 
 

 

pixels (hat will be considered by the systcm arc thos:.in the bounded ares with DP-1.
Alternatively, the system may be sot to detect a velogily Brcater than 2.cro, or any other
criteria that define the edges of ihe object.

Histogramsare then formed by x and y higlogram formation units 28 and 29.
In the example shown in Fig. 2], an insignificant numberofpixels would be idontified as
having DP=1, since the sclecied arca docs not incluge the borderof target 218, 80 no
histogram would be formed. Thesizeofthe area unde ‘considerationis then successively
increased, preferably hy a constant siz K, 50. that ih subscquent itcrations, the pixels
considered would bein the box boundedby Xpax» Xpaay YaawsYin where nis the number
of the current iteration. ‘

This processis continued until the hisiogihm fonnedby either of histogram
formation units 28 and 29 contains meaningful inforn ation, i. c. , until the box overlaps

ic area underconsideration bogins

1o cross the borders of target 218,the histograms 222 | nd 224 for the x and y projections
will begin to include pixelsjin which DP) (or any therselected criteria to detect the
target edge). Prior to further onlarging the area under consideration, the contr of thearca
under consideration, which until this point hasbeen thepixel selected by the user, will be
adjusted based upon the cantent ofhistogr:ams 223. anti 224. In w preferred embodiment,

— the newcenter of the arca is determined to be (Xym 2 Xmax)2s Youn 4 YuraxW2, WhCTC Xyan
and Xyax are the positions of theminima and maximalof the x projection histogram, and
where Yuin 80d Yurax are the positions of the minim and maxima of the y projection
histogram. This scrves10adjust the arca underconsidcfation for the situation in which the.
initial starling position is nearerto one edge ofthetar ret than to another. Other methods
of relocating2 the center of the target box may be used if desired.

Aller additional itcrations, as shownin Fif‘, 23,‘it being understood that the
center of the box bounding the area of consideratio) may have moved fromthe prior
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iteration, the box will be larger then the target in that Xpnn<Xagns XaXmans YankSYeins
and Yasae>Yesare Whenthis occurs, the entire targct is bounded, and the constant K may
then be reduced, to thereby reduce the size of {he tracking box. In a preferred

embodiment, wheninitially tracking4a target, consta 1K is preferably relatively large,
5 eg., 10-20 pixols or more,in order that the systemmy lock on thetarget expeditiously.

Once a target has been locked onto, K may be reduc i. MN will be appreciated that in the
courseofftrackinga target, the tracking box will be en! ued and reducedas appropriat: to
maintain atrack ofthetarget, and is preferably adjusted on a frame by-frame. basis.

Assuming.that the systemis 10 be used 10, train a spotlight on the target, for
10 example from an airborne vehicle or in a theater, the jeamera ispeferably synchronized

withthe spotlight 80 that cach 1s pointing at the sane location. In this way, vie: the
camera has centered the turgct on its image, the spotlight will be centered on the ityook,
Having acquired the target, controlier 206 controls ser omotors 208 to maintain ths ct: or
of the target in the center of theiimage, For cxample, uf the center of the tarsct is oo 3w

1S and to the Icft ofthe centerof the image, the camera is Moved downward andto Gis. a8

required to center the target. The center of the largemey be determiningiinreal tics!) om
the contents ofPOSRMAX forthe % and histogramfor nation units.

it willbe appreciated that as thearget inbves, the largeling, bax v C
with the tar,gel, constantly adjusting the comer of the targeting box based ups: 

 
 

 

20 movement of the target, and enlarBing.and reducing, he size of the targetuy: bu. 7 ae
targeting box may be displayed on monitor 212, orjon another monitor as desis. iO
visually track the target. —

A similar trucking box may be used to track an objootiman image based .von
itss characteristics. For example, assuming it is desired o track a targe moving only vi tne

35ightthe image Thehistogramformationcite are wtot up so thatthe only validation
units set to "I" aare for direction and for thex and y pro)jcotions. Theclassification uni: Tor
direction is set so0 that only direction “right”i1s sel fo "|" . The histograms for the x end y
projections will then classifyonly pixels moving to the right, Usingthese histagrams. a
box boundingthe target may be established. For oxa rple, referring, to Fig. 12, the box

30~—ssurrounding thetarget may be established usingJ, 4, {,, and &, as the bounds of the pox.
The largel box maybe displayed on the serecn using{ hniques knowninthe art,

 
After a veryshort initialization period on the order of about 10 frames, the

fnvontion determines the relative displacement parameters instantancously after the end of
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cach frame on which the temporal and spatial progessing was performed due to the

recursiveness of calculations according to the inventiod.
The invention, including components J lajand 22a is preferably formed on a

single inteprated circuit, or on two integrated circuitg. 1f desired, a microcontroller, for

wn enabling uscr-input to the aysiem, e.g. 10 programthe validation and classification units,

 maybe integratedon the sameintégrated circuit.

K will be appreciated that the present avention 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 hue and saturation. This

10 enables classificationof targets to be made using thes chamotcristics aswoll, Jn fact, the
invention may be modified by adding histogram for: ation units for any possible other
measurable characteristics of the pixels. Moreover, while the invention has beendescribed
with respect to tracking a single target, it is foresccn tHat multiple tarects may betracked,
each with user-defined classification criteria, by roplipating the various elements of the

15 invention. For example, assuming the system of the invention included additional 
 

 

 

 

 
 

histogram formation units for hue and saturation, the s stemcould be programmed, using
acommoncontroller attached|to two histogram format{on processors of the type shown in
Fig. 11, to track a single taiget by its velocity, and/or color, and/or direction, ete. In this
manner, the system ‘could continue to tracka target if, for example, (he target stopped and

20 the track based upon velocity.and direction was Tostsihcethe larget could still be tracked
by color.

it will also be appreciated that the limitatich of cight specds maybe increased

 
by using @ greater bit count fo represent -the specds. h oreover, while the inventionhas

-_ been described withrespect todetection ofcight differentdirections, it may be applied to_
25 | detect 16 or more directions by using diffent size méirices, 0.g., sixteen directions may

be detected ina SxSmatrix, to detect a grroalcr“numberafdirections.
Finally, Fig. 24 shows# method of track 2awider range of speeds V if the

limited number provided byp. bits for time constant 10 is insufficient. Using Mallat's
dingram(sec article by S. Mallat "A Theory for nuttinssolution signal decomposition" in

30  JEEETransactions on Pattern ‘Analysis and Machine } tolligenes, july 1989 p, 674-693),
the video image is successively broken down into hal os,‘idemificd as 1, 2, 3, 4, 5, 6, 7.
This crcatos a comprcession that only processes portion s of the jimage. For example, with
p=4 (2" =16),the system maydetermine speeds withit] a widerrange.
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If initially, while processingthe entire me the system determines that theapcod of an object execeds the ‘maximumspeed detdrminable with 2"=16 for the time   

 

constant, the systemuses partial observed images 1, 2, P, 4, until the specd of the object
docs not execed the maximum speed within the partid) image afler compression. ‘Fe use

5 Mallat compression with wavelets, a unit 13A (Fig. 2 is inserted into the system shown
in Fig. ) to perform the compression. For exanyple, Apis unit could be composed of the
“DV 601 Low Sost Multiformat. Video Codec” by nalog Devices. Hig. 2 shows an
optional compressionunit 13a of this type.

Although. thepresent invention has been} described with respect te servain
10 embodiments and examples, variations cxist thatare jthin the scope of the mventtoss as

 
described in the following claims.
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 1. A process for identifying pixels inan ippul signal in onc of a plurality of
classes in one of a plurality of domains, the input fignal comprising a succession of
frames, cach frame comprising a succession ofpix Is, the process comprising, on a

5 frame-by-frame basis:

for cach pixcl of the input signal, analyzing, the pixel and providing sn output
signal for each domain containing information10 identify cach domain in whichthe pixel
is classified, |

providing a classifier for each domain, the classifier enabling classification of
10 pixels within cach domainto sclected classcs within the domain;

providing a validation signal for the domains, ‘the validation signal selecting
onc or more of the plurality of domainsfor processing;land

forminga histogramfor pixels of the outp t signal within the classes sclected
by the classifier within cach domain selected by the validation signal.

15 2. The process according to claim 3 further comprising:
forming histograms along coordinate axes for the pixcls within the classes

selected by the classifier within cach domain seleoted by the validation signal; and
forming a composite signal corresponding to the spatiq! position of such pixcls within the
frame.

20 3. The process according to claim 1 con arising identifying, the velocity of
movement of an arca of an input signal, the input fignal comprising, a succession of
frames, cach frame comprising a succession of pixels) said identifying of the velocity of
movement comprising ! ee

7 for cach particular pixeloftheinput signal, forminga first matrix comprising
25 binary values indicating the existence or non--existenbe. of a significant variation in the |

amplitudeof the pixel signal between the current franje and a prior framefor a subset of
the pixels of the framespatially related to such pujicular pixel, and a second matrix
comprising the amplitude of such variation;

determining in the first. matrix whether {he particular pixel and the pixcts
30 along an oriented dircction relutive to the parHout" pixel have binary valucs of a

particular value representing significant variation, andj for such pixels, determining in the
second matrix whether, (ic amplitudes of the pixels albng an oriented direction relativeto
the particular pixel vary in a known manner indicating movement of the pixel and the
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pixels along an oricntcd direction relative to the pa icular pixel, the amplitude of the
variation along the oricnted direction determining {he velocity of movement of the
particularpixel.  

 

4. The processaccording|to claim 3 furthcrjcomprising:
ws slor to determining the binary values for gach pixel, smoothing cach pixc! of

theinput signal using a time constant for such pixel, ti oreby generating a smeotied input
signal, the determination of theexistence of a significant variation in theamplitide.ci the 

nixel being performed fot cach pixel ofthe smoothed i}put signal; and using the cart poe
of a significant:variation fora given pixel to modify t ¢ time constan! for the pine: ¥- be

10 used in smoothing subsequent frames ofthe input signal.
5. A process according 10 claim 1 for id ntifying A NONNOVIN,, i an

input signal the input signal comprising a succession { frames, each flame commrenng a
succession of pixels,theproccss,comprising |

forming. histograms along conrdinatc " for pixcls of the inns al
15 without significant variation.between the current friaeland a prior frame; anc

forroing aA composite signal corresponding: tothe spatial pasivey. @ - ch
pixels within the frame. - .

6. The process according to claim 2 or 5 fayther comprising identity: ls
falling» within limits /,Mabea,§in the histogramsalong{ c coordinate axes, ane foro: che

20 composite signa) fromthepixels falling within suchlinjits.
7, The process according to claim 4 further comprising:
prior to the histogram forming step i) en oothing the input sigue) Ie th

 
pixel thereof using a time constant for such pixel, thgrchy generating a smioatlice ast
signal, and ii) determining for cach pixol in the sm othed input signal a binary vse

25-—corresponding-te-thenon-existence-of-a.significantvarlation.in.theamplitude ofth. s.xel
signal betweenthe current,frame and the immediately frevious smoothedinput franc.

