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(57) ABSTRACT 

System and method for controlling operation of a vehicle or 
a component thereof based on recognition of a individual 
including a processor embodying a pattern recognition algo 
rithm trained to identify Whether a person is the individual 
by analyzing data derived from optical images and an optical 
receiving unit for receiving images including the person and 
deriving data from the images. The optical receiving unit 
provides the data to the algorithm to obtain an indication 
from the algorithm Whether the person is the individual. A 
security system enables operation of the vehicle When the 
algorithm provides an indication that the person is an 
individual authorized to operate the vehicle and prevents 
operation of the vehicle When the algorithm does not provide 
an indication that the person is an individual authorized to 
operate the vehicle. Acomponent adjustment system adjusts 
the component based on the recognition of the individual. 
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VEHICULAR COMPONENT CONTROL SYSTEMS 
AND METHODS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/765,559 ?led Jan. 19, 2001 
Which in turn is a continuation-in-part of US. patent appli 
cation Ser. No. 09/476,255 ?led Dec. 30, 1999 Which in turn 
claims priority under 35 U.S.C. §1.119(e) of US. provi 
sional patent application Ser. No. 60/114,507 ?led Dec. 31, 
1998. 

[0002] This application is also a continuation-in-part of 
US. patent application Ser. No. 09/389,947 ?led Sep. 3, 
1999 Which in turn is a continuation-in-part of US. patent 
application Ser. No. 09/200,614, ?led Nov. 30, 1998, now 
US. Pat. No. 6,141,432, Which in turn is a continuation of 
US. patent application Ser. No. 08/474,786 ?led Jun. 7, 
1995, now US. Pat. No. 5,845,000, all of Which are incor 
porated by reference herein. 

[0003] The ’786 application is a continuation-in-part of 
US. patent application Ser. No. 08/239,978 ?led May 9, 
1994, noW abandoned, and US. patent application Ser. No. 
08/247,760 ?led May 23, 1994, noW abandoned. 

[0004] The ’978 application is a continuation-in-part of 
US. patent application Ser. No. 08/040,978 ?led Mar. 31, 
1993, noW abandoned. 

[0005] The ’760 application is a continuation-in-part of 
US. patent application Ser. No. 07/878,571 ?led May 5, 
1992, noW abandoned. 

[0006] This application is also related to (because it con 
tains common subject matter), but does not claim priority 
from, US. patent application Ser. No. 08/505,036 ?led Jul. 
21, 1995, now US. Pat. No. 5,653,462 and US. patent 
application Ser. No. 08/640,068 ?led Apr. 30, 1996, now US 
Pat. No. 5,829,782, all of Which incorporated by reference 
herein. 

FIELD OF THE INVENTION 

[0007] This invention relates to methods and arrange 
ments for recognizing particular individuals occupying the 
passenger compartment of a vehicle and controlling vehicu 
lar components, including ignition of the vehicle, based on 
the recognition of the individuals. 

BACKGROUND OF THE INVENTION 

[0008] 1. Prior Art on Out of Position Occupants and Rear 
Facing Child Seats 

[0009] 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 over 100 
people have noW been killed. Thus, signi?cant improve 
ments need to be made to airbag systems. As discussed in 
detail in US. Pat. No. 5,653,462 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 that 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 
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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 systems are required. 

[0010] Initially, these systems Will solve the out-of-posi 
tion 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 dis 
turbance and possible harm of unnecessary airbag deploy 
ments, the cost of replacing these airbags Will be eXcessive 
if they all deploy in an accident needlessly. 

[0011] 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) dis 
cussed in US. Pat. No. 5,829,782 Will control such in?ators 
based on the presence and position of vehicle occupants or 
of a rear facing child seat. As discussed more ?lly beloW, the 
instant invention is an improvement on that VIMS system 
and uses an advanced optical system comprising one or 
more CCD (charge coupled device) or CMOS arrays and 
particularly active piXel arrays plus a source of illumination 
preferably combined With a trained neural netWork pattern 
recognition system. 

[0012] Others have observed the need for an occupant 
out-of-position sensor and several methods have been dis 
closed in US. patents for determining the position of an 
occupant of a motor vehicle. Each of these systems, hoW 
ever, has signi?cant limitations. For eXample, in White et al. 
(US. Pat. No. 5,071,160), a single acoustic sensor and 
detector is described 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. 

[0013] Mattes et al. (US. Pat. No. 5,118,134) describe 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. The sensors 
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 one or more of the above 
referenced patents and 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 one or more of the above 
referenced patents and patent applications, direct occupant 
position measurement based on passive infrared is probably 
not possible and, until very recently, Was very difficult and 
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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 measured indirectly as the occupant passes 
by a plurality of longitudinally spaced-apart sensors. 

[0014] 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. describe only loWer mounting locations of their sensors 
in front of the occupant such as on the dashboard or beloW 
the steering Wheel. Both such mounting locations are par 
ticularly 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. 

[0015] White et al. also describe 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, it is noW believed 
that pattern recognition systems and preferably trained pat 
tern recognition systems, such as neural netWorks, are 
required When a clear vieW of the occupant, unimpeded by 
his/her extremities, cannot be guaranteed. 

[0016] Fujita et al., in US. Pat. No. 5,074,583, describe 
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 the occupant 
gets to the airbag, the faster the in?ation rate of the airbag 
is according to the Fujita et al. 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 relative to the 
seat (occupant height). This occupant height is determined 
using an ultrasonic displacement sensor mounted directly 
above the occupant’s head. 

