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(57) ABSTRACT

A vehicle interior monitoring system to identify, locate and
monitor occupants, including their parts, and other objects in
the passenger compartment and objects outside of a motor
vehicle, such as an automobile or truck, by illuminating the
contents of the vehicle and objects outside of the vehicle
with electromagnetic, and specifically infrared, radiation
and using one or more lenses to focus images of the contents
onto one or more arrays of charge coupled devices (CCD
arrays). Outputs from the CCD arrays, are analyzed by
appropriate computational means employing trained pattern
recognition technologies, to classify, identify or locate the
contents or external objects. In general, the information
obtained by the identification and monitoring system is used
to affect the operation of some other system in the vehicle.
When system is installed in the passenger compartment of
an automotive vehicle equipped with an airbag, the system
determines the position of the vehicle occupant relative to
the airbag and disables deployment of the airbag if the
occupant is positioned so that he/she is likely to be injured
by the deployment of the airbag,.
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OPTICAL IDENTIFICATION AND
MONITORING SYSTEM USING PATTERN
RECOGNITION FOR USE WITH VEHICLES

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of application
Ser. No. 07/878,571 filed May 5, 1992, now abandoned, of
application Ser. No. 08/040,978 filed Mar. 31, 1993 now
abandoned, of copending application Ser. No. 08/247,760
filed May 23, 1994 and of application Ser. No. 08/239,978
filed May 9, 1994 now abandoned, the last three of which are
included herein by reference.

BACKGROUND OF THE INVENTION

1. Pror Art On OQut Of Position Occupants And Rear
Facing Child Seats

Whereas thousands of lives have been saved by airbags,
a large number of people have also been injured, some
seriously, by the deploying airbag, and thus significant
improvements need to be made in this regard. As discussed
in detail in copending patent applications Ser. Nos. 08/040,
978 and 08/239,978 cross-referenced above, for a variety of
reasons vehicle occupants may be too close to the airbag
before it deploys and can be seriously injured or killed as a
result of the deployment thereof. Also, a child in a rear
facing child seat which is placed on the right front passenger
seat is in danger of being seriously injured if the passenger
airbag deploys. For these reasons and, as first publicly
disclosed in Breed, D. S. “How Airbags Work” presented at
the International Conference on Seatbelts and Airbags in
1993, in Canada, occupant position sensing and rear facing
child seat detection is required.

Initially these systems will solve the out-of-position occu-
pant and the rear facing child seat problems related to
current airbag systems and prevent unneeded airbag deploy-
ments when a front seat is unoccupied. However, airbags are
now under development to protect rear seat occupants in
vehicle crashes and all occupants in side impacts. A system
will therefore be needed to detect the presence of occupants,
determine if they are out-of-position and to identify the
presence of a rear facing child seat in the rear seat. Future
automobiles are expected to have eight or more airbags as
protection is sought for rear seat occupants and from side
impacts. In addition to eliminating the disturbance and
possible harm of unnecessary airbag deployments, the cost
of replacing these airbags will be excessive if they all deploy
in an accident needlessly.

Inflators now exist which will adjust the amount of gas
flowing to the airbag to account for the size and position of
the occupant and for the severity of the accident. The vehicle
identification and monitoring system (VIMS) discussed in
patent application Ser. No. 08/239,978 will control such
inflators based on the presence and position of vehicle
occupants or of a rear facing child seat. The instant invention
is an improvement on that VIMS system and uses an
advanced optical system comprising one or more CCD
(charge coupled device) arrays and a source of illumination
combined with a trained neural network pattern recognition
system.

The need for an occupant out-of-position sensor has been
observed by others and several methods have been disclosed
in U.S. patents for determining the position of an occupant
of a motor vehicle. Each of these systems, however, have
significant limitations. In White et al. (U.S. Pat. No. 5,071,
160), for example, a single acoustic sensor and detector is
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disclosed and, as illustrated, is mounted lower than the
steering wheel. White et al. correctly perceive that such a
sensor could be defeated, and the airbag falsely deployed, by
an occupant adjusting the control knobs on the radio and
thus they suggest the use of a plurality of such sensors.

Mattes et al. (U.S. Pat. No. 5,118,134) disclose a variety
of methods of measuring the change in position of an
occupant including ultrasonic, active or passive infrared and
microwave radar sensors, and an electric eye. Their use of
these sensors is to measure the change in position of an
occupant during a crash and use that information to access
the severity of the crash and thereby decide whether or not
to deploy the airbag. They are thus using the occupant
motion as a crash sensor. No mention is made of determining
the out-of-position status of the occupant or of any of the
other features of occupant monitoring as disclosed in the
above cross-referenced patent applications. It is interesting
to note that nowhere does Mattes et al. discuss how to use
active or passive infrared to determine the position of the
occupant. As pointed out in the above cross-referenced
patent applications, direct occupant position measurement
based on passive infrared is probably not possible and, until
very recently, was very difficult and expensive with active
infrared requiring the modulation of an expensive GaAs
infrared laser. Since there is no mention of these problems,
the method of use contemplated by Mattes et al. must be
similar to the electric eye concept where position is mea-
sured indirectly as the occupant passes by a plurality of
longitudinally spaced-apart sensors.

The object of an occupant out-of-position sensor is to
determine the location of the head and/or chest of the vehicle
occupant relative to the airbag since it is the impact of either
the head or chest with the deploying airbag which can result
in serious injuries. Both White et al. and Mattes et al.
disclose only lower mounting locations of their sensors
which are mounted in front of the occupant such as on the
dashboard or below the steering wheel. Both such mounting
locations are particularly prone to detection errors due to
positioning of the occupant’s hands, arms and legs. This
would require at least three, and preferably more, such
sensors and detectors and an appropriate logic circuitry
which ignores readings from some sensors if such readings
are inconsistent with others, for the case, for example, where
the driver’s arms are the closest objects to two of the sensors.

White et al. also disclose the use of error correction
circuitry, without defining or illustrating the circuitry, to
differentiate between the velocity of one of the occupant’s
hands as in the case where he/she is adjusting the knob on
the radio and the remainder of the occupant. Three ultrasonic
sensors of the type disclosed by White et al. might, in some
cases, accomplish this differentiation if two of them indi-
cated that the occupant was not moving while the third was
indicating that he or she was. Such a combination, however,
would not differentiate between an occupant with both hands
and arms in the path of the ultrasonic transmitter at such a
location that they were blocking a substantial view of the
occupant’s head or chest. Since the sizes and driving posi-
tions of occupants are extremely varied, trained pattern
recognition systems, such as neural networks, are required
when a clear view of the occupant, unimpeded by his/her
extremities, cannot be guaranteed.

Fujita et al., in U.S. Pat. No. 5,074,583, illustrate another
method of determining the position of the occupant but do
not use this information to suppress deployment if the
occupant is out-of-position. In fact, the closer that the
occupant gets to the airbag the faster the inflation rate of the
airbag is according to the Fujita patent, which thereby
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increases the possibility of injuring the occupant. Fujita et al.
do not measure the occupant directly but instead determine
his or her position indirectly from measurements of the seat
position and the vertical size of the occupant relative to the
seat. This occupant height is determined using an ultrasonic
displacement sensor mounted directly above the occupant’s
head.

As discussed above, the optical systems described herein
are also applicable for many other sensing applications both
inside and outside of the vehicle compartment such as for
sensing crashes before they occur as described in copending
patent application Ser. No. 08/239,978 cross-referenced
above, for a smart headlight adjustment system and for a
blind spot monitor.

2. Definitions

The use of pattern recognition is central to the instant
invention as well as those cross-referenced patent applica-
tions above. Nowhere in the prior art is pattern recognition
which is based on training, as exemplified through the use of
neural networks, mentioned for use in monitoring the inte-
rior or exterior environments of the vehicle. “Pattern rec-
ognition” as used herein will mean any system which
processes a signal that is generated by an object, or is
modified by interacting with an object, in order to determine
which one of a set of classes that the object belongs to. Such
a system might determine only that the object is or is not a
member of one specified class, or it might attempt to assign
the object to one of a larger set of specified classes, or find
that it is not a member of any of the classes in the set. The
signals processed are generally electrical signals coming
from transducers which are sensitive to either acoustic or
electromagnetic radiation and, if electromagnetic, they can
be cither visible light, infrared, ultraviolet or radar. A train-
able or a trained pattern recognition system as used herein
means a pattern recognition system which is taught various
patterns by subjecting the system to a variety of examples.
The most successful such system is the neural network.

To “identify” as used herein will mean to determine that
the object belongs to a particular set or class. The class may
be one containing, for example, all rear facing child seats,
one containing all human occupants, or all human occupants
not sitting in a rear facing child seat depending on the
purpose of the system. In the case where a particular person
is to be recognized, the sct or class will contain only a single
clement, i.e., the person to be recognized.

An “occupying item” of a seat may be a living occupant
such as a human being or a dog, another living organism
such as a plant, or an inanimate object such as a box or bag
of groceries.

In the description herein on anticipatory sensing, the term
“approaching” when used in connection with the mention of
an object or vehicle approaching another will mean the
relative motion of the object toward the vehicle having the
anticipatory sensor system. Thus, in a side impact with a
tree, the tree will be considered as approaching the side of
the vehicle and impacting the vehicle. In other words, the
coordinate system used in general will be a coordinate
system residing in the target vehicle. The “target” vehicle is
the vehicle which is being impacted. This convention per-
mits a general description to cover all of the cases such as
where () a moving vehicle impacts into the side of a
stationary vehicle, (ii) where both vehicles are moving when
they impact, or (iii) where a vehicle is moving sideways into
a stationary vehicle, tree or wall.

3. Pattern Recognition Prior Art

Japanese patent 3-42337 (A) to Ueno discloses a device
for detecting the driving condition of a vehicle driver

10

15

20

25

30

35

40

45

55

60

65

4

comprising a light emitter for irradiating the face of the
driver and a means for picking up the image of the driver and
storing it for later analysis. Means are provided for locating
the eyes of the driver and then the irises of the eyes and then
determining if the driver is looking to the side or sleeping.
Ueno determines the state of the eyes of the occupant rather
than determining the location of the eyes relative to the other
parts of the vehicle passenger compartment. Such a system
can be defeated if the driver is wearing glasses, particularly
sunglasses, or another optical device which obstructs a clear
view of his/her eyes. Pattern recognition technologies such
as neural networks are not used.

U.S. Pat. No. 5,008,946 to Ando uses a complicated set of
rules to isolate the eyes and mouth of a driver and uses this
information to permit the driver to control the radio, for
example, or other systems within the vehicle by moving his
eyes and/or mouth. Ando uses natural light and illuminates
only the head of the driver. He also makes no use of trainable
pattern recognition systems such as neural networks, nor is
there any attempt to identify the contents of the vehicle nor
of their location relative to the vehicle passenger compart-
ment. Rather, Ando is limited to control of vehicle devices
by responding to motion of the driver’s mouth and eyes.

U.S. Pat. No. 5,298,732 to Chen also concentrates in
locating the eyes of the driver so as to position a light filter
between a light source such as the sun or the lights of an
oncoming vehicle, and the driver’s eyes. Chen does not
explain in detail how the eyes are located but does supply a
calibration system whereby the driver can adjust the filter so
that it is at the proper position relative to his or her eyes.
Chen references the use of an automatic equipment for
determining the location of the eyes but does not describe
how this equipment works. In any event, there is no mention
of monitoring the position of the occupant, other that the
eyes, of determining the position of the eyes relative to the
passenger compartment, or of identifying any other object in
the vehicle other than the driver’s eyes. Also, there is no
mention of the usc of a trainable pattern recognition system.

U.S. Pat. No. 5,305,012 to Faris also describes a system
for reducing the glare from the headlights of an oncoming
vehicle. Faris locates the eyes of the occupant by the use of
two spaced apart infrared cameras using passive infrared
radiation from the eyes of the driver. Again, Faris is only
interested in locating the driver’s eyes relative to the sun or
oncoming headlights and does not identify or monitor the
occupant or locate the occupant relative to the passenger
compartment or the airbag. Also, Faris does not use trainable
pattern recognition techniques such as neural networks.
Faris, in fact, does not even say how the eyes of the occupant
are located but refers the reader to a book entitled Robot
Vision (1991) by Berthold Horn, published by MIT Press,
Cambridge, Mass. Also, Faris uses the passive infrared
radiation rather than illuminating the occupant with active
infrared radiation or in general electromagnetic radiation as
in the instant invention.

The use of neural networks as the pattern recognition
technology is central to this invention since it makes the
monitoring system robust, reliable and practical. The result-
ing algorithm created by the neural network program is
usually only a few lines of code written in the C computer
language as opposed to typically hundreds of lines when the
techniques of the above patents to Ando, Chen and Faris are
implemented. As a result, the resulting systems are easy to
implement at a low cost making them practical for automo-
tive applications. The cost of the CCD arrays, for example,
have been prohibitively expensive until very recently ren-
dering their use for VIMS impractical. Similarly, the imple-
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mentation of the techniques of the above referenced patents
requires expensive microprocessors while the implementa-
tion with neural networks and similar trainable pattern
recognition technologies permits the use of low cost micro-
processors typically costing less than $5.

The present invention uses sophisticated trainable pattern
recogunition capabilities such as neural networks. Usually the
data is preprocessed, as discussed below, using various
feature extraction. An example of such a pattern recognition
system using neural networks on sonar signals is discussed
in two papers by Gorman, R. P. and Sejnowski, T. J.
“Analysis of Hidden Units in a Layered Network Trained to
Classify Sonar Targets”, Neural Networks, Vol. 1. pp. 75-89,
1988, and “Learned Classification of Sonar Targets Using a
Massively Parallel Network”, IEEE Transactions on
Acoustics, Speech, and Signal Processing, Vol. 36, No. 7,
July 1988. Examples of feature extraction techniques can be
found in U.S. Pat. No. 4,906,940 entitled “Process and
Apparatus for the Automatic Detection and Extraction of
Features in Images and Displays” to Green et al. Examples
of other more advanced and efficient pattern recognition
techniques can be found in U.S. Pat. No. 5,390,136 entitled
“Artificial Neuron and Method of Using Same and U.S.
patent application Ser. No. 08/076,601 entitled “Neural
Network and Method of Using Same” to Wang, S. T. Other
examples include U.S. Pat. Nos. 5,235,339 (Morrison et al.),
5,214,744 (Schweizer et al), 5,181,254 (Schweizer et al),
and 4,881,270 (Knecht et al). All of the above references are
included herein by reference.

4. Optics

Optics can be used in several configurations for monitor-
ing the interior of a passenger compartment of an automo-
bile. In one known method, a laser optical system uses a
GaAs infrared laser beam to momentarily illuminate an
object, occupant or child seat, in the manner as described
and illustrated in FIG. 8 of the copending patent application
Ser. No. 08/040,978 cross-referenced above. The receiver
can be a charge coupled device or CCD, (a type of TV
camera) to receive the reflected light. The laser can either be
used in a scanning mode, or, through the use of a lens, a cone
of light can be created which covers a large portion of the
object. In these configurations, the light can be accurately
controlled to only ifluminate particular positions of interest
within the vehicle. In the scanning mode, the receiver need
only comprise a single or a few active elements while in the
case of the cone of light, an array of active elements is
nceded. The laser system has one additional significant
advantage in that the distance to the illuminated object can
be determined as disclosed in the 08/040,978 patent appli-
cation.

In a simpler case, light generated by a non-coherent light
emitting diode device is used to illuminate the desired area.
In this case, the area covered is not as accurately controlled
and a larger CCD array is required. Recently, however, the
cost of CCD arrays has dropped substantiaily with the result
that this configuration is now the most cost effective system
for monitoring the passenger compartment as long as the
distance from the transmitter to the objects is not needed. If
this distance is required, then either the laser system, a
stereographic system, a focusing system, or a combined
ultrasonic and optic system is required. A mechanical focus-
ing system, such as used on some camera systems can
determine the initial position of an occupant but is too slow
to monitor his/her position during a crash. A distance mea-
suring system based of focusing is described in U.S. Pat. No.
5,193,124 (Subbarao) which can either be used with a
mechanical focusing system or with two cameras, the latter
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of which would be fast enough. Although the Subbarao
patent provides a good discussion of the camera focusing art
and is therefore included herein by reference, it is a more
complicated system than is needed for the practicing the
instant invention. In fact, a neural network can also be
trained to perform the distance determination based on the
two images taken with different camera settings or from two
adjacent CCD’s and lens having different properties as the
cameras disclosed in Subbarao making this technique prac-
tical for the purposes of this instant invention. Distance can
also be determined by the system disclosed in U.S. Pat. No.
5,003,166 (Girod) by the spreading or defocusing of a
pattern of structured light projected onto the object of
interest.

In each of these cases, regardless of the distance mea-
surement system used, a trained pattern recognition system,
as defined above, is used in the instant invention to identify
and classify, and in some cases to locate, the illuminated
object and its constituent parts.

5. Optics And Acoustics

The laser systems described above are expensive due to
the requirement that they be modulated at a high frequency
if the distance from the airbag to the occupant, for example,
needs to be measured. Both laser and non-laser optical
systems in general are good at determining the location of
objects within the two dimensional plane of the image and
the modulated laser system in the scanning mode can
determine the distance of each part of the image from the
receiver. It is also possible to determine distance with the
non-laser system by focusing as discussed above, or stereo-
graphically if two spaced apart receivers are used and, in
some cases the mere location in the field of view can be used
to estimate the position relative to the airbag, for example.
Finally, a recently developed pulsed quantum well diode
laser does provide inexpensive distance measurements as
discussed below.

Acoustic systems are also quite effective at distance
measurements since the relatively low speed of sound per-
mits simple electronic circuits to be designed and minimal
microprocessor capability is required. If a coordinate system
is used where the z axis is from the transducer to the
occupant, acoustics are good at measuring z dimensions
while simple optical systems using a single CCD are good
at measuring x and y dimensions. The combination of
acoustics and optics, therefore, permits all three measure-
ments to be made with low cost components.

One example of a system using these ideas is an optical
system which floods the passenger seat with infrared light
coupled with a lens and CCD array which receives and
displays the reflected light and an analog to digital converter
(ADC) which digitizes the output of the CCD and feeds it to
an Artificial Neural Network (ANN) or other pattern recog-
nition system , for analysis. This system uses an ultrasonic
transmitter and receiver for measuring the distances to the
objects located in the passenger seat. The receiving trans-
ducer feeds its data into an ADC and from there into the
ANN. The same ANN can be used for both systems thereby
providing full three dimensional data for the ANN to ana-
lyze. This system, using low cost components, will permit
accurate identification and distance measurements not pos-
sible by either system acting alone. If a phased array system
is added to the acoustic part of the system as disclosed in
copending patent application (ATI-102), the optical part can
determine the location of the driver’s ears, for example, and
the phased array can direct a narrow beam to the location
and determine the distance to the occupant’s ears.
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6. Applications

The applications for this technology are numerous as
described in the copending patent applications listed above.
They include: (i) the monitoring of the occupant for safety
purposes to prevent airbag deployment induced injuries, (ii)
the locating of the eyes of the occupant to permit automatic
adjustment of the rear view mirror(s), (iii) the location of the
seat to place the eyes at the proper position to eliminate the
parallax in a heads-up display in night vision systems, (iv)
the location of the ears of the occupant for optimum adjust-
ment of the entertainment system, (v) the identification of
the occupant for security reasons, (vi) the determination of
obstructions in the path of a closing door or window, (vii) the
determination of the position of the occupant’s shoulder so
that the seat belt anchorage point can be adjusted for the best
protection of the occupant, (viii) the determination of the
position of the rear of the occupants head so that the headrest
can be adjusted to minimize whiplash injuries in rear
impacts, (ix) anticipatory crash sensing, (x) blind spot
detection, (xi) smart headlight dimmers, and many others. In
fact, over forty products alone have been identified based on
the ability to identify and monitor objects and parts thereof
in the passenger compartment of an automobile or truck.

SUMMARY OF THE INVENTION

This invention is a system to identify, locate and monitor
occupants, including their parts, and other objects in the
passenger compartment and objects outside of a motor
vehicle, such as an automobile or truck, by illuminating the
contents of the vehicle and objects outside of the vehicle
with electromagnetic, and specifically infrared, radiation
and using one or more lenses to focus images of the contents
onto one or more arrays of charge coupled devices (CCD
arrays). Outputs from the CCD arrays, are analyzed by
appropriate computational means employing trained pattern
recognition technologies, to classify, identify or locate the
contents or external objects. In general, the information
obtained by the identification and monitoring system is used
to affect the operation of some other system in the vehicle.

When the vehicle interior monitoring system of this
invention is installed in the passenger compartment of an
automotive vehicle equipped with a passenger protective
device, such as an inflatable airbag, and the vehicle is
subjected to a crash of sufficient severity that the crash
sensor has determined that the protective device is to be
deployed, the system in accordance with the invention
determines the position of the vehicle occupant relative to
the airbag and disables deployment of the airbag if the
occupant is positioned so that he/she is likely to be injured
by the deployment of the airbag.

In some implementations of the invention, one or more
ultrasonic transmitters and receivers are added to the system
to provide a measurement of the distance from the
transmitter/receiver to the objects of interest. In some of
these implementations, a phased array system is used to
permit the ultrasonic waves from the ultrasonic transmitters
to be narrowly focused onto a particular location of an
object. In other implementations, the source of infrared light
is a modulated laser which permits an accurate measurement
of the distance to the point of reflection. In still other cases,
a focusing system is used to determine the distance to the
object. Finally, in yet other cases a GaAs pulsed quantum
well laser system is used to measure distance directly to a
point of interest.

Principle objects and advantages of the optical sensing
system in accordance with the invention are:
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1. To recognize the presence of a human on a particular
seat of a motor vehicle and to use this information to
affect the operation of another vehicle system such as
the airbag, heating and air conditioning, or entertain-
ment syslems, among others.

2. To recognize the presence of a human on a particular
seat of a motor vehicle and then to determine his/her
position and to use this position information to affect
the operation of another vehicle system.

3. To determine the position, velocity or size of an
occupant in a motor vehicle and to utilize this infor-
mation to control the rate of gas generation, or the
amount of gas generated by an airbag inflator system.

4. To determine the presence or position of rear seated
occupants in the vehicle and to use this information to
affect the operation of a rear seat protection airbag for
frontal impacts.

5. To recognize the presence of a rear facing child seat on
a particular seat of a motor vehicle and to use this
information to affect the operation of another vehicle
system such as the airbag system.

6. To determine the approximate location of the eyes of a
driver and to use that information to control the posi-
tion of the rear view mirrors of the vehicle.

7. To monitor the position of the head of the vehicle driver
and determine whether the driver is falling asleep or
otherwise impaired and likely to lose control of the
vehicle and to use that information to affect another
vehicle system.

8. To provide an occupant position sensor which reliably
permits, and in a timely manner, a determination to be
made that the occupant is out of position, or will
become out of position, and likely to be injured by a
deploying airbag and to then output a signal to suppress
the deployment of the airbag.

9. To provide an anticipatory sensor which permits accu-
rate identification of the about-to-impact object in the
presence of snow and/or fog whereby the sensor is
located within the vehicle.

10. To provide a smart headlight dimmer system which
senses the headlights from an oncoming vehicle or the
tail lights of a vehicle in front of the subject vehicle and
identifies these lights differentiating them from reflec-
tions from signs or the road surface and then sends a
signal to dim the headlights.

11. To provide a blind spot detector which detects and
categorizes an object in the driver’s blind spot and
warns the driver in the event the driver begins to change
lanes, for example, or continuously informs the driver
of the state of occupancy of the blind spot.

These and other objects and advantages will become
apparent from the following description of the preferred
embodiments of the vehicle identification and monjtoring
system of this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a side planar view, with certain portions
removed or cut away, of a portion of the passenger com-
partment of a vehicle showing several preferred mounting
locations of interior vehicle monitoring sensors shown par-
ticularly for sensing the vehicle driver illustrating the wave
pattern from an ultrasonic mirror mounted position sensor.

FIG. 1B is a view as in FIG. 1A illustrating the wave
pattern from an optical system using an infrared light source
and a CCD array receiver using the windshield as a reflec-
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tion surface and showing schematically the interface
between the vehicle interior monitoring system of this
invention and an instrument panel mounted inattentiveness
warning light or buzzer and reset button.

FIG. 1C is a view as in FIG. 1A illustrating the wave
pattern from a set of ultrasonic transmitters/receivers where
the spacing of the transducers and the phase of the signals
permits an accurate focusing of the ultrasonic beam and thus
the accurate measurement of a particular point on the surface
of the driver.

FIG. 1D is a view as in FIG. 1A illustrating the wave
pattern from an optical system using an infrared light source
and a CCD array receiver where the CCD array receiver is
covered by a fisheye lens permitting a wide angle view of the
contents of the passenger compartment.

FIG. 1E is a view as in FIG. 1A illustrating the wave
pattern from a pair of small CCD array receivers and one
infrared transmitter where the spacing of the CCD arrays
permits an accurate measurement of the distance to features
on the occupant.

FIG. 2 is a side view, with certain portions removed or cut
away, of a portion of the passenger compartment of a vehicle
showing preferred mounting locations of optical interior
vehicle monitoring sensors.

FIG. 3 is a circuit schematic illustrating the use of the
vehicle interior monitoring sensor used as an occupant
position sensor in conjunction with the remainder of the
inflatable restraint system.

FIG. 4 is a schematic illustrating the circuit of an occupant
position sensing device using a modulated infrared signal,
beat frequency and phase detector system.

FIG. § is a side planer view with parts cutaway and
removed of a vehicle showing the passenger compartment
containing a driver and a preferred mounting location for an
occupant position sensor for use in side impacts and also of
a rear of occupant’s head locator for use with a headrest
adjustment system to reduce whiplash injuries in rear impact
crashes.

FIG. 6 is a side plan view of the interior of an automobile,
with portions cut away and removed, with two occupant
height measuring sensors, one mounted into the headliner
above the occupant’s head and the other mounted onto the
A-pillar and also showing a seatbelt associated with the seat
where the seatbelt has an adjustable upper anchorage point
which is antomatically adjusted corresponding to the height
of the occupant.

FIG. 7 is a perspective view of a vehicle about to impact
the side of another vehicle showing the location of the
various parts of the anticipatory sensor system of this
invention.

FIG. 7A is a view of the section designated 7A in FIG. 7.

FIG. 8 is a side planar view, with certain portions removed
or cut away, of a portion of the passenger compartment
illustrating a sensor for sensing the headlights of an oncom-
ing vehicle and/or the taillights of a leading vehicle used in
conjunction with an automatic headlight dimming system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring now to the drawings, a section of the passenger
compartment of an automobile is shown generally as 100 in
FIGS. 1A through 1E. A driver 101 of a vehicle sits on a seat
102 behind a steering wheel 103 which contains an airbag
assembly 104. Five transmitter and/or receiver assemblies
110, 111, 112, 113 and 114 are positioned at various places
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in the passenger compartment to determine the location of
the head, chest and torso of the driver relative to the airbag
and to otherwise monitor the interior of the passenger
compartment. Control circuitry 120 is connected to the
transmitter/receivers 110-114 and controls the transmission
from the transmitters and captures the return signals from
the receivers. Control circuitry 120 usually contains analog
to digital converters (ADCs), a microprocessor containing
sufficient memory and appropriate software including pat-
tern recognition algorithms, and other appropriate drivers,
signal conditioners, signal generators, etc. Usually, in any
given implementation, only one or two of the transmitters
and receivers would be used depending on their mounting
locations as described below.

FIG. 1A illustrates a typical wave pattern of ultrasonic
waves from transmitter/receiver 114, In this embodiment,
the transmitter/receiver 114 comprises an ultrasonic trans-
ducer which will generally be used in conjunction with an
optical transmitter and CCD array such as shown at 110, 112
and 113. The optical systems, i.e., the optical transmitter and
CCD array, map the location of the occupant(s), objects and
features thereof, in a two dimensional image by the CCD
array and ultrasonic transmitter/receiver 114 determines the
distance from the sensor to the occupant. When used for
monitoring the passenger seat, the optical system 110 deter-
mines that the seat is occupied and identifies the occupying
item and then the ultrasonic system such as 114 determines
the location of the occupant relative to the airbag. The
optical system identifies what it is that the ultrasonic system
is measuring and determines which echo is from the occu-
pant’s head or chest as opposed to some other object. The
transmitter/receiver 114 may be mounted to a rear view
mirror 105.

In the case of FIG. 1A, transmitter/receiver 114 emits
ultrasonic acoustical waves which bounce off the head and
chest of the driver and return thereto. Periodically, the
device, as commanded by control circuit 120, transmits a
burst of ultrasonic waves at about 50 kilohertz, for example,
and the reflected signal is detected by the same or a different
device. An associated electronic circuit or algorithm in
control circuit 120 measures the time between the transmis-
sion and the reception of the ultrasonic waves and thereby
determines the distance from the transmitter/receiver to the
driver, passenger or other occupying item based on the
velocity of sound. This information is then sent to the crash
sensor and diagnostic circuitry, which may also be resident
in 120, which determines if the occupant is close enough to
the airbag that a deployment might, by itself, cause injury
which exceeds that which might be caused by the accident
itself In such a case, the circuit disables the airbag system
and thereby prevents its deployment. In an alternate case, the
sensor algorithm assesses the probability that a crash requir-
ing an airbag is in process and waits until that probability
exceeds an amount that is dependent on the position of the
occupant. Thus, for example, the sensor might decide to
deploy the airbag based on a need probability assessment of
50%, if the decision must be made immediately for an
occupant approaching the airbag, but might wait until the
probability rises to 95% for a more distant occupant.
Although a driver system has been illustrated, the front and
rear seat passenger systems would be similar.