&, The processaccording to claim 6 furthet comprising using the cxiscce of 

a significant variation for a given pixel to modify th fime constant for the pixel vi be
used in smoothingsubscquentframes of the input sign f

30 9, A process according to claim J comping identifying relative movc. cnt

 
in an input signal, the input signal comprising a guecession of frames, cach frame
comprising a succession of pixels, whercin the identifying of relative movement
comprises :
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for cach pixel of the input signal, smoothing the input signal using 4 time
constantfor such pixel, thereby gencrating a smoothed input signal;

determining for each pixel in the smoothed input signal a binary value
corresponding io the existence of a significant variv ion in the amplitude of the pixel
between the current frame and the immediately provipus smoothed input frame, and the
amplitude of the variation:

 

using the existence of a significant variatibn for a given pixcl, modifying the
time constant for the pixel to be used in smoothing subkequent frames of the input s)ipnal;
for cach particular pixel of the input signal, forming 4 first matrix comprising the binary
values of a subsetofthe pixels of the frame apatiallyrqlatedto such particular pixe), and a
second matrix comprising the amplitude of the variation ofthe subsct of the pixels of the

|

5

10

frame spatially related to such particular pixel; | “
determining in the first matrix whether jhe particular pixel and the pixcls

along an oricnted direction relative to the pen pixel have binary valucs of 8
15 for such pixels, determining in the

20

25

particular valuc reprosenting significant varintion, and
second matrix whether the amplitude ofthe pixels alohg the oriented direction relative to 

 

 

the particular pixcl varies in. a.known manner indicating movement in the oricnted
dircetion of the perticular pixel and thepixels along the oriented directionrelativeto the
particular pixel, the amplitude of the veriation of thelpixcls along theoriented direction
determining the velocity of movement of the pixel land the pixcls along the oriented
directionrelativeto the particular pixel,

in cach of one or more domains, forming4 histogram ofthe valucs distributed
_in thefirst and second matrices falling in cach such daluain,

for a particular domain, determining fron{ the histogram for such domain an
arca of significant variation; —_ |

forming histograms ofthe area of signific nt variation along coordinatc axes;
and detcrmining from the histograms along the eoordjnato axes, whether there is an atca
in movementfor the partiontar domain.

10. The process according 10 one of claims 1 and 9 wherein the domainsarc
sclected from the group consisting of i) luminance, {) speod (V), iii) oriented direction
(D1), iv) timeconstant (CO), v) hue, vi) saturation, Wii) first axis (x{m)), and viii) second
axis (y(m)) and ix) data characterized by external inpuls.
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11. Theprocess accordingto claim 9 whos in the first and second matrices are
square matrices with the sane odd number of rows and columns, centered on the
particular pixcl.

12. The process according10 claim 1} whe cin the steps of determiningi. the
first matrix whetherthe particular pixel and the pixels slong an oriented direction reiative
to the particular pixel havebinary values ofa parti ilar valu representing significant 

variation, and the step ofdetermining,in the sccond n atrix whether the amplitude si,.aal
varies in a predetermined criteria along an orjenied lirection relative to the particular
pixel, comprise applying nosted n x n matrices, where vis add, centered on tho pavuci sar
pixel to the pixels within cach. of the first and se ond matrices, the proces. fetier
comprising:

determining the smallest nested matrix in Which the amplitude sigma: seri of
predetermined values synictrical relative to the parlicafarpixel along an oriciice fs" on
around said particular pixel. |

13. The process according to claim 9 whergin thefirst and second Rai. Te
hexagenal matrices centeredon the patticular pixel. |

14. Theprocess according to claim) 13 whorcin the slcps of determining : ne
first matrix whether the particularpixel and the pixels plongan oriented directs VC
to the particular pixel have binary values ofa partignlar valuc representing. #7". amt
variation, and the step of determining in {he sccond nfatrix whether the amphia.. - cal
varies in @ predetermined criteria along an oriented iroction relative to the pen... lar
pixel, comprise applying nested hexagonal matrices, of varying size centers Gs. hte
particular pixel to the pixels within cach of the first: and second matrices, tic 1 ut 38
further comprising

--Geterminingthe smallest.nested mattixiny (hich the amplitude signal va'ics of
predetermined values aymetrical rerelative to the: partion at pixel along an oriented citce on 
around said particular pixel.

15. The process according to claim 9 wher in the first and second saatriccs are
inverted J-shaped matrices witha single row and a sin ie column.

16. Theprocess according to claim 15 wh rein the steps of determiningis ihe |
first matrix whethertheparticular pixcl and the pixels long an oriented direction relative
to the particular pixel havebinary values of a parti ular“value representing significant
variation, and the step of determining in the sccond matrix whether the amplitude signal

eeeeet
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varics in u predetermined criteria along an erensedldircetion relative {o the particularpixel, comprise applying nested n x n mulrices, nt 1 is odd, to the single line and the
single column to determine the smallest matrix in which the amplitude varies on a line
with the stecpcst slopeand constant quantification.

5 17. Theprocess accordingto claim 9 whetfinthe first and sccond matrices are
angular sector shaped nratrices reproducing, & portionof an cyc.

18. The process according io claim 17 whéscin the steps of determining in the
first matrix whether the particular pixel and the pixelstalong an oriented direciion relative
to the particular pixcl have binary values of a partiqular valuerepresenting, significant

10 variation, and the step of determining in the socond matrix “whether the amplitude signal
varics in a predetermined criteria alongan oriented|dircction relative to the particular
pixel, comprise applying pnested angular sccior shape#) matrices of varying size centered
on the particular pixel to the pixels within cach affine first and second matrices, the
process further comprising :

15 dctormining the smaticst nested matrix in ies the amplitude signal varies of
predctcrminal values symetrical relative to the particular pixcl along anoriented direction
aroundsaid parlicular pixel. | .

19. ‘The process according to claim 9 whe cin the fime constant is in the form
2", the time constant beingreduced or increased byindrementing or decrcmenting p.

20 20. The process according to claim 19 whorein successive decreasing portions
of completeframes of the input signal arc considered fising & Mallat time-scale algorithm
and the largest of these portions, which provides djsplaccment, speed and orientation

 
indications compatible with the valuc of p, isselecicd. 

21. The process according to claim 4, comprising:
25 for cach pixel of the input signal,j) smoothingthe pixel using &a time constant

(CO) for such pixel, thereby generating a smoothed pixel value (1.0), ii) determining
whether there exists a significant variation betweenpuchpixel and the same pixel in a
provious frame, and iii)modifying the time constent (CO) for such pixcl to be used in
smoothing the pixeliin subsequent framcs of the inpu signal based upon the existence or:

30~~non-existence of a significant variation.
22, The processaccording to claim 2) wh¢rein:
(a) the step of determining the existence of a significant variation for a given

pixe) compriscs determining whether theabsolute valuc of the difference (AT3) between
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the given pixel valuc (PI) and the value of suchpi cl in a smoothed prior frame (L1)
exceeds a threshold (S12); and

osStatens
(b) the step ofsmoothing the input signal comprises, for cach pixel. 1)

modifying a Lime constant (CO) for pixel such based upon the existence of a significant
v gt * ’ oy a : .variation as determined in step (a), and ii) determimihg a smoothed value for the pixel

(1.0) as follows: | |
Me dl

] -LO= L +ceco
{

23: The process according to claim 21 vesthe time constant (CO* i: in
the form 2°, and wherein p is jncromentediin the event that AB<SH, end wiherci: > is
deeremontedjin the event ARPSE, :

24. The process according, to claim ; wherein p is increments: oF
decremented by one. {

25. The process accordingt claim 2 further comprising generating ¢.iccut
signal comprising, for cach pixel, a binary valuc (DP) indicating the cxistens or
nonexistenceofa significant variation,and the valueof thetime consiant (CO}.

26. Theprocess according to claim 25 whércin the binary valucs (0!) «ae
time constants (CO)are storediin a memory sized to srespond to theframesty

27, The process according to claim 1  
 

  

-omprising idontifying so: ere

relative movement in said input signal, through: .
pencrating 4 fire array indicative ofthe xistonce of significant varie in

ihe magnitude ofeach pixel between a current frame ahda prior franc; ~
2 sccondurra indicative oftht magnitudeof significamvariation

of cach pixel between the current frame and a prio, frame, establishing a first moving
matrix centered on 4 pixel under‘consideration andchmprising pixcle spatially relate“ to
the pixel under consideration, the first moving mbtrix traversing the firs: ane Sor
consideration of cach pixel ofthecurrent frame, and  

 

determining,wheether the pixel undor consi {eration and each pixel of the pels
spatially relaicd 10 the pixel under consideration ajong, at) oriented direction relaiwve
thereto within the first matrix arc a particular ’ lue represcnting the presencs of
significant variation, and if so, establishing in a se ond matrix within the first matrix,
centered on the pixel under consideration, anddeterr ining whether the amplitude oithe
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pixels in the sccond matrix spatially related to the dinel under considcration along an
oriented dircction relative thereto arc indicative of movement along such oricnted

direction, the amplitude of the variation along the oriented direction being indicative of

the velocity of movement, the sizc of the secondfovaricd to identify the matrixin size most indicative ofmovement.

28. ‘The process according to claim 27 farther comprising:

in atleast one domain selected from the group consistingof i) luminance,fi)

specd (V), ili) oriented direction (191), iv) time constaht (CO), v) huc, vi) saturation, and
vii) first axis {x(m)), and viii) sccond axis (y(m)), and ix) data characterized by ‘external

10 imputs, forming at Icast onc histogram ofthe valuesiiy such domain for pixels indicative
ofmovement along an orienteddirection:relative to (he,piixel under consideration.

29. The process according to claim28 fercomprising:
for the pixels in ‘Said at least one histogram, forming histograms of the

position of such pixels along coordinate axes.  

 
 

 
 
 

18 30. The processaccording to claim 29 futther comprising determining from
the histograms along the coordinate axes an aroa of the image meeting critoria of the at
least onc domain. .

xein the first and second matricesmad.31. The process according to claim 27 w
are square, and the sizes of the second matrix areneste nxn matrices, where n is odd.

