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(57) ABSTRACT 

In a method for recognizing the severity of a vehicle 
collision, Wherein the output signal of one or more accel 
eration sensors is processed and fed to a neural network that 
controls a release unit for an occupant protection device, and 
further Wherein several occupant protection devices can be 
selected by the release unit in accordance With the severity 
and course of the vehicle collision, the future time progres 
sion of the output signal of the acceleration sensor is 
predicted With the help of the neural network based on the 
acceleration sensor signal values during at least one de?ned 
point in time. 
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METHOD FOR RECOGNIZING THE SEVERITY 
OF A VEHICLE COLLISION 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The invention relates to a method for recognizing 
the severity of a vehicle collision, Where the output signal of 
one or more acceleration sensors is processed and fed to a 
neural netWork that controls a release unit for an occupant 
protection device. Several occupant protection devices can 
be selected by the release unit in accordance With the 
severity and course of the vehicle collision. 

[0002] Such a method is knoWn as disclosed in German 
Patent document DE 198 54 380 A. There, an output signal 
of several acceleration sensors is processed and entered into 
the neural netWork in order to obtain a statement about the 
severity of a vehicle collision. 

[0003] The invention is based on the problem of trying to 
create a method of the above-described kind that offers a fast 
and meaningful opportunity for predicting the severity of a 
vehicle collision. 

[0004] The invention solves this problem by providing a 
method for recogniZing the severity of a vehicle collision, 
Where the output signal of one or more acceleration sensors 
is processed and fed to a neural netWork that controls a 
release unit for an occupant protection device. Several 
occupant protection devices can be selected by the release 
unit in accordance With the severity and course of the vehicle 
collision. The future time progression of the output signal of 
the acceleration sensor is predicted With the help of the 
neural netWork based on the acceleration sensor signal 
values during at least one de?ned point in time. 

[0005] Input variables into the neural netWork are the 
processed signals of preferably several acceleration sensors 
that are distributed throughout the vehicle. Processing 
means looking at simple or multiple integrated or otherWise 
?ltered sensor signals and using either the time series as such 
as input variables or determining special, characteristic 
values from the signal progression line and feeding them as 
input to the neural netWork. These characteristic variables 
can include: values of the processed signals at certain 
de?ned times With regard to the time of the evaluation, 
signal values at special trigger times, achieved maximum 
values, time periods for certain signal increases, increases in 
the signal progression line, arithmetic combinations of vari 
ous processed signals, or the like. 

[0006] The output variable of the neural netWork is a 
statement about the crash severity and thus about the 
expected driver and passenger impact. This statement can be 
particularly close to reality due to the statement of the future 
course of the acceleration signal value(s) obtained through 
the neural netWork. By contrast, the statement about the 
crash severity is usually directly connected With the actuator 
system on existing air bag trigger algorithms. With the 
increasing number of restraint systems, a formulation of the 
crash severity Would become increasingly complicated. The 
present invention provides a parametric de?nition of a crash 
severity that is independent from the respective actuator 
system that is employed. 

[0007] The crash severity in the case of a head-on collision 
is therefore de?ned by the expected course of the accelera 
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tion sensor signal. This progression line is identical to the 
expected acceleration of the occupant compartment. 

[0008] With the help of the neural netWork, the subsequent 
time line of the signal is calculated. The result of this 
calculation is a statement about the expected forWard move 
ment of the unrestrained occupant. This results in statements 
such as, for example: Without restraint the occupant Would 
bounce against the steering Wheel at approximately 10 m/s 
in 50 ms (corresponds to a forWard movement of about 300 

[0009] This statement is then counteracted by an appro 
priate action of the occupant protection and restraint devices, 
Which are controlled by the releasing unit. 

[0010] Consideration of the free movement of the vehicle 
occupant in connection With the selection of occupant pro 
tection and restraint devices is basically knoWn from French 
Patent document FR 21 84 307 and European Patent docu 
ment EP 327 853 B. An air bag system is released When the 
expected forWard movement of the vehicle occupant 
exceeds a certain threshold value (FR 21 84 307) or When 
this threshold value is exceeded at tWo subsequent time 
intervals (EP 327 853 B). In neither case, the future accel 
eration behavior of the vehicle occupant is deduced, only a 
distinction is made betWeen “FIRE/NO-FIRE.” By contrast, 
in the case of the present invention, a statement is obtained 
With the help of the neural netWork about the expected 
impact of the vehicle occupant, and from this the possibility 
is deduced hoW this impact can be counteracted by an 
appropriate release strategy of the occupant protection and 
restraint devices in a speci?c manner. 

[0011] The processing in accordance With the invention of 
the acceleration signals With the help of the neural netWork 
and the prediction of the expected impact offers a general 
iZed statement (hereinafter called crash severity parameter 
(CSP) because in this statement about the crash severity 
neither vehicle type and equipment nor load drop/barrier are 
considered. Although the occurring values of the CSP are 
dependent upon the vehicle structure, the effect on the 
vehicle occupant alWays only depends on the CSP value 
itself. 

[0012] The CSP noW is directly related to the occupant 
impact. A deduction from the crash position/speed/barrier 
stiffness or similar on the occupant impact is no longer 
required. 
[0013] With the CSP that is determined in accordance With 
the invention, it is also possible to differentiate betWeen 
accident situations Where different release strategies of the 
occupant protection and restraint devices are supposed to 
occur With suf?cient exactness. The CSP is therefore not 
dependent upon the occupant restraint devices. This makes 
it possible to adjust it optimally in its effectiveness. 