In another implementation, the sensor algorithm may
determine the rate that gas is generated to affect the rate that
the airbag is inflated. In all of these cases, the position of the
occupant is used to affect the deployment of the airbag either
as to whether or not it should be deployed at all, the time of
deployment or the rate of inflation.
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An optical infrared transmitter and receiver assembly is
shown generally at 112 in FIG. 1B and is mounted onto the
instrument panel facing the windshield. Device 112, shown
enlarged, comprises a source of infrared radiation, or
another form of electromagnetic radiation, and a charge
coupled device array (CCD array) of typically 160 pixels by
160 pixels. In this embodiment, the windshield is used to
reflect the illumination light provided by the infrared radia-
tion and also the light reflected back by the objects in the
passenger compartment, in a manner similar to the “heads-
up” display which is now being offered on several automo-
bile models. The “heads-up” display, of course, is currently
used only to display information to the driver and is not used
to reflect light from the driver to a receiver. Once again,
unless one of the distance measuring systems as described
below is used, this system alone cannot be used to determine
distances from the objects to the sensor. Its main purpose is
object identification and monitoring.

Device 112 is actually about two cm. in diameter and is
shown greatly enlarged in FIG. 1B. Also, the reflection area
on the windshield is considerably smaller than illustrated
and special provisions are made to assure that this area of the
windshield is flat and reflective as is done generally when
heads-up displays are used.

The system illustrated in FIG. 1B uses a single CCD array
and thus, since this device is small, it cannot in general be
used to achieve a stereographic image and thus some other
method is necessary to determine the distance to the object.
If two spaced apart CCD arrays are used, however, then the
distance to the various objects within the passenger com-
partment can be found by using a simple algorithm which
locates similar features on both images and determines their
relative location on the images. An alternate method is to use
a lens with a short focal length. In this case, the lens is
mechanically focused to determine the clearest image and
thereby obtain the distance to the object. This is similar to
certain camera auto-focusing systems such as one manufac-
tured by Fuji of Japan. Naturally, other methods can be used
as described in the patents referenced above.

Once a vehicle interior monitoring system employing a
sophisticated pattern recognition system, such as a neural
network is in place, it is possible to monitor the motions of
the driver over time, and his/her response to various stimuli,
and determine if he is falling asleep or has otherwise become
incapacitated. In such an event, the vehicle can be caused to
respond in a number of different ways. One such system is
illustrated in FIG. 1B and consists of a monitoring system
having transducer device 112 plus a microprocessor in
control circuit 120 programmed to compare the motions of
the driver over time and trained to recognize changes in
behavior representative of becoming incapacitated. If the
system determines that there is a reasonable probability that
the driver has fallen asleep, for example, then it can turn on
a warning light shown here as 124 or send a warning sound.
If the driver fails to respond to the warning by pushing a
button 122, for example, then the horn and lights can be
operated in a manner to warn other vehicles and the vehicle
brought to a stop. Naturally other responses can also be
programmed and other tests of driver attentiveness can be
used without resorting to attempting to monitor the motions
of the driver’s eyes.

An even more sophisticated system of monitoring the
behavior of the driver is to track the driver’s eye motions
using such techniques as are described in: Freidman et al.,
U.S. Pat. No. 4,648,052 entitled “Eye Tracker Communica-
tion System”; Heyner et al., U.S. Pat. No. 4,720,189 entitled
“Eye Position Sensor”; Hutchinson, U.S. Pat. No. 4,836,670
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entitled “Eye Movement Detector”; and Hutchinson, U.S.
Pat. No. 4,950,069 entitled “Eye Movement Detector With
Improved Calibration and Speed”, all of which are included
herein by reference as well as U.S. Pat. Nos. 5,008,946 and
5,305,012 referenced above. The detection of the impaired
driver in particular can be best determined by these tech-
niques. These systems make use of sophisticated pattern
recognition techniques plus, in many cases, the transmitter
and CCD receivers must be appropriately located so that the
reflection off of the cornea of the driver’s eyes can be
detected as discussed in the above referenced patents. The
size of the CCD arrays used herein permits their location,
sometimes in conjunction with a reflective windshield,
where this corneal reflection can be detected with some
difficulty. Naturally sunglasses can interfere with this pro-
cess.

The eye tracker systems discussed above are facilitated by
the instant invention since one of the main purposes of
determining the location of the driver’s eyes either by
directly locating them with trained pattern recognition tech-
nology or by inferring their location from the location of the
driver’s head, is so that the seat can be automatically
positioned to place the driver’s eyes into the “eye-ellipse”.
The eye-ellipse is the proper location for the driver’s eyes to
permit optimal operation of the vehicle and for the location
of the mirrors etc. Thus, if we know where the driver’s eyes
are, then the driver can be positioned so that his or her eyes
are precisely situated in the eye ellipse and the reflection off
of the eye can be monitored with a small eye tracker system.
Also, by ascertaining the location of the driver’s eyes, a rear
view mirror positioning device can be controlled to adjust
the same to an optimal position.

A more accurate acoustic system for determining the
distance to a particular object, or a part thereof, in the
passenger compartment is exemplified by transducers 111 in
FIG. 1C. In this case, three ultrasonic transmitter/receivers
are shown spaced apart mounted onto the A-pillar of the
vehicle. The A-pillar is the forward most roof support pillar
and also supports the windshield. Due to the wavelength, it
is difficult to get a narrow beam using ultrasonics without
either using high frequencies which have limited range or a
large transducer. A commonly available 40 kHz transducer,
for example, is about 1 cm. in diameter and emits a sonic
wave which spreads at about a sixty degree angle. To reduce
this angle requires making the transducer larger in diameter.
An alternate solution is to use several transducers and to
phase the transmissions so that they arrive at the intended
part of the target in phase. Reflections from the selected part
of the target are then reinforced whereas reflections from
adjacent parts encounter interference with the result that the
distance to the brightest portion within the vicinity of
interest can be determined. By varying the phase of trans-
mission from the three transducers 111, the location of a
reflection source on a curved line can be determined. In
order to locate the reflection source in space, at least one
additional transmitter/receiver is required which is not
co-linear with the others. The accuracy of the measurement
can be determined by those skilled in the art of phased array
radar as the relevant equations are applicable here. The
waves shown in FIG. 1C coming from the three transducers
111 are actually only the portions of the waves which arrive
at the desired point in space together in phase. The effective
direction of these wave streams can be varied by changing
the transmission phase between the three transmitters. A
determination of the approximate location of a point of
interest on the occupant is accomplished by the CCD array
and appropriate analysis and the phasing of the ultrasonic
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transmitters is determined so that the distance to the desired
point can be determined.

FIG. 1D illustrates two optical systems each having a
source of infrared radiation and a CCD array receiver. The
price of CCD arrays has dropped dramatically in the last
year making them practical for interior monitoring. Trans-
ducers 110 and 113 are CCD arrays having 160 by 160 pixels
which is covered by an approximate spherical lens. This
creates a “fisheye” effect whereby light from a wide variety
of directions can be captured. One such sensor placed by the
dome light or other central position in the vehicle roof such
as 113, can monitor the entire vehicle interior with sufficient
resolution to determine the occupancy of the vehicle, for
example. CCD’s such as those used herein are available
from Marshall Electronics Inc. of Culver City, Calif. A
fisheye lens is “. . . a wide-angle photographic lens that
covers an angle of about 180°, producing a circular image
with exaggerated foreshortening in the center and increasing
distortion toward the periphery”. (The American Heritage
Dictionary of the English Language, Third Edition ,1992 by
Houghton Mifflin Company). This distortion of a fisheye lens
can be substantially changed by modifying the shape of the
lens to permit particular portions of the interior passenger
compartment to be observed. Also, in many cases the full
180° is not desirable and a lens which captures a smaller
angle may be used. Although primarily spherical lenses are
illustrated herein, it is understood that the particular lens
design will depend on the location in the vehicle and the
purpose of the particular receiver.

CCD arrays are in common use in television cameras, for
example, to convert an image into an electrical signal. For
the purposes herein, a CCD will be defined to include all
devices which are capable of converting light frequencies,
including infrared and ultraviolet, into electrical signals. The
particular CCD array used for many of the applications
disclosed herein is implemented on a single chip which is
less than two cm. in diameter. Data from the CCD array is
digitized and sent serially to an electronic circuit 120
containing a microprocessor for analysis of the digitized
data. In order to minimize the amount of data which needs
to be stored, initial processing of the image data takes place
as it is being received from the CCD array.

One method of determining distance to an object directly
without resorting to range finders is to used a mechanical
focusing system. However, the use of such an apparatus is
cumbersome, expeunsive, slow and has questionable reliabil-
ity. An alternative is to use the focusing systems described
in the above referenced U.S. Pat. Nos. 5,193,124 and
5,003,166 however such systems require expensive hard-
ware and/or elaborate algorithms. Another alternative is
illustrated in FIG. 1E where transducer 116 is an infrared
source having a wide transmission angle such that the entire
contents of the front driver’s seat is illuminated. Receiving
CCD transducers 117 and 118 are shown spaced apart so that
a stereographic analysis can be made by the control circuitry
120. This circuitry 120 contains a microprocessor with
appropriate pattern recognition algorithms along with other
circuitry as described above. In this case, the desired feature
to be located is first selected from one of the two returned
images from either CCD transducer 117 or 118. The soft-
ware then determines the location of the same feature on the
other image and thereby, through analysis familiar to those
skilled in the art, determines the distance of the feature from
the transducers.

Transducers 116-118 are illustrated mounted onto the
A-pillar of the vehicle, however, since these transducers are
quite small, typically approximately 2 cm. or less in
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diameter, they could alternately be mounted onto the wind-
shield itself, or other convenient location which provides a
clear view of the portion of the passenger compartment
being monitored.

A new class of laser range finders has particular applica-
tion here. This product, as manufactured by Power Spectra,
Inc. of Sunnyvale, Calif., is a GaAs pulsed laser device
which can measure up to 30 meters with an accuracy of <2
cm. and a resolution of <1 cm. This system is implemented
in combination with transducer 116 and one of the receiving
transducers 117 or 118 may thereby be eliminated. Once a
particular feature of an occupying item of the passenger
compartment has been located, this device is used in con-

Jjunction with an appropriate aiming mechanism to direct the

laser beam to that particular feature. The distance to that
feature 1s then known to within 2 ¢m, and with calibration
even more accurately. Note that in addition to measurements
within the passenger compartment, this device has particular
applicability in anticipatory sensing and blind spot monitor-
ing applications exterior to the vehicle.

In FIG. 2 a side view, with certain portions removed or cut
away, of a portion of the passenger compartment of a vehicle
showing preferred mounting locations of optical interior
vehicle monitoring sensors 110, 113, 210-214. Each of these
devices is illustrated as having a fisheye lens and is shown
enlarged in size for clarity. In a typical actual device, the
diameter of the lens is approximately 2 cm. and it protrudes
from the mounting surface by approximately 1 cm. This
small size renders these devices almost unnoticeable by
vehicle occupants. Note that since these devices are optical
it is important that the lens surface remains relatively clean.
Control circuitry 120 contains a self-diagnostic feature
where the image returned by one of the transducers is
compared with a stored image and the existence of certain
key features is verified. If a receiver fails this test, a warning
is displayed to the driver which indicates that cleaning of the
lens surface is required. The technology illustrated in FIG.
2 can be used for numerous purposes including: (i) the
determination of the presence of a rear facing child seat 230,
(ii) the monitoring of the rear of an occupant’s head 242, (iii)
the monitoring of the position of occupant 240, (iv) the
monitoring of the position of the occupants knees 241, (v)
the measurement of the occupant’s height using transducer
113, as well as other monitoring functions as described
elsewhere in this specification.

The occupant position sensor in any of its various forms
is integrated into the airbag system circuitry as shown
schematically in FIG. 3. In this example, the occupant
position sensors are used as an input to a smart electronic
sensor and diagnostic system. The electronic sensor deter-
mines whether the airbag should be deployed based on the
vehicle acceleration crash pulse, or crush zone mounted
crash sensors, and the occupant position sensor determines
whether the occupant is too close to the airbag and therefore
that the deployment should not take place. In FIG. 3 the
electronic crash sensor located within the sensor and diag-
nostic unit determines whether the crash is of such severity
as to require deployment of the airbag. The occupant posi-
tion sensors determine the location of the vehicle occupants
relative to the airbags and provide this information to the
sensor and diagnostic unit which then determines whether it
is safe to deploy the airbag. The arming sensor also deter-
mines whether there is a vehicle crash occurring. If the
sensor and diagnostic unit and the arming sensor both
determine that the vehicle is undergoing a crash requiring an
airbag and the position sensors determine that the occupants
are safely away from the airbags, the airbag, or inflatable
restraint system, is deployed.
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A particular implementation of an occupant position sen-
sor having a range of from O to 2 meters (corresponding to
an occupant position of from 0 to 1 meter since the signal
must travel both to and from the occupant) using infrared is
illustrated in the block diagram schematic of FIG. 4. The
operation is as follows. A 48 MHz signal, f1, is generated by
a crystal oscillator 401 and fed into a frequency tripler 402
which produces an output signal at 144 MHz. The 144 MHz
signal is then fed into an infrared diode driver 403 which
drives the infrared diode 404 causing it to emit infrared light
modulated at 144 MHz and a reference phase angle of zero
degrees. The infrared diode 404 is directed at the vehicle
occupant. A second signal f2 having a frequency of 48.05
MHz, which is slightly greater than f1, is similarly fed into
a frequency tripler 406 to create a frequency of 144.15 MHz.
This signal is then fed into a mixer 407 which combines it
with the 144 MHz signal from frequency ftripler 402. The
combined signal from the mixer 407 is then fed to filter 408
which removes all signals except for the difference, or beat
frequency, between 3 times f1 and 3 times £2, of 150 kHz.
The infrared signal which is reflected from the occupant is
received by receiver 409 and fed into pre-amplifier 411, a
resistor 410 to bias being coupled to the connection between
the receiver 409 and the pre-amplifier 411. This signal has
the same modulation frequency, 144 MHz, as the transmitted
signal but now is out of phase with the transmitted signal by
an angle x due to the path that the signal took from the
transmitter to the occupant and back to the receiver. The
output from pre-amplifier 411 is fed to a second mixer 412
along with the 144.15 MHz signal from the frequency tripler
406. The output from mixer 412 is then amplified by an
automatic gain amplifier 413 and fed into filter 414. The
filter 414 eliminates all frequencies except for the 150 kHz
difference, or beat, frequency, in a similar manner as was
done by filter 408. The resulting 150 kHz frequency,
however, now has a phase angle x relative to the signal from
filter 408. Both 150 kHz signals are now fed into a phase
detector 415 which determines the magnitude of the phase
angle x. It can be shown mathematically that, with the above
values, the distance from the transmitting diode to the
occupant is x/345.6 where x is measured in degrees and the
distance in meters.

The applications described herein have been illustrated
using the driver of the vehicle. Naturally the same systems
of determining the position of the occupant relative to the
airbag apply to front and rear seated passengers, sometimes
requiring minor modifications. It is likely that the sensor
required triggering time based on the position of the occu-
pant will be different for the driver than for the passenger.
Current systems are based primarily on the driver with the
result that the probability of injury to the passenger is
necessarily increased either by deploying the airbag too late
or by failing to deploy the airbag when the position of the
driver would not warrant it but the passenger’s position
would. With the use of occupant position sensors for both
the passenger and driver, the airbag system can be individu-
ally optimized for each occupant and result in further
significant injury reduction. In particular, either the driver or
passenger system can be disabled if either the driver or
passenger is out of position.

There is almost always a driver present in vehicles that are
involved in accidents where an airbag is needed. Only about
30% of these vehicles, however, have a passenger. If the
passenger is not present, there is usually no need to deploy
the passenger side airbag. The occupant monitoring system,
when used for the passenger side with proper pattern rec-
ognition circuitry, can also ascertain whether or not the scat
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is occupied, and if not, can disable the deployment of the
passenger side airbag and thereby save the cost of its
replacement. The same strategy applies also for monitoring
the rear seat of the vehicle. Also, a trainable pattern recog-
nition system, as used herein, can distinguish between an
occupant and a bag of groceries, for example. Finally, there
has been much written about the out of position child who
is standing or otherwise positioned adjacent to the airbag,
perhaps due to pre-crash braking. Naturally, the occupant
position sensor described herein can prevent the deployment
of the airbag in this situation as well as in the situation of a
rear facing child seat as described above.

The use of trainable pattern recognition technologies such
as neural networks is an important part of the instant
invention. These technologies are implemented using
sophisticated computer programs to analyze the patterns of
examples to determine the differences between different
categories of objects. These computer programs are trained
using a set of representative data collected during the
training phase, called the training set. After training, the
computer programs output a computer algorithm containing
the rules permitting classification of the objects of interest
based on the data obtained after installation in the vehicle.
These rules, in the form of an algorithm, are implemented in
the system which is mounted onto the vehicle. The deter-
mination of these rules is central to the pattern recognition
techniques used in this invention. Artificial neural networks
are thus far the most successful of the rule determination
approaches however research is underway to develop newer
systems with many of the advantages of neural networks,
such as learning by training, without the disadvantages, such
as the inability to understand the network and the possibility
of not converging to the best solution.

In some implementations of this invention, such as the
determination that there is an object in the path of a closing
window as described below, the rules are sufficiently obvi-
ous that a trained researcher can look at the returned optical
or acoustic signals and devise an algorithm to make the
required determinations. In others, such as the determination
of the presence of a rear facing child seat or of an occupant,
artificial neural networks are used to determine the rules.
One such set of neural network software for determining the
pattern recognition rules, is available from the NeuralWare
Corporation of Pittsburgh, Pa. Another network pattern
recognition technology is disclosed in the above referenced
Motorola patents. Numerous articles, including more that
500 U.S. patents, describe neural networks in great detail
and thus the theory and application of this technology is well
known and will not be repeated here. Except in a few
isolated situations where neural networks have been used to
solve particular problems, they have not heretofore been
applied to automobiles and trucks.

The system used in the instant invention, therefore, for the
determination of the presence of a rear facing child seat, of
an occupant, or of an empty seat is the artificial neural
network. In this case, the network operates on the returned
signals from the CCD array as sensed by transducers 521
and 522 in FIG. §, for example. For the case of the front
passenger scat, for example, through a training session, the
system is taught to differentiate between the three cases.
This is done by conducting a large number of experiments
where available child seats are placed in numerous positions
and orientations on the front passenger seat of the vehicle.
Similarly, a sufficiently large number of experiments are run
with human occupants and with boxes, bags of groceries and
other objects. As many as 1000 such experiments are run
before the neural network is sufficiently trained so that it can
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differentiate among the three cases and output the correct
decision with a very high probability.

Once the network is determined, it is possible to examine
the result using tools supplied by NeuralWare, for example,
to determine the rules which were finally arrived at by the
trial and error techniques. In that case, the rules can then be
programmed into a microprocessor. Alternately, a neural
computer can be used to implement the net directly. In either
case, the implementation can be carried out by those skilled
in the art of pattern recognition using neural networks. If a
microprocessor is used, a memory device is also required to
store the data from the analog to digital converters which
digitize the data from the receiving transducers. On the other
hand, if a neural network computer is used, the analog signal
can be fed directly from the transducers to the neural
network input nodes and an intermediate memory is not
required. Memory of some type is needed to store the
computer programs in the case of the microprocessor system
and if the neural computer is used for more than one task, a
memory is needed to store the network specific values
associated with each task.

There are several methods measuring the height of the
driver for use in automatically adjusting the seat or for
adjusting the seatbelt anchorage point. Some alternatives are
shown in FIG. 5 which is a side plan view where two height
measuring sensors, one 521 mounted into the headliner
above the occupant’s head and the other 520 mounted onto
the A-pillar are shown. These transducers may already be
present because of other implementations of the vehicle
interior identification and monitoring system described
herein.

In the above cross-referenced patent applications, ultra-
sonics was the main technology for determining occupant
height. This generally required at least two transducers since
by using transducer 521 alone, for example, the exact
position of the head is ambiguous since the transducer
measures the distance to the head regardless of what direc-
tion the head is. By knowing the distance from the head to
transducer 520, the ambiguity is substantially reduced.

Optical transducers using CCD arrays are now becoming
price competitive and, as mentioned above, will soon be the
technology of choice for interior vehicle monitoring. A
single CCD array of 160 by 160 pixels, for example, coupled
with the appropriate trained pattern recognition software,
can be used to form an image of the head of an occupant and
accurately locate the head for the purposes of this invention.

A rear-of-head detector 534 is also illustrated in FIG. 5.
This detector is used to determine the distance from the
headrest to the rear most position of the occupant’s head and
to control the position of the headrest so that it is properly
positioned behind the occupant’s head to offer optimum
support in the event of a rear impact. Although the headrest
of most vehicles is adjustable, it is rare for an occupant to
position it properly, if at all. Each year there are in excess of
400,000 whiplash injuries in vehicle impacts approximately
90,000 of which are from rear impacts (source: National
Highway Traffic Safety Administration, (NHTSAY)). A prop-
erly positioned head rest could substantially reduce the
frequency of such injuries which can be accomplished by the
head detector of this invention. The head detector 534 is
shown connected schematically to the headrest control
mechanism and circuitry 540. This mechanism is capable of
moving the headrest up and down and, in some cases,
rotating it fore and aft. An occupant position sensor for side
impacts used with a door mounted airbag system is illus-
trated at 530 in FIG. 5.
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Seatbelts are most effective when the upper attachment
point to the vehicle is positioned vertically close to the
shoulder of the occupant being restrained. If the attachment
point is too low, the occupant experiences discomfort from
the rubbing of the belt on his or her shoulder. If it is too high
the occupant may experience discomfort due to the rubbing
of the belt against his or her neck and the occupant will move
forward by a greater amount during a crash which may result
in his or her head striking the steering wheel. For these
reasons, it is desirable to have the upper seatbelt attachment
point located slightly above the occupant’s shoulder. To
accomplish this for various sized occupants, the location of
the occupant’s shoulder must be known which can be
accomplished by the vehicle interior monitoring system
described herein.

Such a system is illustrated in FIG. 6 which is a side
planer view of a seatbelt anchorage adjustment system. In
this system, an infrared transmitter and CCD array receiver
620 is positioned in a convenient location such as the
headliner located above and to the outside of the occupant’s
shoulder. An appropriate pattern recognition system as
described above is then used to determine the location and
position of the shoulder. This information is fed to the
seatbelt anchorage height adjustment system 632, shown
schematically, which moves the attachment point 631 to the
optimum vertical location for the proper placement of the
seatbelt 630.

FIG. 7 is an angular perspective overhead view of a
vehicle 710 about to be impacted in the side by an approach-
ing vehicle 720, where vehicle 710 is equipped with an
anticipatory sensor system showing a transmitter 730 trans-
mitting infrared waves toward vehicle 720. The transmitter
730 is connected to an electronic module 740. Module 740
contains circuitry 742 to drive transmitter 730 and circuitry
744 to process the returned signals from receivers 734 and
736 (FIG. 7A). Circuitry 744 contains a neural computer 745
which performs the pattern recognition determination based
on signals from receivers 734 and 736. Receivers 734 and
736 are mounted onto the B-Pillar of the vehicle and are
covered with a protective transparent cover. An alternate
mounting location is shown as 738 which is in the door
window trim panel where the rear view mirror (not shown)
is frequently attached. One additional advantage of this
system is the ability of infrared to penetrate fog and snow
which makes this technology particularly applicable for
anticipatory sensing applications.

The same system can also be used for the detection of
objects in the blind spot of the vehicle and the image
displayed for the operator to see, or a warning system
activated, if the operator attempts to change lanes, for
example. In this case, the mounting location must be chosen
to provide a good view along the side of the vehicle in order
to pickup vehicles which are about to pass vehicle 710. Each
of the locations 734, 736 and 730 provide sufficient field of
view for this application although the space immediately
adjacent to the vehicle could be missed. Alternate locations
include mounting onto the outside rear view mirror or the
addition of a unit in the rear window or C-Pillar. The mirror
location, however, does leave the device vulnerable to being
covered with ice, snow and dirt,

In both cases of the anticipatory sensor and blind spot
detector, the infrared transmitter and CCD array system
provides mainly image information to permit recognition of
the object in the vicinity of vehicle 710. To complete the
process, distance information is also require as well as
velocity information, which can in general be obtained by
differentiating the position data. This can be accomplished
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by any one of the several methods discussed above as well
as with a radar system. Radar systems, which would not be
acceptable for use in the interior of the vehicle, are now
commonly used in sensing applications exterior to the
vehicle, police radar being one well known example. Min-
iature radar systems are now available which are inexpen-
sive and fit within the available space. Another advantage of
radar in this application is that it is easy to get a transmitter
with a desirable divergence angle so that the device does not
have to be aimed. The best mode of practicing the invention
for these cases is to use radar and the second best is the
pulsed GaAs laser system, along with a CCD array, although
the use of two CCD arrays or the acoustical systems are also
good choices. Both the acoustical and the stenographic
system using the two CCD arrays have the disadvantage of
being slower than the GaAs device and the acoustical system
in addition must be mounted outside of the vehicle where it
may be affected by the accumulation of deposits onto the
active surface.

In a preferred implementation, transmitter 730 is an
infrared transmitter and receivers 734, 736 and 738 are CCD
transducers which receive the reflected infrared waves from
vehicle 720. In the implementation shown in FIG. 7, an
exterior airbag 790 is shown which deploys in the event that
a side impact is about to occur as described in copending
application Ser. No. 08/247,760 cross referenced above.

FIG. 8 illustrates the exterior monitoring system for use in
detecting the headlights of an oncoming vehicle or the tail
lights of a vehicle in front of vehicle 810. In this
embodiment, the CCD array is designed to be sensitive to
visible light and a separate source of illumination is not
used. Once again, the key to this technology is the use of
trained pattern recognition algorithms and particularly of the
artificial neural network. Here as in the other cases above
and in the co-pending patent applications referenced above,
the pattern recognition system is trained to recognize the
pattern of the headlights of an oncoming vehicle or the tail
lights of a vehicle in front of vehicle 810 and to then dim the
headlights when either of these conditions is sensed. It is
also trained to not dim the lights from other reflections such
as off of a sign post or the roadway. One problem is to
differentiate taillights where dimming is desired from distant
headlights where dimming is not desired. Three techniques
are used: (i) measurement of the spacing of the light sources,
(ii) determination of the location of the light sources relative
to the vehicle, and (iii) use of a red filter where the
brightness of the light source through the filter is compared
with the brightness of the unfiltered light. In the case of the
taillight, the brightness of the red filtered and unfiltered light
is nearly the same while there is a significant difference for
the headlight case. In this situation, either two CCD arrays
are used, one with a filter, or a filter which can be removed
either electrically, such as with a liquid crystal, or mechani-
cally.

There has thus been shown and described a monitoring
system for monitoring both the interior and the exterior of
the vehicle using an optical system with one or more CCD
arrays and other associated equipment which fulfills ali the
objects and advantages sought after. Many changes,
modifications, variations and other uses and applications of
the subject invention will, however, become apparent 10
those skilled in the art after considering this specification
and the accompanying drawings which disclose the pre-
ferred embodiments thereof All such changes,
modifications, variations and other uses and applications
which do not depart from the spirit and scope of the
invention are deemed to be covered by the invention which

is limited only by the following claims.
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What is claimed is:

1. In a motor vehicle having an interior passenger com-
partment containing at least one occupying item, an interior
monitoring system comprising:

a) illumination means for illuminating a portion of said
vehicle interior passenger compartment with electro-
magnetic radiation in which said at least one occupying
item is likely situated;

b) receiver means for receiving electromagnetic illumi-
nation reflected from said at least one occupying item
in said vehicle interior passenger compartment;

¢) processor means coupled to said receiver means for
processing said received illumination and generating an
electronic signal characteristic of said at least one
occupying item in said passenger compartment based
thereon;

d) categorization and identification means coupled to said
processor means for categorizing said electronic signal
to thereby identify said at least one occupying item,
said categorization and identification means compris-
ing trained pattern recognition means for processing
said electronic signal based on said received illumina-
tion from said at least one occupying item to provide an
identification of said at least one occupying item based
thereon, said pattern recognition means being struc-
tured and arranged to apply a pattern recognition algo-
rithm generated from data of possible occupying items
of the vehicle and patterns of received electromagnetic
illumination from the possible occupying items; and

¢) output means coupled to said categorization and iden-
tification means for affecting another system in said
vehicle in response to the identification of said at least
one occupying item.

2. The system in accordance with claim 1, wherein said
another system comprises an inflatable airbag and said at
least one occupying item is an occupant, said pattern rec-
ognition means being structured and arranged to process
said electronic signal based on said received illumination
from said occupant into a positional categorization of said
signal characteristic of the position of the occupant based on
data corresponding to patterns of received electromagnetic
illumination stored within said pattern recognition means
and associated with occupants of the vehicle in different
positions, said output means comprising means for modify-
ing the time at which inflation of said inflatable airbag is
initiated in response to the position of the occupant.