20 32. The process according lo claim31 whbreinthe matrix most indicative of
movement is the smallest nestedmatrix contuining pikels indicative of movement along
an oriented direction relativeto the pixel under consid ation,

33. The process according to. claim 27whtreiti the first and sccond matrices
arcselectedfrom thegroup consisting ofhexagon “matrices and inverled 1-shaped

25-matrices. . . |
34. An apparatus for identifying pixels in gn input signal in onc ofa plurality

of classes in one of a plurality of domains, the inputjsignal comprising a succession of
‘frames, cach frame comprising a succossion ofpixels, he apparatus comprising:

meansfor analyzing cach pixe) ofthe inpu{ signal and for providing an output
30 wignal foreach domain containing information to iden fy cach domain in whichthe pixel

is classified;

a classifier for each domain, the vei classifying pixels within cachdomuinin selected classes within the domain:

 
AceoSrsenSaatrtm
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4 linear combination unit for cach domain, the lincar combination unit
generating a validation signal for the domain,the valifiation signal selecting ong or more
of the> phurality ofdomains forprocessing; and

means for forming a histogram for pixelsof the ouput signal within the
5 classes scleoted by the classifier within each domain schocted by thevalidation signal,

35. The apparatus according to claim34 fiufther comprising:
means for forming histograms along coordinate axes for the piacts within the

classessclected bytheclassifier within cach domainsdlected by the validation signa: and
means for forminga composite signal corpsponding to the spatial nosidas of

10 such pixcls within the frame,

36. The apparatus according to claim 34 Avherein the domains are scsected
fromthe groups consisting of i) Inminance,ii) spcod (V), iii) orlomed direction "is iv)
time consiant (CO), v).hue, vi) saturation, and vii) first axis (x{m)), and viii) seco... axis
(y(m)) and ix) data characterized by external inputs. '

IS 37. The apparatus. according to claim 34 for identifying thc vee oof
movement of an area of an input signal, the input kignal comprising @ sreccs. oc: of
frames, eachframe comprising:a succession ofpixels the apparatus, comprisin:

means for determining for cach pixel in the input signal « bins, tue
' corresponding to the. cxistenee ofa significant variation, in the amplitude ci 2. ixel

20 signal betweenthecurrent frameand the immediatcly previous smoothed input fi. and
for determining the amplitudeofthe variation;

means for forming, for cach particular ping] of the input signai, a fos. sccarix

 
comprising the binary valucs-of 4 subset. of the pixels,‘spatially related to such tian. alar
pixel, and a second matrix comprising the amplitude df the variation of the subset 7 the

“25 pixels spati 

means for determining in the first matrix fetbe for # particular mye! and
other pixcls alongan orienteddirectionrelutive to the parlicular pixel, the binary vane: for
cach pixcl is a.particular valuc representing significan| variation, and, for such sarccular
pixel and ofher pixel, determining in the sccond matrix whether the amplitude varies

30 along an oriented direction relative to the particular pfxcl ina known manner indicating
movement of the pixel and the other pixels, the amplitude of the variation alone the
oriented direction determiningthe velocity ofmov cmeqt ofthe pixel and theother pixels,
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38. ‘The apparaius eccording to claim R? further comprising means for

smoathing cach pixel ofthe input signal using a tinjo constant for such pixel prior to
determining a binary valuc for cach pixel, the binniy values being determined on the
smoothed pixels, , a |

5 39. The apparatus according 10 claim34 fe identifying a nonimnovingarea in
an input. signal, the input signal comprising steocasion of frames, each frame
comprising a succession ofpixcls, the apparatus coniprjsing:means for forming histograms alongwi axes for pixels ofa current
frame without a significant variation from such pixels 4 na prior frame; and

10 - means for forming a composite signal corr ‘sponding to the spatial position of
such pixels within the frame. {

40. ‘The apparatus according to any one of claims 34 and 39 further
comprising means for identifying pixcls falling, within:Himits fy fs fo dp in the histograms
along the coordinate axes, and formingthe composite signal fromthe pixels falling within

15 suchlimits. -
4). The apparatus accordingto claim 39 fercomprising:
means for smoothing the input signal usifg a time constant for cach pixel,

thereby generating » smoothed input signal; andi
means for determining for cach pixel in the soothed input. signal a binary

20 value corresponding to the existence or non-existence) of the significant variation in the
amplitude of the pixel signal between ihe current frame and the immediately previous
smoothed input frame. |

 
42. The apparatus according to claim 4) further comprising means for usingthe existenceofasignificant variation for a given a to modify the time constant for

25 the pixcl to be used in smoothing subsequent frames ofthe input signal,
43. A process accordingto any onc of claims 1-33 for tracking a target in an

input signal, the input signal comprising a succession Of frames, cach frame comprising a
succession ofpixcls, the target comprising pixels in oeormore of a plurality of classes
in one or more of a plurality of domains, the process comprising:

30 selecting a pixe) of the target as a starting pixel;
}

on a frame-by-framebasis:
|

i
q

2
j
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forminga tracking box around the sterliby pixel and for cach pixe! of the

input signal in the tracking box forming a histogram f the pixels in the one or more of 8
pluralityof classes in the one ormore of 4 plurality offlomains;

successively increasing thesizc of thetra king box and for each pixel oFthe
5—input signal, in cach successive tracking box forming jn histogram of the pixels in thone

or more of a phuratity of classes inthe oneor marc of plurality ofdomains;
) determiningwhen thetarget. is substantially within thetracking bas, stopping

the size increasing of said tracking box, and adjusting fhe center ofthe tracking bos based
t

uponthe histograms. motte:
10 a4. A process of tracking & larget inn fan input signa’, the iupis signal

comprising # ‘succession of frames, cach frame comprising a succession of pinch, the
target comprising pixels in one or more of X plarallty of classes in one oF sion: of a
plurality of domains, the process comprising, on a fre-by-frame basis: fersit:, 2. least
one histogramof the pixels in the one or moreof 4 plpratity of classes in the os > siore

15 of a plurality of domains, said at Icast onc histogratp referring, to classes Goss... said
target, and identifying thetarget fromsaid at least onejhistogram.

45. The process according, to claim 44 fudthes comprising drawing =. king
box around (hetarget.

46. The process according to claims aieand 45, comprising ccm.:.., the
20 tracking boxrelative to the optical axis of the image.

47, The apparatus according any one of clin1s 33-42, comprising « 2. tam
formation block forming histograms of speed, a momory storing up to the scorer of

 
pixels in an image, multiplexors controlling settin, an clearing of said race sy, a
classifier enabling only data having selected classtfication critcria to be cons:tered

25—forther;meaning—to—possibly—be-inchided -in’ histpgrams formed by corresponding
histogram formation block.

enables the classificationcriteria to be sel by the user

48. The apparatus of claim 47 wherein i ¢ classifier includes a regisic’ that
r by a separate program.

49, The apparatus according to claim 47;+ comprising @ computing wa.i for30 comprising the key characteristics for histograms fostned in said memorysaid cemputing
unit including memorics for cach of the key charactéristics which include the mimunum

(MIN)of the histogram, the maximum (MAX) of "" histogram, the monber cf points

nspleteennteCereeten
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(NBPTS) in the histogram, the position (POSRMAX} of the maximumof the histogram
and the numberofpoints (MAX)at the maximum ofthe histogram.

' 50. The apparatus according to claims 47-49 further comprising an adder
incrementing output of said memory, said adder beit{p controlled by a validation signal

5 from a corresponding validation unit receiving via a bhis the output of said classifier so as
to select only data points in any sclccicd classes within any sclecteddomains.

54. The process according to claims 43-4Gjcomprising calculating a histogram

according tv a projection axis in a region delimited y an associated classifier, between
{wo points on the projection axis, creating a histograntof the same points with oricntation

10 and intensity of motion as input parameters and modifying the valucs corresponding {o

snid two points ofthe classifier and calculate an anticilated next frame. eetaAD©tetetre:oneaaterafarin.
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A method and apparatus for localizing angeca in relative movement and for
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determining the speed and direction thereof in real {me 18 disclosed. Rach pixel of animage is smoothed using jis own time constant. A ios valuc corresponding te the
existenceof a significant variation in the amplitudeof the smoothed pixel from the priorframe, and the amplitude: of the variation, arc meeeand the time constant for the
pixel isupdated. For cach particular pixel, twomatricks arc formed that include a subset |

‘of the pixels spatially related to the particular pixel. ‘the first matrix contains the b!nary
values of the subset. ofpixels. The second matrix con(ains theamplitude ofthe ward!ion
ofthe subset of pixclr. In the first matsix, it is dotepined whether the pixels alent. an
oriented direction relative to the purrticular pixel: have binaryvalues reprcac!réauve of
significant variation, and, for gach pixols,, it is deternfinodin the second matte whemer
the amplitude of these pixels varies in a known rnjumcr indicating movemnen’ VAC,
oriented dircotion. In each of severe domains, 8 histépram of the values in the firs ond
second matrices falling in such domain is formed. Using the histograms, 7. 35 dic eoned
whether there is an area having the,characteristics of die particular domain. Tho dors.is
includs luminance, huc, saturation, spocd (V), oriaited direction (14), time cer cant
(C:O), first axis (xQn)), and second axis (v(m).

Figure 4,.
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Application No. Applicant(s)

. Pirim et al

Office Action Summary Sanne AT Unit | |Fewest|"Ese ANAM
-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.
- Extensions of time may be available under the provisions of 37 CFR 1.136 (a). In no event, however, may a reply betimely filed after SIX (6) MONTHSfrom the

mailing date of this communication.
- lf the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum Statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED(35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)L) Responsive to communication(s) filed on

2a)_] This action is FINAL. 2b) This action is non-final.
 
 
   

3) Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11; 453 0.G. 213. ~

Disposition of Claims

4)! Claim(s) 7-39. is/are pending in the application.

4a) Of the above, claim({s) is/are withdrawn from consideration.

5) Claim(s) 74-22 and 24-38 is/are allowed.

6) Claim(s) 7-6, 70-13, 23, and 39 is/are rejected.

7) Claim(s) 7-9 is/are objected to.

 

 

  
8)LJ Claims are subject to restriction and/or election requirement.

Application Papers .
9)L) The specification is objected to by the Examiner.

10)L) The drawing(s) filed on is/are a)L) accepted or b)LI objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)L] The proposed drawing correctionfiled on is: aJ)L] approved b)L] disapproved bythe Examiner.
 

lf approved, corrected drawings are required in reply to this Office action.

12)L] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. 88.119 and 120
13)X] Acknowledgement is madeof a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or(f).

a)&X] All b)L] Some* cil) Noneof:

.CJ Certified copies of the priority documentshave been received.

 
.C4 Certified copies of the priority documents have beenreceivedin Application No. 
.X! Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

*See the attached detailed Office action for a list of the certified copies not received.

14)-] Acknowledgement is madeof a claim for domestic priority under 35 U.S.C. § 119(e).
a)] The translation of the foreign language provisional application has been received.

15)L.] Acknowledgementis madeof a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.
Attachment(s)

1) x! Notice of References Cited (PTO-892) : 4) C] interview Summary (PTO-413) Paper No(s).

 
2) C] Notice of Draftsperson's Patent Drawing Review (PTO-948) ° 5) LJ Notice of Informal Patent Application (PTO-152}

 
3) {| Information Disclosure Stetement(s) (PTO-1449)Paper No(s). 3 6 6) 1] other:

U, S. Patent and Trademark Office

PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 8
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| 1. Receipt is acknowledged ofpapers submitted under 35 U.S.C.119(a)-(d), which papers
have been placed of record inthefile.

2. The drawings are objectedto as failing to comply with 37 CFR 1.84(p)(5) because they do
not include the following reference sign(s) mentioned in the description: “327d”(see page 39, line
4, and note reference sign “27d”in Fig. 24). .

The drawings are objectedto as failing to complywith 37 CFR 1.84(p)(5) because they do
includethe following reference sign(s) not mentionedin the description: “10a”(note the

unlabelled boxat the right edge of Fig. 1) and “13A”(note the unlabelled, dashed-line box in the

upperleft corner of Fig. 2, which apparently differs from element “13a” in Fig. 1).

The drawings are objected to because the lowermostfigure on sheet 5 of the drawingsis
not labeled as a “figure”, i.e. it appears that should be labeled “Fig. 11".

The drawingsare objected to becausein Figs. 2 and 11, it appears that “Z” ” (denoting

one end ofa “bus” mentioned on page20,line 22 ofthe specification) shouldbe --Z,--.

