
Structure-born Sound 
Transmission as an 
Important Influence on 
Crash Detection

“Hearing” sensors, which measure structure-born sounds, caused from deformation of a car during 
crash in order to advance crash detection performance, will go into series production soon. For this 
reason and to bring the next generation on the way there are many research activities in the field of 
structure-born sound transmission on the Institute of Applied Research at University of Applied Sciences 
Ingolstadt, which are done in cooperation with Audi AG and Continental AG.
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1  Technology of Front Crash Detection

Today State-of-the-Art front crash sensing 
technology is mainly based on decelera-
tion of the car during the crash. This low 
frequency acceleration is measured with 
sensors which have a frequency band be-
low 1kHz, at one ore more positions in 
the vehicle.

1.1 Difficult Testing Scenarios
With actual sensing technology there are 
two different test types which are often 
hard to discriminate in the needed time 
gap [1]. The first one is the AZT-test (Alli-
anz Centre of Technique) where the car 
crashes with 15 kph against a rigid 10 de-
gree angle barrier. This test is the basis of 
the insurance classification. The second 
one is the ODB-Test (Offset Deformable 
Barrier), with EuroNCAP-Test as best 
known one. Here crashes the car with 40 
to 64 kph against a deformable barrier 
witch covers the car by 40% and imitates 
another car, Figure 1.

The existing similarity in deceleration 
wouldn’t be a problem if at the AZT case 
the airbag was not minded to open and 
in ODB case the opening of airbag was 
not essential to life.

1.2 Potential of Structure-borne Sound 
Sensing
To discriminate these two scenarios fast 
and safe enough more information about 
the crash is needed. One possibility to get 
further information is to measure high 
frequency structure-born sounds caused 
from the deformation of car structures 
in the crash, Figure 2. This signal is trans-
mitted through the car body and meas-
ured in the airbag control unit [2].

2  Benefits of Investigations Concerning 
Structure Born Sound Transmission

Today’s medium-sized and luxury class au-
tomobiles feature additional acceleration 
sensors in the front of the car to improve 
crash detection. These sensors permit to 
get information regarding the crash 
progress immediately after the collision. A 
so called airbag electronic control unit 
(ecu) evaluates the sensors signals, using 
specific criteria from different crash situa-
tions. The car deceleration for example 
arises faster impinging a wall compared to 

a “soft” object like a car. A crash algorithms 
works always on all sensors and incorpo-
rates a multitude of criteria. 

Provided that the criteria are based on 
physical events the fire decision will be 
stable towards variability of tests and real 
life accidents. This assures, that an airbag 
system, which is configured from scenari-
os defined by laws or rating agencies, de-
livers highest safety in ordinary crash situ-
ations too. Information from the front 
sensors is transmitted via wires to the air-
bag ecu. Structure born sound will be 
used for crash detection in an analogous 
manner. A great difference is that the in-
formation is not transmitted by wire, but 
the car structure itself. The propagation 
of vibration through a car is not compara-
ble to carrying electric signals by wire. 
Transmitting by wire you have to keep in 
mind the possibility of a breakaway of the 
cables, guarantee electromagnetic com-
patibility and search a proper position, 
where to place the sensors. All these top-
ics are no more a technological challenge. 
Passing a wanted signal consisting of me-
chanical vibration over a car structure is 
in contrast a totally new field.

2.1 Basic Conditions in Cars
Using the bodywork of a car like a medium 
to transfer information requires a qualifi-
cation of the same for this purpose. This 
means: The car has to be considered com-
pletely like an medium of transmission. 
Firstly all influences and situations are rel-
evant whichever could occur in a car life 
cycle or any driving situation. It is desirable 
to reduce the complexity, to implement 
the qualification process efficiently. 

Figure 1: Sketch 
of both test cases 
witch are hard to 
discriminate
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Effects on structure born sound genera-
tion have to be separated from those which 
take influence on structure born sound 
propagation. Modern methods of artificial 
deterioration can be used to simulate 
weather, environmental influences and 
extreme usage of a car. Specific driving sit-
uations can be investigated separately. 
Many influences can be excluded or evalu-
ated theoretically. The robustness takes 
advantage from using a broad frequency 
band. In this case it is above distinct eigen-
frequencies of parts. Therefore the change 
of such eigenfrequencies, caused by limit-
ed fabrication accuracy [3], does not play a 
decisive role. Another milestone is the 
identification of transmission paths 
through the bodywork. This helps to re-
duce the amount of parts to analyze.

