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METHOD FOR PROCESSING SENSOR DATA 

BACKGROUND INFORMATION 

In systems employing methods that use data from asyn 
chronous sensors, the sensor data values are of different age 
as a matter of the underlying principle. When considering 
simulations over sampling variations, the sensor data widen 
considerably. Therefore the methods, for example, triggering 
methods for personal protection means, which use the pro 
cessed sensor data values, must be have an appropriately 
robust design with respect to these sensor data variations, 
which makes customer requirements considerably more dif 
ficult to meet and increases system costs. 

SUMMARY OF THE INVENTION 

The method according to the present invention for process 
ing sensor data has the advantage over the related art that the 
scatter of the sensor data which results due to signal variations 
in asynchronous sensor sampling is reduced by calculating 
the mean values of the sensor data that have been read using 
a fixed synchronized phase shift with respect to the sampling 
rate. The robustness of a method using the processed data as 
input values, for example, for triggering personal protection 
means such as airbags, safety belt tensioners, etc., may 
thereby be improved. The overall system made up of asyn 
chronous sensors and a control unit using analysis methods is 
thus improved with respect to signal variations, which occur 
in reality as a matter of principle. Customer requirements are 
more easily met due to the reduced signal scatter, and the 
system costs are reduced. The transfer rate to sampling rate 
ratio is advantageously selected in Such away that the number 
of sensor data averaged withina sampling period is nor (n+1), 
n being a natural number greater than or equal to two. The 
phase angle of the sensor data transmitted by the at least one 
asynchronous sensor is estimated when the larger number 
(n+1) of sensor data occurs within a sampling period and is 
fixedly predetermined for the Subsequent sampling periods 
having the Smaller number of transmitted sensor data. The 
different “ages” of the sensor data values with respect to the 
sampling rate and the individual sampling pulses may thus be 
compensated and the scatter in the event of signal variations 
may be reduced. The transferred sensor data are quasi-syn 
chronized with the sampling rate. 

It is advantageous in particular that, using the method 
according to the present invention, the mean values computed 
from (n +1) sensor values are used as starting values for 
interpolation, preferably linear interpolation, of the subse 
quent mean values computed from n sensor data. The mean 
value of the sensor signals computed by interpolation is com 
puted using a constant age with respect to the sampling 
pulses. 

It is furthermore advantageous that, for the interpolation, 
the number of consecutive averaging operations, each form 
ing the mean of n sensor data read, is ascertained, and the 
number is reset to Zero when an averaging operation forming 
the mean out of (n+1) sensor data is performed. 

The mean value for n sensor data occurring within a Sam 
pling period may be determined as a function of their number 
using equation (1), for example: 

SM(ZS)-(t(ZSy.Tpas) (SMne-SMota)+SMola (1) 

where S. mean value 
ZS: number of averaging operations using n sensor data 

values 
Tpas: transfer rate 
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2 
For runtime-optimum implementation in a control unit, the 

factor (ts/Tpas), which is a function of the number ZS, may 
be advantageously computed in advance and stored. The fac 
tors computed in advance may be stored, for example, in an 
array using an index corresponding to the particular number 
ZS. Time tas represents in general the time interval between 
the interpolated value and the immediately preceding trans 
mitted data value and may be computed using equation (2), 
for example: 

tas=(Tgs-Tipas' Div(Tgs/Tpas))*ZS (2) 

where TgS: sampling rate 
Div: integer division without remainder 
The general equation (3) for linear interpolation then 

results from equations (1) and (2): 
Szs-((TgS/Tpas)-Div(TgS/Tpas))*ZS*(S- 

SMola)+SMola (3) 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a block diagram of a device for carrying out 
the method according to the present invention. 

FIG. 2 shows a time sequence diagram for depicting the 
signals in a conventional processing method. 

FIG. 3 shows a time sequence diagram for depicting the 
signals in a processing method according to the present inven 
tion. 

FIG. 4 shows a schematic depiction of the signal scatter for 
different processing methods. 