The drawingsare objected to becausein Fig.2, it appears that “VI” should be --VL-- (see

page 19, line 4).

The drawingsare objected to becausein Fig. 11, it appears that “DL” should be --DI--

(see page 9, line 29).

A proposed drawingcorrection, corrected drawings, or amendment to the specification to add
reference sign(s) in the description (as appropriate), are required in reply to the Office action to

avoid abandonmentofthe application. The objection to the drawings will not be held in abeyance.

3. The lengthy specification has not been checkedto the extent necessary to determine the
presenceofall possible minor errors. Applicant's cooperation is requested in correcting any
errors of which applicant may become awarein the specification.

Errors noted by the examiner include:

page1, line 22, the patent numberat the end ofthe line is incomplete;

SAMSUNG EXHIBIT 1004
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page la (“amended sheet”),line1, it appears that the German:patent numberis incorrect,
assuming thatthis1is the same German referencecited by applicant (IDS filed 9/29/00); .
page la (“amended sheet”), lines 6 and 11-12, it is unclear if the reference numerals 10, 11 and 22

correspond to elements shown in applicant’s drawings (wherein one or more of applicant’ S
drawings constitutes admitted priorart), or to elements shown in a particular prior art
reference; |

page3, line 20,“a histograms” is vague; ©
page 9, line 11, it appears that the letter “1” should be inserted before the subscript 2.1";
page9,line 13, it appears that “al” (3 occurrences) shouldbe --a--}
page9,line 17, it appears that after “succession” should beinsetted --of--;
page9,at the end ofline 24 shouldbe inserted a period;
page9,line 26, it appears “11" should be --12--;
page 11, line 3, a vertical line should beinserted at the end of the equation (to properly indicate

the absolute value function);

page 16,line 27,it appears that “45-” should be --45°--;
page 18, line 15, it appears that “67.5-” should be --67.5°--;
page 23, line 24, “28 an 29"should be --28 and 29--;
page 23, last line,it appears that “it” should be --its--;
page 24,line 24,it appears that “13" should be --14--;
page 24, line 27, “increments” should be --increment--;
page 25, last line, it appears that “16" should be --17--;
page 25, last line, it appears that “53" should be --52--;
page 26,line 1, it appears that after “pixels” should be inserted ~-53--5
page 26,line 8, it appears that 50" should be --5 1--; |
page 28, line 25, it appears that “longer” shouldbe --lower--;
page 28, line 26,it appears that “limited” should be --limits--;
page30,line4,it appears that “any”* should be --and--;
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page 30,line 28, it appearsthat “increases” should be --decreaszs-- (note the equation defining
parameter “R”, described as having a “high” value in Fig. 15A--page 30,lines 24-26);

page 30,line 29, it appears that “maximum”should be --minimum-- (see above);
page 35, lines 1-2, it appears that “310"(2 occurrences) should be --319--, assuming that

“controller” refers to the image processorrather than the sensorper se;

page 39,line 9,it appears that after “driver” should be inserted --is--; .
page 40,line 13, it appearsthat “is should be --are--; and
page 41, lines 19-20,reference numerals 30a-d should be 330a-d, respectively (see Fig. 27).

4. Claims 3 and 9 are objected to under MPEP 608.01(m) as containing reference characters
not enclosed by parentheses; note “V” on line 3 of each claim.

5. Claims 2, 7-13 and 39 are objected to under 37 CFR 1.75(a) for failing to particularly

point out anddistinctly claim the subject matter which applicant regardsas the invention.
Claim 2,line 1, after “identifying” should be inserted --the--.
Claim 7, line 15, after “step” should be inserted --of--.

Claim 9, line 14, after “step” should be inserted --of--. ~

Claims 11-12, “the step of identifying a facial characteristic...” lacks clear antecedent
basis--note the step recited on lines 16-17 of claim 3, “identifying the location of a facial
characteristic...”.

Claim 39, next-to-last line, the period should be a semi-colon. .

6. The following is a quotation of the second paragraph of 35 U.S.C. 112:
The specification shall conclude with one or moreclaims particularly pointing out and distinctly claiming the
subject matter which the applicant regards as his invention.

7. Claims 1-6, 10-13 and 23 are rejected under 35 U.S.C. 112, second paragraph, as being
indefinite forfailing to particularly point out anddistinctly claim the subject matter which

. SAMSUNGEXHIBIT 1004
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applicant regardsas the invention..

Claim 1, the subject matter on the last 5 lines of the claim--starting with “comprising the
steps of’--is indefinite as it is unclear whatpart of the overall process is being defined (or further

defined) by these “steps”,.i.e. it is unclear how the last twostepsrecited in the claim are related to

the previously recited steps (suchas the “selecting pixels” step, which wasoriginally defined on

lines 4-5 and further defined on lines 13-14). .
Likewise, in claim 3 it is unclear if the “identifying” steps recited on the last 4 lines further

define one of the previous steps recited (such as the “selecting pixels” step, which wasoriginally

defined on lines 4-5 and further defined on lines 13-15), or merely set forth additional steps of the

overall “process” being defined. |
Claim 10, line 3, it appears one or more wordsare missingafter “selecting”.

Claims 10 and 23, line 4 in each claim, the abbreviations “DP” and “CO”should be spelled

out at least once in the claim to identify the intended parameter; moregenerally,it is unclear what

eye characteristics are being defined by items(i) and(ii)in the claim.

8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the
basis for the rejections under this section madein this Office action: -

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country orin public use
or on sale in this country, more than oneyearprior to the date of application for patent in the United States.

9. Claim 39 is rejected under 35 U.S.C. 102(b) as being anticipated by Gerhardt.

See in Gerhardt, Figs. 4-8c; col. 9, line 32 to col. 10, line 17; col. 10, lines 35-48; and col.
16, lines 11-26. Gerhardt discloses a process of detecting a “feature” (e.g. pupil) of an eye, by

acquiring an image comprising pixels corresponding to the “feature” (Figs. 4, 7a, 8a), selecting
pixels of the image corresponding to the “feature” (Gerhardt teachesdefining different “‘sets” of

pixel data, ofwhich one set would correspond to a pupil), formingat least one histogram of the

selected pixels (Figs. 5, 7b, 8b), and analyzing the histogram overtime to identify characteristics

SAMSUNG EXHIBIT.1004
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of the “feature” (Figs. 6, 7c, 8c).

10. Claims 14-22 and 24-38 are allowed. Claims 1-13 and 23 would be allowable if rewritten

or amended to overcometherejection(s) under 35 U.S.C. 112, second paragraph,set forth in this

Office action.

11. Theprior art madeofrecord and notrelied upon is considered pertinent to applicant's.

disclosure. .

Okumura and Suzuki disclose eye-image analysis systems for drowsy car drivers, each
using a histogram ofpixels. Uenoet al appearsrelated to the Conference Proceedings publication

cited by applicant. Kumakura et al is the US equivalent to the German publication cited by

applicant. Pirim ‘187 is cited ofinterest.

12. Anyinquiry concerning this communication or earlier communications from the examiner
should be directed to Tom Mullen whosetelephone numberis (703) 305-4382. The examiner can
normally be reached on Mon-Thur from 6:30AM to 4:00PM. The examiner can also be reached
on alternate Fridays (6:30-3:00).

If attempts to reach the examinerby telephoneare unsuccessful, the examiner's supervisor,
Jeff Hofsass, can be reached on (703) 305-4717.

Anyinquiry of a general natureorrelating to the status of this application or proceeding
should be directed to the Group receptionist whose telephone numberis (703) 305-4700.

Anyresponseto this action should be mailed to:

Commissioner ofPatents and Trademarks

Washington, D.C. 20231

or faxed to:

(703) 872-9314

SAMSUNG EXHIBIT 1004
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Hand-delivered responses should be broughtto, Crystal Park II, 2121 Crystal
Drive, Arlington. VA., Sixth Floor (Receptionist).

T. Mullen

October 2, 2002 TheeThomasJ.NtWill,
Primary Examiner

Art Unit 2632
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Application/Control n.-. oe Applicant(s)/Patent Under Reexam
09/600,390 -. | Pirim etal

s Page 1 of 1

Document Number Date ,Country Code-Number-Kind Code MM-YYYY.

— 5,481,622 1/1996 Gerhardtet al 

5,878,156 3/1999 Okumura

5,859,921 _ 1A 999 Suzuki
5,218,387 6/1993 Uenoet al 351

5,786,765 7/1998 Kumakuraetal

 

   

   

  

    
FOREIGN PATENT DOCUMENTS

Document Number Date +e at OD
Country Gode-Number-Kind Code MM-YYYY! Country Classification

 

      
NON-PATENT DOCUMENTS

include, as applicable: Author, Title, Date, Publisher, Edition or Volume, Pertinent Pages   
* A copy of this reference is not being furnished with this Office action. See MPEP § 707.05(a). 4 Dates in MM-YYYYformat are publication dates. 2 Classifications may be U.S. or foreign.

U. S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 8
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In re Application of PATRICK PIRIM,etal,
: . Application Number 09/600,390 iled.February 9, 2001 A
on

 ‘For METHOD-AND APPARATUS FOR DETECTION OF
DROWSINESS |

Group Art Unit Examiner eS
2632 Thomas J. Mullen

This is a request underthe provisions of 37 CFR 1. 136 (a) to‘extend the period forfiling%, &DP re72) *‘reply in the aboveidentified application. eyThe requested extension. andappropriate: non-small--entity fee are asfollows Ce
(checktime period desired): to, “Bo—_— oo 7&

[2 One month'(7 CFR 1.17(a)(1)). $110 Dp
[1 Two months (37 CFR 1.17(a)(2)) -  §
[] Three months (37 CFR .1.17(a)(3)) oo $
(Four months (37 CFR 1.17(a)(4)) oo $
(1 Five months (37 CFR 1.17(a)(5))’ $

(1 Applicant claims small entity status. See 37 CFR 1.27. Therefore, the fee amount shown
aboveis reduced by one-half, and the resulting fee is: $ .

CJ A checkin the amountofthe fee is enclosed.
[] Payment by credit card. Form PTO-2038is attached.
[].. The Commissionerhas already been authorized to charge fees|in this

application to a Deposit Account.
The Commissioneris hereby authorized to charge any fees which may be required,
or credit any overpayment, to Deposit Account Number 20-1430.

| have enclosed a duplicate copyofthis sheet.
{am the (J applicant/inventor.

X

_ Cassignee of record of the entire interest. See 377 CER 3.71
Statement under 37 CFR 3.73(0)is enclosed. (Form PTO/SB/96).

(J attorney or agentof record.

X] attorney or agent under 37CFR1.(a). .
Registration numberif acting under 37 CFR 1.34(a). 41,797 .

WARNING: Information on this form may become public. Credit card information should not
beincluded on this form. Provide credit card information and authorization on PTO-2038.

7 _“ales . dl
| . Date , Signature

| . Gerald T. Gray, Reg. No. 41,797
Typedorprinted name

NOTE: Signatures ofall the inventors or assigneesof record of the entire interest or their representative(s) are required. Submit multiple
forms if more than one signature is required, see below’.
L] *Total of forms are submitted. -

Burden Hour Statement: This form is estimated to take 0.1 hours to complete. Time will vary depending upon the needsofthe individual case. Any
comments on the amountof time you are required to complete this form should be sentto the Chief Information Officer, U.S. Patent and Trademark
Office, Washington, OC 20231. DO.NOT SEND.FEES OR COMPLETED FORMSTO THIS ADDRESS. SEND TO:Assistant Commissionerfor
Parents Washington; DC 20231.