[0017] As discussed above, the optical systems described 
herein are also applicable for many other sensing applica 
tions both inside and outside of the vehicle compartment 
such as for sensing crashes before they occur as described in 
US. Pat. No. 5,829,782, for a smart headlight adjustment 
system and for a blind spot monitor (also disclosed in US. 
provisional patent application Ser. No. 60/202,424). 
[0018] 2. De?nitions 

[0019] Preferred embodiments of the invention are 
described beloW and unless speci?cally noted, it is the 
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applicants’ intention that the Words and phrases in the 
speci?cation and claims be given the ordinary and accus 
tomed meaning to those of ordinary skill in the applicable 
art(s). If the applicant intends any other meaning, he Will 
speci?cally state he is applying a special meaning to a Word 
or phrase. 

[0020] Likewise, applicants’ use of the Word “function” 
here is not intended to indicate that the applicants seek to 
invoke the special provisions of 35 U.S.C. §112, sixth 
paragraph, to de?ne their invention. To the contrary, if 
applicants Wish to invoke the provisions of 35 U.S.C.§112, 
sixth paragraph, to de?ne their invention, they Will speci? 
cally set forth in the claims the phrases “means for” or “step 
for” and a function, Without also reciting in that phrase any 
structure, material or act in support of the function. More 
over, even if applicants invoke the provisions of 35 U.S.C. 
§112, sixth paragraph, to de?ne their invention, it is the 
applicants’ intention that their inventions not be limited to 
the speci?c structure, material or acts that are described in 
the preferred embodiments herein. Rather, if applicants 
claim their inventions by speci?cally invoking the provi 
sions of 35 U.S.C. §112, sixth paragraph, it is nonetheless 
their intention to cover and include any and all structure, 
materials or acts that perform the claimed function, along 
With any and all knoWn or later developed equivalent 
structures, materials or acts for performing the claimed 
function. 

[0021] The use of pattern recognition is central to the 
instant invention as Well as to one or more of those disclosed 

in the above-referenced patents and patent applications 
above. “Pattern recognition” as used herein Will generally 
mean any system Which processes a signal that is generated 
by an object, or is modi?ed 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 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 sensi 
tive to either acoustic or electromagnetic radiation and, if 
electromagnetic, they can be either visible light, infrared, 
ultraviolet or radar or loW frequency radiation as used in 
capacitive sensing systems. 

[0022] 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. Not all pattern recognition systems are trained 
systems and not all trained systems are neural netWorks. 
Other pattern recognition systems are based on fuZZy logic, 
sensor fusion, Kalman ?lters, correlation as Well as linear 
and non-linear regression. Still other pattern recognition 
systems are hybrids of more than one system such as 
neural-fuZZy systems. 

[0023] Apattern recognition algorithm Will thus generally 
mean an algorithm applying or obtained using any type of 
pattern recognition system, e.g., a neural netWork, sensor 
fusion, fuZZy logic, etc. 

[0024] To “identify” as used herein Will usually mean to 
determine that the object belongs to a particular set or class. 
The class may be one containing, for example, all rear facing 
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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 recog 
niZed. 

[0025] To “ascertain the identity of” as used herein With 
reference to an object Will generally mean to determine the 
type or nature of the object (obtain information as to What 
the object is), i.e., that the object is an adult, an occupied rear 
facing child seat, an occupied front facing child seat, an 
unoccupied rear facing child seat, an unoccupied front 
facing child seat, a child, a dog, a bag of groceries, etc. 

[0026] An “occupying item” or “occupant” of a seat or 
“object” in 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. 

[0027] An optical image Will generally mean any type of 
image obtained using electromagnetic radiation including 
infrared radiation. 

[0028] 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 
usually 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 that is being 
impacted. This convention permits 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. “Out-of-position” as used for an occupant Will gener 
ally mean that the occupant, either the driver or a passenger, 
is suf?ciently close to an occupant protection apparatus 
(airbag) prior to deployment that he or she is likely to be 
more seriously injured by the deployment event itself than 
by the accident. It may also mean that the occupant is not 
positioned appropriately in order to attain the bene?cial, 
restraining effects of the deployment of the airbag. As for the 
occupant being too close to the airbag, this typically occurs 
When the occupant’s head or chest is closer than some 
distance such as about 5 inches from the deployment door of 
the airbag module. The actual distance Where airbag deploy 
ment should be suppressed depends on the design of the 
airbag module and is typically farther for the passenger 
airbag than for the driver airbag. 

[0029] 3. Pattern Recognition Prior Art 

[0030] Japanese Patent No. 3-42337 (A) to Ueno discloses 
a device for detecting the driving condition of a vehicle 
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 than determining the location of the eyes 
relative to the other parts of the vehicle passenger compart 
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ment. 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 recog 
nition technologies such as neural netWorks are not used. 

[0031] US. Pat. No. 5,008,946 to Ando uses a compli 
cated 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 
analyZes 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. 

[0032] US. Pat. No. 5,298,732 to Chen also concentrates 
on 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 automatic equipment for deter 
mining the location of the eyes but does not describe hoW 
this equipment Works. In any event, there is no mention of 
illumination of the occupant, monitoring the position of the 
occupant, other that the eyes, determining the position of the 
eyes relative to the passenger compartment, or 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. 

[0033] US. 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 
utiliZing 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. A revieW of this book did not appear to 
provide the ansWer to this question. Also, Faris uses the 
passive infrared radiation rather than illuminating the occu 
pant With active infrared radiation or in general electromag 
netic radiation. 

[0034] The use of neural netWorks as the pattern recogni 
tion technology is central to several of the implementations 
of this invention since it makes the monitoring system 
robust, reliable and practical. The resulting algorithm cre 
ated by the neural netWork program is usually only a feW 
doZen lines of code Written in the C or 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 auto 
motive applications. The cost of the CCD and CMOS arrays, 
for eXample, have been prohibitively expensive until 




















































