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(57) ABSTRACT 

Arrangements for a vehicle including ultrasonic transmitters 
for transmitting ultrasonic Waves into the passenger com 
partment, each transmitter operating at a distinct transmit 
ting frequency and positioned at a distinct location relative 
to the other transmitter(s), at least one receiver disposed so 
as to receive ultrasonic Waves transmitted from a transmitter 

and modi?ed by passing through the passenger compart 
ment, and a processor operatively coupled to the receiver(s). 
Based on the received Waves, the processor determines 
Whether an object is located in the passenger compartment, 
controls deployment of a safety restraint device and/or 
determines the location of an object in the passenger com 
partment. Other arrangements include receivers arranged at 
different locations in the vehicle and Which facilitate a 
distance measurement capability. A processor analyzes the 
distances betWeen the object and each receiver and based 
thereon, determines if an object is present, controls a safety 
restraint device and/or determines the location of an object. 
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ARRANGEMENTS FOR DETECTING THE 
PRESENCE OR LOCATION OF AN OBJECT IN A 

VEHICLE AND FOR CONTROLLING 
DEPLOYMENT OF A SAFETY RESTRAINT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority under 35 U.S.C. 
§119(e) of US. provisional patent application Ser. No. 
60/136,163 ?led May 27, 1999 through US. patent appli 
cation Ser. No. 09/474,147 ?led Dec. 19, 1999. 

[0002] This application is continuation of US. patent 
application Ser. No. 09/474,147 ?led Dec. 29, 1999 Which is 
a continuation-in-part of US. patent application Ser. No. 
09/382,406 ?led Aug. 4, 1999 Which is a continuation-in 
part of US. patent application Ser. No. 08/919,823, now 
US. Pat. No. 5,943,295, Which is a continuation-in-part of 
US. patent application Ser. No. 08/798,029 ?led Feb. 6, 
1997, noW abandoned, Which claims priority of US. provi 
sional patent application Ser. No. 60/011,351 ?led Feb. 8, 
1996. 

[0003] This application also claims priority under 35 
U.S.C. §119(e) of US. provisional patent application Ser. 
No. 60/011,351 through the parent applications. 

[0004] This application is related to: US. Pat. No. 
5,653,462 entitled “Vehicle Occupant Position and Velocity 
Sensor” ?led Jul. 21, 1995, Which is a continuation of US. 
patent application Ser. No. 08/040,978 ?led Mar. 31, 1993, 
noW abandoned, Which in turn is a continuation of US. 
patent application Ser. No. 07/878,571 ?led May 5, 1992, 
noW abandoned; (ii) US. Pat. No. 5,829,782 entitled 
“Vehicle Interior Identi?cation and Monitoring System” 
?led May 9, 1994; (iii) US. Pat. No. 5,845,000 entitled 
“Optical Identi?cation and Monitoring System Using Pat 
tern Recognition for Use With Vehicles” ?led Jun. 7, 1995; 
(iv) US. Pat. No. 5,822,707 entitled “Automatic Vehicle 
Seat Adjuster” ?led Jun. 7, 1995; (v) US. Pat. No. 5,748,473 
entitled “Automatic Vehicle Seat Adjuster” ?led Jun. 7, 
1995; and, (vi) US. Pat. No. 5,835,613 entitled “Optical 
Identi?cation and Monitoring System Using Pattern Recog 
nition for Use With Vehicles” ?led Jun. 7, 1995, Which are 
all incorporated by reference herein. 

FIELD OF THE INVENTION 

[0005] The present invention relates generally to the ?elds 
of sensing, detecting, monitoring and/or identifying various 
objects, and parts thereof, Which are located Within the 
passenger compartment of a motor vehicle. The invention 
also relates to methods for controlling deployment of an 
occupant restraint in a vehicle. 

[0006] Further, the present invention relates to an ef?cient 
and highly reliable method for developing a system for 
detecting the orientation of an object in the passenger 
compartment, e.g., a rear facing child seat (RFCS) situated 
in the passenger compartment in a location Where it may 
interact With a deploying occupant protection apparatus, 
such as an airbag, and/or for detecting an out-of-position 
occupant. The resulting system permits the control and 
selective suppression of deployment of the occupant pro 
tection apparatus When the deployment may result in greater 
injury to the occupant than the crash forces themselves. This 
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is accomplished in part through a method of determining the 
placement of transducers of the system, a method of devel 
oping a pattern recognition system including a method of 
training a neural netWork and/or a method for developing a 
system for the novel analysis of the signals from the trans 
ducers. 

[0007] The application of the occupant position sensor to 
a neW automobile vehicle model is called applications 
engineering. Applications engineering of occupant sensors 
comprises, inter alia, determining the location of the trans 
ducers, designing the transducer holders, determining the 
Wiring layout, performing a tolerance study on the trans 
ducer locations and angular orientation, designing the cir 
cuits for the particular vehicle model, interfacing or inte 
grating the circuits into the vehicle electronic system, and 
adapting the occupant sensor system to the particular vehicle 
model. 