2/11/2003 WASFAWL “ooo0011 201430 09600390
O1 FCr1251 110.00 CH
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Incomplete Application
 
  

  
   

[] Responseto Missing Parts
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Townsend and Townsend and Crew LLP
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CERTIFICATE OF MAILING

| hereby certify that this correspondence is being deposited with the United States Postal Service with sufficient postageasfirst
class mail in an envelope addressed to: Commissionerfor Patents, Washington, D.C. 2023 {Lon this date-

Jennifer K. Hardin :CoN

te Datfey Lo free ae|ez/os/os
Burden Hour Statement: This-form is estimated to take 0.2 hours to compiete. Time will vary depending upon the needsofthe individual case. Any
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Patents, Washington, DC 20231.
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- | | RECEIVED
mo oe | FEB 19 2003 © i)
j | ! _ . Technology Center 2600Phereby weve thiserrespondence is being deposited with the United NTAttorney. Doket No.: 20046H- 6#\ States Postal Service.as first. class mail in an envelope addressed to: ‘idODUS

Client Ref. No.: 048) BY 474A (|
Assistant Commissioner for Patents

Washington, D.C. 20231 | foOna2f0SOR , | Ze £04,
_

IN THE UNITED STATESPATENT AND TRADEMARKOFFICE

Examiner:. ThomasJ. MullenIn re applicationof:

PATRICK PIRIM,etal. Art Unit: 2632

| AMENDMENT

i

Application No.: 09/600,390

| Filed: February 9, 2001
For: METHOD AND APPARATUSFOR|
DETECTION OF DROWSINESS

i;
i

[
i
i

 

Assistant Commissionerfor Patents

| Washington, D.C. 20231 — . .— : fs
, Sir:

In response to the Office Action mailed October 8, 2002, please amend the
above-identified application as follows:i

i

 | IN THE SPECIFICATION:
| .

Please amendthe indicated paragraphsto read as follows:
Paragraph beginning on page 1, line 21:

Numerous devices have been proposed to detect drowsiness of drivers
Such devices are shown,for example, in U.S. Patent Nos. 5,841,354; 5,813,993;

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

1) devices that detect movementofthe head of the driver,e.g., tilting; ii) devices that

(0 \
_.... SAMSUNG EXHIBIT. 1004. a
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Page 2

i [ detect a physiological changein the driver, e.g., altered heartbeator breathing, andiii)
C Mik devices that detect a physical result of the driver falling asleep, e.g., a reduced grip on thesteering wheel. None ofthese devicesis believed to have met with commercial success.--

 Paragtaphbeginning on page 2, line 1:
\ TheGerman patent application DE 19715519 andthe corresponding
Frenchpatent application FR-2.747.346 disclose an apparatus and a process of evaluation
of the drowsinesslevel of a driver using a video camera placed nearthe feet of the driver
and a processing unit for processing the camera image with software detecting the blinks
of the eyes to determinethe time gap between the beginning andthe endofthe blink.
Moreparticularly, a unit of the processor realizes. |

(ee ;

determine an areaa comprising the driver's eyes,
a memorization of the video image andits treatment, so as to

° thedetection of the time gap between the closing of the driver
eyelids and their full opening and

e a treatment in a memo anda processor in combination with the unit

to calculate a ratio of slow blink apparition. -

  
 

 
 

 | pAagraphbeginning on paper line 23:
Commonly-owned PCT Applfeation Serial Nos. PCT/FR97/01354 and _

7EP98/05383 disclose a generic image processing system that operates to localize’the
driver, or a facial characteristic of the driv r, such as the driver's nostrils, and then

GS | identify the sub-area of the image using
driver may be identified by selecting pi

 

 
 

 

anthropomorphic model. The head of the

1s of the image having characteristics

| corresponding to edges of the head of the driver. Histograms of the selected pixels of the
| edges of the driver's head areprojectedfonto orthogonal axes. These histogramsare then
<nalyzed to identify the edges of the dgiver's head..

Ly|
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PATRICK PIRIM,etal. PATENT
Application No.: 09/600,390
Page 3

__
Paragraph beginning on page 3, line 7: 
The facial characteristic of the driver may beidentified 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 histogramsare 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 ofpixels having low

HT luminancelevels to detect the nostrils. To confirm detection ofthe nostrils, theGh histograms ofthe nostril pixels may be analyzed 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. 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 secondfacial characteristic. Pixels of
the image having characteristics corresponding to the secondfacial characteristic are
selected and histogramsofthe selected pixelsof the secondfacial characteristic are
analyzed to confirm the identification ofthe first facial characteristic.
  
 
 

aph beginning on page 3, line 23: a
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 ofthe driver involves selecting pixels having low luminance

G5, levels corresponding to shadowing of the eye. In this embodiment, the step of analyzing
the histogram overtime to identify each opening and closing of the eye involves

_analyzing the shape of the eye shadowing to determine openings and closingsofthe 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
heightof the shadowing.
Inn
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aph beginning on page 4, line 1:  Para

An alternative method of determining openingsandclosings ofthe eyes of

the driver involvesselecting pixels of the image having characteristics of movement
correspondingto blinking. In this embodiment, the step of analyzing the histogram over
time to identify each opening and closing of the eye involves analyzing the number of

Glo pixels in movement corresponding to blinking over time. The characteristics of a
blinking eye are, preferably selected from the groupconsisting of i) DP=1, ii) CO
indicative of a blinking eyelid,iii) velocity indicative of a blinking eyelid, andliv) up and
down movementindicative of a blinking eyelid.

 Paragraphbeginning onpage 4,line 9:

An apparatus for detecting a driver falling asleep includes a sensor for
acquiring an imageofthe face of the driver, a controller, and a histogram formation unit
for forming a histogram on pixels having selected characteristics. The controller controls

GB f the histogram formation unit to select pixels of the image having characteristics
correspondingto characteristics ofat least one eye of the driver and to form a histogram
of the selected pixels. The controller analyzes the histogram overtime to identifies 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.

Para®faph beginning on page 8,line 24:

The apparatus of 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 11, the

generic image processing system 22 includesa 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

aye: cameraor other imaging device 13 which monitors a scene 13a. Imaging device 13 is
preferably a conventional CMOS-type CCD camera, which for purposesofthe presently-
‘described invention is mounted on a vehicle facing the driver. It will be appreciated that
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when used in non-vehicular applications, the camera may be mounted in any desired

fashion to detectthe specific criteria of interest. It is also foreseen that any other

appropriate sensor, e.g., ultrasound, IR, Radar, etc., may be used as the imaging device.
AX Imaging device 13 may have a direct digital output, or an analog outputthat is converted
1!o by an A/D converterinto digital signal'S. Imaging device 13 mayalso be integral with

generic image processing system 22,if desired, for exampleas represented by element
13A. uo ,

NNneneert

| . Paragraph begitining on page 9, line 9:
While signal S maybe a progressivesignal,it is preferably composed of a

successionofpairs of interlaced frames, TR, and TR'; and TR; and TR’2, each consisting
of a succession ofhorizontal scannedlines, e.g., 11.1, 11.2,.-5l1.17 in TRu, and Io.1, TRa. Each

a4 line consists of a succession ofpixels or image points PI, €.g., A11, 1.2 and a; 3 forline
11.43 a171 and al,72forline lia 5 a,,1 and a; 2 for line l2;. Signal S(PI) represents signal S
composedofpixels PI.
eeenenneeeteeAACRLINCECCI 

| Paragraph beginning on page 9, line 15:
sep includes a frame synchronization signal (ST) at the beginning of

each frame, a line synchronization signal (SL) at the beginning ofeachline, and a .

Gl 0 blanking signal (BL). Thus, S(PI) includes a succession of 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.

L Paragraph beginningon page9,line 20:
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'1), and "successive

Gul l pixels in the sameposition" shall denote successive valuesof the pixels (PI) in the same
location in successive framesofthe same type, e.g., a1. of 11.1 in frame TR, and a) of lit

in the next corresponding frame TR2.
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  ptccraphbeginning on page 9, line 25:
Spatial and temporalprocessing unit 11 generates outputs ZH and SR 14

to a data bus 23 (Fig. 12), which are preferably digital signals. Complex signal ZH
comprises a numberofoutput signals generated by the system, preferably including
signals indicating the existence and localization of an area or object in motion, and the
speed V andthe oriented direction ofdisplacementDI 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 synchronous with the output ZH for the frame,taking into account the calculation —

ba time for the data in composite signal ZH (one frame). The delayed signal SR is used to
display the image received by camera 13 ona monitor or television screen 10, which may
also be used to display the information containediin composite signal ZH. Composite
signal ZH mayalso be transmitted to a separate processing assembly 10a in which further
processing ofthe signal may be accomplished.

( PirSgraph beginning on page 10,line 25:
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 15 retrieves from memory 16 a smoothed value LI of this pixel from the
immediately preceding corresponding frame, which wascalculated by temporal

RID processing unit 15 during processing of the immediately prior frame and stored in
memory 16 as LO. Temporal processing unit 15 calculates the absolute value AB ofthe
difference between each pixel value PI and LI for the same pixel position (for example
ails of Mia in TRi and of lia in TR:

= |PI-LI]
 

 Paragraphbeginning on page 14, line 9:
Spatial processing unit 17 distributes into 1 x m matrix 21 the incoming

dud flows of Dpjjt and COxt from temporal processing unit 15. It will be appreciated that only
amc a subset of all DPijt, and COje values will be included in matrix 21, since the frame1is
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Qa (Y muchlarger, having L lines and M pixels per row (e.g., 312.5 lines and 250-800 pixels),
Q : depending uponthe TV standard used.

: _——‘- __ Paragraph beginning onpage 16,line 24:
| In matrix M3, positionsa, b,c, d, f, g, h, i around the centralpixel e

correspondto eight oriented directionsrelative to the central pixel. The eight directions

btIS~ maybeidentified using the Freeman code illustrated 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, /
I

[_ Paragraphbeginning on page 18, line 6: _
Twotests are preferably performedon theresults to removeuncertainties.

Thefirst test choosesthe strongestvariation, in other wordsthe highest time constant, if
there are variations of CO along several directions in one of the nested matrices. The
secondtest 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 ~

fa le the instance when identical lines of motion are directed in a single matrix in different .
directions. This usually arises when the actual direction of displacementis

approximately between two successive coded directions in the Freeman code, for

example between directions 1 and 2 corresponding to an (oriented) direction that canbe
denoted 1.5 (Fig. 6) of about 67.5. withthe x axis direction (direction 0 in the Freeman
code). .

 Paragraph beginning on page 20, line 6:
Fig. 9 showsthe case in which DP = 1 and CO, changesvalue by one unit

in the two specific positions Ly3 and Cys and indicates the corresponding slope Pp. In all

Gu cases, the displacement speed is a functionofthe position in which CO changesvalue by1 one unit. If CO changes by one unit in L, or C, only,it correspondsto the value of the
Cnt. CO variation position. If CO changes by one unit in a position in L, and in a position in
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C,, the speed is proportional to the distance between MR, and E, (intersection of the line
perpendicular to C, - L, passing through MR,).