[0014] Other objects, advantages and novel features of the 
present invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a graph depicting the forWard movement 
speed of a vehicle over time With respect to different impact 
barriers; and 
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[0016] FIG. 2 is a How chart illustrating an air bag release 
algorithm in accordance With the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0017] As shoWn in FIG. 1, the CSP is an expected time 
progression line. This curve must be described suf?ciently 
With the loWest possible number of parameters. The actual 
occupant forWard movement is represented by the forWard 
movement path over time s=s(t). It can also be shoWn by the 
speed progression v=v(t)=s‘(t) or the acceleration progres 
sion a=a(t)=v‘(t)=s“(t). 
[0018] FIG. 1 depicts the forWard movement speed of a 
vehicle (not shoWn) traveling at different speeds of 20 and 
40 km/h impacting against: 

[0019] a rigid Wall With 100% cover (lines 1a/1b), 

[0020] a deformed barrier With 40% cover (2a/2b), 

[0021] an inclined Wall (3a/3b), 

[0022] a center pole (4a/4b), and 

[0023] a rigid Wall With 40% cover (5a/5b). 

[0024] A cross, circle and square mark the time at Which 
100, 200 and 300 mm of forWard movement occur, respec 
tively. 
[0025] In order to characteriZe the forWard movement in 
the implemented algorithm, different possibilities are avail 
able to lead to the same goal. 

[0026] A. Global Evaluation Variable and Reference to a 
Reference Time 

[0027] The entire forWard movement progression is 
described based on characteristic variables. An example 
Would be the average acceleration occurring betWeen 100 
and 300 mm of occupant forWard movement. 

[0028] When 

t1=t(s=1OO mm) v1=v(t1) (1) 
t3=t(s=300 mm) v3=v(t3) (2) 

[0029] then the quotient corresponds to 

_ v3 — v1 _ dv (3) 

am _ r3 — r1 _ E 

[0030] of this average acceleration, Which roughly corre 
lates to the EES (Energy Equivalent Speed) 1 and thus offers 
a conclusion about the occupant restraint systems that need 
to be activated. When this parameter is detected at the time 
t With suf?cient certainty, one knoWs Which restraint systems 
need to be activated. It must be additionally speci?ed When 
they need to be activated, eg with a time reference 

drFIRE=r1-3O ms-t (4) 

[0031] The crash severity, Which is used for a release 
decision and is an output variable from the neural netWork, 
Would then be the set of parameters (am, dtFIRE). 

[0032] B. Local Variables With Fixed Time Reference to 
the Evaluation Time 

[0033] In contrast to the procedure described in section A 
above, here, no global variable concerning the expected 
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occupant forWard movement is evaluated, but instead only a 
previeW over a de?ned period of time in reference to the 
evaluation time t. 

[0034] The evaluation of the neural netWork at the time t 
during the accident provides then, e.g., an estimated value 
for the average expected occupant acceleration and/or for 
Ward movement at the time t+30ms, t+40 ms, etc. HoW 
detailed and exact this statement must be depends on the 
actuators that are employed. 

[0035] An air bag release algorithm Would therefore have 
the folloWing structure, Which is shoWn in FIG. 2: 

[0036] The processed sensor signals (possibly not until 
reaching a crash trigger, ie when exceeding the acceleration 
signal threshold value) are fed to a neural netWork, Which 
issues the described parameters for characteriZation of the 
crash severity. They can be the values of the acceleration 
sensors at a certain time (exceeding the threshold value). 
Alternatively, the signal values can be recorded constantly 
and, preferably, at regular intervals of eg 0.25 msec, and the 
2,3, . . . signal values preceding this time can be evaluated 

When exceeding the crash trigger. This Way, the signal 
history preceding the crash trigger is being evaluated. With 
the help of the neural netWork (KNN), the future course of 
the signal can be predicted from the history. 

[0037] The information gained in this manner about the 
future acceleration signal value progression is then coupled 
With information from other systems, such as seat occupant 
recognition (SBE), out-of-position sensors (OOP), pre-crash 
sensors, etc., to inform a release decision. This occurs in a 
so-called event release matrix, Which may possibly again 
have the design of a neural netWork, fuZZy logic circuit or 
the like. 

[0038] The CSP is the interface betWeen the sensors and 
actuators. Since the CSP offers the presented advantages, the 
sensors and actuators can have a separate design. This 
results overall in a method that makes it possible With little 
effort to quickly and safely provide statements about the 
severity and course of a vehicle collision, so as to trigger 
occupant protection devices as needed. 

[0039] The foregoing disclosure has been set forth merely 
to illustrate the invention and is not intended to be limiting. 
Since modi?cations of the disclosed embodiments incorpo 
rating the spirit and substance of the invention may occur to 
persons skilled in the art, the invention should be construed 
to include everything Within the scope of the appended 
claims and equivalents thereof. 

What is claimed is: 
1. A method for recogniZing the severity of a vehicle 

collision, the method comprising the acts of: 

processing an output signal of at least one acceleration 
sensor on a vehicle; 

feeding the output signal to a neural netWork that controls 
a release unit for an occupant protection device of the 
vehicle, Wherein a future time progression of the output 
signal of the at least one acceleration sensor is pre 
dicted using the neural netWork based on acceleration 
sensor signal values during at least one de?ned point 
in-time; and 
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selecting the occupant protection device in accordance 3. The method according to claim 1, Wherein the feeding 
With the Severity and Course of the Vehicle Collision of the processed output signal to the neural netWork occurs 
based on the predicted future‘ time progression of the also at Subsequent points in time_ 
output signal of the acceleration sensor. _ _ _ 

2_ The method according to Claim 1, wherein the feeding 4. The method according to claim 3, wherein the subse 
of the processed output signal of the at least one acceleration qiieiit Points in time occur at equidistant time iiiteivais 
sensor to the neural netWork occurs at a time at Which a 
threshold value of the output signal is exceeded. * * * * * 