[0008] All of the above aspects of application engineering, 
With the exception of the system adaptation, are standard 
processes that do not differ signi?cantly from the application 
engineering of any electronic system to a neW vehicle 
model. The system adaptation, hoWever, is unique in that it 
requires considerable skill and eXpertise and the use of novel 
technologies to create a system that is optimiZed for a 
particular vehicle. 

BACKGROUND OF THE INVENTION 

[0009] 1. Prior Art on Sensing of Out-Of-Position Occu 
pants and Rear Facing Child Seats 

[0010] 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 to the airbag system are necessary. As dis 
cussed in detail in one or more of the patents and patent 
applications 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 
any 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 Interna 
tional Conference on Seatbelts and Airbags in 1993, in 
Canada, occupant position sensing and rear facing child seat 
detection is required in order to minimiZe the damages 
caused by deploying airbags. It is also be required in order 
to minimiZe the damage caused by the deployment of other 
types of occupant protection and/or restraint devices Which 
might be installed in the vehicle. 

[0011] 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 and 
unWanted airbag deployments When a front seat is unoccu 
pied. HoWever, airbags are noW under development to 
protect rear seat occupants in vehicle crashes and all occu 
pants in side impacts. Asystem is therefore needed to detect 
the presence of occupants, determine if they are out-of 
position (de?ned beloW) 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 
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unnecessary airbag deployments, the cost of replacing these 
airbags Will be excessive if they all deploy in an accident 
needlessly. 
[0012] In?ators noW exist Which Will adjust the amount of 
gas ?owing to or from 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 US. Pat. No. 5,829,782, and Us. patent 
application Ser. No. 08/798,029 ?led Feb. 6, 1997 among 
others, 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 concerned With the process of 
adapting the vehicle interior monitoring systems to a par 
ticular vehicle model and achieving a high system accuracy 
and reliability as discussed in greater detail beloW. 

[0013] The automatic adjustment of the deployment rate 
of the airbag based on occupant identi?cation and position 
and on crash severity has been termed “smart airbags”. 
Central to the development of smart airbags is the occupant 
identi?cation and position determination systems described 
in the above-referenced patents and patent applications and 
to the methods described herein for adapting those systems 
to a particular vehicle model. To complete the development 
of smart airbags, an anticipatory crash detecting system such 
as disclosed in Us. patent application Ser. No. 08/247,760 
?led May 23, 1994 is also desirable. Prior to the implemen 
tation of anticipatory crash sensing, the use of a neural 
netWork smart crash sensor Which identi?es the type of crash 
and thus its severity based on the early part of the crash 
acceleration signature should be developed and thereafter 
implemented. U.S. Pat. No. 5,684,701 (Breed) describes a 
crash sensor based on neural netWorks. This crash sensor, as 
With all other crash sensors, determines Whether or not the 
crash is of suf?cient severity to require deployment of the 
airbag and, if so, initiates the deployment. A neural netWork 
based on a smart airbag crash sensor could also be designed 
to identify the crash and categoriZe it With regard to severity 
thus permitting the airbag deployment to be matched not 
only to the characteristics and position of the occupant but 
also the severity and timing of the crash itself (this being 
described in US. patent application Ser. No. 08/798,029 
referenced above). 
[0014] The need for an occupant out-of-position sensor 
has also been observed by others and several methods have 
been described in certain U.S. patents for determining the 
position of an occupant of a motor vehicle. HoWever, no 
patents have been found that describe the methods of 
adapting such sensors to a particular vehicle model to obtain 
high system accuracy. Each of these systems Will be dis 
cussed beloW and have signi?cant limitations. 

[0015] In White et al. (US. Pat. No. 5,071,160), for 
example, 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. White et al. 
does not disclose Where the such sensors Would be mounted, 
other than on the instrument panel beloW the steering Wheel, 
or hoW they Would be combined to uniquely monitor par 
ticular locations in the passenger compartment and to iden 
tify the object(s) occupying those locations. The adaptation 
process to vehicles is not described. 
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[0016] Mattes et al. (US. Pat. No. 5,118,134) describe a 
variety of methods for measuring the change in position of 
an occupant including ultrasonic, active or passive infrared 
radiation and microWave radar sensors, and an electric eye. 
The use of these sensors is to measure the change in position 
of an occupant during a crash and they use that information 
to assess 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-referenced patents and/or patent applications. It 
is interesting to note that noWhere does Mattes et al. discuss 
hoW to use a combination of ultrasonic sensors/transmitters 
to identify the presence of a human occupant and then to ?nd 
his/her location in the passenger compartment. 

[0017] The object of an occupant out-of-position sensor is 
to determine the location of, e.g., the head and/or chest of the 
vehicle occupant in the passenger compartment to enable the 
location of the head and/or chest to be determined relative to 
the occupant protection apparatus, e.g., 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. 
The determination of the proper transducer mounting loca 
tions, aiming and ?eld angles for a particular vehicle model 
are not disclosed in either White et al. or Mattes et al. and 
are part of the vehicle model adaptation process described 
herein. 