3. The system in accordance with claim 1, wherein said
another system comprises an inflatable airbag and said at
least one occupying item is an occupant, said pattern rec-
ognition means being structured and arranged to process
said electronic signal based on said received illumination
from said surfaces of the occupant into a positional catego-
rization of said signal characteristic of the position of the
occupant based on data corresponding to patterns of
received electromagnetic illumination stored within said
pattern recognition means and associated with occupants of
the vehicle in different positions, said output means com-
prising means for modifying the rate at which said inflatable
airbag is inflated in response to the position of the occupant.

4. The system in accordance with claim 1, wherein said
another system comprises an inflatable airbag and said at
least one occupying item is an occupant, said pattern rec-
ognition means being structured and arranged to process
said electronic signal based on said received illumination
from said occupant into a categorization of said signal
characteristic of the presence of the occupant based on data
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corresponding to patterns of received electromagnetic illu-
mination stored within said pattern recognition means and
associated with the presence and absence of the occupant of
the vehicle, said output means comprising means for sup-
pressing deployment of said inflatable in response to the
absence of the occupant.

5. The system in accordance with claim 1, wherein said at
least one occupying item is on an occupant, said pattern
recognition means being structured and arranged to process
said electronic signal based on said received illumination
from said occupant into a head-positional categorization of
said signal characteristic of the position of the occupant’s
head based on data corresponding to patterns of received
electromagnetic illumination stored within said pattern rec-
ognition means and associated with the head of occupants of
the vehicle in different positions, said trained pattern rec-
ognition means comprises means to categorize the motion of
the occupant’s head over time, and said output means
coupled to said pattern recognition means responds to the
category of motion of the occupant’s head over time to affect
said another system in said vehicle.

6. The sensor in accordance with claim 5, wherein said
another system comprises an alarm.

7. The sensor in accordance with claim §, wherein said
another system comprises limiting means for limiting the
speed of said vehicle.

8. The system in accordance with claim 1 wherein said
trained pattern recognition means comprises a neural net-
work.

9. The system in accordance with claim 1 wherein said
vehicle further comprises a seat and said at least one
occupying item is a rear facing child seat positioned on said
seat of said vehicle, and said another vehicle system com-
prises an airbag.

10. In a motor vehicle having an interior and an exterior,
a monitoring system for monitoring at least one object
exterior to said vehicle comprising:

2) trapsmitter means for transmitting electromagnetic

waves to illuminate the at least one exterior object;

b) reception means for receiving reflected electromag-
netic illumination from the at least one exterior object;

c) processor means coupled to said reception means for
processing said received illumination and creating an
electronic signal characteristic of said exterior object
based thereon;

d) categorization means coupled to said processor means
for categorizing said electronic signal to identify said
exterior object, said categorization means comprising
trained pattern recognition means for processing said
electronic signal based on said received illumination
from said exterior object to provide an identification of
said exterior object based thereon, said pattern recog-
nition means being structured and arranged to apply a
pattern recognition algorithm generated from data of
possible exterior objects and patterns of received elec-
tromagnetic illumination from the possible exterior
objects; and

e) output means coupled to said categorization means for
affecting another system in the vehicle in response to
the identification of said exterior object.

11. The system in accordance with claim 10, further
comprising measurement means for measuring the distance
from the at least one exterior object to said vehicle, said
measurement means comprising radar.

12. The system in accordance with claim 10, further
comprising measurement means for measuring the distance
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from the at least one exterior object to said vehicle, said
measurement means comprising a pulsed laser.

13. The system in accordance with claim 10, wherein said
another system is a warning system which is activated when
the at least one exterior object is within a specified range of
said vehicle and said vehicle driver begins to execute an
action which increases the probability of a collision with the
at least one exterior object.

14. The system in accordance with claim 10, wherein said
another system is a side impact airbag system which is
activated when the at least one exterior object is within a
specified range of said vehicle and said processor means
determines that there is a high probability of a collision with
the at least one exterior object.

15. The system in accordance with claim 10 wherein said
processor means comprises a neural network algorithm.

16. In a motor vehicle having an interior and an exterior,
an automatic headlight dimming system comprising:

a) reception means for receiving electromagnetic radia-

tion from the exterior of the vehicle;

b) processor means coupled to said reception means for
processing the received radiation and creating an elec-
tronic signal characteristic of the received radiation;

¢) categorization means coupled to said processor means
for categorizing said electronic signal to identify a
source of the radiation, said categorization means com-
prising trained pattern recognition means for process-
ing said electronic signal based on said received radia-
tion to provide an identification of the source of the
radiation based thereon, said pattern recognition means
being structured and arranged to apply a pattern rec-
ognition algorithm generated from data of possible
sources of radiation including lights of vehicles and
patterns of received radiation from the possible
sources; and

d) output means coupled to said categorization means for
dimming the headlights in said vehicle in response to
the identification of the source of the radiation.

17. The invention in accordance with claim 16 wherein
said categories further comprise radiation from taillights of
a vehicle-in-front.

18. The invention in accordance with claim 16 wherein
said trained pattern recognition algorithm comprises a neural
network.

19. The system of claim 10, wherein said reception means
comprise a CCD array.

20. The invention in accordance with claim 16, wherein
said reception means comprise a CCD array.

21. In a motor vehicle having an interior passenger
compartment containing at least one occupying item, an
interior monitoring system comprising:

a) illumination means for illuminating a portion of said
vehicle interior passenger compartment with electro-
magnetic radiation in which said at least one occupying
item is likely situated;

b) receiver means for receiving electromagnetic illumi-
nation reflected from said at least one occupying item
in said vehicle interior passenger compartment;

¢) processor means coupled to said receiver means for
processing said received illumination and generating an
electronic signal characteristic of the form of said at
least one occupying item in said passenger compart-
ment based thereon;

d) categorization and identification means coupled to said
processor means for categorizing said electronic signal
to thereby identify said at least one occupying item
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based on the form of said at least one occupying item,
said categorization and identification means compris-
ing trained pattern recognition means for applying a
pattern recognition algorithm; and

¢) output means coupled to said categorization and iden-
tification means for affecting another system in said
vehicle in response to the identification of said at least
one occupying item based on the form of said at least
one occupying item.

22. The system of claim 21, wherein said trained pattern
recognition means are structured and arranged to process
said electronic signal based on said received illumination
from said at least one occupying item to provide an identi-
fication of said at least one occupying item based thereon by
applying a pattern recognition algorithm generated from
data of possible occupying items of the vehicle and patterns
of received electromagnetic illumination from the possible
occupying items.

23. A method for affecting a system in a vehicle based on
an object exterior of the vehicle, comprising the steps of:

a) transmitting electromagnetic waves to illuminate the
exterior object;

b) receiving reflected electromagnetic illumination from
the object on an array;

¢) processing the received illumination and creating an
electronic signal characteristic of the exterior object
based thereon;

d) processing the electronic signal based on the received
illumination from the exterior object to identify the
exterior object, said processing step comprising the
steps of generating a pattern recognition algorithm
from data of possible exterior objects and patterns of
received electromagnetic illumination from the pos-
sible exterior objects, storing the algorithm within a
pattern recognition system and applying the pattern
recognition algorithm using the electronic signal as
input to obtain the identification of the exterior object;
and
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¢) affecting the system in the vehicle in response to the
identification of the exterior object.

24. A method for monitoring an interior of a motor vehicle
having an interior passenger compartment containing at least
one occupying item, comprising the steps of:

a) illuminating a portion of said vehicle interior passenger
compartment with electromagnetic radiation in which
said at least one occupying item is likely situated;

b) receiving electromagnetic illumination reflected from
said at least one occupying item in said vehicle interior
passenger compartment on an array;

¢) processing said received illumination and generating an
electronic signal characteristic of said at least one
occupying item in said passenger compartment based
thereon;

d) processing the electronic signal based on the received
illumination from said at least one occupying item to
provide an identification of said at least one occupying
item, said processing step comprising the steps of
generating a pattern recognition algorithm from data of
possible occupying items and patterns of received
electromagnetic illumination from the possible occu-
pying items, storing the algorithm within a pattern
recognition system and applying the pattern recogni-
tion algorithm using the electronic signal as input to
obtain the identification of the at least one occupying
item; and

¢) affecting another system in said vehicle in response to
the identification of said at least one occupying item.

25. The system of claim 1, wherein said receiver means
comprise a CCD array.
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This application is a continuation-in-part of application Serial Number 07/878,571 filed
5/5/92, now abandoned, of copending application Serial Number 08/040,978 filed 3/3 1/9/.?': 0:)\;’ e
copending application Serial Number 08/247,760 filed 5/23/94 and of copending application
sow abondoned
Serial Number 08/239,978 filed 5/9/991, the last three of which are included herein by reference.
BACKGROUND OF THE INVENTION
1 Prior Art on Out of position occupants and rear facing child seats
Whereas thousands of lives have been saved by airbags, a large number of people have
also been injured, some seriously, by the deploying airbag, and thus significant improvements need
to be made in this regard. As discussed in detail in copending patent applications 08/040,978 and
08/239,978 cross-referenced above, for a variety of reasons vehicle occupants may be too close to
the airbag before it deploys and can be seriously injured or killed as a result of the deployment
thereof. Also, a child in a rear facing child seat which is placed on the right front passenger seat is
in danger of being seriously injured if the passenger airbag deploys. For these reasons and, as first
publicly disclosed in Breed, D. S. "How Airbags Work" presented at the International Conference
on Seatbelts and Airbags in 1993, in Canada, occupant position sensing and rear facing child seat
detection is required.
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Initially these systems will solve the out-of-position occupant and the rear facing child seat
problems related to current airbag systems and prevent unneeded airbag deployments when a
front seat is unoccupied. However, airbags are now under development to protect rear seat
occupants in vehicle crashes and all occupants in side impacts. A system will therefore be needed
to detect the presence of occupants, determine if they are out-of-position and to identify the
presence of a rear facing child seat in the rear seat. Future automobiles are expected to have eight
or more airbags as protection is sought for rear seat occupants and from side impacts. In addition
to eliminating the disturbance and possible harm of unnecessary airbag deployments, the cost of
replacing these airbags will be excessive if they all deploy in an accident needlessly.

Inflators now exist which will adjust the amount of gas flowing to the airbag to account
for the size and position of the occupant and for the severity of the accident. The vehicle
identification and monitoring system (VIMS) discussed in patent application Serial No.
08/239,978 will control such inflators based on the presence and position of vehicle occupants or
of a rear facing child seat. The instant invention is an improvement on that VIMS system and
uses an advanced optical system comprising one or more CCD (charge coupled device) arrays and
a source of illumination combined with a trained neural network pattern recognition system.

The need for an occupant out-of-position sensor has been observed by others and several
methods have been disclosed in U.S. patents for determining the position of an occﬁpant of a
motor vehicle. Each of these systems, however, have significant limitations. In White et al. (U.S.
Patent No. 5,071,160), for example, a single acoustic sensor and detector is disclosed and, as

illustrated, is mounted lower than the steering wheel. White et al. correctly perceive that such a
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sensor could be defeated, and the airbag falsely deployed, by an occupant adjusting the control
knobs on the radio and thus they suggest the use of a plurality of such sensors.

Mattes et al. (U.S. Patent No. 5,118,134) disclose a variety of methods of measuring the
change in position of an occupant including ultrasonic, active or passive infrared and microwave
radar sensors, and an electric eye. Their use of these sensors is to measure the change in position
of an occupant during a crash and use that information to access the severity of the crash and
thereby decide whether or not to deploy the airbag. They are thus using the occupant motion as a
crash sensor. No mention is made of determining the out-of-position status of the occupant or of
any of the other features of occupant monitoring as disclosed in the above cross-referenced patent
applications. It is interesting to note that nowhere does Mattes et al. discuss how to use active or
passive infrared to determine the position of the occupant. As pointed out in the above cross-
referenced patent applications, direct occupant position measurement based on passive infrared is
probably not possible and, until very recently, was very difficult and expgnsive with active infrared
requiring the médulation of an expensive GaAs infrared laser. Since there is no mention of these
problems, the method of use contemplated by Mattes et al. must be similar to the electric eye
concept where position is measured indirectly as the occupant passes by a plurality of
longitudinally spaced-apart sensors.

The object of an occupant out-of-position sensor is to determine the location of the head
and/or chest of the vehicle occupant relative to the airbag since it is the impact of either the head
or chest with the deploying airbag which can result in serious injuries. Both White et al. and
Mattes et al.’ disclose only lower mounting locations of their sensors which are mounted in front

of the occupant such as on the dashboard or below the steering wheel. Both such mounting
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locations are particularly prone to detection errors due to positioning of the occupant’s hands,
arms and legs. This would require at least three, and preferably more, such sensors and detectors
and an appropriate logic circuitry which ignores readings from some sensors if such readings are
inconsistent with others, for the case, for example, where the driver’s arms are the closest objects
to two of the sensors.

White et al. also disclose the use of error correction circuitry, without defining or
illustrating the circuitry, to differentiate between the velocity of one of the occupant’s hands as in
the case where he/she is adjusting the knob on the radio and the remainder of the occupant.
Three ultrasonic sensors of the type disclosed by White et al. might, in some cases, accomplish
this differentiation if two of them indicated that the occupant was not moving while the third was
indicating that he or she was. Such a combination, however, would not differentiate between an
occupant with both hands and arms in the path of the ultrasonic transmitter at such a location that
they were blocking a substantial view of the occupant’s head or chest. Since the sizes and driving
positions of occupants are extremely varied, trained pattern recognition systems, such as neural
networks, are required when a clear view of the occupant, unimpeded by his/her extremities,
cannot be guaranteed.

Fujita et al,, in U.S. Patent No. 5,074,583, illustrate another method of determining the
position of the occupant but do not use this information to suppress deployment if the occupant is

out-of-position. In fact, the closer that the occupant gets to the airbag the faster the inflation rate

of the airbag is according to the Fujita patent, which thereby increases the possibility of injuring

the occupant. Fujita et al. do not measure the occupant directly but instead determine his or her

position indirectly from measurements of the seat position and the vertical size of the occupant
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relative to the seat. This occupant height is determined using an ultrasonic displacement sensor
mounted directly above the occupant’s head.

As discussed above, the optical systems described herein are also applicable for many
other sensing applications both inside and outside of the vehicle compartment such as for sensing
crashes before they occur as described in copending patent application Serial No. 08/239,978
cross-referenced above, for a smart headlight adjustment system and for a blind spot monitor.

2. Definitions

The use of pattern recognition is central to the instant invention as well as those cross-
referenced patent applications above. Nowhere in the prior art is pattern recognition which is
ba;ed on training, as exemplified through the use of neural networks, mentioned for use in
monitoring the interior or exterior environments of the vehicle. “Pattern recognition” as used
herein will mean any system which processes a signal that is generated by an object, or is modified
by interacting with an object, in order to determine which one of a set of classes that the object
belongs to. Such a system might determine only that the object is or is not a member of one
specified class, or it might attempt to assign the object to one of a larger set of specified classes,
or find that it is not a member of any of the classes in the set. The signals processed are generally
electrical signals coming from transducers which are sensitive to either acoustic or
electromagnetic radiation and, if electromagnetic, they can be either visible light, infrared,
ultraviolet or radar. A trainable or a trained pattern recognition system as used herein means a
pattern recognition system which is taught various patterns by subjecting the system to a variety

of examples. The most successful such system is the neural network.
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To “identify” as used herein will mean to determine that the object belongs to a particular
set or class. The class may be one containing, for example, all rear facing child seats, one
containing all human occupants, or all human occupants not sitting in a rear facing child seat
depending on the purpose of the system. In the case where a particular person is to be
recognized, the set or class will contain only a single element, i.e., the person to be recognized.

An “occupying item” of a seat may be a living occupant such as a human being or a dog,
another living organism such as a plant, or an inanimate object such as a box or bag of groceries.

In the description herein on anticipatory sensing, the term “approaching” when used in
connection with the mention of an object or vehicle approaching another will mean the relative
motion of the object toward the vehicle having the anticipatory sensor system. Thus, in a side
imphct with a tree, the tree will be considered as approaching the side of the vehicle and impacting
the vehicle. In other words, the coordinate system used in general will be a coordinate system
residing in the target vehicle. The “target” vehicle is the vehicle which is being impacted. This
convention permits a general description to cover all of the cases such as where (i) a moving
vehicle impacts into the side of a stationary vehicle, (ii) where both vehicles are moving when they
impact, or (iii) where a vehicle is moving sideways into a stationary vehicle, tree or wall.

3. Pattern recognition prior art

Japanese patent 3-42337 (A) to Ueno discloses a device for detecting the driving
condition of a ve};icle driver comprising a light emitter for irradiating the face of the driver and a
means for picking up the image of the driver and storing it for later analysis. Means are provided
for locating the eyes of the driver and then the irises of the eyes and then determining if the driver

is looking to the side or sleeping. Ueno determines the state of the eyes of the occupant rather

ATI-85F.DOC

37



than determining the location of the eyes relative to the other parts of the vehicle passenger
compartment. Such a system can be defeated if the driver is wearing glasses, particularly
sunglasses, or another optical device which obstructs a clear view of his/her eyes. Pattern
recognition technologies such as neural networks are not used.

U.S. Patent No. 5,008,946 to Ando uses a complicated set of rules to isolate the eyes and
mouth of a driver and uses this information to permit the driver to control the radio, for example,
or other systems within the vehicle by moving his eyes and/or mouth. Ando uses natural light and
illuminates only the head of the driver. He also makes no use of trainable pattern recognition
systems such as neural networks, nor is there any attempt to identify the contents of the vehicle
nor of their location relative to the vehicle passenger compartment. Rather, Ando is limited to
control of vehicle devices by responding to motion of the driver’s mouth and eyes.

U.S. Patent No. 5,298,732 to Chen also concentrates in locating the eyes of the driver so
as to position a light filter between a light source such as the sun or the lights of an oncoming
vehicle, and the driver’s eyes. Chen does not explain in detail how the eyes are located but does
supply a calibration system whereby the driver can adjust the filter so that it is at the proper
position relative to his or her eyes. Chen references the use of an automatic equipment for
determining the location of the eyes but does not describe how this equipment works. In any
event, there is no mention of monitoring the position of the occupant, other that the eyes, of
determining the position of the eyes relative to the passenger compartment, or of identifying any
other object in the vehicle other than the driver’s eyes. Also, there is no mention of the use of a

trainable pattern recognition system.
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U.S. Patent No. 5,305,012 to Faris also describes a system for reducing the glare from the
headlights of an oncoming vehicle. Faris locates the eyes of the occupant by the use of two
spaced apart infrared cameras using passive infrared radiation from the eyes of the driver. Again,
Faris is only interested in locating the driver’s eyes relative to the sun or oncoming headlights and
does not identify or monitor the occupant or locate the occupant relative to the passenger
compartment or the airbag. Also, Faris does not use trainable pattern recognition techniques such
as neural networks. Faris, in fact, does not even say how the eyes of the occupant are located but
refers the reader to a book entitled Robot Vision (1991) by Berthold Horn, published by MIT
Press, Cambridge, Mass. Also, Faris uses the passive infrared radiation rather than illuminating
the occupant with active infrared radiation or in general electromagnetic radiation as in the instant
invention.

The use of neural networks as the pattern recognition technology is central to this
invention since it makes the mc;nitoring system robust, reliable and practical. The resulting
algorithm created by the neural network program is usually only a few lines of code written in the
C computer language as opposed to typically hundreds of lines when the techniques of the above
patents to Ando, Chen and Faris are implemented. As a result, the resulting systems are easy to
implement at a low cost making them practical for automotive applications. The cost of the CCD
arrays, for example, have been prohibitively expensive until very recently rendering their use for
VIMS impractical. Similarly, the implementation of the techniques of the above referenced
patents requires expensive microprocessors while the implementation with neural networks and

similar trainable pattern recognition technologies permits the use of low cost microprocessors

typically costing less than $5.
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The present invention uses sophisticated trainable pattern recognition capabilities such as
neural networks. Usually the data is preprocessed, as discussed below, using various feature
extraction. An example of such a pattern recognition system using neural networks on sonar
signals is discussed in two papers by Gorman, R. P. and Sejnowski, T. J. “Analysis of Hidden
Units in a Layered Network Trained to Classify Sonar Targets”, Neural Networks, Vol. 1. pp. 75-
89, 1988, and “Learned Classification of Sonar Targets Using a Massively Parallel Network”,
IEEE Transactions on Acoustics, Speech, and Signal Processing, Vol. 36, No. 7, July 1988.
Examples of feature extraction techniques can be found in U.S. Patent No. 4,906,940 entitled
“Process and Apparatus for the Automatic Detection and Extraction of Features in Images and
Displays” to Green et al. Examples of other more advanced and efficient pattern recognition
techniques can be found in U.S. Patent No. 5,390,136 entitled “Artificial Neuron and Method of
Using Same and U.S. patent application Serial Number 08/076,601 entitled “Neural Network and
Method of Using Same” to Wang, S. T.. Other examples include U.S. Patent Nos. 5,235,339
(Morrison et ali), 5,214,744 (Schweizer et al), 5,181,254 (Schweizer et al), and 4,881,270
(Knecht et al). All of the above references are included herein by reference.

4. Optics

Optics can be used in several configurations for monitoring the interior of a passenger
compartment of an automobile. In one known method, a laser optical system uses a GaAs
infrared laser beam to momentarily illuminate an object, occupant or child seat, in the manner as
described and illustrated in FIG. 8 of the copending patent application Serial No. 08/040,978

cross-referenced above. The receiver can be a charge coupled device or CCD, (a type of TV

camera) to receive the reflected light. The laser can either be used in a scanning mode, or,
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through the use of a lens, a cone of light can be created which covers a large portion of the object.
In these configurations, the light can be accurately controlled to only illuminate particular
positions of interest within the vehicle. In the scanning mode, the receiver need only comprise a
single or a few active elements while in the case of the cone of light, an array of active elements is
needed. The laser system has one additional significant advantage in that the distance to the
illuminated object can be determined as disclosed in the 08/040,978 patent application.

In a simpler case, light generated by a non-coherent light emitting diode device is used to
illuminate the desired area. In this case, the area covered is not as accurately controlled and a
larger CCD array is required. Recently, however, the cost of CCD arrays has dropped
substantially with the result that this configuration is now the most cost effective system for
monitoring the passenger compartment as long as the distance from the transmitter to the objects
is not needed. If this distance is required, then either the laser system, a stereographic system, a
focusing system, or a combined ultrasonic and optic system is required. A mechanical focusing
system, such as used on some camera systems can determine the initial position of an OCcupant
but is too slow to monitor his/her position during a crash. A distance measuring system based of
focusing is described in U.S. Patent No. 5,193,124 (Subbarao) which can either be used with a
mechanical focusing system or with two cameras, the latter of which would be fast enough.
Although the Subbarao patent provides a good discussion of the camera focusing art and is

therefore included herein by reference, it is a more complicated system than is needed for the

practicing the instant invention. In fact, a neural network can also be trained to perform the:

distance determination based on the two images taken with different camera settings or from two

adjacent CCD’s and lens having different properties as the cameras disclosed in Subbarao making
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this technique practical for the purposes of this instant invention. Distance can also be determined
by the system disclosed in U.S. Patent No. 5,003,166 (Girod) by the spreading or defocusing of a
pattern of structured light projected onto the object of interest.

In each of these cases, regardless of the distance measurement system used, a trained
pattern recognition system, as defined above, is used in the instant invention to identify and
classify, and in some cases to locate, the illuminated object and its constituent parts.

5. Optics and acoustics

The laser systems described above are expensive due to the requirement that they be
quulated at a high frequency if the distance from the airbag to the occupant, for example, needs
to be measured. Both laser and non-laser optical systems in general are good at determining the
location of objects within the two dimensional plane of the image and the modulated laser system
in the scanning mode can determine the distance of each part of the image from the receiver. It is
also possible to determine distance with the non-laser system by focusing as discussed above, or
stereographically if two spaced apart receivers are used and, in some cases the mere location in
the field of view can be used to estimate the position relative to the airbag, for example. Finally, a
recently developed pulsed quantum well diode laser does provide inexpensive distance
measurements as discussed below.

Acoustic systems are also quite effective at distance measurements since the relatively low
speed of sound permits simple electronic circuits to be designed and minimal microprocessor
capability is required. If a coordinate system is used where the z axis is from the transducer to the

occupant, acoustics are good at measuring z dimensions while simple optical systems using a
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single CCD are good at measuring x and y dimensions. The combination of acoustics and optics,
therefore, permits all three measurements to be made with low cost components.

One example of a system using these ideas is an optical system which floods the passenger
seat with infrared light coupled with a lens and CCD array which receives and displays the
reflected light and an analog to digital converter (ADC) which digitizes the output of the CCD
and feeds it to an Artificial Neural Network (ANN) or other pattern recognition system , for
analysis. This system uses an ultrasonic transmitter and receiver for measuring the distances to
the objects located in the passenger seat. The receiving transducer feeds its data into an ADC and
from there into the ANN. The same ANN can be used for both systems thereby providing full
three dimensional data for the ANN to analyze. This system, using low cost components, will
penhit accurate identification and distance measurements not possible by either system acting
alone. If a phased array system is added to the acoustic part of the system as disclosed in
copending patent application (ATI-102), the optical part can determine the location of the driver's
ears, for example, and the phased array can direct a narrow beam to the location and determine
the distance to the occupant's ears.

6. Applications

The applications for this technology are numerous as described in the copending patent
applications listed above. They include: (i) the monitoring of the occupant for safety purposes to
prevent airbag deployment induced injuries, (ii) the locating of the eyes of the occupant to permit
automatic adjustment of the rear view mirror(s), (iii) the location of the seat to place the eyes at
the proper position to eliminate the parallax in a heads-up display in night vision systems, (iv) the

location of the ears of the occupant for optimum adjustment of the entertainment system, (v) the
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identification of the occupant for security reasons, (vi) the determination of obstructions in the
path of a closing door or window, (vii) the determination of the position of the occupant’s
shoulder so that the seat belt anchorage point can be adjusted for the best protection of the
occupant, (viii) the determination of the position of the rear of the occupants head so that the
headrest can be adjusted to minimize whiplash injuries in rear impacts, (ix) anticipatory crash
sensing, (x) blind spot detection, (xi) smart headlight dimmers, and many others. In fact, over
forty products alone have been identified based on the ability to identify and monitor objects and

parts thereof in the passenger compartment of an automobile or truck.

SUMMARY OF THE INVENTION

This invention is a system to identify, locate and monitor occupants, including their parts,
and other objects in the passenger compartment and objects outside of a motor vehicle, such as an
automobile or truck, by illuminating the contents of the vehicle and objects outside of the vehicle
with electromagnetic, and specifically infrared, radiation and using one or more lenses to focus
images of the contents onto one or more arrays of charge coupled devices (CCD arrays). Outputs
from the CCD arrays, are analyzed by appropriate computational means employing trained pattern
recognition technologies, to classify, identify or locate the contents or external objects. In
general, the information obtained by the identification and monitoring system is used to affect the
operation of some other system in the vehicle.

When the vehicle interior monitoring system of this invention is installed in the passenger
compartment of an automotive vehicle equipped with a passenger protective device, such as an

inflatable airbag, and the vehicle is subjected to a crash of sufficient severity that the crash sensor
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has determined that the protective device is to be deployed, the system in accordance with the
invention determines the position of the vehicle occupant relative to the airbag and disables
deployment of the airbag if the occupant is positioned so that he/she is likely to be injured by the
deployment of the airbag.

In some implementations of the invention, one or more ultrasonic transmitters and
receivers are added to the system to provide a measurement of the distance from the
transmitter/receiver to the objects of interest. In some of these implementations, a phased array
system is used to permit the ultrasonic waves from the ultrasonic transmitters to be narrowly
focused onto a particular location of an object. In other implementations, the source of infrared
light is a modulated laser which permits an accurate measurement of the distance to the point of
reflection. In still other cases, a focusing system is used to determine the distance to the object.
Finally, in yet other cases a GaAs pulsed quantum well laser system is used to measure distance
directly to a point of interest.

Principle objects and advantages of the optical sensing system in accordance with the
invention are:

1. To recognize the presence of a human on a particular seat of a motor vehicle and to
use this information to affect the operation of another vehicle system such as the airbag, heating
and air conditioning, or entertainment systems, among others.

2. To recognize the presence of a human on a particular seat of a motor vehicle and then

to determine his/her position and to use this position information to affect the operation of

another vehicle system.
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3. To determine the position, velocity or size of an occupant in a motor vehicle and to
utilize this information to control the rate of gas generation, or the amount of gas generated by an
airbag inflator system.

4. To determine the presence or position of rear seated occupants in the vehicle and to
use this information to affect the operation of a rear seat protection airbag for frontal impacts.

5. To recognize the presence of a rear facing child seat on a particular seat of a motor
vehicle and to use this information to affect the operation of another vehicle system such as the
airbag system. |

6. To determine the approximate location of the eyes of a driver and to use that
information to control the position of the rear view mirrors of the vehicle.

7. To monitor the position of the head of the vehicle driver and determine whether the
driver is falling asleep or otherwise impaired and likely to lose control of the vehicle and to use
that information to affect another vehicle system.

