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[57] ABSTRACT 

Avehicle 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 speci?cally 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 identi?cation 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. 

25 Claims, 12 Drawing Sheets 
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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 ?led May 5, 1992, noW abandoned, of 
application Ser. No. 08/040,978 ?led Mar. 31, 1993 noW 
abandoned, of copending application Ser. No. 08/247,760 
?led May 23, 1994 and of application Ser. No. 08/239,978 
?led May 9, 1994 noW abandoned, 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 signi?cant 
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 ?rst 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. 

In?ators noW exist Which Will adjust the amount of gas 
?oWing to the airbag to account for the siZe and position of 
the occupant and for the severity of the accident. The vehicle 
identi?cation and monitoring system (VIMS) discussed in 
patent application Ser. No. 08/239,978 Will control such 
in?ators 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 US. patents for determining the position of an occupant 
of a motor vehicle. Each of these systems, hoWever, have 
signi?cant limitations. In White et al. (US. Pat. No. 5,071, 
160), for example, a single acoustic sensor and detector is 
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2 
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. (US. 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 dif?cult 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 de?ning 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 US. 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 in?ation 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. De?nitions 
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 exempli?ed 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 
modi?ed by interacting With an obj ect, 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 speci?ed class, or it might attempt to assign 
the object to one of a larger set of speci?ed classes, or ?nd 
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 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 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 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 
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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 ?lter 
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 ?lter 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. 

U.S. Pat. No. 5,305,012 to Paris 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, Paris 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. 
Paris, 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 Paris 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 
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 Classi?cation 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 US. 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 US. Pat. No. 5,390,136 entitled 
“Arti?cial Neuron and Method of Using Same and US. 
patent application Ser. No. 08/076,601 entitled “Neural 
NetWork and Method of Using Same” to Wang, S. T. Other 
examples include US. 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 con?gurations 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 re?ected 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 con?gurations, 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 signi?cant 
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 substantially With the result 
that this con?guration 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. Amechanical 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 US. 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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6 
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 US. 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 de?ned 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 ?eld 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 ?oods the passenger seat With infrared light 
coupled With a lens and CCD array Which receives and 
displays the re?ected light and an analog to digital converter 
(ADC) Which digitiZes the output of the CCD and feeds it to 
an Arti?cial 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 identi?cation 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: 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 identi?cation 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, anticipatory crash sensing, blind spot 
detection, smart headlight dimmers, and many others. In 
fact, over forty products alone have been identi?ed 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 speci?cally 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 identi?cation 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 in?atable 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 re?ection. 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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8 
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 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. 

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 in?ator 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 identi?cation 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 
identi?es these lights differentiating them from re?ec 
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 identi?cation and monitoring 
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 re?ec 
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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 ?sheye 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 
in?atable 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. 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 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 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. Adriver 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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10 
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 
su?icient 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 identi?es the occupying 
item and then the ultrasonic system such as 114 determines 
the location of the occupant relative to the airbag. The 
optical system identi?es 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 re?ected 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 in?ated. 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 in?ation. 
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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 
re?ect the illumination light provided by the infrared radia 
tion and also the light re?ected 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 re?ect 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 identi?cation and monitoring. 

Device 112 is actually about tWo cm. in diameter and is 
shoWn greatly enlarged in FIG. 1B. Also, the re?ection area 
on the Windshield is considerably smaller than illustrated 
and special provisions are made to assure that this area of the 
Windshield is ?at and re?ective 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., 
US. Pat. No. 4,648,052 entitled “Eye Tracker Communica 
tion System”; Heyner et al., US. Pat. No. 4,720,189 entitled 
“Eye Position Sensor”; Hutchinson, US. Pat. No. 4,836,670 
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12 
entitled “Eye Movement Detector”; and Hutchinson, US. 
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 US. 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 
re?ection 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 re?ective Windshield, 
Where this corneal re?ection can be detected With some 
di?iculty. 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 re?ection 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 exempli?ed 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 di?icult 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. Re?ections from the selected part 
of the target are then reinforced Whereas re?ections 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 
re?ection source on a curved line can be determined. In 

order to locate the re?ection 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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