[0018] 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 ultra 
sonic 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 moving. Such a combi 
nation, hoWever, Would not differentiate betWeen an occu 
pant 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. 
White et al. do not suggest the use of such neural netWorks. 

[0019] 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 control and suppress 
deployment of an airbag if the occupant is out-of-position, 
or if a rear facing child seat is present. 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 et al. patent, Which 
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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. This occupant height is determined using 
an ultrasonic displacement sensor mounted directly above 
the occupant’s head. 

[0020] It is important to note that in all cases in the 
above-cited prior art, except those assigned to the current 
assignee of the instant invention, no mention is made of the 
method of determining transducer location, deriving the 
algorithms or other system parameters that alloW the system 
to accurately identify and locate an object in the vehicle. In 
contrast, in one implementation of the instant invention, the 
return ultrasonic echo pattern over several milliseconds 
corresponding to the entire portion of the passenger com 
partment volume of interest is analyZed from multiple 
transducers and sometimes combined With the output from 
other transducers, providing distance information to many 
points on the items occupying the passenger compartment. 

[0021] Many of the teachings of this invention are based 
on pattern recognition technologies as taught in numerous 
textbooks and technical papers. Central to the diagnostic 
teachings of this invention is the manner in Which the 
diagnostic module determines a normal pattern from an 
abnormal pattern and the manner in Which it decides What 
data to use from the vast amount of data available. This is 
accomplished using pattern recognition technologies, such 
as arti?cial neural netWorks, and training. The theory of 
neural netWorks including many examples can be found in 
several books on the subject including: Techniques Ana' 
Application Of Neural Networks, edited by Taylor, M. and 
Lisboa, R, Ellis HorWood, West Sussex, England, 1993; 
Naturally Intelligent Systems, by Caudill, M. and Butler, C., 
MIT Press, Cambridge Mass., 1990; J. M. Zaruda, Intro 
duction to Arti?cial Neural Systems, West publishing Co., 
NY, 1992 and, Digital Neural Networks, by Kung, S. Y., 
PTR Prentice Hall, EngleWood Cliffs, N.J., 1993, Eberhart, 
R., Simpson, P. and Dobbins, R., Computational Intelligence 
PC Tools, Academic Press, Inc., 1996, Orlando, Fla., all of 
Which are included herein by reference. The neural netWork 
pattern recognition technology is one of the most developed 
of pattern recognition technologies. 

[0022] 2. De?nitions 

[0023] The use of pattern recognition, or more particularly 
hoW it is used, is central to the instant invention. In the 
above-cited prior art, except in that assigned to the current 
assignee of the instant invention, pattern recognition Which 
is based on training, as exempli?ed through the use of neural 
netWorks, is not mentioned for use in monitoring the interior 
passenger compartment or exterior environments of the 
vehicle. Thus, the methods used to adapt such systems to a 
vehicle are also not mentioned. 

[0024] “Pattern recognition” as used herein Will generally 
mean any system Which processes a signal that is generated 
by an object (e.g., representative of a pattern of returned or 
received impulses, Waves or other physical property speci?c 
to and/or characteristic of and/or representative of that 
object) or is modi?ed by interacting With an object, in order 
to determine to Which one of a set of classes that the object 
belongs. Such a system might determine only that the object 
is or is not a member of one speci?ed class, or it might 

Jun. 27, 2002 

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 a series of 
electrical signals coming from transducers that are sensitive 
to acoustic (ultrasonic) or electromagnetic radiation (e.g., 
visible light or infrared radiation), although other sources of 
information are frequently included. 

[0025] A trainable or a trained pattern recognition system 
as used herein generally means a pattern recognition system 
Which is taught to recogniZe various patterns constituted 
Within the signals by subjecting the system to a variety of 
examples. The most successful such system is the neural 
netWork. Thus, to generate the pattern recognition algo 
rithm, test data is ?rst obtained Which constitutes a plurality 
of sets of returned Waves, or Wave patterns, from an object 
(or from the space in Which the object Will be situated in the 
passenger compartment, i.e., the space above the seat) and 
an indication of the identify of that object, (e.g., a number of 
different objects are tested to obtain the unique Wave pat 
terns from each object). As such, the algorithm is generated, 
and stored in a computer processor, and Which can later be 
applied to provide the identity of an object based on the 
Wave pattern being received during use by a receiver con 
nected to the processor and other information. For the 
purposes here, the identity of an object sometimes applies to 
not only the object itself but also to its location and/or 
orientation in the passenger compartment. For example, a 
rear facing child seat is a different object than a forWard 
facing child seat and an out-of-position adult is a different 
object than a normally seated adult. 

[0026] To “identify” as used herein Will generally 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 recog 
niZed. 

[0027] An “occupying item” of a seat may be a living 
occupant such as a human or a dog, another living organism 
such as a plant, or an inanimate object such as a box or bag 
of groceries or an empty child seat. 