\ Paragraptibeginning on page 23, line 1:
Classifier 25b enables only data having selected classification criteria to

be considered further, meaning to possiblybe included in the histograms formed by

histogram formation blocks 24-29. For example, with respect , to speed, whichis
preferably a value in the range of 0-7, classifier 25b may be set to consider only data
within aparticular speed category or categories, e.g., speed 1, speeds 3 or5, speed 3-6,

_ etc. Classifier 25b includes a register 106 that enables the classification criteria to be set
bythe 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",

e.g., register number2, only data that meets thecriteria 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 numberand bis the boolean value
stored in the register: | |

| Output= R(data(V))

So for a data point Vofmagnitude 2, the outputofclassifier 25b will be "1" only if
R(2)=1. The classifier associated with histogram formation block 24 preferably has256
registers, one register for each possible luminance valueof the image. The classifier
associated with histogram formation block 26 preferably has8 registers, one register for

each possible direction value. Theclassifier associated with histogram formation block

27 preferably has8 registers, one register for each possible value of CO. Theclassifier
associated with histogram formation block 28 preferably has the same numberof
registers as the numberofpixelsper line. Finally, the classifier associated with
histogram formation block 29 preferably has the same numberofregisters as the number
of fines per frame. The output of each classifier is communicated to each of the
validation blocks 30-35 via bus 23, in the case of histogram formationblocks 28 and 29,

through combination unit 36, which will be discussed further below.
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 Paragraphbeginning on page 23, line 26:

. Validation units 30-35 receive the classification informationin parallel
from all classification units in histogram formation blocks24 - 29. Each validation unit
generates a validation signal which is communicatedto its associated histogram
formation block 24 - 29. Thevalidation signal determines, for each incomingpixel,
whether the histogram formation block will utilize that pixel in forming its histogram.
Referring again to Fig. 14, whichshows‘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 ofprocessing, 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 maybe set by a
user or by a computer controller. Each validation unit receive via bus 23 the output of
eachofthe classifiers, in this case numbered0 ... p, keeping in mind that for any data -

_ domain,e.g., speed, the outputofthe classifier for that data domainwill 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 "1", an input of "1" is

received from the classifier for the domain of that register. This may be expressed as
an

follows:

| out = (ine + Reg, ).(ini + Reg,).:.(inn + Reg, )(in, tin, +...in, )

where Reg,is the register in the validation unit associated with input in. 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 usedto detect only data points having speed 2, direction 4,
and luminance 125 by setting eachof the following registers to "1 ": the registers in the
validation units for speed, direction, and luminance,register 2 in the speedclassifier,

register 4 in the direction classifier, and register 125 in the luminanceclassifier. In order
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to formthosepixels into a block, the registers in the validation units for the x and y
on directions would be set to "1"as well.
 

Ce

Paragraph beginning on page 24,line 24:  
Referring again to Fig. 14, validation signal V2 is updated on a pixel-by-

pixelbasis. 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 incrementthe output of memory. In anycasé, the output of adder 100
is stored in memory 100at 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

Lio memorylocations,if a pixel with speed 6 is received, the address input to multiplexor104 through the data line will be 6. Assuming that validation signal V2 is "1", the
content in memoryat 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 pixelis not in a category for which pixels are to be counted (e g., because that pixel
does not havethe correct direction, speed, or luminance), that. pixel will not be used in

 
forming the histogram.

 
 

Paragfaphbeginning on page 25, line 29: .
The system of the invention includes a semi-graphic masking function to

select pixels to be considered by. the system. Fig. 17 shows a typical image 52 consisting
of pixels 53 arranged inaQxR matrix, which is divided into sub-matrices 51 each
having a dimension of s x t, wherein each s xt sub-matrix includes s x ¢ numberofpixels

(a5 of the image. Eachsub- matrix shown in. Fig. 17 is a 3x4 matrix. In a preferred
Cio. embodiment, s=9 and f=12,although any appropriate sub-matrix size may be used,if

desired, including 1 x 1. Referringto Fig. 12, histogram processor 22a includes a semi-
graphic memory 50, which includes a one-bit memory location corresponding to each s x
t matrix. For any given sub-matrix 51, the correspondingbit in memory 50 may beset to
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"0", which has the effect ofignoringall pixels in such sub-matrix 51, or may be set to "1"
in whichcaseall pixels in such sub-matrix 51 willbe 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 ona vehicle is used to detect the lanes of the road, the pixel
information ofthe road at the farthest distances from the camera generally does not
contain useful information. Accofdingly, in such an application, the semi- graphic

memory 50is used to mask off the distarit 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.

Paragraph beginning on page 27,line 3:

In orderto 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 ofpixels 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 combinesthe 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 movingarea in

the image, to localize this area, and/or to determine its speed and orienteddirection.

Becausethe area in relative movement maybein an observation plane along directions x

and.y whichare not necessarily orthogonal, as discussed below with respectto Fig. 18, a
data change block 37 (Fig. 12) may be used to convert thex and y data to orthogonal

coordinates. Datachange block 37 receives orientation signals x(m), and y(m)o for
x(m)o and y(m)p 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
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Figs. 2, 4, and 11) and generates the orthogonal x(m); and y(m); signals that areoutput to
Cn . histogram formation blocks 28 and 29 respectively.

\ Paragraph beginning on page 27,line 20:
In orderto processpixels only within a user defined area, the x-direction

histogram formation unit 28 may be programmedto processpixels only in a class of
pixels defined by boundaries, i.e. XMIN‘and XMAX. This is accomplished bysetting the
XMIN and XMAXvaluesin a user-programmable memory in x-direction histogram
formation unit 28 or in linear combinationunits 30-35. Any pixels outside of this class
will not be processed. Similarly,y-direction histogram formation unit 29 maybeset to
processpixels only in.a class ofpixels 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 processpixels only in adefined rectangle by setting the XMIN and XMAX,
and YMIN and YMAX valuesas desired. Of course, the classification criteria and

qi9% validation criteria from theother 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

oO consideration, and the YMIN and YMAX memory locations have a sufficient number of
bits to represent themaximum numberofpixels in the y dimension of the image under
consideration. As discussed further below,the x and y axes maybe rotated in order to

create histograms of projections along the rotated axes. In a preferred embodiment, the
-XMIN, XMAX, YMIN and YMAXmemorylocations have a sufficient number ofbits to
represent the maximum numberofpixels 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-definedrotated axis
system.

 a a .4 | SAMSUNG EXHIBIT 1004
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[_ Paragraphbeginning on page 28, line 21: \
Fig. 13 diagrammatically represents the envelopes of histograms 38 and

39, respectively in x and y coordinates, for velocity data. In this example, xm and ym
represent the x and y coordinates of the maximaofthe two histograms38 and39,

whereas1, and 1, for the x axis and |,.and ly for the y axis represent the limits of the range

of significant or interesting speeds, |, and 1, being the lower limits and I, and lq being the
upperlimits of the significant portionsof the histograms. Limits I,,lp, 1, and ly may be

set by the user or by an application program using the system, maybeset as a ratio ofthe

maximum ofthe histogram,e.g., Xm/2;.0F maybeset as otherwise desired for the

particular application.

 
While the system of the invention has been described with respect to

formation of histogramsusing an orthogonal coordinate system defined bythe horizontal

and vertical axes of the video image, the system maybeusedto form histogramsusing

non-orthogonal axesthat are user-defined. Figs. 15A and 15B show a methodofusing
rotation of the analysis axis to determinethe orientation of certain points in an image, a

method which maybe used, for example to detect lines. In a preferred embodiment, the

x-axis may berotated 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 axesis

accomplished using data line change block 37 which receives as an input the user-defined

axesofrotation for each ofthe x and y axes, and which performs a Houghtransform to

convert the x and y coordinate values underconsideration 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
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rotated axes), forming histogramson the rotated axes, and searching using velocity, .
direction, etc.
 

Paragitrbeginning on page30,line 24:
Fig. 15A showsa 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 containslittle information about
the orientation of the points under consideration. As the x-axis is rotated, the ratio R
decreases, until, as shownin Fig. 158,at approximately 45° the ratio R would reach a
minimum. 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
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 axes are limited
to 16 degreesofrotation), in order to constantly ensure that Ris ata minimum. For
applications in whichit is desirable to detect lines, and assuming the availability of 16 x-
direction histogram formation units,it is advantageous to carry outthe calculation of R
simultaneously along all possible axes to determinethe angle with the minimumRto
determinethe 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 ofa road, in the same
manner.

  Paragraphbeginning onpage 31, line 11:
As discussed above, the system ofthe invention may be used to search for

objects within a bounded area defined by XMIN, XMAX, YMIN and YMAX. Because a
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 movementofthe target within the bounded area using the direction histogram, andI-
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MVT,correspondingto the intensity (velocity) of movement. Using these parameters,
controller 42 may modify the values of XMIN, XMAX, YMIN and YMAX ona frame-

q by-frame basis to ensure that the target remainsin the bounded box being searched.0s These pararheters also enable the system to determine when a moving object, e.g., a line,
(\yl that is being tracked based uponits axis of rotation, will be changing its axis of

orientation, andenable the system to anticipate a new orientation axis inorder to
maintain a minimized value ofR.

l pétaprapirbeginning on page 31, line 25:
Referringto Fig. 12, a controller 42, whichis preferably a conventional

microprocessor based controller, is used to control the various elements of the system and
to enable user input of commands and controls, such as with a computer mouse and
keyboard (not shown), or other input device. Referring to Fig. 11, components 11 and
22a, and controller 42,are preferably formed onasingle integrated circuit. Controller 42
is in communication with data bus 23, which allows controller 42 to run a program to"

GOK control various parameters that maybeset in the system and to analyze the results. In
orderto select thecriteria of pixels to be tracked, controller 42 may also directly control
the following: i) content of eachregister in classifiers 25b, ii) the contentof each register
in validation units 30-35; 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 mayalso 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.

| a. | Paragraphheginning on page 32, line 28:
' The system of the invention utilizes a video camera or other sensor to

receive images ofthe driver T in order to detect when the driveris falling asleep. While

a99 various methodsofpositioning the sensorshall be described, the sensor may generally be
Q bck positioned by any means and in any location that permits acquisition of a continuous

image of the face of the driver whenseated in the driver's seat. Thus,it is foreseen that
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sensor 310 may be mountedto thevehicle or on thevehicle in any appropriate location,

fi , 4 such as in or on the vehicle dashboard,steering wheel, door, rear-view mirror, ceiling,
etc., to enable sensor 310 to view the face of the driver. An appropriate lens may be

aad. mounted onthe sensor 310 to give the sensor a wider view if required to see drivers of
different sizes.
errrentNTRAAN
 

 
 

Parastaphbeinning on page 33, line 7:     

Figs. 18 and 19 show a conventional rear-view mirror arrangementin
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 attachedto the
vehicle body 305 through a connecting arm 304 which enables adjustment of vision axes
302a and 302b. Axes 301 and 302bare generally parallel and are oriented in the
direction of the vehicle. Optical axis 306, whichis 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

-- attachmentportion of vehicle body 305, defines an angle c betweenaxis 307 and mirror
be | face 303a whichis generally equal to angles a and b. A cameraor sensor 310 is

preferably mountedto 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, 1.e.,
toward the driver, ormay be at a fixed orientation such thatwhen the mirror is adjusted
by drivers ofdifferent sizes, the camera continues toacquire 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 shown in Figs. 18-20).