2.2 Identification of Transmission Paths
Identifying transmission paths serves to 
reduce the complexity of the qualifica-
tion process. Furthermore this kind of 
analysis is important to determine the de-
lay along the propagation path. Electric 
signals in cables reach a velocity up to 50 
% speed of light [4]. Structure born sound 
propagates with up to 5000 m/s. Actual 
the delay depends on a lot of factors like 
the predominating wave type, the mate-
rial or the form of the assemblies. 

The alteration of the wanted signal, 
which is an effect of running to the meas-
uring point has to be quantified. In con-
trast to electric transport it is not possible 
to get the same information at any posi-
tion on the path, if you use propagation of 
vibrations. Knowledge about the structure 
on which a vibration signal was measured 

is necessary to evaluate the mentioned sig-
nal. Mostly this is a topic of structure dy-
namics or modal analysis. Concerning the 
technical constraints bandwidth and high 
frequency range some methods have to be 
adapted or advanced. 

The classical method of transmission 
path analysis can be used for the determina-
tion of main propagation paths [5]. It is es-
sentially based on correlation and coher-
ence analysis. Investigating the delay time 
various signal criteria like first slope or 
maximum amplitude were useful. Damp-
ing and attenuation must not be disregard-
ed, because of the multitude of interconnec-
tions between the parts. A lot of acoustic 
engineers, working on such themes try to 
guarantee highest comfort for the car pas-
sengers. In the case of car acoustics lower 
frequency range is mostly of interest.

The above mentioned knowledge 
about vibration behaviour of the parts 
helps similarly to find adequate meas-
urement positions. 

2.3 The Evaluation of Different  
Measurement Positions
For the usage in series vehicles structure 
born sound measurement system should 
be integrated in the airbag ecu. For any 
type of test or study (e.g. transmission 
path analysis) further measurement 
points are applied. Comparing signals 
from different positions the local dy-
namical stiffness has to be known. Then 
it is possible to separate propagation ef-
fects from local effects at a certain meas-
urement position. At the same time this 
information helps to find a position as 
quite appropriate, e.g. linear over a wide 

frequency band. So the measurement 
quality can be optimized within the con-
straints of a total car development cycle.

2.4 Influences of the Crash
One fact has not been mentioned yet. Dur-
ing a car crash the car will be destroyed 
and the transmission medium selected 
too. Until today you had to guarantee that 
front sensors could send sufficiently long 
signals to the airbag ecu to facilitate a air-
bag fire decision. Adequate sensor posi-
tions, crash secure running of cables and 
protective cases for the sensors class among 
those arrangements. In the case of crash 
impact sound sensing the time until a fire 
decision can be calculated is decisive. Dur-
ing this time, in which sensors should be 
able to provide information to get an opti-
mum deployment of the airbags, main 
transmission paths should be mainly in-
tact to assure the predetermined charac-
teristics. If any car collapses in the few mil-
liseconds to an airbag fire decision, the 
transfer of information will be time vary-
ing. Internal studies of the project partners 
showed the stability of the main transmis-
sion paths. Moreover time variance could 
be considered within a crash algorithm. 
However it is not recommended to make a 
system more complex than necessary.

2.5 Advance in Performance 
Observing an advance in performance us-
ing optimized sensors you have to ques-
tion, what does one system to deploy air-
bags make better compared with another? 
Is the quality determined by the number 
of stars from the EuroNCAP? That is not 
the only truth of course. Standard test pro-
cedures represent a high number of rele-
vant crash types, but cannot cover the 
spread of real accidents. It is not possible to 
check or simulate all thinkable variations. 