[0028] “Out-of-position” as used for an occupant Will 
generally means that the occupant, either the driver or a 
passenger, is suf?ciently close to the 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 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 value Where airbag 
deployment 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] “Transducer” as used herein Will generally mean 
the combination of a transmitter and a receiver. In come 
cases, the same device Will serve both as the transmitter and 
receiver While in others tWo separate devices adjacent to 
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each other Will be used. In some cases, a transmitter is not 
used and in such cases transducer Will mean only a receiver. 
Transducers include, for example, capacitive, inductive, 
ultrasonic, electromagnetic (antenna, CCD, CMOS arrays), 
Weight measuring or sensing devices. 

[0030] “Adaptation” as used here represents the method 
by Which a particular occupant sensing system is designed 
and arranged for a particular vehicle model. It includes such 
things as the process by Which the number, kind and location 
of various transducers is determined. For pattern recognition 
systems, it includes the process by Which the pattern rec 
ognition system is taught to recogniZe the desired patterns. 
In this connection, it Will usually include (1) the method of 
training, (2) the makeup of the databases used for training, 
testing and validating the particular system, or, in the case of 
a neural netWork, the particular netWork architecture chosen, 
(3) the process by Which environmental in?uences are 
incorporated into the system, and (4) any process for deter 
mining the pre-processing of the data or the post processing 
of the results of the pattern recognition system. The above 
list is illustrative and not exhaustive. Basically, adaptation 
includes all of the steps that are undertaken to adapt trans 
ducers and other sources of information to a particular 
vehicle to create the system Which accurately identi?es and 
determines the location of an occupant or other object in a 
vehicle. 

[0031] 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 
generally 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 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. 

[0032] 3. Pattern Recognition Prior Art 

[0033] Japanese Patent 3-42337 (A) to Ueno describes 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 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. The method of ?nding the 
eyes is described but not a method of adapting the system to 
a particular vehicle model. 

[0034] 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 
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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. As With Ueno, a method of ?nding the eyes 
is described but not a method of adapting the system to a 
particular vehicle model. 

[0035] US. 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, in Chen, there is no 
mention of 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. 
A method for ?nding the eyes is described but not a method 
of adapting the system to a particular vehicle model. 

[0036] 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 by 
using tWo spaced apart infrared cameras using passive 
infrared radiation from the eyes of the driver. 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, a rear facing child seat or 
any other object for that matter, 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 ultra 
sonic or electromagnetic radiation as in some implementa 
tions of the instant invention. A method for ?nding the eyes 
of the occupant is described but not a method of adapting the 
system to a particular vehicle model. 

[0037] The use of neural netWorks as the pattern recogni 
tion technology and the methods of adapting this to a 
particular vehicle, such as the training methods, is important 
to this invention since it makes the monitoring system 
robust, reliable and accurate. The resulting algorithm created 
by the neural netWork program is usually only a feW hundred 
lines of code Written in the C computer language and is in 
general feWer lines than 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 automotive applications. The 
cost of the ultrasonic transducers, for example, is expected 
to be less than about $1 in quantities of one million per year. 
Similarly, the implementation of the techniques of the 
above-referenced patents requires expensive microproces 
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sors while the implementation with neural networks and 
similar trainable pattern recognition technologies permits 
the use of low cost microprocessors typically costing less 
than about $5 in quantities of one million per year. 

[0038] The present invention uses sophisticated software 
that develops trainable pattern recognition algorithms such 
as neural networks. Usually the data is preprocessed, as 
discussed below, using various feature extraction techniques 
and the results post-processed to improve system accuracy. 
A non-automotive 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 Acous 
tics, 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. No. 5,235,339 (Morrison et al.), 
US. Pat. No. 5,214,744 (SchweiZer et al), US. Pat. No. 
5,181,254 (SchweiZer et al), and US. Pat. No. 4,881,270 
(Knecht et al). All of the references herein are included 
herein by reference. 

[0039] 4. Ultrasonics and Optics 
[0040] 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 a pulsed laser radar 
system in the scanning mode can determine the distance of 
each part of the image from the receiver by measuring the 
time of ?ight through range gating techniques. It is also 
possible to determine distance with the non-laser system by 
focusing, or stereographically 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 also provides inexpensive distance 
measurements as discussed in US. provisional patent appli 
cation Ser. No. 60/114,507, ?led Dec. 31, 1998, which is 
included herein by reference as if the entire contents were 
copied here. 
[0041] Acoustic systems are additionally 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 coordi 
nate system is used where the Z axis is from the transducer 
to the occupant, acoustics are good at measuring Z dimen 
sions while simple optical systems using a single CCD or 
CMOS arrays are good at measuring x and y dimensions. 
The combination of acoustics and optics, therefore, permits 
all three measurements to be made from one location with 
low cost components as discussed in commonly assigned 
US. Pat. Nos. 5,845,000 and 5,835,613 cross-referenced 
above. 