8. To provide an occupant position sensor which reliably permits, and in a timely
manner, a determination to be made that the occupant is out of position, or will become out of
position, and likely to be injured by a deploying airbag and to then output a signal to suppress the
deployment of the airbag.

9. To provide an anticipatory sensor which permits accurate identification of the
about-to-impact object in the presence of snow and / or fog whereby the sensor is located within
the vehicle.

10.  To provide a smart headlight dimmer system which senses the headlights from an

oncoming vehicle or the tail lights of a vehicle in front of the subject vehicle and identifies these
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lights differentiating them from reflections from signs or the road surface and then sends a signal

to dim the headlights.

11.  To provide a blind spot detector which detects and categorizes an object in the
driver’s blind spot and wamns the driver in the event the driver begins to change lanes, for
example, or continuously informs the driver of the state of occupancy of the blind spot.

These and other objects and advantages will become apparent from the following
description of the preferred embodiments of the vehicle identification and monitoring system of

this invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. lfifils a side planar view, with certain portions removed or cut away, of a portion of
the passenger compartment of a vehicle showing several preferred mounting locations of interior
vehicle monitoring sensors shown particularly for sensing the vehicle driver illustrating the Wave
pattern from an ultrasonic mirror mounted position sensor.

FIG. 1£ is a view as in FIG. 1A illustrating the wave pattern from an optical system using
an infrared light source and a CCD array receiver using the windshield as a reflection surface and
showing schematically the interface between the vehicle interior monitoring system of this
invention and an instrument panel mounted inattentiveness warning light or buzzer and reset
button.

FIG. liC is a view as in FIG. 1A illustrating the wave pattern from a set of ultrasonic

transmitters/receivers where the spacing of the transducers and the phase of the signals permits an
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accurate focusing of the ultrasonic beam and thus the accurate measurement of a particular point
on the surface of thedriver.

FIG. 1}¥is a view as in FIG. 1A illustrating the wave pattern from an optical system using
an infrared light source and a CCD array receiver where the CCD array receiver is covered by a
fisheye lens pengi,ttihg a wide angle view of the contents of the passenger compartment.

FIG.}&Etis a view as in FIG. 1A illustrating the wave pattern from a pair of small CCD
array receivers and one infrared transmitter where the spacing of the CCD arrays permits an
accurate measur nient of the distance to features on the occupant.

FIG. 2 is a side view, with certain portions removed or cut away, of a portion of the

passenger compartment of a vehicle showing preferred mounting locations of optical interior

vehicle monitoring sensors.

A

FIG. 3 is a circuit schematic illustrating the use of the vehicle interior monitoring sensor

used as an occupant position sensor in conjunction with the remainder of the inflatable restraint

system. i
A

FIG. f(is a schematic illustrating the circuit of an occupant position sensing device using a
modulated mfrafed signal, beat frequency and phase detector system.

FIG. 5 ;is a side planer view with parts cutaway and removed of a vehicle showing the
passenger compartment containing a driver and a preferred mounting location for an occupant
position sensor for use in side impacts and also of a rear of occupant’s head locator for use with a
headrest adjustment system to reduce whiplash injuries in rear impact crashes. |

FIG. 6 is a side plan view of the interior of an automobile, with portions cut away and

removed, with two occupant height measuring sensors, one mounted into the headliner above the
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occupant’s head and the other mounted onto the A-pillar and also showing a seatbelt associated
with the seat where the seatbelt has an adjustable upper anchorage point which is automatically
adjusted corresponding to the height of the occupant.

FIG. 7 )5 a perspective view of a vehicle about to impact the side of another vehicle
showing the location of the various parts of the anticipatory sensor system of this invention.

FLG . 7&;‘) 16 e~ VI€LD OF *he seadion desianedad MAYn FI6. 7.

FIG. 8 iga side planar view, with certain portions removed or cut away, of a portion of
the passenger compartment illustrating a sensor for sensing the headlights of an oncoming vehicle

and/or the taillights of a leading vehicle used in conjunction with an automatic headlight dimming

system.

DESCRH’TION OF THE PREFERRED EMBODIMENTS

Referring now to the drawings, a section of the passenger compartment of an automobile
is shown generally as 100 in FIGS. 1A through 1E. A driver 101 of a vehicle sits on a seat 102
behind a steering wheel 103 which contains an airbag assembly 104. Five transmitter and/or
receiver assemblies 110, 111, 112, 113 and 114 are positioned at various places in the passenger
compartment to determine the location of the head, chest and torso of the driver relative to the
airbag and to otherwise monitor the interior of the passenger compartment. Control circuitry 120
is connected to the transmitter/receivers 110-114 and controls the transmission from the
transmitters and captures the return signals from the receivers. Control circuitry 120 usually
contains analog to digital converters (ADCs), a microprocessor containing sufficient memory and

appropriate software including pattern recognition algorithms, and other appropriate drivers,

signal conditioners, signal generators, etc.. Usually, in any given implementation, only one or two
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of the transmitters and receivers would be used depending on their mounting locations as
described below.

FIG. 1A illustrates a typical wave pattern of ultrasonic waves from transmitter/receiver
114, In this embodiment, the transmitter/receiver 114 comprises an ultrasonic transducer which
will generally be used in conjunction with an optical transmitter and CCD array such as shown at
110, 112 and 113. The optical systems, i.e., the optical transmitter and CCD array, map the
location of the occupant(s), objects and features thereof, in a two dimensional image by the CCD
array and ultrasonic transmitter/receiver 114 determines the distance from the sensor to the
occupant. When used for monitoring the passenger seat, the optical system 110 determines that
the seat is occupied and identifies the occupying item and then the ultrasonic system such as 114
determines the location of the occupant relative to the airbag. The optical system identifies what
it is that the ultrasonic system is measuring and determines which echo is from the occupant’s
head or chest as opposed to some other object. The transmitter/receiver 114 may be mounted to
a rear view mirror 105.

In the case of FIG. 1A, transmitter/receiver 114 emits ultrasonic acoustical waves which
bounce off the head and chest of the driver and return thereto. Periodically, the device, as
commanded by control circuit 120, transmits a burst of ultrasonic waves at about 50 kilohertz, for
example, and the reflected signal is detected by the same or a different device. An associated
electronic circuit or algorithm in control circuit 120 measures the time between the transmission
and the reception of the ultrasonic waves and thereby determines the distance from the
transmitter/receiver to the driver, passenger or other occupying item based on the velocity of

sound. This information is then sent to the crash sensor and diagnostic circuitry, which may also

19

ATI.95F.DOC

50



be resident in 120, which determines if the occupant is close enough to the airbag that a
deployment might, by itself, cause injury which exceeds that which might be caused by the
accident itself. In such a case, the circuit disables the airbag system and thereby prevents its
deployment. In an alternate case, the sensor algorithm assesses the probability that a crash
requiring an airbag is in process and waits until that probability exceeds an amount that is
dependent on the position of the occupant. Thus, for example, the sensor might decide to deploy
the airbag based on a need probability assessment of 50%, if the decision must be made
immediately for an occupant approaching the airbag, but might wait until the probability rises to
95% for a more distant occupant. Although a driver system has been illustrated, the front and
rear seat passenger systems would be similar.

In another implementation, the sensor algorithm may determine the rate that gas is
generated to affect the rate that the airbag is inflated. In all of these cases, the position of the
occupant is used to affect the deployment of the airbag either as to whether or not it should be
deployed at all, the time of deployment or the rate of inflation.

An optical infrared transmitter and receiver assembly is shown generally at 112 in FIG. 1B
and is mounted onto the instrument panel facing the windshield. Device 112, shown enlarged,
comprises a source of infrared radiation, or another form of electromagnetic radiation, and a
charge coupled device array (CCD array) of typically 160 pixels by 160 pixels. In this
embodiment, the windshield is used to reflect the illumination light provided by the infrared
radiation and also the light reflected back by the objects in the passenger compartment, in a
manner similar to the “heads-up” display which is now being offered on several automobile

models. The “heads-up” display, of course, is currently used only to display information to the
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driver and is not used to reflect light from the driver to a receiver. Once again, unless one of the
distanée measuring systems as described below is used, this system alone cannot be used to
determine distances from the objects to the sensor. Its main purpose is object identification and
monitoring.

Device 112 is actually about two cm. in diameter and' is shown greatly enlarged in FIG.
1B. Also, the reflection area on the windshield is considerably smaller than illustrated and special
provisions are made to assure that this area of the windshield is flat and reflective as is done
generally when heads-up displays are used.

The system illustrated in FIG. 1B uses a single CCD array and thus, since this device is
small, it cannot in general be used to achieve a stereographic image and thus some other method
is necessary to determine the distance to the object. If two spaced apart CCD arrays are used,
however, then the distance to the various objects within the passenger compartment can be found
by using a simpl_e algorithm which locates similar features on both images and determines their
relative location on the images. An alternate method is to use a lens with a short focal length. In
this case, the lens is mechanically focused to determine the clearest image and thereby obtain the
distance to the object. This is similar to certain camera auto-focusing systems such as one
manufactured by Fuji of Japan. Naturally, other methods can be used as described in the patents
referenced above.

Once a vehicle interior monitoring system employing a sophisticated pattern recognition
system, such as a ﬁeural network is in place, it is possible to monitor the motions of the driver
over time, and his/her response to various stimuli, and determine if he is falling asleep or has

otherwise become incapacitated. In such an event, the vehicle can be caused to respond in a

AT-85F.DOC

52



number of different ways. One such system is illustrated in FIG. 1B and consists of a monitoring
system having transducer device 112 plus a microprocessor in control circuit 120 programmed to
compare the motions of the driver over time and trained to recognize changes in behavior
representative of becoming incapacitated. If the system determines that there is a reasonable
probability that the driver has fallen asleep, for example, then it can turn on a warning light shown
here as 124 or send a warning sound. If the driver fails to respond to the warning by pushing a
button 122, for example, then the horn and lights can be operated in a manner to warn other
vehicles and the vehicle brought to a stop. Naturally other responses can also be programmed and
other tests of driver attentiveness can be used without resorting to attempting to monitor the
motions of the driver’s eyes.

An even more sophisticated system of monitoring the behavior of the driver is to track the
driver’s eye motions using such techniques as are described in: Freidman et al., U.S. Patent No.
4,648,052 entitled “Eye Tracker Communication System”, Heyner et al, U.S. Patent No.
4,720,189 entitled “Eye Position Sensor”; Hutchinson, U.S. Patent No. 4,836,670 entitled “Eye
Movement Detector”; and Hutchinson, U.S. Patent No. 4,950,069 entitled “Eye Movement
Detector With Improved Calibration and Speed”, all of which are included herein by reference as
well as U.S. Patent Nos. 5,008,946 and 5,305,012 referenced above. The detection of the
impaired driver in particular can be best determined by these techniques. These systems make use

of sophisticated pattern recognition techniques plus, in many cases, the transmitter and CCD

receivers must be appropriately located so that the reflection off of the cornea of the driver’s eyes -

can be detected as discussed in the above referenced patents. The size of the CCD arrays used

herein permits their location, sometimes in conjunction with a reflective windshield, where this
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comneal reflection can be detected with some difficulty. Naturally sunglasses can interfere with
this process.

The eye tracker systems discussed above are facilitated by the instant invention since one
of the main purposes of determining the location of the driver’s eyes either by directly locating
them with trained pattern recognition technology or by inferring their location from the location
of the driver’s head, is so that the seat can be automatically positioned to place the driver’s eyes
into the “eye-ellipse”. The eye-ellipse is the proper location for the driver’s eyes to permit
optimal operation of the vehicle and for the location of the mirrors etc. Thus, if we know where
the driver’s eyes are, then the driver can be positioned so that his or her eyes are precisely situated
in the eye ellipse and the reflection off of the eye can be monitored with a small eye tracker
system. Also, by ascertaining the location of the driver’s eyes, a rear view mirror positioning
device can be controlled to adjust the same to an optimal position.

A more accurate acoustic system for determining the distance to a particular object, or a
part thereof, in the passenger compartment is exemplified by transducers 111 in FIG. 1C. In this
case, three ultrasonic transmitter/receivers are shown spaced apart mounted onto the A-pillar of
the vehicle. The A-pillar is the forward most roof support pillar and also supports the windshield.
Due to the wavelength, it is difficult to get a narrow beam using ultrasonics without either using
high frequencies which have limited range or a large transducer. A commonly available 40 kHz
transducer, for example, is about 1 cm. in diameter and emits a sonic wave which spreads at about
a sixty degree angle. To reduce this angle requires making the transducer larger in diameter. An
alternate solution is to use several transducers and to phase the transmissions so that they arrive at

the intended part of the target in phase. Reflections from the selected part of the target are then
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reinforced whereas reflections from adjacent parts encounter interference with the result that the
distance to the brightest portion within the vicinity of interest can be determined. By varying the
phase of transmission from the three transducers 111, the location of a reflection source on a
curved line can be determined. In order to locate the reflection source in space, at least one
additional transmitter/receiver is required which is not co-linear with the others. The accuracy of
the measurement can be determined by those skilled in the art of phased array radar as the
relevant equations are applicable here. The waves shown in FIG. 1C coming from the three
transducers 111 are actually only the portions of the waves which arrive at the desired point in
space together in phase. The effective direction of these wave streams can be varied by changing
the transmission phase between the three transmitters. A determination of the approximate
location of a point of interest on the occupant is accomplished by the CCD array and appropriate
analysis and the phasing of the ultrasonic transmitters is determined so that the distance to the
desired point can be determined.

FIG. 1D illustrates two optical systems each having a source of infrared radiation and a
CCD array receiver. The price of CCD arrays has dropped dramatically in the last year making
them practical for interior monitoring. Transducers 110 and 113 are CCD arrays having 160 by
160 pixels which is covered by an approximate spherical lens. This creates a “fisheye” effect
whereby light from a wide variety of directions can be captured. One such sensor placed by the
dome light or othér central position in the vehicle roof such as 113, can monitor the entire vehicle
interior with sufficient resolution to determine the occupancy of the vehicle, for example. CCD’s
such as those used herein are available from Marshall Electronics Inc. of Culver City, CA. A

fisheye lens is “.... a wide-angle photographic lens that covers an angle of about 180°, producing a
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circular image with exaggerated foreshortening in the center and increasing distortion toward the
periphery”. (The American Heritage Dictionary of the English Language, Third Edition ,1992
by Houghton Mifflin Company). This distortion of a fisheye lens can be substantially changed by
modifying the shape of the lens to permit particular portions of the interior passenger
compartment to be observed. Also, in many cases the full 180° is not desirable and a lens which
captures a smaller angle may be used. Although primarily spherical lenses are illustrated herein, it
is understood that the particular lens design will depend on the location in the vehicle and the
purpose of the particular receiver.

CCD arrays are in common use in television cameras, for example, to convert an image
into an electrical signal. For the purposes herein, a CCD will be defined to include all devices
which are capable of converting light frequencies, including infrared and ultraviolet, into electrical
signals. The particular CCD array used for many of the applications disclosed herein is
implemented on a single chip which is less than two cm. in diameter. Data from the CCD array is
digitized and sent serially to an electronic circuit 120 containing a microprocessor for analysis of
the digitized data. In order to minimize the amount of data which needs to be stored, initial
processing of the image data takes place as it is being received from the CCD array.

One method of determining distance to an object directly without resorting to range
finders is to used a mechanical focusing system. However, the use of sugh an apparatus is
cumbersome, expensive, slow and has questionable reliability. An alternative is to use the
focusing systems described in the above referenced U.S. Patent Nos. 5,193,124 and 5,003,166

however such systems require expensive hardware and/or elaborate algorithms. Another

alternative is illustrated in FIG. 1E where transducer 116 is an infrared source having a wide
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transmission angle such that the entire contents of the front driver’s seat is illuminated. Receiving
CCD transducers 117 and 118 are shown spaced apart so that a stereographic analysis can be
made by the control circuitry 120. This circuitry 120 contains a microprocessor with appropriate
pattern recognition algorithms along with other circuitry as described above. In this case, the
desired feature to be located is first selected from one of the two returned images from either
CCD transducer 117 or 118. The software then determines the location of the same feature on
the other image and thereby, through analysis familiar to those skilled in the art, determines the
distance of the feature from the transducers.

Transducers 116-118 are illustrated mounted onto the A-pillar of the vehicle, however,
since these transducers are quite small, typically approximately 2 cm. or less in diameter, they
could alternately be mounted onto the windshield itself, or other convenient location which
provides a clear view of the portion of the passenger compartment being monitored.

A new class of laser raﬁge finders has particular application here. This product, as
manufactured by Power Spectra, Inc. of Sunnyvale, California, is a GaAs pulsed laser device
which can measure up to 30 meters with an accuracy of <2 cm. and a resolution of < 1 ¢cm. This
system is implemented in combination with transducer 116 and one of the receiving transducers
117 or 118 may thereby be eliminated. Once a particular feature of an occupying item of the
passenger compartment has been located, this device is used in conjunction with an appropriate
aiming mechaﬁism to direct the laser beam to that particular feature. The distance to that feature
is then known to within 2 cm, and with calibration even more accurately. Note that in addition to
measurements within the passenger compartment, this device has particular applicability in

anticipatory sensing and blind spot monitoring applications exterior to the vehicle.
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In FIG. 2 a side view, with certain portions removed or cut away, of a portion of the
passenger compartment of a vehicle showing preferred mounting locations of optical interior
vehicle monitoring sensors 110, 113, 210-214. Each of these devices is illustrated as having a
fisheye lens and is shown enlarged in size for clarity. In a typical actual device, the diameter of
the lens is approximately 2 c¢m. and it protrudes from the mounting surface by approximately 1
cm. This small size renders these devices almost unnoticeable by vehicle occupants. Note that
since these devices are optical it is important that the lens surface remains relatively clean.
Control circuitry 120 contains a self-diagnostic feature where the image returned by one of the
transducers is compared with a stored image and the existence of certain key features is verified.
If a receiver fails this test, a warning is displayed to the driver which indicates that cleaning of the
lens surface is required. The technology illustrated in FIG. 2 can be used for numerous purposes
including: (i) the determination of the presence of a rear facing child seat 230, (ii) the monitoring
of the rear of an occupant’s head 242, (iii) the monitoring of the position of occupant 240, (iv) the
monitoring of the position of the occupants knees 241, (v) the measurement of the occupant’s
height using transducer 113, as well as other monitoring functions as described elsewhere in this
specification.

The occupant position sensor in any of its various forms is integrated into the airbag
system circuitry as shown schematically in FIG. 3. In this example, the occupant position sensors
are used as an input to a smart electronic sensor and diagnostic system. The electronic sensor
determines whether the airbag should be deployed based on the vehicle acceleration crash pulse,
or crush zone mounted crash sensors, and the occupant position sensor determines whether the

occupant is too close to the airbag and therefore that the deployment should not take place. In
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FIG. 3 the electronic crash sensor located within the sensor and diagnostic unit determines
whether the crash is of such severity as to require deployment of the airbag. The occupant
position sensors determine the location of the vehicle occupants relative to the airbags and
provide this information to the sensor and diagnostic unit which then determines whether it is safe
to deploy the airbag. The arming sensor also determines whether there is a vehicle crash
occurring. If the sensor and diagnostic unit and the arming sensor both determine that the vehicle
is undergoing a crash requiring an airbag and the position sensors determine that the occupants
are safely away from the airbags, the airbag, or inflatable restraint system, is deployed.

A particular implementation of an occupant position sensor having a range of from 0 to 2
meters (corresponding to an occupant position of from 0 to 1 meter since the signal must travel
both to and from the occupant) using infrared is illustrated in the block diagram schematic of FIG.
4. The operation is as follows. A 48 MHz signal, f1, is generated by a crystal oscillator 401 and
fed into a frequency tripler 402 which produces an output signal at 144 MHz. The 144 MHz
signal is then fed into an infrared diode driver 403 which drives the infrared diode 404 causing it
to emit infrared light modulated at 144 MHz and a reference phase angle of zero degrees. The
infrared diode 404 is directed at the vehicle occupant. A second signal f2 having a frequency of
48.05 MHz, which is slightly greater than f1, is similarly fed into a frequency tripler 406 to create
a frequency of 144.15 MHz. This signal is then fed into a mixer 407 which combines it with the
144 MHz signal from frequency tripler 402. The combined signal from the mixer 407 is then fed
to filter 408 which removes all signals except for the difference, or beat frequency, between 3
times f1 and 3 times f2, of 150 kHz. The infrared signal which is reflected from the occupant is

received by receiver 409 and fed into pre-amplifier 411, a resistor 410 to bias being coupled to the
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connection between the receiver 409 and the pre-amplifier 411. This signal has the same
modulation frequency, 144 MHz, as the transmitted signal but now is out of phase with the
transmitted signal by an angle x due to the path that the signal took from the transmitter to the
occupant and back to the receiver. The output from pre-amplifier 411 is fed to a second mixer
412 along with the 144.15 MHz signal from the frequency tripler 406. The output from mixer
412 is then amplified by an automatic gain amplifier 413 and fed into filter 414. The filter 414
eliminates all frequencies except for the 150 kHz difference, or beat, frequency, in a similar
manner as was done by filter 408. The resulting 150 kHz frequency, however, now has a phase
angle x relative to the signal from filter 408. Both 150 kHz signals are now fed into a phase
de.tector 415 which determines the magnitude of the phase angle x. It can be shown
mathematically that, with the above values, the distance from the transmitting diode to the
occupant is x/345.6 where x is measured in degrees and the distance in meters.

The applications described herein have been illustrated using the driver of the vehicle.
Naturally the same systems of determining the position of the occupant relative to the airbag apply
to front and rear seated passengers, sometimes requiring minor modifications. It is likely that the
sensor required triggering time based on the position of the occupant will be different for the
driver than for the passenger. Current systems are based primarily on the driver with the result
that the probability of injury to the passenger is necessarily increased either by deploying the
airbag too late or by failing to deploy the airbag when the position of the driver would not warrant
it but the passenger’s position would. With the use of occupant position sensors for both the

passenger and driver, the airbag system can be individually optimized for each occupant and result
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in further significant injury reduction. In particular, either the driver or passenger system can be
disabled if either the driver or passenger is out of position.

There is almost always a driver present in vehicles that are involved in accidents where an
airbag is needed. Only about 30% of these vehicles, however, have a passenger. If the passenger
is not present, there is usually no need to deploy the passenger side airbag. The occupant
monitoring system, when used for the passenger side with proper pattern recognition circuitry,
can also ascertain whether or not the seat is occupied, and if not, can disable the deployment of
the passenger side airbag and thereby save the cost of its replacement. The same strategy applies
also for monitoring the rear seat of the vehicle. Also, a trainable pattern recognition system, as
used herein, can distinguish between an occupant and a bag of groceries, for example. Finally,
there has been much written about the out of position child who is standing or otherwise
positioned adjacent to the airbag, perhaps due to pre-crash braking. Naturally, the occupant
position sensor described herein can prevent the deployment of the airbag in this situation as well
as in the situation of a rear facing child seat as described above.

The use of trainable pattern recognition technologies such as neural networks is an
important part of the instant invention. These technologies are implemented using sophisticated
computer programs to analyze the patterns of examples to determine the differences between
different categories of objects. These computer programs are trained using a set of representative
data collected during the training phase, called the training set. After training, the computer
programs output a computer algorithm containing the rules permitting classification of the objects

of interest based on the data obtained after installation in the vehicle. These rules, in the form of

an algorithm, are implemented in the system which is mounted onto the vehicle. The
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determination of these rules is central to the pattern recognition techniques used in this invention.
Artificial neural networks are thus far the most successful of the rule determination approaches
however research is underway to develop newer systems with many of the advantages of neural
networks, such as learning by training, without the disadvantages, such as the inability to
understand the network and the possibility of not converging to the best solution.

In some implementations of this invention, such as the determination that there is an object
in the path of a closing window as described below, the rules are sufficiently obvious that a
trained researcher can look at the returned optical or acoustic signals and devise an algorithm to
make the required determinations. In others, such as the determination of the presence of a rear
facing child seat or of an occupant, artificial neural networks are used to determine the rules. One
such set of neural network software for determining the pattern recognition rules, is available
from the NeuralWare Corporation of Pittsburgh, Pennsylvania. Another network pattern
recognition technology is disclosed in the above referenced Motorola patents. Numerous articles,
including more that 500 U.S. patents, describe neural networks in great detail and thus the theory
and application of this technology is well known and will not be repeated here. Except in a few
isolated situations where neural networks have been used to solve particular problems, they have
not hefetofore been applied to automobiles and trucks.

The system used in the instant invention, therefore, for the determination of the presence
of a rear facing child seat, of an occupant, or of an empty seat is the artificial neural network. In
this case, the network operates on the returned signals from the CCD array as sensed by

transducers 521 and 522 in FIG. 5, for example. For the case of the front passenger seat, for

example, through a training session, the system is taught to differentiate between the three cases.
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This is done by conducting a large number of experiments where available child seats are placed in
numerous positions and orientations on the front passenger seat of the vehicle. Similarly, a
sufficiently large number of experiments are run with human occupants and with boxes, bags of
groceries and other objects. As many as 1000 such experiments are run before the neural network
is sufficiently trained so that it can differentiate among the three cases and output the correct
decision with a very high probability.

Once the network is determined, it is possible to examine the result using tools supplied by
NeuralWare, for example, to determine the rules which were finally arrived at by the trial and
error techniques. In that case, the rules can then be programmed into a microprocessor.
Alternately, a neural computer can be used to implement the net directly. In either case, the
implementation can be carried out by those skilled in the art of pattern recognition using neural
networks. If a microprocessor is used, a memory device is also required to store the data from
the analog to digital converters ;Jvhich digitize the data from the receiving transducers. On the
other hand, if a neural network computer is used, the analog signal can be fed directly from the
transducers to the neural network input nodes and an intermediate memory is not required.
Memory of some type is needed to store the computer programs in the case of the microprocessor
system and if the neural computer is used for more than one task, a memory is needed to store the
network specific values associated with each task.

There are several methods measuring the height of the driver for use in automatically
adjusting the seat or for adjusting the seatbelt anchorage point. Some alternatives are shown in
FIG. 5 which is a side plan view where two height measuring sensors, one 521 mounted into the

headliner above the occupant’s head and the other 520 mounted onto the A-pillar are shown.
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These transducers may already be present because of other implementations of the vehicle interior
identification and monitoring system described herein.

In the above cross-referenced patent applications, ultrasonics was the main technology for
determining occupant height. This generally required at least two transducers since by using
transducer 521 alone, for example, the exact position of the head is ambiguous since the
transducer measures the distance to the head regardless of what direction the head is. By
knowing the distance from the head to transducer 520, the ambiguity is substantially reduced.

Optical transducers using CCD arrays are now becoming price competitive and, as
mentioned above, will soon be the technology of choice for interior vehicle monitoring. A single
CCD array of 160 by 160 pixels, for example, coupled with the appropriate trained pattern
recognition software, can be used to form an image of the head of an occupant and accurately
locate the head for the purposes of this invention.

A rear-of-head detector 534 is also illustrated in FIG 5. This detector is used to determine
the distance from the headrest to the rear most position of the occupant’s head and to control the
position of the headrest so that it is properly positioned behind the occupant’s head to offer
optimum support in the event of a rear impact. Although the headrest of most vehicles is
adjustable, it is rare for an occupant to position it properly, if at all. Each year there are in excess
of 400,000 whiplash injuries in vehicle impacts approximately 90,000 of which are from rear
impacts (source: National Highway Traffic Safety Administration, (NHTSA)). A properly
positioned head rest could substantially reduce the frequency of such injuries which can be
accomplisheci by the head detector of this invention. The head detector 534 is shown connected

schematically to the headrest control mechanism and circuitry 540. This mechanism is capable of
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moving the headrest up and down and, in some cases, rotating it fore and aft. An occupant
position sensor for side impacts used with a door mounted airbag system is illustrated at 530 in
FIG. 5.

Seatbelts are most effective when the upper attachment point to the vehicle is positioned
vertically close to the shoulder of the occupant being restrained. If the attachment point is too
low, the occupant experiences discomfort from the rubbing of the belt on his or her shoulder. If it
is too high the occupant may experience discomfort due to the rubbing of the belt against his or
her neck and the occupant will move forward by a greater amount during a crash which may
result in his or her head striking the steering wheel. For these reasons, it is desirable to have the
upper seatbelt attachment point located slightly above the occupant’s shoulder. To accomplish
this for various sized occupants, the location of the occupant’s shoulder must be known which
can be accomplished by the vehicle interior monitoring system described herein.

Such a system is illustrated in FIG. 6 which is a side planer view of a seatbelt anchorage
adjustment system. In this system, an infrared transmitter and CCD array receiverb 620 is
positioned in a convenient location such as the headliner located above and to the outside of the
occupant’s shoulder. An appropriate pattern recognition system as described above is then used
to determine the location and position of the shoulder. This information is fed to the seatbelt
anchorage height adjustment system 632, shown schematically, which moves the attachment point

631 to the optimum vertical location for the proper placement of the seatbelt 630.

