
Automotive Systems Laboratory Tests Crash Sensors
Using MAT L AB® and the Data Acquisition Toolbox 

508.647.7000   info @ m a t hwork s . com   www. m a t hwork s . com

T H E C H A L L E N G E
To sample crash test data fast

enough to enable accurate

testing of a magnetic sensor

T H E S O L U T I O N
Use MATLAB and the Data

Acquisition Toolbox to

develop an onboard crash test

system and analyze the

resulting data

T H E R E S U L T S
! 30-40% redu cti on in te s t

and analysis ti m e

! Data acqu i s i ti on progra m

built and ref i n ed in just two

h o u rs

! Vers a ti l e , bu i l t - i n

m a t h em a tical functi ons for

com p l ete data analys i s

USER STORY

In a cra s h , the veh i cl e’s internal sen s ors mu s t

determine within a split second wh et h er to

dep l oy the airb a g.Vi rtu a lly all autom o tive

m a nu f actu rers use accel erom eter- b a s ed

s en s ors to detect cra s h e s . Th ey have fo u n d ,

h owever, that these sen s ors do not alw ays

re s pond acc u ra tely because they are limited to

co ll ecting data at the speed of sound in met a l

and detecting distu rb a n ces at single poi n t s .

Autom o tive Sys tems Labora tory - Takata is

h elping leading autom o tive manu f actu rers

el i m i n a te inadvertent airbag dep l oym ent by

rep l acing the accel erom eter with a magn eti c

s en s or, wh i ch re s ponds to distu rb a n ces mu ch

f a s ter than the speed of sound in metal and

detects distu rb a n ces at mu l tiple poi n t s .

“With MAT LAB and the Data Acqu i s i ti on

Too l box , we devel oped an algorithm that

en a bles the sen s or to more acc u ra tely assess

and re s pond to the severi ty of a cra s h ,” s ays

Wi lliam Merri ck , s en s or devel opm ent en gi-

n eer at Autom o tive Sys tems Labora tory -

Ta k a t a . “This is a major improvem ent to our

previous on boa rd crash test sys tem .”

T H E C H A L L E N G E
Autom o tive Sys tems Labora tory set out to

en su re veh i cle safety by devel oping and te s t-

ing a more rel i a ble crash sen s or.

Accel erom eters measu re the vi bra ti ons that

travel thro u gh the chassis wh en a car gets hit.

“The probl em is, accel erom eters are singl e -

point sen s ors , so the su rf ace within the

veh i cle wh ere they are mounted becomes the

most sen s i tive ,” explains Merri ck . “ If the sen-

s or is mounted on the floor of the car and a

s tone hits the unders i de , this may appear to

the sen s or like a hu ge crash sign a l , wh i ch can

confuse the algorithm and in some cases

cause inadvertent airbag dep l oym en t .”

Re s e a rch ers at Autom o tive Sys tem s

L a bora tory rep l aced the accel erom eter with a

m a gn etic coil that is mounted near or

a round the hinge of the car door. “We gen er-

a te a magn etic field in certain parts of the car

and receive it with the sen s or,” Merri ck

ex p l a i n s . “ In a car cra s h , the metal in the car

door is stre s s ed and deform ed , causing the

gen era ted magn etic field to become distort-

ed . The sen s or emits a signal proporti onal to

the distorti on , and that signal can tri gger the

a i rb a g.”

Te s ting the new magn etic tech n o l ogy proved

ch a ll en ging for the te a m . The ex i s ti n g

on boa rd crash test sys tems could not sample

data fast en o u gh for the magn etic sen s ors .

To ch a racteri ze the new sen s or ’s beh avi or, t h e

en gi n eers needed to co ll ect data to measu re

its re s ponse to va rious classes of car crashes at

va rying degrees of s everi ty.

T H E S O L U T I O N
To co ll ect the data, t h ey cre a ted an on boa rd

test sys tem built with MAT LAB and the Data

Acqu i s i ti on Too l box . The hardw a re com po-

n ents of the test sys tem con s i s ted of a laptop

com p uter with a PCMCIA data acqu i s i ti on

c a rd . The en gi n eers placed the laptop in a

The Automotive Systems Laboratory crash test unit.



foa m - l i n ed bri efcase and stra pped it down

within a veh i cle equ i pped with the sen s or.

Th ey then con du cted many indu s try- and

govern m en t a l - s t a n d a rd crash scen a ri o s .

Du ring the cra s h , the on boa rd test sys tem

received a signal from a con t act swi tch out-

s i de the car to tri gger the acqu i s i ti on . Us i n g

the Data Acqu i s i ti on Too l box , the sys tem

t h en recorded several ch a n n els of data at

h i gh speed including the outp ut of the new

m a gn etic sen s ors . The outp ut of trad i ti on a l

accel erom eter sen s ors were also recorded for

referen ce . The high - l evel acqu i s i ti on func-

ti ons in the Data Acqu i s i ti on Too l box simpli-

f i ed the programming task, en a bling Merri ck

to wri te and refine the program in approx i-

m a tely two hours . The en ti re acqu i s i ti on ro u-

tine con s i s ted of a few lines of M AT LAB code

with calls to functi ons in the Data

Acqu i s i ti on Too l box .

Merri ck then bro u ght the acqu i red data back

to the lab to analy ze the sen s or outp ut using

M AT LAB and the Si gnal Processing Too l box .

The nu m erous analysis functi ons ava i l a ble in

the MAT LAB envi ron m ent made it easy to

examine the acqu i red signals for frequ en c y

con tent and rec u rring waveform tren d s .

O n ce Merri ck unders tood how the sen s or

beh aved in car cra s h e s , he and his te a m

devel oped an algorithm in MAT LAB that

con tro ll ed airbag dep l oym en t . Th ey va l i d a ted

the algori t h m , and then progra m m ed it in C

and implem en ted it on a microproce s s or that

can be integra ted into the veh i cl e’s el ectron i c s .

Autom o tive Sys tems Labora tory ex pects the

m a gn etic sen s or to go into produ cti on by

2 0 0 6 / 2 0 0 7 .

“MATLAB and the Data Acquisition

Toolbox saved me at least 30-40% of time

because I didn’t have to deal with separate

tools for measurement and analysis.

William Merrick, Automotive Systems

Laboratory-Takata”
THE RESULTS
! 30–40% reduction in test and analysis

t i m e . “ M AT LAB and the Data Acqu i s i ti on

Too l box saved me at least 30-40% of ti m e

because I didn’t have to deal with sep a ra te

tools for measu rem ent and analys i s ,”

Merri ck says .

! Data acquisition program built and

refined in just two hours. “Wi t h o ut the

s i m p l i c i tyof the high - l evel MAT LAB data

acqu i s i ti on functi on s , we would have had

to purchase an ex pen s ive data acqu i s i ti on

s ys tem or spend many hours progra m-

ming with a lower- l evel language ,” s ays

Merri ck . “With MAT LAB and the Data

Acqu i s i ti on Too l box , I wro te and ref i n ed

the program in approx i m a tely two hours .”

! Versatile, built-in math functions for

complete data analysis. “ M AT LAB is

very vers a tile and of fers lots of bu i l t - i n

physical functi ons and filter devel opm en t

tools that we used to analy ze data,”

Merri ck says . “I don’t know of a n o t h er

produ ct that can do all that.”

To learn more about Au to m otive Sys tem s

La b o ra to ry - Ta k a t a , vi s i t

w w w. t a k a t a . c o m

PRODUCTS USED

! Automotive
! Test and measurement
! Algorithm development
! Data analysis

! MATLAB
! Data Acquisition Toolbox
! Signal Processing Toolbox
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