[0042] One example of a system using these ideas is an 
optical system which ?oods the passenger seat with infrared 
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light coupled with a lens and a receiver array, e.g., CCD or 
CMOS array, which receives and displays the re?ected light 
and an analog to digital converter (ADC) which digitiZes the 
output of the CCD or CMOS and feeds it to an Arti?cial 
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 the converted data is directed 
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 
permit accurate identi?cation and distance measurements 
not possible by either system acting alone. If a phased array 
system is added to the acoustic part of the system, 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. 

[0043] Although the use of ultrasound for distance mea 
surement has many advantages, it also has some drawbacks. 
First, the speed of sound limits the rate at which the position 
of the occupant can be updated to approximately 10 milli 
seconds, which though suf?cient for most cases, is marginal 
if the position of the occupant is to be tracked during a 
vehicle crash. Second, ultrasound waves are diffracted by 
changes in air density that can occur when the heater or air 
conditioner is operated or when there is a high-speed How of 
air past the transducer. Third, the resolution of ultrasound is 
limited by its wavelength and by the transducers, which are 
high Q tuned devices. Typically, the resolution of ultrasound 
is on the order of about 2 to 3 inches. Finally, the ?elds from 
ultrasonic transducers are dif?cult to control so that re?ec 
tions from unwanted objects or surfaces add noise to the 
data. 

[0044] Ultrasonics alone can be used in several con?gu 
rations for monitoring the interior of a passenger compart 
ment of an automobile as described in the above-referenced 
patents and patent applications and in particular in US. 
patent application Ser. No. 08/798,029. Using the teachings 
of this invention, the optimum number and location of the 
ultrasonic and/or optical transducers can be determined as 
part of the adaptation process for a particular vehicle model. 

[0045] In the cases of the instant invention, as discussed in 
more detail below, regardless of the number of transducers 
used, a trained pattern recognition system, as de?ned above, 
is used to identify and classify, and in some cases to locate, 
the illuminated object and its constituent parts. 

[0046] 5. Applications 
[0047] The applications for this technology are numerous 
as described in the patents and patent applications listed 
above. However, the main focus of the instant invention is 
the process of adapting the system in the patents and patent 
applications referenced above for the detection of the pres 
ence of an occupied child seat in the rear facing position or 
an out-of-position occupant and the detection of an occupant 
in a normal seating position. The system is designed so that 
in the former two cases, deployment of the occupant pro 
tection apparatus (airbag) may be controlled and possibly 
suppressed and in the latter, it will be controlled and 
enabled. 

[0048] One preferred implementation of a ?rst generation 
occupant sensing system, which is adapted to various 
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vehicle models using the teachings presented herein, is an 
ultrasonic occupant position sensor. This system uses an 
Arti?cial Neural Network (ANN) to recognize patterns that 
it has been trained to identify as either airbag enable or 
airbag disable conditions. The pattern is obtained from four 
ultrasonic transducers that cover the front passenger seating 
area. This pattern consists of the ultrasonic echoes bouncing 
off of the objects in the passenger seat area. The signal from 
each of the four transducers consists of the electrical image 
of the return echoes, Which is processed by the electronics. 
The electronic processing comprises ampli?cation, logarith 
mic compression, recti?cation, and demodulation (band pass 
?ltering), folloWed by discretiZation (sampling) and digiti 
Zation of the signal. The only softWare processing required, 
before this signal can be fed into the arti?cial neural net 
Work, is normaliZation (i.e., mapping the input to numbers 
betWeen 0 and 1). Although this is a fair amount of pro 
cessing, the resulting signal is still considered “raW”, 
because all information is treated equally. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0049] In general, it is an object of the present invention 
to provide neW and improved arrangements for detecting the 
presence of an object in a passenger compartment of a 
vehicle. 

[0050] It is another object of the present invention to 
provide a neW and improved method for developing a 
system for identifying the presence, position and orientation 
of an object in a vehicle. 

[0051] It is another broad object of the present invention 
to provide a method for developing a system for accurately 
detecting the presence of an occupied rear-facing child seat 
in order to prevent an occupant protection apparatus such as 
an airbag from deploying, When the airbag Would impact 
against the rear-facing child seat if deployed. 

[0052] It is yet another broad object of the present inven 
tion to provide a method for developing a system for 
accurately detecting the presence of an out-of-position occu 
pant in order to prevent one or more deployable occupant 
protection apparatus such as airbags from deploying When 
the airbag(s) Would impact against the head or chest of the 
occupant during its initial deployment phase causing injury 
or possible death to the occupant. 