In order that car airbags are not de-
ployed only in the EuroNCAP tests, the 
physics of a crash should have an impor-
tant role programming an airbag algo-
rithm. For such an algorithm the infor-
mation about the car, which is available 
during an accident, is fundamental. That 
shows the advantage of crash impact 
sound sensing. The additional measure-
ment of structure born sound within a 
car crash is a growth of information (fig. 
2) and therefore an enhancement of the 
basis of decision, on which the algorithm 
calculates the fire decision.Figure 2: Expansion of the frequency range (spectrogram of an car crash)
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The analysis of structure born sound 
propagation in a car can contribute to im-
prove the quality of the basis of decision 
furthermore. That contains all activities 
like searching appropriate measurement 
positions, taking into account local prop-
erties of a measurement position and de-
termining and considering the character-
istics of the transmission paths.

3  Need of Transmission Simulation

Experimental investigation can not be 
started until a physical prototype of car or 
parts of it are available. So an earlier eval-
uation of the design is only possible if spe-
cial simulation techniques are used. Based 
on even shorter design cycles and a high 
money saving potential the FEA (Finite El-
ement Analysis) is getting more and more 
important at the development process, 
Figure 3. Structure-born sound waves are 
stress waves, so FEA is theoretically per-
fect for the investigation of transmission 
phenomena in the virtual design step [6].
The high deformation rates and the non-
linearity of materials in the crash can also 
be handled with this method.

3.1 Inadequacy of Actual Simulation 
Programs
Based on the high frequency band up to 
20 kHz and more in the structure-born 
sound technique for crash sensing the 
simulation investments are getting very 
high. To get these high frequencies cor-
rect in simulation both - time step round 
about 1µs, and geometrical division of 
the structure, near 10mm - must be very 
short and for this reason the simulation 
time is very high. This use of time is inad-
missible in the design process [7].

3.2 Development of Specific Simulation 
Methods
To keep the needed investments on a 
structure-born sound transmission simu-
lation as low as possible, it is necessary to 
adapt existing techniques or to develop 
new simulation methods. Not only the re-
placement of the nearly exact FEA simula-
tion is a point, but also making available 
methods with can evaluate transmission 
parameters before a complete CAD (Com-
puter Aided Design) file is provided. 

Through the high mode density in 
the investigated frequency area one suit-

able method is SEA (Statistical Energy 
Analysis). This well known technique in 
NVH (Noise and Vibration Harshness) 
doesn’t regard the single wave but the 
average energy which is transmitted 
through the structure. 

Another interesting method is TLM 
(Transmission Line Method) witch de-
scribes the structure through one-dimen-
sional transmission blocks. Both meth-
ods reduce the time investment in the 
simulation process.

3.3 Virtual Parameter Variations
With these simulation methods which 
first have to be developed, or today already 
on single parts of car structures with FEA-
method, it is possible to make virtual pa-
rameter investigations. This way it is pos-
sible to get a good design for the transmis-
sion without physical prototypes.

3.4 Evaluation of the Frequency  
Response Function
Besides the experiments a virtual investi-
gation of the frequency response function 
is possible. So the simulation can opti-
mize the transmissibility at the early de-
sign process to get the best transmission 
for the structure-born sound in the crash 
relevant frequency band of the sensor. 
This optimization leads to a perfect signal 
for the crash discrimination process.

4  Conclusion

The transmission of wanted signals using 
the car bodywork like a transmission me-
dium is totally new. Researching the high 
frequency structure born sound propaga-
tion in car structures alleviates the qualifi-

cation of the transmission path. The study 
of constraints and environmental factors 
guarantees the robustness of the technolo-
gy under the assumption of common vehi-
cle use. So additional information can be 
provided to future crash algorithms.

In the future the evaluation of the struc-
ture-born sound transmission through the 
car structure in the early design stage is on-
ly possible with specific simulation meth-
ods. For this reason it is important to check 
the existing simulation techniques and de-
velop new methods.

Themes like driving assistance systems 
or technologies, which help to soften or 
prevent accidents, will attract the atten-
tion in the next years. But neither those 
systems, neither speed limits nor higher 
speeding fines won’t eliminate, that acci-
dents happen. The advance in perform-
ance in the field of passive safety can for-
tunately not be experienced by any cus-
tomer. But if an accident passes the expe-
rience will be as much more intense.
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Figure 3: FEA of a car 
structure part
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