FIG. 7 is an angular perspective overhead view of a vehicle 710 about to be impacted in

the side by an approaching vehicle 720, where vehicle 710 is equipped with an anticipatory sensor

system showing a transmitter 730 transmitting infrared waves toward vehicle 720. The
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transmitter 730 is connected to an electronic module 740. Module 740 contains circuitry 742 to
drive transmitter 730 and circuitry 744 to process the returned signals from receivers 734 and
(FRG. 14)

739.\ Circuitry 744 contains a neural computer 745 which performs the pattern recognition
determination based on signals from receivers 734 and 736. Receivers 734 and 736 are mounted
onto the B-Pillar of the vehicle and are covered with a protective transparent cover. An alternate
mounting location is shown as 738 which is in the door window trim panel where the rear view
mirror (not shown) is frequently attached. One additional advantage of this system is the ability of
infrared to penetrate fog and snow which makes this technology particularly applicable for
anticipatory sensing applications.

The same system can also be used for the detection of objects in the blind spot of the
vehicle and the image displayed for the operator to see, or a warning system activated, if the
operator attempts to change lanes, for example. In this case, the mounting location must be
chosen to provide a good view along the side of the vehicle in order to pickup vehicles which are
about to pass vehicle 710. Each of the locations 734, 736 and 730 provide sufficient field of view
for this application although the space immediately adjacent to the vehicle could be missed.
Alternate locations include mounting onto the outside rear view mirror or the addition of a unit in
the rear window or C-Pillar. The mirror location, however, does leave the device vulnerable to
being covered with ice, snow and dirt.

In both cases of the anticipatory sensor and blind spot detector, the infrared transmitter
and CCD array system provides mainly image information to permit recognition of the object in

the vicinity of vehicle 710. To complete the process, distance information is also require as well

as velocity information, which can in general be obtained by differentiating the position data. This
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can be accomplished by any one of the several methods discussed above as well as with a radar
system. Radar systems, which would not be acceptable for use in the interior of the vehicle, are
now commonly used in Sensing applications exterior to the vehicle, police radar being one well
known example. Miniature radar systems are now available which are inexpensive and fit within
the available space. Another advantage of radar in this application is that it is easy to get a
transmitter with a desirable divergence angle so that the device does not have to be aimed. The
best mode of practicing the invention for these cases is to use radar and the second best is the
pulsed GaAs laser system, along with a CCD array, although the use of two CCD arrays or the
acoustical systems are also good choices. Both the acoustical and the stenographic system using
the two CCD arrays have the disadvantage of being slower than the GaAs device and the
acoﬁstical system in addition must be mounted outside of the vehicle where it may be affected by
the accumulation of deposits onto the active surface.

In a preferred implementation, transmitter 730 is an infrared transmitter and receivers 734,
736 and 738 are CCD transducers which receive the reflected infrared waves from vehicle 720. In
the implementation shown in FIG. 7, an exterior airbag 790 is shown which deploys in the event
that a side impact is about to occur as described in copending application Serial No. 08/247,760
cross referenced above.

FIG. 8 illustrates the exterior monitoring system for use in detecting the headlights of an
oncoming vehicle or the tail lights of a vehicle in front of vehicle 810. In this embodiment, the
CCD array is designed to be sensitive to visible light and a separate source of illumination is not
used. Once again, the key to this technology is the use of trained pattern recognition algorithms

and particularly of the artificial neural network. Here as in the other cases above and in the co-
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pending patent applications referenced above, the pattern recognition system is trained to
recognize the pattern of the headlights of an oncoming vehicle or the tail lights of a vehicle in
front of vehicle 810 and to then dim the headlights when either of these conditions is sensed. It is
also trained to not dim the lights from other reflections such as off of a sign post or the roadway.
One problem is to differentiate taillights where dimming is desired from distant headlights where
dimming is not desired. Three techniques are used: (i) measurement of the spacing of the light
sources, (ii) determination of the location of the light sources relative to the vehicle, and (iii) use
of a red filter where the brightness of the light source through the filter is compared with the
brightness of the unfiltered light. In the case of the taillight, the brightness of the red filtered and
unfiltered light is nearly the same while there is a significant difference for the headlight case. In
this situation, either two CCD arrays are used, one with a filter, or a filter which can be removed

either electrically, such as with a liquid crystal, or mechanically.

There has thus been shown and described a monitoring system for monitoring both the
interior and the exterior of the vehicle using an optical system with one or more CCD arrays and
other associated equipment which fulfills all the objects and advantages sought after. Many
changes, modifications, variations and other uses and applications of the subject invention will,
however, become apparent to those skilled in the art after considering this specification and the
accompanying drawings which disclose the preferred embodiments thereof. All such changes,
modifications, variations and other uses and applications which do not depart from the spirit and

scope of the invention are deemed to be covered by the invention which is limited only by the

following claims.
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What is claimed is:

1. In a mytor vehicle having an interior passenger compartment containing a passive restraint

ystem and at least one occupying item having surfaces, an interior monitoring system comprising:
a) illulination means for illuminating a portion of said vehicle interior passenger
compartment with electromagnetic radiation ih which said at least one occupying
item is likely situated,

b) receiver means for receiving electromagnetic illumination reflected from said
surfaces of said at least one occupying item within said vehicle interior passenger
compartment, said feceiver means comprising a CCD array;

c) processor means coupled to said receiver means for processing said received
illumination and generating an electronic signal characteristic of said surfaces of
said at least one occupying,item in said passenger compartment based thereon;

d) categorization means coupled to said processor means for categorizing said
electronic signal in order to \identify said at least one occupying item, said
categorization means comprising a\trained pattern recognition algorithm; and

e) output means coupled to said categoxjzation means for affecting another system in
said vehicle in response to said identification of said at least one occupying item.

2. The system in accordance with claim 1, wherein the Rassive restraint comprises an inflatable

airbag and said at least one occupying item is an ocdypant, said electronic signal being

ined from said surfaces thereof,

characteristic of the position of the occupant of the vehicle det

said output means comprising means for modifying the time that ipflation of said inflatable airbag
is initiated in response to the position of said occupant.
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3. The system in accordance with claim 1, wherein the passive restraint comprises an inflatable

id at least one occupying item is an occupant, said electronic signal being
characteristic of the position of the occupant of the vehicle determined from said surfaces thereof,
said output means \tomprising means for modifying the rate at which said inflatable airbag is
inflated in response to the position of said occupant.

4. The system in accordahce with claim 1, wherein the passive restraint comprises an inflatable
airbag and said at least one occupying item is an occupant, said electronic signal being
characteristic of the presence of the occupant of the vehicle determined from said surfaces
thereof, said output means compriging means for suppressing deployment of said inflatable in
response to the absence of said occupaqt.

5. The system in accordance with claim {, wherein said at least one occupying item is the head of
an occupant, said electronic signal being tharacteristic of the position of the occupant’s head
determined from said surfaces thereof, said trajned pattern recognition means comprises means to
categorize the motion of the occupant’s head ovkr time, and said response means coupled to said
pattern recognition means responds to the category\of motion of the occupant’s head over time to
affect another system in said vehicle.

6. The sensor in accordance with claim 5, wherein said another system comprises an alarm.

7. The sensor in accordance with claim 5, wherein said another system comprises limiting means
for limiting the speed of said vehicle.

8. The system in accordance with claim 1 wherein said trained pattern recognition means

comprises a neural network.
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9. The system in accordance with claim 1 wherein said vehicle further comprises a seat and said

at least one occupying item is a rear facing child seat positioned on said seat of said vehicle, and

said another vehicle system comprises an airbag.

10.\In a motor vehicle having an interior and an exterior, a monitoring system for monitoring at

least ohe object exterior to said vehicle comprising:

a) transmitter means for transmitting electromagnetic waves to illuminate said

erior object;

b) reception means for receiving reflected electromagnetic illumination from said
exterior\pbject, said reception means comprising a CCD array,

c) processor means coupled to said reception means for processing said received
illumination any creating an electronic signal characteristic of said exterior object
based thereon,;

d) categorization means\ coupled to said processor means for categorizing said
electronic signal, said dategorization means comprising a pattern redognition
algorithm; and

e) output means coupled to said categorization means for affecting another system in
the vehicle in response to said categprization.

11. The system in accordance with claim 10, her comprising measurement means for

measuring the distance from said exterior object to ‘aid vehicle, said measurement means

comprising radar.
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12. The system i

accordance with claim 10, further comprising measurement means for

measuring the distance, from said exterior object to said vehicle, said measurement means

comprising a pulsed laser.

13. The system in accordance with claim 10, wherein said another system is a warning system

which is activated when said exterior object is within a specified range of said vehicle and said

vehicle driver begins to execute an\action which increases the probability of a collision with said

exterior object.

14. The system in accordance with clai

10, wherein said another system is a side impact airbag

system which is activated when said exteridr object is within a specified range of said vehicle and

said processor means determines that there 1§ a high probability of a collision with said exterior

object.

\

15. The system in accordance with claim 10 wherein said processor means comprises a neural

network algorithm.

16. In a motor vehicle ha\ing an interior and an exterior, an automatic headlight dimming system

C} comprising:

a)

b)

’/ ATI-95F.DOC

reception means t{r receiving electromagnetic radiation from an exterior object,

said reception means comprising a CCD array;
processor means coupled\to said reception means for processing said received
illumination and creating an electronic signal characteristic of received illumination,

categorization means coupled Yo said processor means for categorizing said

electronic signal into categories comprising radiation from the headlights of an
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oncoming-vehicle and other radiation, said categorization means comprising a
trained pattern recognition algorithm; and
e) output means coupled to said categorization means for dimming the headlights in
said vehicle in response to said
17. The invention in accordance with claim 16 wherein said categories further comprise radiation
from taillights of a vehicle-in-front.

18. The invention in accordance with claim 16 wherein said trained pattern recognition algorithm

comprises a neural network.
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ABSTRACT OF THE DISCLOSURE

A vehicle interior monitoring system to identify, locate and monitor occupants, including
their parts, and other objects in the passenger compartment and objects outside of a motor
vehicle, such as an automobile or truck, by illuminating the contents of the vehicle and objects
outside of the vehicle with electromagnetic, and specifically infrared, radiation and using one or
more lenses to focus images of the contents onto one or more arrays of charge coupled devices
(CCD arrays). Outputs from the CCD arrays, are analyzed by appropriate computational means
employing trained pattern recognition technologies, to classify, identify or locate the contents or
external objects. In general, the information obtained by the identification and monitoring system
is used to affect the operation of some other system in the vehicle. When system is installed in
the passenger compartment of an automotive vehicle equipped with an airbag, the system
determines the position of the vehicle occupant relative to the airbag and disables deployment of
the airbag if the occupant is positioned so that he/she is likely to be injured by the depidymént of

the airbag.
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are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful
false statements may jeopardize the validity of the application or any patent issued thereon.

Full name of sole or first inventor (given name, family name) David S. Breed

Inventor's signature, Date

Residence 48 Hillcrest Rd Citizenship USA

Post Office Address Boonton Township, NJ 07005

Full name of second joint inventor, if any (given name, family name) Wilbur E. DuVall
Inventor’s signature - Date

Residence 57 Northwoods Drive Citizenship USA

Post Office Address Kimberling City, MO 65686

Full name of third joint inventor, if a%/ (giv;z name, family name) Wgr_tdgli C] iggmgg

Inventor's signature m W W Date_7-30~95
Residence 55 Fugita St. Citizenship USA
Post Office Address Torrance, CA 90505 C..

D Additional inventors are being named on separately numbered sheets attached hereto.
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Applicant pavid S. Breed et al. : Automotive Technologies
International, Inc.

PO Box 1028

Renville, NJ 07834

U.S. Serial No.
filed June 7, 1995

For: OPTICAL IDENTIFICATION AND MONITORING SYSTEM USING PATTERN
RECOGNITION FOR USE WITH VEHICLES

...............................................................................................................................................................................

Hon. Commissioner of Patents
and Trademarks
Washington, D.C. 20231
WER OF ATT
SIR:
The undersigned applicant hereby appoints Brian Roffe, PTO Reg. No. 35,336, as agent to act on
its behalf before the competent authorities in connection with a Patent Application:

U.S. Serial No. 08/474,786 filed_ June 7, 1995

entitled OPTICAL IDENTIFICATION AND MONITORING SYSTEM USING

PATTERN RECOGNITION FOR USE WITH VEHICLES
(Attorney docket: ATI-95 ),

to prosecute this application and transact all business in the Patent and Trademark Office connected

therewith.

It is hereby requested that all correspondence be directed to Brian Roffe, 376 Yale Ave.

Woodmere, Ny 11598

Please direct all telephone calls to Brian Roffe: Tel. (516) 569-3664.
Automotive Technologies International, Inc.

Dated: June 2, 1995 by 1) e
David S. Breed, PhD.
President
\
4/6
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David S. Breed et al.

IPTTEN

et 2

June 7, 1995

gOATED STATES PATENT AND TRADEMARK OFFICE |
/ { ! ! » fo
- /l ./ﬁ“ 1"/ (( _;\vi’/ . ,“/ i

b P

—~t

Re: Application of:
Serial No. T 08/474.786
I k "
X | Filed:
For:

OPTICAL  IDENTIFICATION
MONITORING

SYSTEM

AND
USING

PATTERN RECOGNITION FOR USE
WITH VEHICLES

INFORMATION DISCLOSURE STATEMENT

Hon. Commissioner of
Patents and Trademarks
Washington, D.C. 20231

Sir:

Applicants herewith submit form PTO-1449 which lists references cited in the specification of -

October 13, 1995 {7

the present application. A copy of each of the references is enclosed.

O
)

¢

[
¢ )

w

An Office Action has not been received to date.. Therefore, no fee is due under 37 C.F.R.

§1.17(p).

It is respectfully requested that these references be considered and made of record.

Brian Roffe

376 Yale Avenue

Woodmere, New York 11598
(516) 569-3664

1 hereby certify that this correspondence and/or fee is being deposited with the

United States Postal Service as fitst class mail in an cpvelope addressed to
"Commissioner of Patents and Trademarks, Wns]\)&, DC 20231" on
V2 e

Qgtober 13, 1995 // s
Brian Roffe / L
“fr‘ Y L~ } ,".-/}‘4‘ /7
s / A A

Respectiully submitted,

.

e, S
Brian Roffe ¢
Reg. No. 35,336
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Docket No. ATI-95
UNITED STATES PATENT AND TRADEMARK OFFICE

Application of: DAVID S. BREED ET AL.

Serial No.: 08/474,786

Filed: June 7, 1995

Title: OPTICAL IDENTIFICATION AND

MONITORING SYSTEM USING PATTERN
RECOGNITION FOR USE WITH VEHICLES

STATUS INQUIRY
Hon. Commissioner of
Patents and Trademarks June 10, 1996
Washington, D.C. 20231

Dear Sir:

Please advise as to the current status of the above-identified application, no office
action having been received to date..

Respectfully submltted,/ /
Brlan’{ SNy

I hereby certify that this correspondence and/or fee
is being deposited with the United States Postal Service

as first class mail in an envelope addressed to “Commissioner el ,(r,‘( 6l
of Patents and Trademarks, Washington, D.C. 20231” on o ‘i o on ThisT sepils
June 10 1996 o L X‘I,f.ﬂ; il

Brian Roffe / | %/
By: 2 s 3 / // A




UNITED STATE.. .JEPARTMENT OF COMMERCE

Patent and Trademark

Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231

| APPLICATION NUMBER | FILING DATE | FIRST NAMED APPLICANT | ATTORNEY DOCKET NO. |

YN
NS,

T SR 2o o e g g EXAMINER
e AT S BRI [ Tor N I

| AR T " papernumBer |
R R/l
BRIAN ROFFE 6

YALE AVEMLE
NY LIS~ 20051 DATE MAILED:

ol o

W R E

This is a communication from the examiner in charge of your application. L /e
COMMISSIONER OF PATENTS AND TRADEMARKS

OFFICE ACTION SUMMARY

[J Responsive to communication(s) filed on

[ This action is FINAL.

[J 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 D.C. 11; 453 0.G. 213.

A shortened statutory period for response to this action is set to expire month(s), or thirty days,
whichever is longer, from the mailing date of this communication. Failure to respond within the period for response will cause
the application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 37 CFR

1.136(a).

Disposition of Claims
X Claim(s) [~ / 8 is/are pending in the application.
Of the above, claim(s) is/are withdrawn from consideration.
[J Claim(s) is/are allowed.
jZ(f Claim(s) / - / 8 is/are rejected.
L1 Claim(s) is/are objected to.
{J Claims are subject to restriction or election requirement.

Application Papers
[] Seethe attached Notice of Draftsperson’s Patent Drawing Review, PTO-948.
(J The drawing(s) filed on is/are objected to by the Examiner.

O The proposed drawing correction, filed on is J approved O disapproved.

[ The spcification is objected to by the Examiner.
[0 The oatt or declaration is objected to by the Examiner.
Priority under35 U.S.C. § 119
O] Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
(] An ] same* TJ None of the CERTIFIED copies of the priority documents have been

 recelved.

0]

received in Application No. (Series Code/Serial Number)

! received in this national stage application from the International Bureau (PCT Rule 17.2(a)).

*Certified copies not received:

L] Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 119(e).
Attachment(s)
. Notice of Reference Cited, PTO-892

'/ Information Disclosure Statement(s), PTO-1449, PaperNo(s). ___

7 Interview Summary, PTO-413

</ Notice of Draftsperson’s Patent Drawing Review, PTO-948

{_ Notice of Informal Patent Application, PTO-152

-- SEE OFFICE ACTION ON THE FOLLOWING PAGES --




Serial Number: 08/474,786 Page 2

Art Unit: 2616

1. The lengthy specification has not been checked to the extent necessary to determine the
presence of all possible minor errors. Applicant's cooperation is requested in correcting any
errors of which applicant may become aware in the specification.
2. Claim 16 objected to because of the following informalities:

Element b) recites “said received illumination”. It should be changed to “said received
radiation”

Element e) is after element c). The designation should be changed to d).
3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

4, Claims 1, 2 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes,
reference AAE of Form PTO-1449, in view of Ando, reference AAC of Form PTO-1449.

As to claim 1, Mattes discloses an interior passenger compartment containing a passive
restraint system and at least one occupying item having surfaces in a motor vehicle, (lines 6-10
and 18-20 of column 1 and item 35 in Fig.2 shows an occupying item having surfaces) . The
monitoring system comprises:

a) illumination means for illuminating a portion of the vehicle interior with

electromagnetic radiation in which the occupying item is likely situated, (lines 13-42 of column

4, and Fig. 2);
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b) receiver means to receive the electromagnetic illumination reflected from the surfaces,
(lines 13-42 of column 4);

c) processor means to generate an electronic signal characteristic of the surfaces, (lines
13-16 of column 4, determining a position is within the meaning of determining characteristics);
and

e) output means to affect another system in the vehicle in response to the identification of
the occupying item, (lines 17-26 of column 1).

However, Mattes does not show the receiver means having a CCD array and a
categorization means comprising a pattern recognition algorithm. Ando discloses an image
processing system in a passenger vehicle to control various parts of the vehicle, (lines 5-15 of
column 1). Ando shows the receiver means comprising a CCD array, (lines 60-61 of column 6),
and the categorization means comprising a pattern recognition algérithm, (lines 15-41 of column
2).

It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to include the receiver means to have a CCD array and a categorization
means to have a pattern recognition algorithm bécause a CCD array would be an obvious design
choice and would have a shorter response time than a regular video camera, and a pattern
recognition algorithms would distinguish a movement by the occupying object rather than by

other small objects. Using sensors having a short response time is one of the goals of Mattes,
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(lines 38-42 of column 4). In addition, both Mattes’ and Ando’s invention deal with systems of
using a sensor or sensors in a passenger vehicle to control other parts of vehicles.

As to claim 2, Mattes shows the other system being controlled is an inflatable passive
restraint apparatus, (lines 15-20 of column 1, control includes disabling or enabling the
deployment of the inflatable passive restraint apparatus).

As to claim 5, Matt shows a step of calculating acceleration of the occupant of vehicle,
(lines 61-63 of column 4). In order to calculate the acceleration, the sensor needs to determine the

positions of the object over time. For the other elements, refer to claim 1 rejection.

5. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando as applied to claim 1 above, and further in view of Fujita, reference AAD of Form PTO-
1449.

Mattes in view of Ando do not show the output means to comprising means for
modifying the rate at which the inflatable airbag is inflated. Fujita shows controlling means to
control a time period between a collision and a finish of an inflation, (referred as the rate at
which the airbag is inflated in instant application), of an airbag, (lines 28-40 of column 2), using
inputs from various sensors (lines 37-41 of column 5).

It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to modify Mattes invention to include a controlling means to control the rate

at which the airbag is inflated because applying different rate of inflation to different situations

\
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may protect the occupant of the vehicle more effectively. In addition, both Mattes’s and Fujita’s
inventions deal with deploying airbags controlled by sensors located within the vehicles in order
to protect the occupants of vehicles.

6. Claim 4 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in
view of Ando as applied to claim 1 above, and further in view of White, reference AAF of Form
PTO-1449.

Mattes in view of Ando do not show the output means to comprising means for
suppressing deployment of the airbag in response to the absence of the occupant, (claim 4), and
an alarm (claim 6). White shows an airbag deployment system in a vehicle with sensor(s) to
detect presence of the occupant(s) (lines 35-54 of column 4), with a warning signal lamp, (lines
17-20 of column 7). The control means would inhibit operation of the airbag if the passenger is
absent from certain locations, (lines 1-7 of column 3).

It would have been obvious to a person of ordinary skill in the art at the time of when the
invention was made to include controlling mean to inhibit operation of the airbag if the passenger
is absent from certain locations and to include a warning signal lamp because the overall goal of
Mattes is to protect the occupant of the vehicle and by inhibiting operation of the airbag if the
passenger is absent from certain locations would limit unnecessary injuries to the occupant and
the warning signal lamp would warn the occupant the status of the airbag control system. In
addition both Mattes’ and White’s inventions deal with deployment of airbag in vehicles using

location sensors to locate the occupants of the vehicles.
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7. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando as applied to claim 5 above, and further in view of Taylor, reference D of Form PTO-892.

Mattes in view of Ando do not show the another system comprises limiting means for
limiting the speed of the vehicle. Taylor discloses a collision avoidance system comprising of a
range finder and vehicle control unit to control the speed of the vehicle, (refer to Fig. 1 and the
abstract).

It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to include limiting means for limiting the speed of the vehicle controlled by
the controlling means because in order to protect the occupants of the vehicle the speed of the
vehicle may need to be automatically controlled. The goal of Mattes’ invention is to protect the
occupants of vehicles. In addition, both Mattes’ and Taylor’s inventions deal with protecting the
occupants of vehicles by controlling various devices within the vehicle and using sensors to
determine and characterize situations when the various devices should be activated or
deactivated.

8. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando as applied to claim 1 above, and further in view of Gorman, reference AAR of Form PTO-
1449.

Mattes and Ando do not show the trained pattern recognition means as comprising a

neural network. However, the applicant disclosed that neural networks are commonly used and

that software tools are also commercially available for creating neural networks and fuzzy logic
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systems capable of recognizing pattern, (page 9, first full paragraph and page 13, second full
paragraph in application number 08/247,760, one of the parent cases of instant application).
Furthermore, Gorman shows a method to use neural networks in object recognition system using
a sonic sensor, (refer to page 76).

It would have been obvious to person of ordinary skill in the art at the time the invention
was made to modify the system of Mattes such that it comprised the neural networks because
including such algorithm may reduce the algorithm implementation complications by using the
commercially available software packages. In addition, both Mattes’ and Gorman’s disclosures
deal with object recognition using sonic sensors.

9. Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando as applied to claim 1 above, and further in view of Mazur, reference I of Form PTO-892.

Mattes and Ando do not show the occupying item as a rear facing child seat positioned on
the vehicle. Mazur shows an airbag deployment system in a vehicle with a rear facing child
positioned on the seat of the vehicle, (Fig. 1 and lines 1-23 of column 4).

It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to consider situations when there is a rear facing child seat positioned on a
seat of a vehicle because consideration of a rear facing child seat positioned on a seat of a vehicle
should be included for an airbag deployment system designed to protect the occupant by

deploying or not deploying depending upon situation in order to protect the occupants. In
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addition, both Mattes’ and Masur’s inventions deal with an airbag deployment system in vehicles
using sensors and control systems to determine if the airbag should be deployed.

10.  Claims 10-13 are rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori,
reference C of Form PTO-892, in view of Suzuki, reference B of Form PTO-892.

As to claim 10, Masmori discloses a vehicle having a monitoring system for monitoring
at least one object exterior to the vehicle, (Fig. 1 and lines 7-13 of column 1). Masomori also
shows the systems comprising:

a) transmitter means for transmitting electromagnetic waves to illuminate the exterior
object, (lines 30-35 of column 2);

b) reception means for receiving reflected electromagnetic illumination from the exterior
object, (lines 37-47 of column 2);

¢) processor means coupled to the reception means for processing the received
illumination and creating an electronic signal characteristic of the exterior object based thereon,
(lines 37047 of column 2);

d) categorization means coupled to the process means for categorizing the electronic
signal, the categorization means comprising a pattern recognition algorithm, (lines 48-65 of
column 2, a target detecting and range determining systems represents a pattern recognition
system); and

e) output mean coupled to the categorization means for affecting another systems in the

vehicle in response to the categorization, (lines 35-42 of column 1).
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However, Masamori does not show the reception means co;rxprising a CCD array. Suzuki
discloses an automobile radar apparatus to detect the distance and angle to the preceding vehicle,
(Fig. 3 and lines 10-17 of column 1).

It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to include a CCD array in Masamori’s invention because the CCD array will
have additional capability of efficiently generating images. In addition, both Masamori’s and
Suzuki’s inventions deal with sensors mounted in vehicles to determine distances to the
preceding vehicles.

As to claim 11, Masamori shows the measurement means comprising radar, (lines 45-46
of column 1).

As to claim 12, Masamori shows the measurement means comprising a pulsed laser,
(lines 65-69 of column 4, laser diodes exited by pulse signals).

As to claim 13, Masamori shows the another system is a warning system, (lines 27-42 of
column 1).

11.  Claim 14 rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in view
of Suzuki as applied to claim 10 above, and further in view of Warner, reference A of Form
PTO-892.

Masamoris in view of Suzuki do not show the another system is a side impact airbag

system. Warner discloses a side impact airbag deployment system, (lines 7-15 of column 1),

controlled by sensors, (lines 57-62 of column 5).
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It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to modify Masamori’s invention to include a control systems to control
deployment of a side impact airbag because the airbag would protect the occupant of the vehicle
and the one of the goals of Masamori’s invention is to protect the occupant of the vehicle. In
addition, both Masamori’s and Warner’s inventions deal with protection systems to protect
occupants of vehicles by using sensor to sense proximity of dangers.

12.  Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in
view of Suzuki as applied to claim 10 above, and further in view of Morrison, reference AJ of
Form PTO-1449.

Masamori in view of Suzuki do not show the processor means as comprising a neural
network. However, the applicant disclosed that neural networks are commonly used and that
software tools are also commercially available for creating neural networks and fuzzy logic
systems capable of recognizing pattern, (refer to claim 8 rejection). Furthermore, Morrison shows
a method to use neural networks in object recognition system using a radar sensor, (refer to the

abstract).

It would have been obvious to person of ordinary skill in the art at the time the invention
was made to modify the system of Masomori’s invention such that it comprised the neural
networks because including such algorithm may reduce the algorithm implementation
complications by using the commercially available software packages. In addition, both

Masomori’s and Morrison’s inventions deal with object recognition using radar sensors.
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13. Claims 16 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bechtel,
reference J of Form PTO-892, in view of Suzuki, reference B of Form PTO-892.

As to claim 16, Bechtel discloses a vehicle having an automatic headlight dimming
system, (refer to the abstract). Bechtel also shows the systems comprising:

a) reception means for receiving electromagnetic radiation from the exterior object, (refer
to the abstract);

b) processor means coupled to the reception means for processing the received radiation
and creating an electronic signal characteristic of received radiation, (lines 49-55 of column 8,
detecting the red color of the trail lamps of a leading vehicle is withing the meaning of
processing the received radiation and creating an electronic signal characteristic of received
radiation);

c) categorization means coupled to the process means for categorizing the electronic
signal, the categories comprising radiation from the headlights of an oncoming-vehicle and other
radiation, the categorization means, (lines 12-16 of column 1); and

d) output mean coupled to the categorization means for dimming the headlights in the
vehicle in response to the categorization, (lines 12-16 of column 1).

However, Bechtel does not show the reception means comprising a CCD array. Suzuki
discloses an automobile radar apparatus to detect the distance and angle to the preceding vehicle,

(Fig. 3 and lines 10-17 of column 1).
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It would have been obvious to a person of ordinary skill in the art at the time the
invention was made to include a CCD array in Bechtel’s invention because the CCD array will
have additional capability of efficiently generating images. In addition, both Masamori’s and
Suzuki’s inventions deal with sensors mounted in vehicles to determine external conditions of
the vehicles.

As to claim 17, Bechtel shows the categories further comprising radiation form taillights
of a vehicle-in-front, (lines 49-55 of column 8).

14.  Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bechtel in view
of Suzuki as applied to claim 16 above, and further in view of Morrison.

Masamori in view of Suzuki do not show the processor means as comprising a neural net.
However, the applicant disclosed that neural networks are commonly used and that software
tools are also commercially available for creating neural networks and fuzzy logic systems
capable of recognizing pattern, (refer to claim 8 rejection). Furthermore, Morrison shows a
method to use neural networks in object recognition system detect another vehicle as an exterior
condition, (refer to the abstract).