[0053] The invention is also a method to develop and 
adapt a system to identify, locate and monitor occupants, 
including their parts, and other objects in the passenger 
compartment and in particular an occupied child seat in the 
rear facing position or an out-of-position occupant, by 
illuminating the contents of the vehicle With ultrasonic or 
electromagnetic radiation, for eXample, by transmitting 
radiation Waves from a Wave generating apparatus into a 
space above the seat, and receiving radiation modi?ed by 
passing through at least part of the space above the seat 
using tWo or more transducers properly located in the 
vehicle passenger compartment, in speci?c predetermined 
optimum locations. More particularly, this invention relates 
to a method for appropriately locating and mounting the 
transducers and for analyZing the received radiation from 
any object Which modi?es the Waves, in order to achieve an 
accuracy of recognition heretofore not possible. Outputs 
from the receivers, are analyZed by appropriate computa 
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tional means employing trained pattern recognition tech 
nologies, to classify, identify and/or locate the contents, 
and/or determine the orientation of, for eXample, a rear 
facing child seat. In general, the information obtained by the 
identi?cation and monitoring system is used to affect the 
operation of some other system, component or device in the 
vehicle and particularly the passenger and/or driver airbag 
systems, Which may include a front airbag, a side airbag, a 
knee bolster, or combinations of the same. HoWever, the 
information obtained can be used for a multitude of other 
vehicle systems. 

[0054] When the vehicle interior monitoring system 
developed using the teachings of this invention is installed 
in the passenger compartment of an automotive vehicle 
equipped With a occupant protection apparatus, such as an 
in?atable airbag, and the vehicle is subjected to a crash of 
suf?cient severity that the crash sensor has determined that 
the protection apparatus is to be deployed, the system, 
developed in accordance With the invention, has determined 
prior to the deployment Whether a child placed in the rear 
facing position in the child seat is present and if so, a signal 
has been sent to the control circuitry that the airbag should 
be controlled and most likely disabled and not deployed in 
the crash. It must be understood though that instead of 
suppressing deployment, it is possible that the deployment 
may be controlled so that it might provide some meaningful 
protection for the occupied rear-facing child seat. The sys 
tem developed using the teachings of this invention also 
determines the position of the vehicle occupant relative to 
the airbag and controls and possibly 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. As 
before, the deployment is not necessarily disabled but may 
be controlled to provide protection for the out-of-position 
occupant. 

[0055] Principle objects and advantages of the methods in 
accordance With the invention are: 

[0056] 1. To provide a reliable method for developing and 
adapting a system for recogniZing the presence and orien 
tation of a child seat on a particular seat of a motor vehicle. 

[0057] 2. To provide a reliable method for developing and 
adapting a system for recogniZing the presence of a human 
being on a particular seat of a motor vehicle. 

[0058] 3. To provide a reliable method for developing and 
adapting a system for determining the position, velocity or 
siZe of an occupant in a motor vehicle. 

[0059] 4. To provide a reliable method for developing and 
adapting a system for determining in a timely manner that an 
occupant is out-of-position, or Will become out-of-position, 
and likely to be injured by a deploying airbag. 

[0060] 5. To provide a method for locating transducers 
Within the passenger compartment at speci?c locations such 
that a high reliability of classi?cation of objects and their 
position is obtained from the signals generated by the 
transducers. 

[0061] 6. To provide a method for combining a variety of 
transducers including seatbelt payout sensors, seatbelt 
buckle sensors, seat position sensors, seatback position 
sensors, and Weight sensors into a system and adapt that 
system so as to provide a highly reliable occupant presence 
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and position system When used in combination With elec 
tromagnetic, ultrasonic or other radiation sensors. 

[0062] 7. To provide methods for controlling deployment 
of an occupant restraint, optionally based on a determined 
position of the occupant. 

[0063] 8. To provide methods for determining Whether an 
object is a child seat, forWard or rearWard facing, and 
optionally control deployment of an occupant restraint 
device based on such determination. 

[0064] In order to achieve some of the objects set forth 
above, arrangements in accordance With the invention 
includes a plurality of ultrasonic transmitters for transmit 
ting ultrasonic Waves into the passenger compartment, each 
operating at a distinct transmitting frequency and positioned 
at a distinct location relative to the other transmitter(s), at 
least one receiver disposed so as to receive from the pas 
senger compartment ultrasonic Waves transmitted from a 
transmitter and modi?ed by passing through at least part of 
the passenger compartment, and a processor operatively 
coupled to the receiver(s). Based on the ultrasonic Waves 
received by the receiver(s), the processor determines 
Whether an object is located in the passenger compartment, 
determines the location of the object and/or controls deploy 
ment of a safety restraint device. It is not required that the 
processor make a separate determination that an object is 
present before determining its location or to deploy the 
safety restraint device. Rather, the processor can make a 
determination directly as to Whether to deploy the restraint 
device based on the ultrasonic Waves Without making an 
initial determination that an occupant is present. The deter 
mination by the processor may entail the use of pattern 
recognition techniques, such as a neural netWork or sensor 
fusion. 

[0065] In more speci?c embodiments, each receiver and 
transmitter may be arranged to form a transducer. One 
transmitter (or transducer) may be arranged on a ceiling of 
the vehicle and a second transmitter (or transducer) arranged 
at a different location in the vehicle, e.g., on the dashboard, 
such that a ?rst aXis connecting the ?rst and second trans 
mitters is substantially parallel to a second aXis traversing a 
volume in a passenger compartment of the vehicle above a 
seat in Which an object is situated. A third transmitter (or 
transducer) may be provided on or adjacent an interior side 
surface of the passenger compartment. A fourth transmitter 
(or transducer) may be provided on or adjacent an interior 
side surface of the passenger compartment. 