\_ Para a hnDeginnin on page 33, line 25:
Figs. 21 and 22 show a rear-view mirror assembly 308 in which sensor

nl 310 is mountedinterior to the mirror assembly. Mirror assembly 308 is adapted so that as
ane assembly 308 is adjusted bya driver, sensor 310 remainsdirected toward the face ofthe
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driver. Rear-view mirror assembly 308 includes a two-way mirror 309 having a face
309a, movablyoriented to providea rear view to the driver. Sensor 310, .which is
preferably an electronic mini-camera or MOSsensorwith a built-in lens, is axed to a
bracket 311, is oriented facingthe driver using a mechanical arrangementthat enables

sensor 310 to receive an image ofthe faceof the driver when mirror 309 is adjusted so
G3) that the driver has a rear view ofthevehiclé. The mechanical arrangement consists of a
odd . Cardan type mechanicaljoint, which causes automatic adjustment of the bracket 311. .

when the driver adjusts the rear view mirror‘so that the receiving face 310a ofsensor 310
receives the image‘of the face of the driver,1.e., optical axis 310b remains aligned toward

the head ofthe driver.

 eginning on page 34,line 26:

Sensor 310 is connected by means of one or more lead wires 318 to image
processor 319, whichis preferably an image processing system of the type discussed
above and is preferably in the form of an integrated circuit inside rear-view mirror
assembly 308. Ina preferred embodiment, image processing system 319 is integrally

G52 constructed with sensor 310. Alternatively, image processing system 319 maybelocated
exterior to mirror assembly 308 by meansof conventional lead wires. While controller

319 is preferably a microprocessor, it is foreseen that controller 319 may be an ASI@ or
simple controller designed to perform the functions specified herein, particularly if the
system is embedded,e.g. contained in a mirror assemblyorintegral with a vehicle.

| oo Paragraph beginning on page36,line 21:
As an alternative method ofdetecting the presence of the driver, if sensor

310 is mounted in a mannerthatenables (or requires) that the sensor be adjusted toward

ae the face of the driver prior touse,e.g., by adjustment of the rear-view mirror shown in-
_ Fig. 21, the system may activate an alarm until the sensor has acquired the face of the

driver.
 

th. p>
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  ParagrapMBécinning on page 36, line 25:
The driver may also be detected by using the image processing system to

detect the driver entering the driver's seat. This assumesthat the image processing
system and sensor 310 are already powered whenthe driver enters the vehicle, such as by
connecting the image processing system and sensorto a circuit of the vehicleelectrical
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 310 will be characterized by manypixels of the image being in motion

(DP=1), with CO havinga relatively high value, movingin a lateral direction away from
the driver's door. Thepixels 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 movement of the driver into the vehicle by
setting the histogram formation units to detect movement characteristics of a driver
entering the driver's seat. Most easily, controller 42 mayset 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., NBPTSexceeding a
threshold. . .
 

L . Paragtaptrbeginning on page 37, line 10:
Fig. 23 showsthe field of view 323 of sensor 310 between directions 323a

and 323b wherethe head T of the driver is within, and is preferably centered in, conical

field 323. Field 323 maybekeptrelatively narrow,given that the movementsofthe head
T ofthe driver during driving are limited. Limitation offield 323 improves the
sensitivity of the system since the driver's face will be represented in the imagesreceived
from sensor 310 by a greater number ofpixels, which improves the histogram formation
process discussed below.

| paragraph besetfg on. nage 39. line 1:

0k
Asillustrated in Fig. 24, the pixels having the selected characteristics are

formedinto histograms 324xand 324y along axes Ox and Oy, i.e., horizontal andvertical

1 .
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projections, respectively. Slight movementsofthe head ofthe driver having the
characteristics selected are indicated as ripples 327a, 327b, 327c and 327d, which are
shown in 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 325dofhistogram

324y delimit, by their respective coordinates 326a, 326b,.326c and 326d, a frame
bounded bystraight lines Ya, Yb, xc, Xd, which generally correspondto the area in which
the face V ofthe driver is located. Controller 42 reads the histograms 324x and 324y

from the histogram formationunits, preferably during the blanking interval, and detects

the locationsofpeaks 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 correspondingto the normal ranges of
human head sizes.
 

07

( Parggraph beginning on page 39, line 15: |
Oncethe location of coordinates 326a, 326b, 326c and 326d has been

established, the area surroundingthe face ofthe driver is masked from further processing
(410). Referring to Fig. 25, thisis accomplished by having controller 42 set XMIN,
XMAX, YMIN and YMAX to correspond to Xc, Xd, Ya, and Yb respectively. This
masksthe cross- hatched area surrounding face V from further consideration, whickrhelps

to eliminate background movement from affecting the ability of the system to detect the
eye(s) of the driver. Thus, for subsequent analysis, only pixels in central area Z, framed
by the lines Xc, Xd, Ya, Yb and containing face V are considered. As analternative
method of masking thearea outside central area Z, controller 42 may set the semi-graphic

memory 50 (Fig. 12) to mask off these areas. Asindicated above, the semi-graphic
memory maybe used to mask off selected pixels of the image in individualor small

rectangular groups. Since headVis 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.
 

ee
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Paragraph beginning onpage 40,line.6: 
Once the framehas been established, a Centered-Face flag is set to nye

(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 determinedin thepriorstep, controller 42 ‘initially uses the

usual anthropomorphic ratiobetween the zoneofthe eyes and the entire face for a human
being, especiallyiin the vertical direction, to reduce the areaunder consideration to cover
a smaller zone Z' boundedbylines Y'a, Y'b, X'c and X'd that includes the eyes U of the

driver. Thus, the pixels in the outer cross-hatched area ofFig. 27 are eliminated from
consideration and only the area within frameZ'is further considered. This is
accomplished by having controller42 set XMIN, XMAX, YMIN and YMAX to
correspondto X’c, Xd, 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', controller 42 mayset the semi-“graphic memory 50 to mask off these
areas. It is foreseen that an anthropomorphic ratio may be usedto set frame Z' around
only a single eye, with detection ofblinking being generally tthesame as described below,
but for one eye only.
 

[ Paragraph beginning on page Al, line 14: a
Fig. 27 illustrates histogram 328%along:axis Ox and histogram 328y along

axis Oy of the pixels with the:selected criteria corresponding to the driver's eyelids,
preferably DP=1-with verticalmovement. Controller 42 analyzesthe.histogram and
determines peaks 329a, 329b,+329¢ and.329d of the histogram. These peaks are used to

- determine horizontal lines X"cand X"d and vertical lines ¥"a and Y"b which define an
area of movement of the eyelids Z", the movements of the edges of whichare indicated at |
330a and 330b for one eye and 330c and 330dfor the other eye (424). The position of
the frame bounded by Y"a, Y"b, X"c, X"d is preferably determined and updated by time-
averaging thevalues of peaks 329a, 329b, 329c and 329d, preferably every ten frames or
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Nat less. Once the eyes have been detected and frame Z"has been established an Eye _
oe Centeredflagis set to "1" (426) and only pixels within frame Z"are thereafterprocessed.e ceNER

[ 7 Paragtaptrbéginnin on page 42, line 3:
Fig. 29Aillustrates.on curve C the variation over time ofthe numberof

pixels 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

QY 0 42 by reading NBPTSofthe x and/or y histogram formation units. Alternatively,
controller 42 may analyze the x and/or y histogramsof the histogram formation units

(Fig. 27) to detect peaks 329a and 329b and/or 329c and 3294, which overtime will
exhibit graph characteristics similar to those shown in Fig. 29A.

| Paragraptlbeginning on page 42, line10:
Controller 42 analyzes the data in Fig. 29A overtime to determine the

location and timing ofpeaksin the graph (428). This may be done, for example, as

shownin Fig. 29B, by converting the graph shown in Fig. 29A into a binary data stream,
in whichall pixel counts over a threshold are set to "1", and all pixel counts below the

uy threshold are set to "0"(vertical dashes 331), in order to convert peaks Pl, P2, P3 to(l ( framed rectangles R1, R2 R3, respectively. Finally, Fig. 29B showsthe lengths of each
blink (5, 6, and 5 frames respectively 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.

Paragraph_beginning on page 42, line 28:
Figs. 31.- 36 showan alternative method by which the generic image
 

processing system maybe usedto detect a driver falling asleep. Initially, controller 42 is

OY placed in a search mode (350) (Fig. 35), in which controller 42 scans the imageto detect
one or more image. It is also foreseenthat the entire image maybe searched at once for -
the nostrils, if desired.

BO. XM
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In the present example, only a single eye is analyzed to determine when

the driveris falling asleep. In this case the shadow of the 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 sourceis preferably positioned abovethe driver at.a position to cast a shadow
having a shape capable of detection by.the system. The anthroportiorphic modelis
preferably adaptive to motion,to features ofthe driver, and to angular changes of the
driver relative to the sensor.

 Paragraph-bepinningon page 45, line 12: .
Referring to Fig. 32, having determinedthe location of the nostrils 272 of

the driver having a center position Xy, Yn, a search box 276is established around an eye

274 ofthe driver (366). The location of search box 276is set using an anthropomorphic

model, whereinthe spatial relationship between the eyes and nose of humansis known.

Controller 42 sets XMIN, XMAX, YMIN,and YMAX< to search within the area defined

by search box 276. Controller 42 farther sets the luminance and x andy direction
histogramsto be on, with the linear combination unit for luminanceset to detect low
histogram levels relative to the rest of the image,e.g., the lowest 15% ofthe luminance
levels (368). As.a confirmation of the detection ofthe nostrils or other facial feature
being detected, search box 276, whichis established around an eye 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 ofa pupil
432, in whichthe 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

Bl
.
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pupil may be verified by comparing thee shapes of the x and y histograms to known -
characteristics of the pupil, which are generally symmetrical, keeping in mindthat the
symmetry may beaffected by the angularrelationship between the sensor and the head of
the driver.
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* - os

"5-15, 23 and 39to read as follows:
” a

Please amend claims]  
 

ye
,2,3,7

1, (Amended) A processof detecting a person falling asleep, the
process comprising: |

acquiring an imageofthe face of the person;
identifying a sub-area of the image comprisingat least one eye of the

person,including: . a
identifying the head of the person in the image; and

identifyingthe sub-area ofthe image using an anthropomorphic model,

selecting pixels within the sub-area of the image having characteristics
corresponding to characteristics of the at least one eye of the person;

forming at least one histogram ofthe selected pixels; .
analyzing the at least one histogram overtimetoidentify each opening

and closing of the eye; and |
determining from the opening and-closing informationofthe eye,

characteristics indicative of a person falling asleep.