It would have been obvious to person of ordinary skill in the art at the time the invention
was made to modify the system of Bechtel’s invention such that it comprised the neural networks
because including such algorithm may reduce the algorithm implementation complications by

using the commercially available software packages. In addition, both Bechtel’s and Morrison’s
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inventions deal with object recognition using sensors to determine exterior conditions of

vehicles.
15.  The prior art made of record and not relied upon is considered pertinent to applicant's
disvclosure.
Reference E and H are included as an example of a motor vehicle speed control system.
Reference F is included as an example of a motor vehicle head light dimming control
system.
Reference G is included as an example of a motor vehicle driver alert system.

16.  Any inquiry concerning this communication should be directed to Anthony Kahng at

telephone number (703) 305-4022.

AK

é-26-96
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UNITED STATES PATENT AND TRADEMARK OFFICE j/ 7 )
Examiner: A. Kahng Art Unit:2616 &;{% e
Re:  Application of: David S. Breed et al. /- / ? i 7é
Serial No.: 08/474,786
Filed: June 7, 1995
For: OPTICAL  IDENTIFICATION AND
MONITORING SYSTEM

INFORMATION DISCLOSURE STATEMENT

Hon. Commissioner of
Patents and Trademarks October 18, 1996
Washington, D.C. 20231

fop e

X P I e S
. o e S
Sir: QS
e ) VO

Applicants herewith submit a list of references cited during the prosecution of a %’hes‘pondm%
patent application in the British Patent Office (References AA, AL, AR and AS) and dur:;\‘g tl;g)
prosecution of a related application in the U.S. Patent and Trademark Office (U.S. patent application
Serial No. 08/474,782 handled by the same Examiner-References AB-AI). A copy of each of the
references is enclosed.

A copy of the British Search Report is also enclosed. It is pointed out that reference AL

corresponds to U.S. Patent Application Serial No. 08/505,036 and that Great Britain Patent

I hereby certify that this correspondence and/or fee is being deposited with the
United States Postal Service as first class majf in an envelope addressed to
*Commissioner of Patents and Trsd7yk3, ashington, DC 20231" on

ﬁmﬁ%m//
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Application No. 2,289,332, listed in the British Search Report, corresponds to U.S. Patent Application
Serial No. 08/640,068. A copy of GB ‘332 is not submitted since it published on or about November,
1995, after the filing date of this application. |

The undersigned hereby certifies that items AA, AL, AR and AS in this Information Disclosure
Statement were cited in a communication from the British Patent Office in a counterpart foreign
application therein not more than three months prior to the filing of this Information Disclosure
Statement.

Further, the undersigned hereby certifies that items AB-AI in this Information Disclosure
Statement were cited in a communication from the United States Patent and Trademark in the related
application not more than three months prior to the filing of this Information Disclosure Statement .

Therefore, no fee is due under 37 CFR. §1.17(p).

This submission does not represent that a search has been made or that no better prior art
exists. While the term “reference” is used in citing the publications called to the Examiner’s attention
herein, applicants do not make any admission that each or all of them are “prior art” references within
the meaning of the statutory and case law.

Applicants reserve the right to contend, where appropriate, that a reference asserted against
any claim of the present application is not prior art under the facts and the law.

Applicants also reserve the right to present appropriate arguments and/or evidence to establish
patentability over the references, should one or more of the references be applied against the claims of
the present application.

Applicants request the Examiner independently determine those items which the Examiner

would consider the most pertinent of all the references cited herein.
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It is respectfully requested that these references be considered and made of record.

Respectﬁllly submitted,
By:
Bnaﬁ Roﬁ'e
Attorney for Applicants
Reg. No. 35,336
Enclosures
12 References
British Search Report
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Commissioner of Patents, Commissioner
of Patents and Trademarks, Washington, D,
JANUARY 2,1997. .

Brian Roffe, Esq. A%% /
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IN THE CLAIMS:

Please amend the claims as follows.

(Amended) In a motor vehicle having an interior passenger compartment

b@\ containing\[a passive restraint system and] at least one occupying item [having surfaces], an

ring system comprising:

N ilumination means for illuminating a portion of said vehicle interior passenger

N\ compartment with electromagnetic radiation in which said at least one occupying

\5 item is\likely situated,

b) receiver means for receiving electromagnetic illumination reflected from [said
surfaces of]\said at least one occupying item [within] in said vehicle interior
passenger compartment, said receiver means comprising a CCD array;

c) processor means coupled to said [receiver means] CCD array for processing said

received illumination\ and generating an electronic signal characteristic and

representative of [said \surfaces of] said at least one occupying item in said
passenger compartment baded thereon;

identification means coupled to said processor means for

d) categorization and

categorizing said electronic signal [in order] to thereby identify said at least one

occupying item, said categorizatiqn and identification means comprising trained

IWng a [trained] pattern recognition algorithm;

and

1/2/197 9:59 PM 2
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e) outpyt means coupled to said categorization and identification means for affecting
anothey system in said vehicle in response to [said] the identification of said at least

one occypying item.

2. (Amended) The system in accordance with claim 1, wherein [the passive
restraint] said another system comprises an inflatable airbag and said at least one occupying item
is an occupant, [said electronic signal being characteristic of the position of the occupant of the

vehicle determined from said surfaces thereof,] said pattern recognition means being structured

and arranged to process said electronic signal based on said received illumination from said

occupant into_a_positional categorization of said signal characteristic of the position of the

occupant based on data corresponding to patterns of received electromagnetic illumination stored

within said pattern recognition means and associated with occupants of the vehicle in different

positions, said output means comprising means for modifying the time [that] at which inflation of

said inflatable airbag is initiated in response to the position of [said] the occupant.

3. (Amended) The system in accordance with claim 1, wherein [the passive

restraint] said another system comprises an inflatable airbag and said at least one occupying item

is an occupant, [said electronic signal being characteristic of the position of the occupant of the

vehicle determined from said surfaces thereof,] said pattern recognition means being structured

and arranged to process said electronic signal based on said received illumination from said

surfaces of the occupant into a positional categorization of said signal characteristic of the

position of the occupant based on data_corresponding to patterns of received electromagnetic

1/2/97 9:59 PM 3
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illumination stored within said pattern recognition means and associated with occupants of the

vehicle in different positions, said output means comprising means for modifying the rate at which

said inflatable airbag is inflated in response to the position of [said] the occupant.

4, (Amended) The system in accordance with claim 1, wherein [the passive
restraint] said another system comprises an inflatable airbag and said at least one occupying item

is an occupant, [said electronic signal being characteristic of the presence of the occupant of the

vehicle determined from said surfaces thereof]] said pattern recognition means being structured

and arranged to_process said electronic signal based on said received illumination from said

occupant into a categorization of said signal characteristic of the presence of the occupant based

on data corresponding to patterns of received electromagnetic illumination stored within said

pattern recognition means and associated with the presence and absence of the occupant of the

vehicle, said output means comprising means for suppressing deployment of said inflatable in

response to the absence of [said] the occupant.

5. (Amended) The system in accordance with claim 1, wherein said at least one
occupying item is [the head of] an occupant, [said electronic signal being characteristic of the
position of the occupant’s head determined from said surfaces thereof,] said pattern recognition

means being structured and arranged to process said electronic signal based on said received

illumination from said occupant into a head-positional categorization of said signal characteristic

of the position of the occupant’s head based on data corresponding to patterns of received

electromagnetic illumination stored within said pattern recognition means and associated with the

12197 9:59 PM 4
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head of occupants of the vehicle in different positions, said trained pattern recognition means

Q} comprises means to categorize the motion of the occupant’s head over time, and said [response]
output means coupled to said pattern recognition means responds to the category of motion of the

occupant’s head over time to affect said another system in said vehicle.

(Amended) In a motor vehicle having an interior and an exterior, a monitoring

%

system for Iponitoring at least one object exterior to said vehicle comprising:

a) ransmitter means for transmitting electromagnetic waves to illuminate [said] the at
least one exterior object;

") b) reception means for receiving reflected electromagnetic illumination from [said]
<> the at leadt one exterior object, said reception means comprising a CCD array;

) processor megns coupled to said [reception means] CCD array for processing said
received illuminatjon and creating an electronic signal characteristic of said exterior
object based thereork

d) categorization means ‘coupled to said processor means for categorizing said

} electronic signal, said categorization means comprising trained pattern recognition
| means for applying a patterm\recognition algorithm; and

e) output means coupled to said gategorization means for affecting another system in
the vehicle in response to said categorization.

12197 9:59PM 5
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11.  (Amended) The system in accordance with claim 10, further comprising
measurement means for measuring the distance from [said] the at least one exterior object to said

vehicle, said measurement means comprising radar.

12.  (Amended) The system in accordance with claim 10, further comprising
measurement means for measuring the distance from [said] the at least one exterior object to said

vehicle, said measurement means comprising a pulsed laser.

13.  (Amended) The system in accordance with claim 10, wherein said another
system is a warning system which is activated when [said] the at least one exterior object is within
a specified range of said vehicle and said vehicle driver begins to execute an action which

increases the probability of a collision with [said] the at least one exterior object.

14.  (Amended) The system in accordance with claim 10, wherein said another
system is a side impact airbag system which is activated when [said] the at least one exterior
object is within a specified range of said vehicle and said processor means determines that there is

a high probability of a collision with [said] the at least one exterior object.

(Amended) In a motor vehicle having an interior and an exterior, an automatic

ing system comprising:
a) recdption means for receiving electromagnetic radiation from an exterior object,

said reception means comprising a CCD array;

172197 9:59 PM 6
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b) processpr means coupled to said [reception means] CCD array for processing
[said] the received [illumination] radiation and creating an electronic signal
characteristic of the received [illumination] radiation;

) categorization means coupled to said processor means for categorizing said
electronic signal into categories comprising radiation from the headlights of an
oncoming-vehicle and other radiation, said categorization means comprising

lying a [trained] pattern recognition
algorithm; and

[e)] d) output means coupled to said categorization means for dimming the headlights in

said vehicle in response to said categorization.

/
Please add the following new claims.

The system in accordance with claim 1, wherein said pattern recognition means are

structured and arranged to process said electronic signal based on said received illumination from
said at least one {ccupying item into a categorization of said signal characteristic of said at least

one occupying item\based on data corresponding to patterns of received electromagnetic

illumination stored withit\said pattern recognition means and associated within possible classes of

occupying items of the veht Q said output means being structured and arranged to affect said

another system in the @:le\ip réspotise to said identification.

X

RN

-~ \\

20.  The system in accordande with claim 10, wherein said categorization means

constitute identification means for identifying the at least one exterior object by categorizing said

1/2/97 9:59 PM 7
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electronic signal, said pa\tem recognition means being structured and arranged to process said
electronic signal based on.‘_‘said received illumination from the at least one exterior object into a
categorization of said sign\al characteristic of the at least one exterior object based on data
corresponding to pattems of received electromagnetic illumination stored within said pattern
recognition means and ass\qcmted Wlthm possible classes of exterior objects of the vehicle, said

. / .
output means being structused “and arranged to affect said another system in the vehicle in

response to said identification.

REMARKS
Reconsideration of the present application, as amended, is respectfully requested.
Claims 1-18 and new claims 19 and 20 are presently active in this application.

Claim 16 has been amended to overcome the Examiner’s formal rejection.

I Rejection of Claims 1-9

Prior to discussing the rejections of claims 1-9 on the merits, a brief review of the claimed
inventions is in order.

These embodiments of the invention relate to a vehicular interior monitoring system which
is designed to control reactions of vehicular components depending on the status of the passenger
compartment or the contents therein. Specifically, to obtain information from the passenger
compartment, the system includes illumination means which illuminate at least a portion of the
passenger compartment with electromagnetic radiation and receiver means for receiving
electromagnetic illumination reflected from surfaces of one or more occupying items within the

passenger compartment. To receive the electromagnetic illumination, and for other purposes

1/2/97 9:59 PM 8
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discussed below, a CCD (charge coupled device) array is used in the invention. Processor means
are coupled to the CCD array for processing the received electromagnetic illumination and
generating an electronic signal characteristic and representative of the occupying item(s) in the
passenger compartment based thereon. Lastly, the most basic embodiment of the invention
includes output means coupled to the processor means for affecting another system in the vehicle
in response to the identification of the occupying item (s). For example, the another system may
be a passive restraint device such as an inflatable airbag and the occupying item is an occupant,
whereby the electronic signal is characteristic of the position of the occupant of the vehicle
determined from the surfaces thereof and the output means comprising means for modifying the
time the inflation of the airbag is initiated or the rate of inflation in response to the position of the
occupant.

It is an important aspect of the invention that the system includes categorization and
identification means coupled to the processor means for categorizing the electronic signal to
thereby identify the occupying item(s). The categorization and identification means comprise a
trained pattern recognition means for applying a pattern recognition algorithm.

The novel use of the CCD array as the illumination receiving means enables the processor
means to generate an electronic signal characteristic and representative of the occupying
item(s) in the passenger compartment based thereon (as now set forth in amended independent
claim 1). In this regard, it is emphasized that the electronic signal varies depending on the specific
occupying item(s), i.e., each occupying item will essentially have a different electronic signal

generated based thereon whether it is a person, bag of groceries, etc. In this manner, it is possible

1/2/97 9:59 PM 9
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to identify the occupying item(s) with specificity, by the application of the pattern recognition
algorithm, and thus affect another vehicle system based on this identification.

Another important aspect of the invention is that the pattern recognition means is
structured and arranged to process the electronic signal based on the received illumination from
the occupying item(s) into the categorization of the signal characteristic and representative thereof
“based on data corresponding to patterns of received electromagnetic illumination stored within
said pattern recognition means and associated within possible classes of occupying items of the
vehicle” (claim 19). The categorization and identification means are thus pre-loaded with data of
patterns of electromagnetic illumination corresponding to possible occupying items of the vehicle
and then applied during practice to provide the identity of the occupying item(s) upon receipt of
an electronic signal generated by the processor means from the pattern of electromagnetic
illumination received by the CC array. This aspect is described in the specification, e.g., at page
30, line 15 to page 31, line 17.

In view of the foregoing, the occupying items or contents of the passenger compartment
can be identified within certain limits as imposed solely by the training of the pattern recognition
algorithm. At a minimum, in certain embodiments of the invention, the pattern recognition
algorithm is trained on different occupying items (claim 19), different positions of an occupant in
the passenger compartment (claims 2 and 3), the presence or absence of an occupant in the
passenger compartment (claim 4), the presence of a rear-facing child seat and the motion of an
occupant head (claim 5).

None of the prior art references cited by the Examiner teach or suggest recetving

illumination from an object by means of a CCD array and then based on the image on the CCD

1/2/97 9:59 PM 10
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array, generating an electronic signal characteristic and representative of an occupying item in the
passenger compartment and identifying the occupying item in the passenger compartment of a
vehicle through the application of trained pattern recognition means including data representative
of possible occupying items of the passenger compartment.

Claims 1, 2 and 5 were rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes
in view of Ando.

Mattes describes a system including transmitters and receivers for determining the
presence, position and/or velocity of an occupant relative to the passenger compartment.

Ando describes a system which recognizes an image and specifically ascertains the
position of the pupils and mouth of the occupant to enable movement of the pupils and mouth to
control electrical devices installed in the automobile (Abstract). The system includes a camera 3
which takes a picture of the occupant and applies algorithms based on pattern recognition
techniques to analyze the picture, converted into an electrical signal, to determine the position of
certain portions of the image, namely the pupils and mouth (Col. 1, line 64 to Col. 2, line 4).

The Examiner took the position that the determination of the position of an occupying
item in the passenger compartment, as in Mattes, is within the meaning of determining a
characteristic thereof. The Examiner’s position is respectfully traversed.

It is noted that in accordance with common dictionary definitions, the “position” of an
object is defined as the place occupied by a person or thing, its situation or location whereas a
“characteristic” of an object is defined as a distinguishing trait, feature or quality, that which
characterizes the object. In view of these definitions, it is respectfully submitted that the

determination of the position of an object in the vehicle’s passenger compartment as in Mattes
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does not constitute a characteristic of the object since the object’s position is not a distinguishing
trait, feature or quality, i.e., all objects can be in the same position and thus the determination of

one object’s position does not reveal anything with regard to what that object is (a person, bag of

groceries, rear-facing child seat, dog, box, etc.). Thus, if the system of Mattes determines that an
object is, e.g., 10 cm from the receiver, it has not revealed anything with regard to a characteristic
(trait, feature or quality) of that object.

In view of the foregoing, it is respectfully submitted that Mattes does not disclose

processor means for generating an electronic signal characteristic of the occupying item of the

passenger compartment. To emphasize this distinction, claim 1 has been amended to recite that
the electronic signal is not only characteristic of the occupying item but is also representative of
the occupying item, i.e., it is unique to that and only that occupying item and other occupying
items will have their own representative electronic signals. Of course, the pattern recognition
means may be trained to provide an identification of a person from any number of different
electronic signals, depending on the training data.

Moreover, it is pointed out that Mattes cannot disclose processor means for generating a
signal characteristic and representative of the occupying item since the system of Mattes is based
on an ultrasonic signal, and thus the ultrasonic receiver simply receives a signal from which the
position of the occupying item can be determined. This signal does not represent the occupying
item nor it is characteristic of the occupying item. Rather, it is merely a function of the location of
the occupying item.

By contrast, the use of the CCD array in the claimed invention enables a complete

electronic signal to be generated characteristic and representative of the occupying item since
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each occupying item will essentially have a different image on the CCD array and thus a different
electronic signal.

Although Ando shows the use of a CCD array, it does not teach or suggest that the image
displayed on the CCD array can be processed to generate a signal characteristic and representative
of the occupying item. Thus, Ando does not disclose the synergy of the use of a CCD array in
order to enable the processing of the image to obtain an electronic signal characteristic and
representative of the occupying item. Furthermore, Ando does not teach or suggest
categorization and identification means which categorize an electronic signal characteristic and
representative of the occupying item(s) to thereby identify the occupying item(s).

In view of the absence of the disclosure of all of the features of independent claim 1 in
Ando and Mattes, one could not combine these references and arrive at the claimed invention.
Therefore, claim 1 should be allowable over the prior art of record.

Claims 2 and 5 includes all of the features of independent claim 1 and for the same reasons
that claim 1 is allowable over the prior art of record, claims 2 and 5 should also be allowable.

With particular respect to claim 2, the pattern recognition means of Ando are not
structured and arranged to process the electronic signal “into a positional categorization of said
signal characteristic of the position of the occupant based on data corresponding to patterns of
received electromagnetic illumination stored within said pattern recognition means and associated
with occupants of the vehicle in different positions.” It is thus pointed out that the position of the
occupant is not determined so much as from the electronic signal directly, as in Mattes, but

indirectly through the pattern recognition means trained to detect occupants in different positions

(See page 32, lines 1-4 of the specification).
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With respect to claim 5, the pattern recognition means of Ando are not structured and
arranged to process the electronic signal “into a head-positional categorization of said signal
characteristic of the position of the occupant’s head based on data corresponding to patterns of
received electromagnetic illumination stored within said pattern recognition means and associated
with the head of occupants of the vehicle in different positions” whereby the trained pattern
recognition means comprises means to categorize the motion of the occupant’s head over time.

Claim 3 was rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando and further in view of Fujita. Claims 4 and 6 were rejected under 35 U.S.C. 103(a) as being
unpatentable over Mattes in view of Ando and further in view of White. Claim 7 was rejected
under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of Ando and further in view of
Taylor. Claim 8 was rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view
of Ando and further in view of Gorman. Claim 9 was rejected under 35 U.S.C. 103(a) as being
unpatentable over Mattes in view of Ando and further in view of Mazur.

Claims 3, 4 and 6-9 include all of the features of claim 1 and for the same reasons that
claim 1 is allowable over the prior art of record, these claims should also be allowable. In any
event, none of these secondary references, viz., Fujita, White, Taylor, Gorman and Mazur,
disclose generating an electronic signal characteristic and representative of an occupying item
based on an image obtained on a CCD array and therefore do not overcome the deficiencies of the
combination of Ando and Mattes.

With respect to new claim 19, in contrast to the claimed invention, neither Mattes nor
Ando teach or suggest identification means which include stored data corresponding to patterns

of received electromagnetic illumination and associated within possible classes of occupying items
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of the vehicle, i.e., the pattern recognition means are trained by generating data representative of
return signals from each possible class of occupying items such -that the electronic signal
representative of the surfaces of the occupying item obtained during operation can be analyzed in
view of this data and the identification of the class of occupying; item established with near
certainty. Mattes does not mention anything about the storage of such data and its later use to
identify occupying items of the vehicle whereas Ando merely stores an image obtained each time
and analyzes that image to ascertain the location of the pupils and/or mouth. Ando does not

contain trained pattern recognition means which include data representative of possible classes of

occupying items.

2. Rejection of Claims 10-15

These embodiments are directed to a monitoring system for monitoring at least one object
exterior to the vehicle which includes transmitter means for transmitting electromagnetic waves to
illuminate the exterior object(s), reception means, namely a CCD array, for receiving reflected
electromagnetic illumination from the exterior object(s), processor means coupled to the CCD
array for processing the received illumination and creating an electronic signal characteristic of the
exterior object(s) based thereon, categorization means coupled to the processor means for
categorizing the electronic signal, which comprise trained pattern recognition means for applying
a pattern recognition algorithm, and output means coupled to the categorization means for
affecting another system in the vehicle in response to the categorization.

None of the prior art references teach or suggest a CCD array for receiving an image of an

exterior object and processor means for generating an electronic signal characteristic of that
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object. As explained above, the determination of the position of an object is not a characteristic
of that object as used in this application.

Claims 10-13 were rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori
in view of Suzuki.

Masamori describes a system which is based on radar, specifically it is a collision
avoidance system aimed at detecting vehicles which are at some distance from the vehicle.

Suzuki describes a vehicle tracking control for continuously detecting the distance and
direction to a preceding vehicle irrespective of background dark/light distribution. In this system,
every vehicle must have a light on its rear that emits a constant or time varying signal and the
invention then uses two photoelectric sensors that zero in on the light emitted from the preceding
vehicle and thereby determine both the distance and angular position of the preceding vehicle.

It is respectfully submitted that Masamori does not disclose processor means for
generating an electronic signal characteristic of the exterior object (see the explanation above with

respect to Mattes). Rather, Masamori simply discloses a distance measurement system based on

radar waves. The radar waves can be reflected off of any object and thus a trait, feature or quality
of the object (a characteristic of the object) is not obtained by means of the reflected radar waves.
By contrast, the use of the CCD array in the claimed invention enables a complete
electronic signal to be generated characteristic of the occupying item since each exterior object
will essentially have a different image on the CCD array and thus a different electronic signal.
Although Suzuki shows the use of a CCD array, it does not teach or suggest that the
image displayed on the CCD array can be processed to generate a signal characteristic of the

exterior object. Thus, Suzuki does not disclose the synergy of the use of a CCD array in order to
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enable the processing of the image to obtain an electronic signal characteristic of the exterior

object.

Furthermore, Masamori does not teach or suggest that the categorization means
categorize an electronic signal which is characteristic of the exterior object.

In view of the absence of the disclosure of all of the features in independent claim 10 in
Masamori and Suzuki, one could not combine these references and arrive at the claimed
invention. Therefore, claim 10 should be allowable over the prior art of record.

Claims 11-13 includes all of the features of independent claim 10 and for the same reasons
that claim 10 is allowable over the prior art of record, claims 11-13 should also be allowable.

Claim 14 was rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in
view of Suzuki and further in view of Warner. Claim 15 was rejected under 35 U.S.C. 103(a) as
being unpatentable over Masamori in view of Suzuki and further in view of Morrison.

Claims 14 and 15 include all of the features of claim 10 and for the same reasons that
claim 10 is allowable over the prior art of record, these claims should also be allowable. In any
event, Warner and Morrison do not disclose generating an electronic signal characteristic of an
exterior object item based on an image obtained on a CCD array and therefore do not overcome
the deficiencies of the combination of Masamori and Suzuki.

With respect to new claim 20, in contrast to the claimed invention, neither Masamori nor
Suzuki teach or suggest identification means which include stored data corresponding to patterns
of received electromagnetic illumination and associated within possible classes of exterior objects,
i.e., the pattern recognition means are trained by generating data representative of return signals

from each possible class of exterior objects such that the electronic signal representative of the
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exterior objects obtained during operation can be analyzed in view of this data and the
identification of the class of the exterior object established with near certainty.
3. Rejection of Claims 16-18

These claims are directed to embodiments of an automatic headlight dimming system
which comprises reception means, a CCD array, for receiving electromagnetic radiation from an
exterior object, processor means coupled to the CCD array for processing the received radiation
and creating an electronic signal characteristic of the received radiation, categorization means
coupled to the processor means for categorizing the electronic signal into categories comprising
radiation from the headlights of an oncoming-vehicle and other radiation, the categorization
means comprising trained pattern recognition means for applying a pattern recognition algorithm,
and output means coupled to the categorization means for dimming the headlights in the vehicle in
response to the categorization.

None of the prior art references teach or suggest a CCD array for receiving
electromagnetic illumination from an exterior object and processor means for generating an
electronic signal characteristic of that object based on the reception of the CCD array.

Claims 16 and 17 were rejected under 35 U.S.C. 103(a) as being unpatentable over
Bechtel in view of Suzuki.

Bechtel describes a system which uses colored mirrors to separate colors. Suzuki is
described above.

It is respectfully submitted that Bechtel does not disclose processor means for generating
an electronic signal characteristic of the received illumination as used herein, which is achieved by

means of the CCD array. The use of the CCD array in the claimed invention enables a complete
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electronic signal to be generated characteristic of the exterior object since each exterior object will
essentially have a different image on the CCD array and thus a different electronic signal.

Although Suzuki shows the use of a CCD array, it does not teach or suggest that the
image displayed on the CCD array can be processed to generate a signal characteristic of the
exterior object. Thus, Suzuki does not disclose the synergy of the use of a CCD array in order to
enable the processing of the image to obtain an electronic signal characteristic of the exterior
object.

In view of the absence of the disclosure of all of the features in independent claim 16 in
Bechtel and Suzuki, one could not combine these references and arrive at the claimed invention.
Therefore, claim 16 should be allowable over the prior art of record.

Claim 17 includes all of the features of independent claim 16 and for the same reasons that
claim 16 is allowable over the prior art of record, claim 17 should also be allowable.

Claim 18 was rejected under 35 U.S.C. 103(a) as being unpatentable over Bechtel in view
of Suzuki and further in view of Morrison.

Claim 18 includes all of the features of claim 16 and for the same reasons that claim 16 is
allowable over the prior art of record, claim 18 should also be allowable. In any event, Morrison
do not disclose generating an electronic signal characteristic of an exterior object item based on an
image obtained on a CCD array and therefore does not overcome the deficiencies of the
combination of Bechtel and Suzuki.

In view of the changes made to the claims and the arguments presented above, it is
respectfully submitted that the Examiner’s rejections have been overcome and that the present

application is now in condition for allowance.
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Lastly, it is pointed out that a continuation application of U.S. patent application Serial
No. 08/239,978, one of the parent applications of this application, has been filed (USSN
08/640,068). The Examiner’s attention is directed to the references cited therein.

An early and favorable action on the merits is earnestly solicited.

FOR THE APPLICANT

Respgctfully subf i

/ AL/
Brian Roffe
Reg. No. 35,336

Brian Roffe

376 Yale Avenue
Woodmere, New York 11598
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[] This action is FINAL.

[J 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 D.C. 11, 453 O.G. 213.

A shortened statutory period for response to this action is set to expire 3 month(s), or thirty days,
whichever is longer, from the mailing date of this communication. Failure to respond within the period for response will cause
the application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 37 CFR
1.136(a).
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[ ciaim(s) are subject to restriction or election requirement.
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[ The drawing(s) filed on is/are objected to by the Examiner.

[T] The proposed drawing correction, filed on is [[] approved [] disapproved.

[C] The specification is objected to by the Examiner.
[] The oath or declaration is objected to by the Examiner.

Priority under 35 U.S.C. § 119
D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d).
[0 an [J some* [] None of the CERTIFIED copies of the priority documents have been
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[J received in Application No. (Series Code/Serial Number) .
[ received in this national stage application from the International Bureau (PCT Rule 17.2(a)).
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Serial Number: 08/474,786 Page 2

Art Unit: 2616

1. Applicant's arguments with respect to claims 1-20 have been considered but are moot in
view of the new ground(s) of rejection. Howevef, the objections to claim 16, (refer to paragraph 2
of the Office Action mailed on 10/1/96), are withdrawn in view of the amendment.

2. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness

rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

3. Claims 1, 2 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes
in view of Ando and Ishikawa, reference AC of Form 1449 filed on 10/21/96. The statements
advanced in paragraph 4 of the Office Action mailed on 10/1/96, (paper 6), as to the applicability
and disclosure of Mattes and Ando are incorporated by reference herein.

Mattes does not explicitly show an identification means comprising trained pattern
recognition means for applying a pattern recognition algorithm. Ishikawa discloses an image
analyzer inside of a vehicle, (refer to the abstract). Ishikawa shows an identification means
comprising a trained pattern recognition means for applying a pattern recognition algorithm, (refer
to Fig. 9).