[0066] Other arrangements include a ?rst receiver 
arranged on a ceiling of the vehicle, a second receiver 
arranged at a different location in the vehicle than the ?rst 
receiver such that a ?rst aXis connecting the ?rst and second 
receivers is substantially parallel to a second aXis traversing 
a volume in a passenger compartment of the vehicle above 
a seat in Which an object is situated, and a third receiver 
arranged at a different location in the passenger compart 
ment than the ?rst and second receivers. Each receiver 
comprising distance measurement means such that a ?rst 
distance from the ?rst receiver to the object is obtained 
based on the output of the ?rst receiver; a second distance 
from the second receiver to the object is obtained based on 
the output of the second receiver and a third distance from 
the third receiver to the object is obtained based on the 
output of the third receiver. A processor analyZes these 
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distances and determines if an object is present based 
thereon, determines the location of the object and/or controls 
deployment of a safety restraint device. The processor does 
not have to determine Whether an object is present prior to 
formulating the control signal for the restraint device but 
rather can make a direct determination as to the manner in 
Which the restraint device Will be controlled based on the 
distances as obtained from the receivers. 

[0067] In other, more speci?c embodiments, the receivers 
are arranged to receive ultrasonic or electromagnetic radia 
tion and may all be of the same type. A fourth receiver may 
be arranged at a different location in the passenger compart 
ment than the ?rst, second and third receivers and comprise 
distance measurement means. The processor analyZes the 
distance betWeen the fourth receiver and the object When 
determining if an object is present, determining the location 
of the object or controlling of the restraint device. In the 
event that the receivers receive, e.g., ultrasonic Waves, then 
one or more transmitters is/are provided for transmitting 
Waves into the passenger compartment. 

[0068] Another embodiment of a method for controlling 
deployment of an occupant restraint device in a vehicle 
comprises the steps of arranging a ?rst ultrasonic transducer 
on a ceiling of the vehicle and a second ultrasonic transducer 
at a different location in the vehicle (e.g., on the dashboard) 
such that a ?rst aXis connecting the ?rst and second trans 
ducers is substantially parallel to a second aXis traversing a 
volume in a passenger compartment of the vehicle above a 
seat in Which an object is situated, transmitting ultrasonic 
Waves from the ?rst transducer into the passenger compart 
ment, receiving ultrasonic Waves re?ected off the object in 
the passenger compartment at the ?rst transducer and cal 
culating a ?rst distance from the ?rst transducer to the object 
based on the time difference betWeen the transmitted Waves 
When transmitted from the ?rst transducer and the re?ected 
Waves When received at the ?rst transducer. In a similar 
manner, different ultrasonic Waves are transmitted from the 
second transducer into the passenger compartment, ultra 
sonic Waves re?ected off the object in the passenger com 
partment are received at the second transducer and a second 
distance from the second transducer to the object is calcu 
lated based on the time difference betWeen the transmitted 
Waves When transmitted from the second transducer and the 
re?ected Waves When received at the second transducer. 
Deployment of the occupant restraint device and/or a deter 
mination of Whether the object is a child seat is/are made 
based on the ?rst distance and the second distance. 

[0069] Control of deployment of the occupant restraint 
device may entail suppressing deployment of the occupant 
restraint device or if the restraint device includes an airbag, 
controlling a rate of generation of a gas used to in?ate the 
airbag and/or an amount of gas generated for in?ating the 
airbag. 

[0070] A third transducer may be arranged, e.g., on or 
adjacent an interior side surface of the passenger compart 
ment, to transmit different ultrasonic Waves into the passen 
ger compartment and receive ultrasonic Waves re?ected off 
the object in the passenger compartment. The distance from 
the third transducer to the object is calculated based on the 
time difference betWeen the transmitted Waves When trans 
mitted from the third transducer and the re?ected Waves 
When received at the third transducer. This distance is used 
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in consideration of the control of the deployment of the 
airbag and/or the determination as to Whether the object is a 
child seat. A fourth transducer may also be arranged to 
transmit different ultrasonic Waves into the passenger com 
partment and receive ultrasonic Waves re?ected off the 
object in the passenger compartment. A fourth distance from 
the fourth transducer to the object is calculated based on the 
time difference betWeen the transmitted Waves When trans 
mitted from the fourth transducer and the re?ected Waves 
When received at the fourth transducer. This distance is also 
used in consideration of the control of the deployment of the 
airbag and/or the determination as to Whether the object is a 
child seat. 