2. (Amended) The process according to claim 1 wherein identifying
the head of the person in the image comprises: | ~

selecting pixels of the image havingcharacteristics corresponding to edges

of the head of the person;

forming histogramsofthe selected pixels projected onto forthogonal axes;
and

analyzing the histogramsofthe selected pixels to identify the edges of the
head of the person. oo

3. (Amended) A process of detecting a person falling asleep, the

process comprising:

acquiring an image of the face of the person,

sO. OK
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identifying a sub-area of the image comprising at least one eye of the
_ person, including:

identifying the location ofa 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;

selecting pixels within the sub-area ofthe image having characteristics
correspondingto characteristics of the at least one eye of the person;

forming at least onehistogram ofthe selected pixels;,

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

determining from the openingand closing informationofthe eye,

| 2) A. (Amended) A process of detecting a personfalling asleep, the
process comprising the steps of -

| acquiring an imageof the face of the person;

selecting pixels of the image having characteristics corresponding to
characteristics of at least one eyeof the person; ~

formingat least one histogram 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 of the eye,
characteristics indicative of a person falling asleep; .

wherein the step of selecting pixelsof the image comprisesselecting

pixels having low luminance levels corresponding to shadowingofthe eye; and

wherein the step of analyzing the at least one histogram comprises

analyzing the shape of the eye shadowingto determine openings and closings of the eye.
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/p. j. (Amended) A process of detecting aperson falling asleep, the
process comprising the steps of:

acquiring an image of theface 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 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 andclosing information of the eye,

characteristics indicative of a person falling asleep;
wherein the step ofselecting pixels of the image comprises selecting

pixels in movementcorrespondingto blinking; and
wherein the step of analyzing the at least one histogram comprises

analyzing the numberofpixels in movement over time to determine openings and

closings of the eye. a,| /ZPas (Amended) The process accordingtoanthe step of ,
selecting pixels of theiimage having characteristics correspondingto characteristics of at
least one eye of the person comprises selecting pixels having one or more characteristics
selected from the groupconsisting ofi) parameter DP= 1 indicative of significant
variation, ii) time constant COindicative of a blinking eyelid, iil) velocity indicative of a
blinking eyelid, and iv) up and down movement indicative of a blinking eyelid.

g ¥. - (Amended) The process according to cainfwhee the step of
identifying the locationofa facial characteristic ofthe person in the image comprises the
step of searching sub-imagesofthe image to identify the facial. characteristic.
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uA 1 Tu The process according to claim 5 wherein the step of identifyingb- 2 the locationofa facialcharacteristic of the person in the image. comprises the step of
* 3. searching sub-images ofthe imageto identify the nostrils.

| ol ZB. (Amended) The apparatus according to claim Acrcin the
histogram formation units selects pixels of the iimage having characteristics of movement

One

1

2

3. correspondingto blinking, such characteristics being selected from the group consisting
4 of i) parameter DP =1 indicative ofsignificant variation,ii) time constant CO indicative |
5 of a blinking eyelid, iii) velocity indicative of a blinking eyelid, and iv) up and down
6 movementindicative of a blinking eyelid.
 

39.|(Amended) 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
correspondingto the feature to be detected;

identifying a characteristic of the face other than the feature to be detected,
identifying a portion ofthe image ofthe face comprising the feature to be

detected using an anthropomorphic modelbasedonthe location ofthe identified facial |

ah characteristic; ~
selecting pixels of the portion of the image having characteristics

oNDAWAFPWwWNY
‘2

10 corresponding to the feature to be detected;
11 formingat least one histogram ofthe selected pixels; and
12 analyzing the at least one histogram overtime to identify characteristics of
13 the feature to be detected;

14 said feature being theiris, pupil or cornea.
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REMARKS©
Claims 1-39 are pending. Claims1, 2, 3, 7, 9-12, 23 and 39 have hereby

been amended.

' Objections to the Drawings

The drawings were objected to as failing to comply with 37 CFR
1.84(p)(5). In particular,the reference sign "327d"as mentionediin the description is not
included. A proposed correction to Fig. 24 is included, wherein "27d"is replaced with
"397d". Additionally,it is alleged'that the reference signs "10a" in Fig. 1 and "13A"in
Fig. 2 are not mentionedin the description. With regard to the reference sign "10a"
Applicants respectfully point outpage 10, line 5 and page 29,line 23 for discussion of
"10a". With regard to the reference sign "13A", correction has been made to. the
specification, specifically to the paragraph beginning at page 8, line 24, to include the
reference "13A".

The drawings were objected to because the lowermost figure on sheet 5 is
not labeled as a "figure". A proposed correction to sheet5 is included, wherein the
lowermost figure is labeled as "Figure 11".

The drawings were objected to because it appears that "Z'" in Figs. 2 and
11 should be "Z;". A proposed correction to Figures 2 and 11 are included, wherein™"Z"
is replaced with "Z,". .

The drawings were objected to because it appears that "VI" in Fig. 2
should be "VL". A proposed correction to Figure 2 is included, wherein "VI" is replaced
with "VL", |

The drawings were obj ected to because it appears that "DL"in Fig. 11
should be "DI". A proposed correction to Figure 11 is included, wherein "DL"is
replaced with "DI". a |

Additional proposed corrections to the drawings are included to conform
the drawingsto the specification. In particular, corrections were madeto Figs. 8, 16 and
‘29, No new matteris introduced bythese corrections.
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MinorErrors in Specification

_ Numerous minorerrors were identified by the Examiner. The
specification has hereby been amendedto correct the indicated minorerrors as well as
other minorerrors. No new matter is presented by such amendments.

Objections to the Claims
| Claims 3 and 9 were objected to under MPEP 608.01(m) as containing

reference characters not enclosed by parentheses. Appropriate correction has been made

in the amendmentsto claims 3 and 9 herein, by removing the reference characters.

Claims 2, 7-13 and 39 were objected to under 37 CFR 1.75(a) forfailing
to particularly point out and distinctly claim the subject mater which applicants regard as
the invention. Appropriate amendments have been madeto theseclaimsso as to more

particularly point out and distinctly claim the invention.

Rejections to the Claims
Claims 1-6, 10-13 and 23 were rejected.under 35 USC §112, second

paragraph, as being indefinite. Appropriate amendments have been madeto these claims
so as to moreparticularly point out and distinctly claim the invention. ~

Claim 39 has beenrejected under 35 USC §102(b)as being anticipated by
Gerhardtet al., U.S. Patent No. 5,481,622.

Applicants respectfully assert that Gerhardtfails to teach or suggest either

or both ofthe limitations of "identifying a characteristic of the face other than the feature
to be detected"and "identifying a portion of the image of the face comprising the feature

to be detected using an anthropomorphic model based on the location ofthe identified
facial characteristic" as is recited in amended claim 39. Accordingly, withdrawal of this

rejection is respectfully requested.
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Allowable Subject Matter

Applicants thank the Examinerfor the indicated allowability of claims 14-
22 and 24-38. | .

Claims 1-13 and 23 were indicated to be allowable if rewritten or amended

to overcome the rej ections under 35 USC §112, second paragraph. Such amendments to
the claims have been made, and Applicants respectfully assert that these claims are now
in condition for allowance.

CONCLUSION .

In view ofthe foregoing, Applicants believe all claims now pendingin this
Application are in condition for allowance. The issuanceof a formal Notice of
Allowanceat an early date is respectfully requested.

If the Examiner believes a telephone conference would expedite

prosecutionofthis application, please telephone the undersigned at 925-472-5000.

“ell7submitted,Gerald T.Aad ¢
Reg. No. 41,797

TOWNSEND and TOWNSEND and CREW LLP
Two Embarcadero Center, 8” Floor
San Francisco, California 94111-3834
Tel: 925-472-5000

Fax: 415-576-0300
GTG:kh
SF 1428653 v1

“‘’

SAMSUNG EXHIBIT 1004

Page 351 of 404



SAMSUNG EXHIBIT 1004 
Page 352 of 404



SAMSUNG EXHIBIT 1004 
Page 353 of 404



SAMSUNG EXHIBIT 1004 
Page 354 of 404



SAMSUNG EXHIBIT 1004 
Page 355 of 404



SAMSUNG EXHIBIT 1004 
Page 356 of 404



SAMSUNG EXHIBIT 1004 
Page 357 of 404



SAMSUNG EXHIBIT 1004 
Page 358 of 404



SAMSUNG EXHIBIT 1004 
Page 359 of 404



SAMSUNG EXHIBIT 1004 
Page 360 of 404



SAMSUNG EXHIBIT 1004 
Page 361 of 404



SAMSUNG EXHIBIT 1004 
Page 362 of 404



SAMSUNG EXHIBIT 1004 
Page 363 of 404



SAMSUNG EXHIBIT 1004 
Page 364 of 404



SAMSUNG EXHIBIT 1004 
Page 365 of 404



SAMSUNG EXHIBIT 1004 
Page 366 of 404



SAMSUNG EXHIBIT 1004 
Page 367 of 404



SAMSUNG EXHIBIT 1004 
Page 368 of 404



SAMSUNG EXHIBIT 1004 
Page 369 of 404



SAMSUNG EXHIBIT 1004 
Page 370 of 404



SAMSUNG EXHIBIT 1004 
Page 371 of 404



SAMSUNG EXHIBIT 1004 
Page 372 of 404



SAMSUNG EXHIBIT 1004 
Page 373 of 404



SAMSUNG EXHIBIT 1004 
Page 374 of 404



SAMSUNG EXHIBIT 1004 
Page 375 of 404



SAMSUNG EXHIBIT 1004 
Page 376 of 404



SAMSUNG EXHIBIT 1004 
Page 377 of 404



SAMSUNG EXHIBIT 1004 
Page 378 of 404



SAMSUNG EXHIBIT 1004 
Page 379 of 404



SAMSUNG EXHIBIT 1004 
Page 380 of 404



SAMSUNG EXHIBIT 1004 
Page 381 of 404



SAMSUNG EXHIBIT 1004 
Page 382 of 404



SAMSUNG EXHIBIT 1004 
Page 383 of 404



SAMSUNG EXHIBIT 1004 
Page 384 of 404



SAMSUNG EXHIBIT 1004 
Page 385 of 404



SAMSUNG EXHIBIT 1004 
Page 386 of 404



SAMSUNG EXHIBIT 1004 
Page 387 of 404



SAMSUNG EXHIBIT 1004 
Page 388 of 404



SAMSUNG EXHIBIT 1004 
Page 389 of 404



SAMSUNG EXHIBIT 1004 
Page 390 of 404



SAMSUNG EXHIBIT 1004 
Page 391 of 404



SAMSUNG EXHIBIT 1004 
Page 392 of 404



SAMSUNG EXHIBIT 1004 
Page 393 of 404



SAMSUNG EXHIBIT 1004 
Page 394 of 404



SAMSUNG EXHIBIT 1004 
Page 395 of 404



SAMSUNG EXHIBIT 1004 
Page 396 of 404



SAMSUNG EXHIBIT 1004 
Page 397 of 404



SAMSUNG EXHIBIT 1004 
Page 398 of 404



SAMSUNG EXHIBIT 1004 
Page 399 of 404



SAMSUNG EXHIBIT 1004 
Page 400 of 404



SAMSUNG EXHIBIT 1004 
Page 401 of 404



SAMSUNG EXHIBIT 1004 
Page 402 of 404



SAMSUNG EXHIBIT 1004 
Page 403 of 404



SAMSUNG EXHIBIT 1004 
Page 404 of 404