It would have been obvious to a person of ordinary skill in the art at the time the invention
was made to include an identification means comprising trained pattern recognition means for

applying a pattern recognition algorithm in the invention of Mattes because the identification
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Serial Number: 08/474,786 Page 3

Art Unit: 2616

means could help accurately determine where the person is in the vehicle. In addition, both the
inventions of Mattes and Ishikawa deal with sensors inside vehicles.

As to claim 19, refer to claim 1 rejection.
4, Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando and Ishikawa as applied to claim 1 above, and further in view of Fujita. The statements
advanced in paragraph 5 of the Office Action mailed on 10/1/96, (paper 6), as to the applicability
and disclosure of Mattes, Ando and Fujita are incorporated by reference herein.
5. Claim 4 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in
view of Ando and Ishikawa as applied to claim 1 above, and further in view of White. The
statements advanced in paragraph 6 of the Office Action mailed on 10/1/96, (paper 6), as to the
applicability and disclosure of Mattes, Ando and White are incorporated by reference herein.
6. Claim 7 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando and Ishikawa as applied to claim 5 above, and further in view of Taylor. The statements
advanced in paragraph 7 of the Office Action mailed on 10/1/96, (paper 6), as to the applicability
and disclosure of Mattes, Ando and Taylor are incorporated by reference herein.
7. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando and Ishikawa as applied to claim 1 above, and further in view of Gorman. The statements
advanced in paragraph 8 of the Office Action méiled on 10/1/96, (paper 6), as to the applicability

and disclosure of Mattes, Ando and Gorman are incorporated by reference herein.
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Serial Number: 08/474,786 Page 4

Art Unit: 2616

8. Claim 9 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando and Ishikawa as applied to claim 1 above, and further in view of Mazur. The statements
advanced in paragraph 9 of the Office Action mailed on 10/1/96, (paper 6), as to the applicability
and disclosure of Mattes, Ando and Mazur are incorporated by reference herein.

9. Claims 10-13 are rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in
view of Suzuki. The grounds for rejections stated in paragraph 10 of the Office Action mailed on
10/1/96 are incorporated by reference herein.

The applicant alleges “Masamori does not disclose processor means for generating an
electronic signal characteristic of the exterior object” because “Masamori simply discloses a
distance measurement system based on radar waves,” (the fourth full paragraph of page 16 of the
amendment). The Examiner is interpreting the phrase “characteristic of” and object to be length,
width, depth, distance and/or shape of an object among many other possible characteristics of an
object.

10.  Claim 14 rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in view of
Suzuki as applied to claim 10 above, and further in view of Warner. The grounds for rejections
stated in paragraph 11 of the Office Action mailed on 10/1/96 are incorporated by reference
herein.

11.  Claim 15 is rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in view

of Suzuki as applied to claim 10 above, and further in view of Morrison. The grounds for
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Serial Number: 08/474,786 Page 5

Art Unit: 2616

rejections stated in paragraph 12 of the Office Action mailed on 10/1/96 are incorporated by
reference herein.

As to claim 20, refer to claim 15 rejection.

12.  Claims 16 and 17 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bechtel
in view of Suzuki. The grounds for rejections stated in paragraph 13 of the Office Action mailed
on 10/1/96 are incorporated by reference herein.

The Examiner is interpreting the meaning of phrase “characteristic of the received
illumination” to include the meaning of the intensity level of the beam of lights emanating from a
second vehicle as shown in Bechtel.

13.  Claim 18 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bechtel in view of
Suzuki as applied to claim 16 above, and further in view of Morrison. The grounds for rejections
stated in paragraph 14 of the Office Action mailed on 10/1/96 are incorporated by reference
herein.

14, Any inquiry concerning this communication should be directed to Anthony Kahng at

telephone number (703) 305-4022.

AK

me

3/10/97
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Ex.: A. Kahng Art Unit 2616
In re Application of: David S. Breed et al.
For: OPTICAL IDENTIFICATION AND
MONITORING SYSTEM:
Filed: June 7, 1995
Serial No.: 08/474,786
AMENDMENT

Hon. Commissioner of Patents and Trademarks
As: ‘stant Commissioner of Patents June 17, 1997
Washington, D.C. 20231

In response to the Office Action dated March 17, 1997, please amend the above-identified

application as follows.

I hereby certify that this correspondence and/or fee

is being deposited with the United States Postal Service
as first class mail in an envelope addressed to “Assistant
Commissioner of Patents, Washington, D g. 20231” on
JUNE 17,1997.
Brian Roffe, Esq.
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IN THE CLAIMS:
Please cancel claims 19 and 20 without prejudice.

Please amend the claims as follows.

1. (Twice Amended) In a motor vehicle having an interior passenger

compartment containing at least one occupying item, an interior monitoring system comprising:

a) illumination means for illuminating a portion of said vehicle interior passenger
compartment with electromagnetic radiation in which said at least one occupying
item is likely situated;

b) receiver means for receiving electromagnetic illumination reflected from said at
least one occupying item in said vehicle interior passenger compartment [, said
receiver means comprising a CCD qnay];

\

c) processor means coupled to said [CCD array] receiver means for processing said

§ received illumination and generating an electronic signal characteristic [and

representative] of said at least one occupying item in said passenger compartment
based thereon;

d) categorization and identification means coupled to said processor means for
categorizing said electronic signal to thereby identify said at least one occupying

item, said categorization and identification means comprising trained pattern

recognition means for [applying a pattern recognition algorithm] processing said

electronic signal based on said received illumination from said at least one

occupying item to provide an identification of said at least one occupying item

based thereon, said pattern recognition means being structured and arranged to

[
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apply a pattern recognition algorithm generated from data of possible occupying

items of the vehicle and patterns of received electromagnetic illumination from the

possible occupying items; and

}?1 e) output means coupled to said categorization and identification means for affecting
another system in said vehicle in response to the identification of said at least one

occupying item.

10. (Twice Amended)  In a motor vehicle having an interior and an exterior, a
monitoring system for monitoring at least one object exterior to said vehicle comprising:
a) transmitter means for transmitting electromagnetic waves to illuminate the at least
one exterior object;
b) reception means for receiving reflected electromagnetic illumination from the at
least one exterior object [, said reception means comprising a CCD array];

. c) processor means coupled to said [CCD array] reception means for processing said
received illumination and creating an electronic signal characteristic of said exterior
object based thereon;

d) categorization means coupled to said processor means for categorizing said

electronic signal to identify said exterior object, said categorization means

comprising trained pattern recognition means for [applying a pattern recognition

algorithm] processing said electronic signal based on said received illumination

from said exterior object to provide an identification of said exterior object based

thereon, said pattern recognition means being structured and arranged to apply a
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pattern recognition algorithm generated from data of possible exterior objects and
patterns of received electromagnetic illumination from the possible exterior

objects; and
e) output means coupled to said categorization means for affecting another system in

is the vehicle in response to [said categorization] the identification of said exterior

object.

16.  (Twice Amended) In a motor vehicle having an interior and an exterior, an
automatic headlight dimming system comprising;
a) reception means for receiving electromagnetic radiation from [an] the exterior
[object] of the vehicle [, said reception means comprising a CCD array];

b) processor means coupled to said [CCD array] reception means for processing the

//y) received radiation and creating an electronic signal characteristic of the received
for
\ § radiation;
v ) categorization means coupled to said processor means for categorizing said

electronic signal [into categories comprising radiation from the headlights of an

oncoming-vehicle and other radiation] to_identify a source of the radiation, said

categorization means comprising trained pattern recognition means for [applying a

pattern recognition algorithm] processing said electronic signal based on said

received radiation to provide an identification of the source of the radiation based
thereon, said pattern recognition means being structured and arranged to apply a

pattern recognition algorithm generated from data of possible sources of radiation
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including lights of vehicles and patterns of received radiation from the possible

sources; and

d) output means coupled to said categorization means for dimming the headlights in

W § said vehicle in response to [said categorization] the identification of the source of

the radiation.

Please add the following new claims.

. 1. In a motor vehicle having an interior passenger compartment containing at least
\3:! h . . . . . . . .
J ,:6ne occupying item, an interior monitoring system comprising:
‘ ) N " \\
a)  llumination means for illuminating a portion of said vehicle interior passenger
i \
/ \ . . . . . . . .
/ compartment with electromagnetic radiation in which said at least one occupying

item i8\likely situated;
b) receiver means for receiving electromagnetic illumination reflected from said at
\\ X least one occtipying item in said vehicle interior passenger compartment;
\R( i c) processor means\coupled to said receiver means for processing said received
illumination and genexating an electronic signal characteristic of the form of said at
least one occupying itemN\in said passenger compartment based thereon;
d) categorization and identificgtion means coupled to said processor means for
categorizing said electronic signal to thereby identify said at least one occupying
item, said categorization and ideqtification means comprising trained pattern

recognition algorithm; and
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e)

22.

output means ¢oupled to said categorization and identification means for affecting
another systen] in said vehicle in response to the identification of said at least one

occupying item

The system of claim 21, wherein said trained pattern recognition means are

structured and arranged to process said electronic signal based on said received illumination from

said at least one occupying item to provide an identification of said at least one occupying item

based thereon by applying a pattern recognition algorithm generated from data of possible

occupying items of the vehicle and patterns of received electromagnetic illumination from the

possible occupying items.

B4

§ 23.

A method for affecting a system in a vehicle based on an object exterior of the

(J vehicle, comprising the steps of:

a)
b)

c)

d)

transmitting electromagnetic waves to illuminate the exterior object;

receiving reflected electromagnetic illumination from the object on an array;
processing the received illumination and creating an electronic signal characteristic
of the exterior object based thereon,

processing the electronic signal based on the received illumination from the
exterior object to identify the exterior object, said processing step comprising the
steps of generating a pattern recognition algorithm from data of possible exterior
objects and patterns of received electromagnetic illumination from the possible

exterior objects, storing the algorithm within a pattern recognition system and
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e)

object.

24.

applying the pattern recognition algorithm using the electronic signal as input to
obtain the identification of the exterior object; and

affecting the system in the vehicle in response to the identification of the exterior

A method for monitoring an interior of a motor vehicle having an interior

passenger compartment containing at least one occupying item, comprising the steps of:

a)

b)
O R

I\ c)
\Q :\Q
U

d)

illuminating a portion of said vehicle interior passenger compartment with
electromagnetic radiation in which said at least one occupying item is likely
situated;

receiving electromagnetic illumination reflected from said at least one occupying
item in said vehicle interior passenger compartment on an array,

processing said received illumination and generating an electronic signal
characteristic of said at least one occupying item in said passenger compartment
based thereon,

processing the electronic signal based on the received illumination from said at
least one occupying item to provide an identification of said at least one occupying
item, said processing step comprising the steps of generating a pattern recognition
algorithm from data of possible occupying items and patterns of received
electromagnetic illumination from the possible occupying items, storing the

algorithm within a pattern recognition system and applying the pattern recognition
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algorithm using the electronic signal as input to obtain the identification of the at

least one occupying item; and

€) affecting another system in said vehicle in response to the identification of said at

least one occupying item.

25.  The system of claim 1, wherein said receiver means comprise a CCD array.

26.  The system of claim 10, wherein said reception means comprise a CCD array.

27.  The invention in accordance with claim 16, wherein said reception means comprise

a CCD array.

REMARKS

Reconsideration of the present application, as amended, is respectfully requested.

Claims 1-18 and new claims 21-27 are presently active in this application, claims 19 and
20 having been canceled.
L Rejection of Claims 1-9

A description of the embodiments set forth in claims 1-9 is provided in the amendment
dated January 2, 1997.

Independent claim 1 has now been amended to include subject matter previously set forth

in claim 19. As such, claim 1 specifies that the categorization and identification means comprise

trained pattern recognition means for processing the electronic signal based on the received

illumination from the occupying item to provide an identification of the occupying item based
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thereon and that the pattern recognition means are structured and arranged to “apply a pattern
recognition algorithm generated from data of possible occupying items of the vehicle and patterns
of received electromagnetic illumination from the possible occupying items.” The data of possible
occupying items and patterns of receiving illumination therefrom constitute a training set for the
algorithm and which is created and stored within the pattern recognition means.

This aspect is described in detail in the specification, e.g., at page 5, lines 19-21, “A
trained pattern recognition system as used herein means a pattern recognition system which is

taught various patterns by subjecting the system to a variety of examples.” Also, at page 30, a

description of the training of the computer programs used in the trained pattern recognition means
is provided, i.e., the computer programs are trained using a set of representative data collected
during a training phase. Reference is also made to the definition of “identify” in this application

which is set forth on page 6, lines 1-5.

Thus, by describing the pattern recognition means as “trained” and the specification of the
algorithm as being generated from data of possible occupying items and patterns of received
illumination therefrom, applicants are expressly intending a system which is based on pre-obtained
data relating to possible electronic signals (representative of the received illumination) and
possible objects in the passenger compartment. The categorization and identification means are
thus provided prior to installation with data of patterns of electromagnetic illumination
corresponding to possible occupying items of the vehicle and then applied during practice to
provide the identity of the occupying item(s) upon receipt of an electronic signal generated by the
processor means from the pattern of electromagnetic illumination received by the receiver means.

The receiver means preferably comprise a CCD array (new claim 25).
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None of the prior art references expressly teach or suggest this feature and do not even
remotely allude to the possibility of creating an algorithm from data of possible occupying items in
the passenger compartment and patterns of received illumination therefrom.

Claims 1, 2 and 5 were rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes
in view of Ando and Ishikawa (note that it appears that claim 19 was also rejected on this ground
although not explicitly stated). The Examiner takes the position that Ishikawa shows an
identification means comprising a trained pattern recognition means for applying a pattern
recognition algorithm.

The Examiner’s rejection is respectfully traversed in view of amended claim 1.

Mattes describes a system including transmitters and receivers for determining the
presence, position and/or velocity of an occupant relative to the passenger compartment.

Ando describes a system which recognizes an image and specifically ascertains the
position of the pupils and mouth of the occupant to enable movement of the pupils and mouth to
control electrical devices installed in the automobile. The system includes a camera 3 which takes
a picture of the occupant and applies algorithms based on pattern recognition techniques to
analyze the picture, converted into an electrical signal, to determine the position of certain
portions of the image, namely the pupils and mouth (Col. 1, line 64 to Col. 2, line 4).

Ishikawa describes an image analyzer which analyzes the position of driver. An infrared
light source illuminates the driver’s face, an image detector receives light from the face and then
determines the position of facial feature, e.g., the eyes in three dimensions, and thus determines
the position of driver in three dimensions. To this end, Ishikawa uses a pattern recognition

process which begins by converting pixels to either black or white based on intensity, conducting
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an analysis based on white area in order to find the largest contiguous white area and then the
center point of the maximum contiguous white area. In this manner, the driver’s height can be
readily derived and a heads up display is adjuSted so information is within driver’s field of view
without blocking view. Also, the pattern recognition process can be applied to detect the eyes,
mouth, or nose of the driver based on the differentiation between the white and black areas.

In contrast to the claimed invention, Ishikawa does not use a “trained” pattern recognition
system in the sense that there is no training of the system using data relating to possible occupying
items of the passenger compartment and storing this data in the form, e.g., of an algorithm, in
association with the pattern of received illumination therefrom to enable the system to
subsequently identify occupying items based on the received illumination therefrom. Rather,
Ishikawa functions so that each time the analyzer operates it simply performs a rote pattern
recognition computer program based on the image received of the contents of the passenger
compartment at that instant and does not “apply a pattern recognition algorithm generated from
data of possible occupying items of the vehicle and patterns of received electromagnetic
illurhination from the possible occupying items” as now set forth in claim 1.

In view of the absence of the disclosure of all of the features of independent claim 1 as
amended in Ando, Mattes and Ishikawa, one could not combine these references and arrive at the
claimed invention. Therefore, claim 1 should be allowable over the prior art of record.

Claims 2 and 5 includes all of the features of independent claim 1 and for the same reasons
that claim 1 is allowable over the prior art of record, claims 2 and 5 should also be allowable.

With particular respect to claim 2, the pattern recognition means of Ishikawa and Ando

are not structured and arranged to process the electronic signal “into a positional categorization
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of said signal characteristic of the position of the occupant based on data corresponding to
patterns of received electromagnetic illumination stored within said pattern recognition means and
associated with occupants of the vehicle in different positions.” It is thus pointed out that the
position of the occupant is not determined so much as from the electronic signal directly, as in
Mattes, but indirectly through the pattern recognition means trained to detect occupants in
different positions (See page 32, lines 1-4 of the specification).

With respect to claim 5, the pattern recognition means of Ishikawa and Ando are not
structured and arranged to process the electronic signal “into a head-positional categorization of
said signal characteristic of the position of the occupant’s head based on data corresponding to
patterns of received electromagnetic illumination stored within said pattern recognition means and
associated with the head of occupants of the vehicle in different positions” whereby the trained
pattern recognition means comprises means to categorize the motion of the occupant’s head over
time.

Claim 3 was rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ando, Ishikawa and Fujita. Claims 4 and 6 were rejected under 35 U.S.C. 103(a) as being
unpatentable over Mattes in view of Ando, Ishikawa and White. Claim 7 was rejected under 35
U.S.C. 103(a) as being unpatentable over Mattes in view of Ando, Ishikawa and Taylor. Claim 8
was rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of Ando,
Ishikawa and Gorman. Claim 9 was rejected under 35 U.S.C. 103(a) as being unpatentable over
Mattes in view of Ando, Ishikawa and Mazur.

Claims 3, 4 and 6-9 include all of the features of claim 1 and for the same reasons that

claim 1 is allowable over the prior art of record, these claims should also be allowable. In any
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event, none of these secondary references, viz., Fujita, White, Taylor, Gorman and Mazur,
disclose categorization and identification means which comprise trained pattern recognition means
which “apply a pattern recognition algorithm generated from data of possible occupying items of
the vehicle and patterns of received electromagnetic illumination from the possible occupying
items” as now set forth in claim 1 and therefore do not overcome the deficiencies of the
combination of Ando, Mattes and Ishikawa.

2. Rejection of Claims 10-15

A description of the embodiments set forth in claims 10-15 is provided in the amendment
dated January 2, 1997.

Independent claim 10 has now been amended to include subject matter previously set forth

in claim 20. As such, claim 10 specifies that the categorization means comprise trained pattern
recognition means for processing the electronic signal based on the received illumination from the
exterior object to provide an identification of the exterior object based thereon and that the
pattern recognition means are structured and arranged to “apply a pattern recognition algorithm
generated from data of possible exterior objects and patterns of received electromagnetic
illumination from the possible exterior objects.” Further, the output means affect another system
in the vehicle in response to the identification of the exterior object. The data of possible exterior
objects and patterns of receiving illumination therefrom constitute a training set for the algorithm
and which is created and stored within the pattern recognition means. This aspect is described in

the specification, e.g., at page 35, lines 19-21.
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None of the prior art references expressly teach or suggest this feature and do not even
remotely allude to the possibility of creating an algorithm from data of possible exterior objects of
the vehicle and patterns of received illumination therefrom.

Claims 10-13 were rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori
in view of Suzuki.

The Examiner’s rejection is respectfully traversed in view of amended claim 10.

Masamori describes a system which is based on radar, specifically it is a collision
avoidance system aimed at detecting vehicles which are at some distance from the vehicle.

Suzuki describes a vehicle tracking control for continuously detecting the distance and
direction to a preceding vehicle irrespective of background dark/light distribution. In this system,
every vehicle must have a light on its rear that emits a constant or time varying signal and the
invention then uses two photoelectric sensors that zero in on the light emitted from the preceding
vehicle and thereby determine both the distance and angular position of the preceding vehicle.

In contrast to the claimed invention, Masamori and Suzuki do not use a “trained” pattern
recognition system in the sense that there is no training of the system using data relating to
possible exterior objects relative to the vehicle and storing this data in the form, e.g., of an
algorithm, in association with the pattern of received illumination therefrom to enable the system
to subsequently identify the object based on the received illumination. As such, Masamori and
Suzuki do not disclose structure which applies a pattern recognition algorithm generated from
data of possible objects exterior of the vehicle and patterns of received electromagnetic

illumination from the possible exterior objects as now set forth in claim 10.
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In view of the absence of the disclosure of all of the features in independent claim 10 in
Masamori and Suzuki, one could not combine these references and arrive at the claimed
invention. Therefore, claim 10 should be allowable over the prior art of record.

Claims 11-13 includes all of the features of independent claim 10 and for the same reasons
that claim 10 is allowable over the prior art of record, claims 11-13 should also be allowable.

Claim 14 was rejected under 35 U.S.C. 103(a) as being unpatentable over Masamori in
view of Suzuki and Warner. Claim 15 was rejected under 35 U.S.C. 103(a) as being unpatentable
over Masamori in view of Suzuki and Morrison (note that it appears that claim 20 was also
rejected on this ground although not explicitly stated).

Claims 14 and 15 include all of the features of claim 10 and for the same reasons that
claim 10 is allowable over the prior art of record, these claims should also be allowable. In any
event, Warner and Morrison do not disclose structure which applies a pattern recognition
algorithm generated from data of possible objects exterior of the vehicle and patterns of received
electromagnetic illumination from the possible exterior objects and therefore do not overcome the
deficiencies of the combination of Masamori and Suzuki.

3. Rejection of Claims 16-18

A description of the embodiments set forth in claims 16-18 is provided in the amendment
dated January 2, 1997.

Independent claim 16 has now been amended to recite that the categorization means
comprise trained pattern recognition means for processing an electronic signal based on received
radiation to provide an identification of the source of the radiation based thereon and that the

pattern recognition means are structured and arranged to “apply a pattern recognition algorithm
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generated from data of possible sources of radiation including lights of vehicles and patterns of
received radiation from the possible sources.” Further, the output means dim the headlights in the
vehicle in response to the identification of the source of the radiation. This aspect is described in
the specification, e.g., at page 36, line 18 to page 37, line 12 with reference to Fig. 8.

None of the prior art references expressly teach or suggest this feature and do not even
remotely disclose the possibility of creating an algorithm from data of possible sources of
radiation exterior of the vehicle and patterns of received radiation therefrom.

Claims 16 and 17 were rejected under 35 U.S.C. 103(a) as being unpatentable over
Bechtel in view of Suzuki.

The Examiner’s rejection is respectfully traversed in view of amended claim 16.

Bechtel describes a system which uses colored mirrors to separate colors. Suzuki is
described above.

In contrast to the claimed invention, Bechtel and Suzuki do not use a “trained” pattern
recognition system in the sense that there is no training of the system using data relating to
possible sources of radiation from the exterior of the vehicle and storing this data in the form,
e.g., of an algorithm, in association with the pattern of received radiation therefrom to enable the
system to subsequently identify the source of the radiation based on the received radiation. As
such, Bechtel and Suzuki do not disclose structure which applies a pattern recognition algorithm
generated from data of possible sources of radiation and patterns of received electromagnetic

radiation therefrom as now set forth in claim 16.
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In view of the absence of the disclosure of all of the features in independent claim 16 in
Bechtel and Suzuki, one could not combine these references and arrive at the claimed invention.
Therefore, claim 16 should be allowable over the prior art of record.

Claim 17 includes all of the features of independent claim 16 and for the same reasons that
claim 16 is allowable over the prior art of record, claim 17 should also be allowable.

Claim 18 was rejected under 35 U.S.C. 103(a) as being unpatentable over Bechtel in view
of Suzuki and Morrison.

Claim 18 includes all of the features of claim 16 and for the same reasons that claim 16 is
allowable over the prior art of record, claim 18 should also be allowable. In any event, Morrison
do not disclose structure which applies a pattern recognition algorithm generated from data of
possible sources of radiation and patterns of received electromagnetic radiation therefrom and
therefore does not overcome the deficiencies of the combination of Bechtel and Suzuki.

In view of the changes made to the claims and the arguments presented above, it is
respectfully submitted that the Examiner’s rejections have been overcome and that the present
application is now in condition for allowance.

4. New Claims 21-24

Claims 21 and 22 are directed to an embodiment of the interior monitoring system wherein
the processor means coupled to the receiver means process the received illumination therefrom
and generate an electronic signal characteristic of the “form of said at least one occupying item in
said passenger compartment based thereon”. This aspect is disclosed in the specification by way
of reference to using the pattern recognition techniques to determine whether the object in the

passenger compartment is an occupant or a bag of groceries (page 30, lines 9-10).
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Claim 23 is directed to a method for affecting a system in a vehicle based on an object
exterior of the vehicle and is comparable to the subject matter of claim 10. As such, claim 23
should be considered in this application.

Claim 24 is directed to a method for monitoring an interior of a motor vehicle having an
interior passenger compartment containing at least one occupying item comparable to the subject
matter of claim 1. As such, claim 24 should be considered in this application.

Claims 25-27 are directed to the feature of the receiver means (claim 25) or reception

means (claims 26 and 27) comprising a CCD array, which was removed from the independent

claims.
An early and favorable action on the merits is earnestly solicited.
FOR THE APPLICANT
Resli?tfully submj
/ )
Yamwr

Brian Roffe
Reg. No. 35,336

Brian Roffe

376 Yale Avenue

Woodmere, New York 11598

Enc.
Check for $175.00
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Address: COMMISSIONER OF PATENTS AND TRADEMARKS
Washington, D.C. 20231
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This is a communication from the examiner in charge of your application.
COMMISSIONER OF PATENTS AND TRADEMARKS

D This application has been examined wﬁesponslve to communication filed on, él'/}o I/ 9 4 D This action is made final.

A shortened statutory period for response to this action is set to expire _s_B month(s), days from the date of this letter.
Falll.ire to respond within the perlod for response will cause the application to become abandoned. 35 U.S.C. 133

Part! THE FOLLOWING ATTACHMENT(S) ARE PART OF THIS ACTION:
1. D Notice of References Cited by Examiner, PTO-892. Notice of Draftsman's Patent Drawing Review, PTO-948.

2.
3. Notice of Art Cited by Applicant, PTO-1449. 4, D Notice of Informal Patent Application, PTO-152.
5. D Information on How to Effect Drawing Changes, PTO-1474. 6. D

Partll SUMMARY OF ACTION

1. ﬁ/ cams.__ /. — /&, )’/ — Z,7 are pending in the application.

Of the above, claims are withdrawn from consideration.
2. B Claims, have been cancelled.
3. D Claims are allowed.
4, %ﬂalms / — /[ J) / )’/ - 2‘] are rejected.
/
5. D Claims are objected to.
6. D Claims are subject to restriction or election requirement.

7. D This application has been filed with informal drawings under 37 C.FF.R. 1.85 which are acceptable for examination purposes.

8. D Formal drawings are required in response to this Office action.

9. D The corrected or substitute drawings have been received on __ . Under 37 C.F.R. 1.84 these drawings
are [Jacceptable; CInot acceptable (see explanation or Notice of Draftsman's Patent Drawing Review, PTO-948).

10. D The proposed additional or substitute sheet(s) of drawings, filed on . has (have) been [Japproved by the
examiner; [Jdisapproved by the examiner (see explanation).

11. D The proposed drawing correction, filed , has been [Japproved; [ disapproved (see explanation).

12, D Acknowledgement is made of the claim for priority under 35 U.S.C. 119. The certified copy has [ been received [ not been received
O been filed in parent application, serlal no. ; filed on .

13. D Since this application apppears to be 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 O.G. 213.
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EXAMINER'S ACTION
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Serial Number: 08/474786 Page 2

Art Unit:
1. This office action is in response to the amendment filed June 20, 1997.
2. The text of those sections of Title 35, U.S. Code not included in this action can be found

in a prior Office action.

3. Claim 21 is rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes in view of
Ishikawa.

Mattes discloses an interior passenger compartment containing a passive restraint system
and at least one occupying item having surfaces in a motor vehicle, (lines 6-10 and 18-20 of
column 1 and item 35 in Fig.2 shows an occupying item having surfaces) . The monitoring system
comprises: illumination means for illuminating a portion of the vehicle interior with
electromagnetic radiation in which the occupying item is likely situated, (lines 13-42 of column 4,
and Fig. 2); receiver means to receive the electromagnetic illumination reflected from the
surfaces, (lines 13-42 of column 4); processor means to generate an electronic signal
characteristic of the surfaces, (lines 13-16 of column 4, determining a position is within the
meaning of determining characteristics); and output means to affect another system in the vehicle
in response to the identification of the occupying item, (lines 17-26 of column 1).

Mattes does not explicitly show an identification means comprising trained pattern
recognition means for applying a pattern recognition algorithm. Ishikawa discloses an image
analyzer inside of a vehicle, (refer to the abstract). Ishikawa shows an identification means

comprising a trained pattern recognition means for applying a pattern recognition algorithm, (refer

to Fig. 9).
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Serial Number: 08/474786 Page 3

Art Unit:

It would have been obvious to a person of ordinary skill in the art at the time the invention
was made to include an identification means comprising trained pattern recognition means for
applying a pattern recognition algorithm in the invention of Mattes because the identification
means could help accurately determine where the person is in the vehicle. In addition, both the
inventions of Mattes and Ishikawa deal with sensors inside vehicles.

4. The non-statutory double patenting rejection, whether of the obviousness-type or non-
obviousness-type, is based on a judicially created doctrine grounded in public policy (a policy
reflected in the statute) so as to prevent the unjustified or improper timewise extension of the
"right to exclude" granted by a patent. In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA
1969); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 1970); In re Van Ornum, 686

F.2d 937, 214 USPQ 761 (CCPA 1982); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); and In re Goodman, 29 USPQ2d 2010 (Fed. Cir. 1993).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(b) and © may be used
to overcome an actual or provisional rejection based on a non-statutory double patenting ground
provided the conflicting application or patent is shown to be commonly owned with this

application. See 37 CFR 1.78(d).