[0071] Another method for controlling deployment of an 
occupant restraint device in a vehicle and/or determining 
Whether an object in a seat is a child seat comprises the steps 
of arranging a ?rst receiver on a ceiling of the vehicle and 
a second receiver at a different location in the vehicle such 
that a ?rst aXis connecting the ?rst and second receivers is 
substantially parallel to a second aXis traversing a volume in 
a passenger compartment of the vehicle above a seat in 
Which an object is situated, mounting a third receiver at a 
different location in the passenger compartment than the ?rst 
and second receivers, each receiver comprising distance 
measurement means, calculating a ?rst distance from the 
?rst receiver to the object based on the output of the ?rst 
receiver, calculating a second distance from the second 
receiver to the object based on the output of the second 
receiver, and calculating a third distance from the third 
receiver to the object based on the output of the third 
receiver. Deployment of the occupant restraint device and/or 
the determination as to Whether the object is a child seat 
is/are made based on the ?rst distance, the second distance 
and the third distance. The receivers may be constructed to 
receive ultrasonic radiation or electromagnetic radiation and 
may all be of the same type. 

[0072] Another method for controlling deployment of an 
occupant restraint device in a vehicle and/or determining 
Whether an object in a seat is a child seat comprises the steps 
of transmitting ultrasonic Waves from a ?rst transducer into 
a passenger compartment of the vehicle, receiving Waves 
re?ected off an object in the passenger compartment at the 
?rst transducer, calculating a ?rst distance from the ?rst 
transducer to the object based on the time difference betWeen 
the transmitted Waves When transmitted from the ?rst trans 
ducer and the re?ected Waves When received by the ?rst 
transducer, transmitting different ultrasonic Waves from a 
second transducer into the passenger compartment, receiv 
ing Waves re?ected off the object in the passenger compart 
ment at the second transducer and calculating a second 
distance from the second transducer to the object based on 
the time difference betWeen the transmitted Waves When 
transmitted by the second transducer and the re?ected Waves 
When received by the second transducer. Deployment of the 
occupant restraint device and/or the determination as to 
Whether the object is a child seat is/are made based on the 
?rst distance and the second distance. The distance calcu 
lation steps comprise the step of applying an algorithm 
generated by means of a pattern recognition algorithm 
generating program (e.g., a neural network computer pro 
gram) based on the time distribution of the echo pattern of 
the re?ected Waves in order to determine the distance from 
the respective transducer to the object. 
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[0073] In one embodiment of a method of developing a 
system for determining the occupancy state of a seat in a 
passenger compartment of a vehicle comprises the steps of 
mounting transducers in the vehicle, Which transducers 
Would be affected by the occupancy state of the seat, 
forming at least one database comprising multiple data sets, 
each data set representing a different occupancy state of the 
seat and being formed by receiving data from the transduc 
ers While the seat is in that occupancy state, and processing 
the data received from the transducers, and creating a ?rst 
algorithm from the database(s) capable of producing an 
output indicative of the occupancy state of the seat upon 
inputting a neW data set representing an occupancy state of 
the seat. The neW data set Would be formed, e.g., during use 
of the vehicle after the algorithm is installed in the control 
circuitry of the vehicle. The ?rst algorithm may be created 
by inputting the database(s) into an algorithm-generating 
program, and running the algorithm-generating program to 
produce the ?rst algorithm. The ?rst algorithm could be a 
neural netWork algorithm, in Which case, the back propaga 
tion method could be used When generating the neural 
netWork algorithm. 

[0074] The occupancy states of the seat include occupancy 
of the seat by an object selected from the group comprising 
occupied and unoccupied rear facing infant seats, forWard 
facing humans, out-of-position humans, occupied and unoc 
cupied forWard facing child seats and empty seats. The 
occupancy states of the seat should also include occupancy 
by the objects in multiple orientations and/or having at least 
one accessory selected from a non-exclusive group com 

prising neWspapers, books, maps, bottles, toys, hats, coats, 
boXes, bags and blankets. 

[0075] The data can be pre-processed prior to being 
formed into the data sets. This may entail using data created 
from features of the data in the data set, Which features might 
be selected from a group comprising the normaliZation 
factor, the number of data points prior to a peak, the total 
number of peaks, and the mean or variance of the data set. 
Also, the data sets could be mathematically transformed 
using normaliZation, truncation, logarithmic transformation, 
sigmoid transformation, thresholding, averaging the data 
over time, Fourier transforms and/or Wavelet transforms. 
Further, pre-processing could entail subtracting data in one 
data set from the corresponding data in another data set to 
create a third data set of differential data. 

[0076] The processing step may comprise the step of 
converting the analog data from the transducers to digital 
data and combining the digital data from a plurality of the 
transducers to form a vector comprising a string of data from 
each of the transducers. As such, the ?rst algorithm is 
created such that upon inputting a vector from a neW data set 
Will produce an output representing the occupancy state of 
the vehicle seat. The vectors in the database can be normal 
iZed so that all values of the data that comprise each vector 
are betWeen a maXimum and a minimum. 

[0077] Another disclosed method of developing a system 
for determining the occupancy state of the vehicle seat in the 
passenger compartment of a vehicle comprises the steps of 
forming data sets by obtaining data representative of various 
occupying objects at various positions in the passenger 
compartment and operating on at least a portion of the data 
to reduce the magnitude of the largest data values in a data 


































