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 CFR 3.73(b).

Claims 1-18 and 21-27 are provisionally rejected under the judicially created doctrine of
obviousness-type double patenting as being unpatentable over claims 1-4, 7-17, 21 and 22 of
copending Application No. 08/474,782. Although the conflicting claims are not identical, they are
not patentably distinct from each other because only difference between the claimed invention and
the 08/474,782 is that 08/474,782 recites means for measuring the distance of at least one
occupying item from the receiver means wherein the present invention recites means for

measuring the distance from the exterior object to the vehicle. Both application claims means for
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Serial Number: 08/474786 Page 4

Art Unit:

means for measuring, whether the actual measurement is from A to B or C to D is deemed to be a

matter of design choice and they are deemed to be patentably distinctive.
This is a provisional obviousness-type double patenting rejection because the conflicting

claims have not in fact been patented.

5. Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Yon J Couso whose telephone number is (703) 305-4779. The examiner can
normally be reached on Monday-Thursday from 8:30am to 6:00pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor,
Mike Razavi, can be reached on (703) 305-4713. The fax phone number for this Group is (703)
308-5397.

Any inquiry of a general nature or relating to the status of this application or proceeding
should be directed to the Group receptionist whose telephone number is (703) 305-3900.

%»\ NS I g S

é YON COUSO

“ PRIMARY EXAMINER
GROUP 2600

yje
September 24, 1997

165



g
‘I?RANSMITTAL FORM

: (to be used for all correspondence after initial filing)

.ﬂ . Approvs

Patent and Trademark Uffice: U.S. DEPARTMENT OF COMMERCE

res llection of tion unless it displays a valid OMB control number.
Application Number Dg \L{ ‘)qj 7@6

Gp=27/

PTO/SB/21 (10-96)
.r use through 10/31/99. OMB 0651-0031

Filing Date

First Named Inventor

TSuone 71,1945 /j//j

D.eReEP

Group Art Unit

2714

Examiner Name

N. Cogso

AN-95 J

After Allowance Communication
to Group

of Appeals and Interferences

Appeal Communication to Grou
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Additional Enclosure(s)
(please identify below):

Appeal Communication to Board

p

(otal Number of Pages in This Submission C\ Attorney Docket Number]
ENCLOSURES (check all that apply)
f . Assignment Papers
E Fee Transmittal Form (for an Application)
Fee Attached Drawing(s)
X Amendment / Response Licensing-related Papers
After Final Petition Checklist and
er Fina Accompanying Petition
To Convert a
Extension of Time Request D Provisional Application
Power of Attorney, Revocation
Express Abandonment Request Change of Correspondence Address
Information Disclosure Statement X Terminal Disclaimer
Certified Copy of Priority
Document(s)
Response to Missing Parts/
Incomplete Application
Response to Missing Remarks
, Parts under 37 CFR
1.520r1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm
or
Individual name

B ADF’F&/

Signature \B M
ML i
Dat | L
ate \ L\LZ \L) 7
( CERTIFICATE OF MAILING )

| hereby certify that this correspondence is being deposited with the United States Postal Serv
addressed to: Assistant Commissioner for Patents, Washington, D.C. 20231 on this date:

ice_as first class mail in an envelope
| 12l l 57 I

Typed or printed name

E)(‘\an Kbuc )

\_ Signature

M % I Date

[z [12]97

J

Burden Hour Statement: This form is estimated to take 0.2 hours to complete. Time will vary depending upon the needs of the individual case. Any
comments on the amount of time you are required fo complete this form should be send to the Chief Information Officer, Patent and Trademark Office,
Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents,

-I— Washington, DC 20231.

166



ATI-95

&«
rg‘!ﬁgi UNITED STATES PATENT AND TRADEMARK OFFICE

Ex.: Y. Couso Art Unit 2616
In re Application of: David S. Breed et al.
For: OPTICAL IDENTIFICATION AND
MONITORING SYSTEM:
Filed: June 7, 1995
Serial No.: 08/474,786 —
TERMINAL DISCLAIMER

Assistant Commissioner of Patents
Washington, D.C. 20231

Sir: .
-

-

The undersigned is an atto”r?lley of record for the above-referenced application.

The owner, Automotive ’f;;hnologies International, Inc. of 1 OO%I.percent interest
in the instant application hereby disclaims, except as provided below, the terminal part of
the statutory term of any patent granted on the instant application, which \yuld exténd
beyond the expiration date of the full statutory term defined in 35 U.S.C. 154 to 156 and
173, as presently shortened by any terminal disclaimer, of any patent granted on U.S.
patent application Serial No. 08./474,782, which application is also owned in its entirety
by Automotive Technologies International, Inc.

The owner hereby agrees that any patent so granted on the instant application

shall be enforceable onty for and during such period that it and any patent granted on

U.S. patent application Serial No. 08/474,782 age.com/rm>nly owned.
/.’

01/02/1998 PALLEN 1500266 08474786

01 FC:248 53.00

o 167



This agreement runs with any patent ted on the instant application and is
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For: OPTICAL IDENTIFICATION AND
MONITORING SYSTEM:
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Serial No.: 08/474,786
AMENDMENT
Assistant Commissioner of Patents December 22, 1997

Washington, D.C. 20231

In response to the Office Action dated September 29, 1997, please amend the above-

identified application as follows.

I hereby certify that this correspondence and/or fee

is being deposited with the United States Postal Service
as first class mail in an envelope addressed to “Assistant
Commissioner of Patents, Washington, D.C. 20231” on
DECEMBER 22, 1997.
Brian Roffe, Esq.
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IN THE CLAIMS:

Please amend claim 21 as follows.

o 21. (Amended) In a .n.lo-ior vehiclé having an interior passen-éél; mcompartment
containing at least one occupying item, an interior monitoring system comprising:

a) illumination means for illuminating a portion of said vehicle interior passenger
compartment with electromagnetic radiation in which said at least one occupying
item is likely situated;

b) receiver means for receiving electromagnetic illumination reflected from said at
least one occupying item in said vehicle interior passenger compartment,

c) processor means coupled to said receiver means for processing said received
illumination and generating an electronic signal characteristic of the form of said at
least one occupying item in said passenger compartment based thereon;

d) categorization and identification means coupled to said processor means for

categorizing said electronic signal to thereby identify said at least one occupying

item based on the form of said at least one occupying item, said categorization and

identification means comprising trained pattern recognition means for applying a
pattern recognition algorithm; and

e) output means coupled to said categorization and identification means for affecting
another system in said vehicle in response to the identification of said at least one

occupying item based on the form of said at least one occupying item.
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REMARKS

Reconsideration of the present application, as amended, is respectfully requested.

Initially, reference is made to a telephone conference with Examiner Couso on December
18, 1997 in which the Examiner advised the undersigned to submit a formal amendment and that
thereafter, the Examiner would contact the undersigned to discuss the case. Accordingly, upon
the Examiner’s review of this amendment, the Examiner is respectfully requested to contact the
undersigned to discuss the same.

Claims 1-18 and 21-27 are presently active in this application, claims 19 and 20 having
been canceled.

Claims 1-18 and 21-27 were rejected under the judicially created doctrine of obviousness-
type double patenting as being unpatentable over claims 1-4, 7-17, 21 and 22 of co-pending U.S.
patent application Serial No. 08/474,782.

Although applicants do not agree with the grounds for the obviousness-type double
patenting rejection, submitted herewith is a Terminal Disclaimer disclaiming the terminal part of
any patent granted on this application which would extend beyond the term of any patent granted
on co-pending U.S. patent application Serial No. 08/474,782, along with the appropriate fee for
submission of a Terminal Disclaimer. In view of the submission of the Terminal Disclaimer, and
the absence of any prior art rejection of claims 1-18 and 22-27, these claims should now be
allowable. Confirmation of the allowability of claims 1-18 and 22-27 is respectfully requested.

Claim 21 was rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes et al. in

view of Ishikawa et al.
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Claim 21 is directed to an embodiment of an interior monitoring system for one or more
occupying items in accordance with the invention which includes processor means coupled to
receiver means for processing received illumination therefrom and generating an electronic signal
characteristic of the “form of said at least one occupying item in said passenger compartment
based thereon” (emphasis added). This aspect is disclosed in the specification with reference to
using the pattern recognition techniques to determine whether the occupying item in the passenger
compartment is an occupant or a bag of groceries (page 30, lines 9-10). The interior monitoring
system also includes categorization and identification means coupled to the processor means for
“categorizing said electronic signal to thereby identify said at least one occupying item based on
the form of said at least one occupying item” (emphasis added). The electronic signal will
depend on the exact form of the occupying item, and since, e.g., a bag of groceries will
undoubtedly have a different form than an occupant, a different electronic signal will be generated
for the occupant than for the bag of groceries. This difference in the electronic signal enables the
categorization and identification means to identify the occupying item based on the form thereof.

It is essential to appreciate the fact that the applicants’ invention entails utilizing processor
means for processing electromagnetic radiation received by receiver means into an electronic
signal characteristic of the form of an occupying item in order to enable another system in the
vehicle to be affected by the identification of the occupying item based on its particular form. In
other words, the system in the vehicle will be directed to operate differently depending on the
form of the occupying item which is reflected in different patterns of illumination received by the
receiver means, i.e., the illumination received by the receiver means will be different for occupying

items having different forms. For example, if the occupying item is an adult occupant, the system
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in the vehicle may be an airbag which will be enabled to deploy in the event of a crash, whereas if
the occupying item is a rear-facing child seat, the airbag will be prevented from deploying in the
event of a crash. Thus, in this claimed embodiment, the form of the occupying item is integrated
into the interior monitoring system by means of the processor means which process the received
electromagnetic radiation into the electronic signal characteristic of the form of the occupying
item. The “form” of the occupying item is defined in its usual dictionary definition as the “shape
or outline of anything”.

None of the prior art references cited by the Examiner teach or suggest the claimed
invention.

The Examiner stated that Mattes et al. discloses an interior passenger monitoring system
including “processor means to generate an electronic signal characteristic of the surfaces, (lines
13-16 of column 4, determining a position is within the meaning of determining characteristics)”.

Mattes et al. describes an apparatus for determining the presence, position and/or velocity
of an occupant of a motor vehicle and actuating a safety device to protect the occupant based on
the measured acceleration of the vehicle and the determined position and/or velocity of the
occupant. To this end, the apparatus of Mattes et al. includes sensors S2, 32, 33 which, e.g.,
transmit and receive ultrasonic waves, and based on the received ultrasonic waves, is able to
determine the position and/or velocity of the occupant (“The position sensor S2 serves to
determine the position of the motor vehicle occupant 35 and/or to determine the velocity of the
motor vehicle occupant 35 relative to the passenger cabin of the vehicle...” (col. 3, lines 52-55),
“With these types of sensors, the presence, the position, and/or the velocity of motion of the

motor vehicle occupant 35 relative to the passenger cabin can be quickly determined.” (col. 4,
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lines 38-41)). Thus, based on the received ultrasonic waves, Mattes et al. at most only determines

the position and velocity of the occupant.

In contrast to the claimed invention, Mattes et al. does not utilize the form of an
occupying item of the passenger compartment of the vehicle as reflected in the waves received by
the sensors S2, which may or may not be a human occupant, in any manner whatsoever. Rather,
only the position and velocity of the occupant are determined from the waves received by the
sensor S2 and utilized in the system described therein. Accordingly, Mattes et al. does not include
processor means for processing the received illumination and generating an electronic signal
characteristic of the form of the occupying item, and categorization and identification means for
categorizing the electronic signal to thereby identify the occupying item based on the form
thereof, as set forth in claim 21.

Ishikawa et al also does not base the system described therein on the form of the
occupying item of the passenger compartment.

In view of the absence of the all of the features of independent claim 21, as amended, in
Mattes et al. and Ishikawa et al., one could not combine these references and arrive at the claimed
invention. Therefore, claim 21 should be allowable over the prior art of record.

Lastly, it is pointed out that although a CCD array is included as an element in some of the
claims in this application, other devices which perform substantially the same function may also be
used in accordance with the invention without deviating from the scope and spirit thereof. For
example, a recently developed CMOS device performs nearly the same as a CCD and for the

purposes of this patent application, it is equivalent thereto.
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An early and favorable action on the merits is earnestly solicited.

FOR THE APPLICANTS
Respectfu]ly su;lit/tﬂ,
A%y
Brian Roffe
Reg. No. 35,33
Brian Roffe
376 Yale Avenue
Woodmere, New York 11598
(516) 569-3664/(516) 569-2788
7
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FAX RECEIVED
BRIAN ROFFE, ESQ. OEG 4 5 1997
376 YALE AVENUE
WOODMERE, NEW YORK 11598-2051 GROUP 2600
Fax Cover Sheet
DATE: December 13, 1997 TIME:
TO: Examiner Y. Couso PHONE: (703) 3054779
USPTO FAX: (703) 308-5397
FROM: Brian Roffe PHONE: (516) 569-3664

FAX: (516) 569-2788
RE: U.S. Patent Application
Serial No. 08/474,786
David S. Breed et al.
OPTICAL IDENTIFICATION AND MONITORING SYSTEM
ccC:

Number of pages Including cover sheet: [7]

Message
DO NOT ENTER-DO NOT ENTER-PROPOSED AMENDMENT

AS PER MY MESSAGE, ATTACHED HERETO IS A PROPOSED AMENDMENT
FOR THE ABOVE-REFERENCED APPLICATION. I WILL CALL ON MONDAY,
DECEMBER 15, 1997 TO ARRANGE A SUITABLE TIME TO DISCUSS THIS
CASE.

BRIAN ROFFE.

DO NOT ENTER-DO NOT ENTER-PROPOSED AMENDMENT
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FAX R:GEIVED

o5y  DRAFT

GROUP 2600  ATI-9s

E ED D CE

Ex.: Y. Couso Art Unit 2616
In re Application of: David S. Breed et al.

For: OPTICAL IDENTIFICATION AND

MONITORING SYSTEM:
Filed: June 7, 1995
Serial No.: 08/474,786
AMENDMENT

Assistant Commissioner of Patents December , 1997

Washington, D.C. 20231

In response to the Office Action dated September 29, 1997, please amend the above-

identified application as follows.
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LAIMS:

Please amend claim 21 as follows.

21.

(Amended) In a motor vehicle having an interior passenger compartment

containing at least one occupying item, an interior monitoring system comprising:

a)

b)

c)

d

D)

illumination means for illuminating a portion of said vehicle interior passenger
compartment with electromagnetic radiation in which said at least one occupying
item is likely situated;

receiver means for receiving electromagnetic illumination reflected from said at
least one occupying item in said vehicle interior passenger compartment,

processor means coupled to said receiver means for processing said received
llumination and generating an electronic signal characteristic of the form of said at
least one occupying item in said passenger compartment based thereon,
categorization and identification means coupled to said processor means for
categorizing said electronic signal to thereby identify said at least one occupying
item based on the form of said at least one occupying item, said categorization and
identification means comprising trained pattern recognition means for applying a
pattern recognition algorithm; and

output means coupled to said categorization and identification means for affecting

another system in said vehicle in response to the identification of said at least one

occupying item based on the form of said at least one occupying item.
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REMARKS

Reconsideration of the present application, as amended, is respectfully requested.

Claims 1-18 and 21-27 are presently active in this application, claims 19 and 20 having
been canceled.

Claims 1-18 and 21-27 were rejected under the judicially created doctrine of obviousness-
type double patenting as being unpatentable over claims 1-4, 7-17, 21 and 22 of co-pending U.S.
patent application Serial No. 08/474,782.

Although applicants do not agree with the grounds for the obviousness-type double
patenting rejection, submitted herewith is a Terminal Disclaimer disclaiming the terminal part of
any patent granted on this application which would extend beyond the term of any patent granted
on co-pending U.S. patent application Serial No. 08/474,782, along with the appropriate fee for
submission of a Terminal Disclaimer, In view of the submission of the Terminal Disclaimer, and
the absence of any prior art rejection of claims 1-18 and 22-27, these claims should now be
allowable. Confirmation of the allowability of claims 1-18 and 22-27 is respectfully requested.

Claim 21 was rejected under 35 U.S.C. 103(a) as being unpatentable over Mattes et al. in
view of Ishikawa et al.

Claim 21 is directed to an embodiment of an interior monitoring system for one or more
occupying items in accordance with the invention which includes processor means coupled to
receiver means for processing received illumination therefrom and generating an electronic signal
characteristic of the “form of said at least one accupying ifem in said passenger compartment
based thereon™ (emphasis added). This aspect is disclosed in the specification with reference to

using the pattern recognition techniques to determine whether the occupying item in the passenger
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compartment is an occupant or a bag of groceries (page 30, lines 9-10). The interior monitoring
system also includes categorization and identification means coupled to the processor means for
“categorizing said electronic signal to thereby identify said at least one occupying item based on
the form of said at least one occupying item” (emphasis added). The electronic signal will
depend on the exact form of the occupying item, and since, e.g., a bag of groceries will
undoubtedly have a d'iﬂ'erent form than an occupant, a different electronic signal will be generated
for the occupant than for the bag of groceries. This difference in the electronic signal enables the
categorization and identification means to identify the occupying item based on the form thereof.
It is essential to appreciate the fact that the applicants’ invention entails utilizing processor
means for processing electromagnetic radiation received by receiver means into an electronic
signal characteristic of the form of an occupying item in order to enable another system in the
vehicle to be affected by the identification of the occupying item based on its particular form. In
other words, the system in the vehicle will be directed to operate differently depending on the
form of the occupying item which is reflected in different patterns of illumination received by the
receiver means, i.e., the illumination received by the receiver means will be different for occupying
items having different forms. For example, if the occupying item is an adult occupant, the system
in the vehicle may be an airbag which will be enabled to deploy in the event of a crash, whereas if
the occupying item is a rear-facing child seat, the airbag will be prevented from deploying in the
event of a crash. Thus, in this claimed embodiment, the form of the occupying item is integrated
into the interior monitoring system by means of the processor means which process the received

electromagnetic radiation into the electronic signal characteristic of the form of the occupying
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item. The “form” of the occupying item is defined in its usual dictionary definition as the “shape

or outline of anything”.

None of the prior art references cited by the Examiner teach or suggest the claimed
invention,

The Examiner stated that Mattes et al. discloses an interior passenger monitoring system
including “processor means to generate an electronic signal characteristic of the surfaces, (lines
13-16 of column 4, determining a position is within the meaning of determining characteristics)”.

Mattes et al, describes an apparatus for determining the presence, position and/or velocity
of an occupant of a motor vehicle and actuating a safety device to protect the occupant based on
the measured acceleration of the vehicle and the determined position and/or velocity of the
occupant. To this end, the apparatus of Mattes et al. includes sensors S2, 32, 33 which, e.g.,
transmit and receive uitrasonic waves, and based on the received ultrasonic waves, is able to
determine the position and/or velocity of the occupant (“The position sensor S2 serves to
determine the position of the motor vehicle occupant 35 and/or to determine the velocity of the
motor vehicle occupant 35 relative to the passenger cabin of the vehicle...” (col. 3, lines 52-55);
“With these types of sensors, the presence, the position, and/or the velocity of motion of the
motor vehicle occupant 35 relative to the passenger cabin can be quickly determined.” (col. 4,
lines 38-41)). Thus, based on the received ultrasonic waves, Mattes et al. at most only determines
the position and velocity of the occupant.

In contrast to the claimed invention, Mattes et al. does not utilize the form of an

occupying item of the passenger compartment of the vehicle as reflected in the waves received by

the sensors S2, which may or may not be a human occupant, in any manner whatsoever. Rather,
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only the position and velocity of the occupant are determined from the waves received by the
sensor S2 and utilized in the system described therein. Accordingly, Mattes et al. does not include
processor means for processing the received illumination and generating an electronic signal
characteristic of the form of the occupying item, and categorization and identification means for
categorizing the electronic signal to thereby identify the occupying item based on the form
thereof, as set forth in claim 21.

Ishikawa et al also does not base the system described therein on the form of the
occupying item of the passenger compartment.

In view of the absence of the all of the features of independent claim 21, as amended, in
Mattes et al. and Ishikawa et al., one could not combine these references and arrive at the claimed
invention. Therefore, claim 21 should be allowable over the prior art of record.

Lastly, it is pointed out that although a CCD array is included as an element in some of the
claims in this application, other devices which perform substantially the same function may also be
used in accordance with the invention without deviating from the scope and spirit thereof. For
example, a recently developed CMOS device performs nearly the same as a CCD and for the
purposes of this patent application, it is equivalent thereto.

An early and favorable action on the merits is earnestly solicited.

FOR THE APPLICANTS
Respectfully submitted,
Brian Roffe
Reg. No. 35,336

Brian Roffe

376 Yale Avenue

Woodmere, New York 11598
(516) 569-3664/(516) 569-2788
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L/D ‘z\N NOTICE OF ALLOWANCE

DATED FEBRUARY 27, 1998
BATCH NO. B01
ATI-95
UNITED STATES PATENT AND TRADEMARK OFFICE
Examiner: Y. Couso Art Unit: 2723
Re:  Application of: David S. BREED et al. 4:\7 (6’
pp 46*{“(\
Serial No: 08/474,786 7-77%
ENED Filed: June 7, 1995
D
o REC'.EN%'\S‘\on
\ \9% Title: P LoiShing Di OPTICAL IDENTIFICATION AND

4 1998 MONITORING SYSTEM USING
2 PATTERN RECOGNITION FOR USE
WITH VEHICLES

APR
11

SUBMISSION OF FORMAL DRAWINGS

Assistant Commissioner for Patents April 22, 1998
Washington, D.C. 20231

Sir:

Submitted herewith are twelve (12) pages of formal drawings for the above-referenced
application.

If this submission is untimely, then this should be considered a petition for extension under

37 CFR 1.116(a) and the requisite petition fee should be charged to Deposit Account No. 50-

Respectfully SW
B141an Roffe

Reg. No. 35,336

0266.

I hereby cettify that this correspondence is being deposited with the
United States Postal Service as first class mail in an envelope
addressed to “Assistant Commissioner for Patents,

Washington, D.C. 20231 on April 22, 1998.

Brian Roffe, Esq. ’
By:’,&&%
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RECEIVED

Publishing Division "#f /4:{/3 C%\
S 1AR

APR 2 4 1938 NOTICE OF ALLOWANCE > 5
1 1 DATED FEBRUARY 27, 1998 8
BATCH NO. B01
Lo ER ATI-95
UNITED STATES PATENT AND TRADEMARK OFFICE
Examiner: Y. Couso Art Unit: 2723
Re:  Application of: David S. BREED et al.
Serial No: 08/474,786
RECENED Filed: June 7, 1995
96
JuL v Title: OPTICAL IDENTIFICATION AND
MONITORING SYSTEM USING
PATTERN RECOGNITION FOR USE
WITH VEHICLES
/1,' %L A ) AMENDMENT PURSUANT TO 37 C.F.R. 1.312(a
oo
( . * Assistant Commissioner for Patents April 22, 1998
; | Washington, D.C. 20231 /
S s B0
Sy (" (/ o] /.:" 7
e

Please amend the above-identified application as follows:

IN THE SPECIFICATION:

Please amend the specification as follows.
In the “Brief Description of the Drawings” section of the specification at page 18, between
lines 5 and 6, insert --FIG. 7A is a view of the section designaéd A in FIG. 7.--.

Page 35, lines 2-3, after “receivers 734 and 736”, insert --(FIG. 7A)--.

I hereby certify that this correspondence is being deposited with the
United States Postal Service as first class mail in an envelope
addressed to “Assistant Commissioner for Patents,

Washington, D.C. 20231 on April 22, 1998.

Brian Roffe, Esq,

By:
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REMARKS
A Notice of Allowance has been received in connection with the above-referenced
application and the issue fee has not yet been paid. The Notice of Allowance is dated February
27, 1998, Batch No. BO1.
Entry of this amendment is respectfully requested under 37 C.F.R. 1.312.
The specification has been amended to refer to a new Fig. 7A, which is the enlarged view
shown in Fig. 7, in view of the fact that FIG. 7 as originally filed included two separate views. A

copy of FIGS. 7 and 7A is also submitted herewith.

Respect submitted,

Blajﬁé

Reg. No. 35,33
Brian Roffe
376 Yale Avenue
Woodmere, New York 11598-2051
(516) 569-3664
\ 2
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f \ UNITED STATES DEPARTMENT OF COMMERCE
h Patent and Trademark Office
x j Address: COMMISSIONER OF PATENTS AND TRADEMARKS

o Washington, D.C. 20231

i T FiRSTNAMED APPLGANT | ATTORNEY DOCKET N, |
LM2Z2/0714
SRINAN ROFFE | N = Y
376 YALE AVENLE | EXAMINER ]
WODDMERE MY 115%3-2051
J——
| ARTUNIT |  PAPERNUMBER |
/7/ 14 /38
DATE MAILED:

Response to Rule 312
Communication

[J The petition filed on under 37 CFR 1.312(b) is granted. The paper has been
forwarded to the examiner for consideration on the merits.

Director,
Patent Examining Group

M The amendment filed on f“‘ 2L~ 3 under 37 CFR 1.312 has been considered, and has been:

% entered.

O entered as directed to matters of form not affecting the scope of the invention (Order 3311).

[J disapproved. See explanation below.

[J entered in part. See explanation below.

YON COUSO
PRIMARY EXAMINER

FORM PTOL-271 (REV. 1-06)
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PTO UTILITY GRANT//
Paper Number _____ < __

The Commissioner of Patents
and Trademarks

Has received an application for a patent fora
new and useful invention. The title and de-
scription of the invention are enclosed. The
requirements of law have been complied with,
and it has been determined that a patent on
the invention shall be granted under the law.

Therefore, this
United States Patent

Grants to the person(s) having title to this
patent the right to exclude others from mak-
ing, using, offering for sale, or selling the in-
vention throughout the United States of
America or importing the invention into the
United States of America for the term set forth
below, subject to the payment of maintenance
Sees as provided by law.

If this application was filed prior to June 8,
1995, the term of this parent is the longer of
seventeen years from the date of grant of this
patent or twenty years from the earliest effec-
tive U.S. filing date of the application, sub-
Ject to any statutory extension.

If this application was filed on or after June
8 1995, the term of this patent is twenty years
Srom the U.S. filing date, subject to an statu-
tory extension. If the application contains a
specific reference 10 an earlier filed applica-
tion or applications under 35 U.S.C. 120, 121
or 365(c), the term of the patent is twenty years
from the date on which the earliest applica-
tion was filed, subject to any statutory exren-
sion.

Commissioner of Patents and Trademarks

s N ANOULL V- Jnn

£PI-LOM
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U.S. DEPARTMENT OF COMMERCE
PATENT AND TRADEMARK OFFICE
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Applicatiop or Docket Number
PATENT APPLICATION FEE DETERMINATION RECORD [7/7/7/ ;7 Zﬂ
Effective October 1, 1994 D& It
CLAIMS AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR  SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE FEE
BASIC FEE OR [iNeascy 730.00
TOTAL CLAIMS )] minus20=]|" or | x$22=
T
INDEPENDENT CLAIMS ) *
NDE D minus3= x38= or | x76=
MULTIPLE DEPENDENT CLAIM PRESENT
+120= OR +240=
* 1t the difference in column 1 is less than zero, enter *0” in column 2
TOTAL OR TOTAL
CLAIMS AS AMENDED - PART Il OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
< REMAINING NUMBER PRESENT ADDI- ADDI-
b= AFTER | PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
Z L | AMENDMENT § M PAID FOR FEE FEE
E * 3 * )
g Total rg’@ Minus (90 = x$11= oR | x$22=
"E" independent| * _5 Minus b :5 = X38= or | x76=
<
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +120= oR | +240=
TOTAL OR TOTAL
(Column 1) (Coumn2)  (Column3)  ADDIT-FEE ADDIT. FEE
CLAIMS HIGHEST
m REMAINING NUMBER PRESENT ADDI- ADDI-
b= AFTER y; PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
E “| AMENDMENT | ‘PAID FOR FEE FEE
- 7 -
§ Total Pt Minus - Q@ =5 x$11= 5_‘> OR | x$22=
g Independent| * {0 Minus e g =3 xﬂ: 0 OR | x76=
<
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +120= OR | +240=
\J TOTAL OR TOTAL
(Column 1) (Column 2) (Column3)  ADDIT.FEE ADDIT. FEE
CLAIMS HIGHEST
() REMAINING NUMBER | PRESENT ADDI- ADDI-
AFTER PREVIOUSLY EXTRA RATE | TIONAL RATE | TIONAL
E AMENDMENT PAID FOR FEE FEE
2 [Tl . Minus | ** - x$11= oR | x$22=
4
I.IEJ Independent| * Minus o = Xx38= OR | x76=
<
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM +120= OR | +240=
:’ If the 9n_try in column 1 is less than the entry in column 2, write “0" in column 3. . JOTAL TOTAL
e e WL S B e 10 o el OF roor e
The Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

FORM PTQ-875
(Rev. 10/94)

Patent and Trademark Office, U.S. DEPARTMENT OF COMMERCE
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