DETAILED DESCRIPTION 

According to the related art, external peripheral sensors 10 
are connected to a control unit 100 via a supply lead. As is 
apparent from FIG. 2, in a conventional processing method, 
the at least one asynchronous external sensor 10 transmits the 
sensor data to control unit 100 at fixed time intervalsTpas of 
228 us, for example. The data is buffered and sampled at a 
sampling rate Tsg of 512 us, for example, the mean of the last 
two sensor data values being computed and used for further 
processing. As is apparent from FIG. 2, the computed mean 
values have different phase shifts Ta1 through TaS with 
respect to the sampling pulses, i.e., the sensor values have 
different “ages.” In the example shown, Ta1=142 us, Ta2=198 
us, Ta3-254 us, Ta4-310 us, and TaS=138 us. This results, as 
shown in FIG. 4, in a significant belling out of the sensor data 
when simulating sampling variations. The age of the sensor 
values is known via the predefined transfer rate of Tpas=228 
us to an accuracy of it 114 us. For a theoretical worst-case 
signal of WCS-A*sin(2*L*f, * 114 us) for a signal ampli 
tude A of 120 LSB, for example, at a sensor frequency 
f=400 Hz, a signal distortion of +33.9 LSB results, which 
approximately corresponds to one-fourth of the maximum 
signal amplitude of 120 LSB. The amplitude of 120 LSB may 
represent different physical quantities as a function of the 
field of application, such as acceleration, temperature, pres 
Sure, etc. 

Therefore, the mean values of the sensor data read are 
computed according to the present invention using a fixed 
synchronized shift Ta with respect to the sampling rate Tsg. 
This is achieved by selecting the transfer rate Tpas to sam 
pling rate Tsg ratio in Such a way that the number of sensor 
data averaged within a sampling period is nor (n+1), n being 
a natural numbergreater than or equal to two. The phase angle 
of the sensor data transmitted by the at least one asynchronous 
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sensor is estimated when the greater number (n+1) of sensor 
data values occurs within a sampling period and is fixedly 
predefined for Subsequent sampling periods having the 
smaller number n of transmitted sensor data values. The dif 
ferent “ages” of the sensor data values with respect to the 
sampling rate and the individual sampling pulses may be 
compensated and thus their scatter in the event of signal 
variations may be reduced. 

FIG. 1 shows a block diagram of a device for carrying out 
the method according to the present invention for processing 
sensor data, and FIG. 3 shows a time sequence diagram 
depicting the signals for the processing method according to 
the present invention. The method according to the present 
invention is described below with reference to FIGS. 1 and 3. 
As is apparent from FIG. 1, the device includes an external 

sensor System 10, which includes at least one asynchronous 
sensor and is connected to a control unit 100 via a Supply lead. 
Sensor system 10 transmits sensor data to control unit 100 at 
fixed time intervals Tpas of 228 us, for example. The trans 
mitted sensor data is buffered in a buffer memory 110. Con 
trol unit 100 includes an analysis and control unit 120, which 
is designed as a microprocessor, for example, and cyclically 
reads the data at a sampling rate Tsg of 512 us, for example, 
from buffer memory 110, processes the data, and generates 
input values for a triggering unit 130, for example, which 
activates a personal protection means Such as an airbag, seat 
belt tensioner, etc., which are not illustrated. Buffer memory 
110 is emptied by the reading of the sensor data. Read cycle 
Tsg 512 us is selected for a transfer rate Tpas of 228 us in 
Such a way that two or three sensor data values are read for 
averaging within a sampling period. Analysis and control unit 
120 includes a counter 122, which counts the averaging 
operations in which the mean value is formed from two sensor 
data values transmitted within a sampling period Tsg. If three 
sensor data values are transmitted within a sampling period 
Tsg, the corresponding averaging operation resets counter 
122 to Zero. Count ZS of counter 122 is used for an interpo 
lation, preferably a linear interpolation, of the mean values. 

FIG. 3 shows as an example that, due to the transfer rate 
Tpas to sampling rate Tsg ratio, two or three sensor data 
values are transmitted within a sampling period. During first 
sampling period Tsg, three sensor data signals are sampled at 
a time interval of T1=28 us, T2=256 us and T3=484 us, for 
example, and count ZS of counter 122 is set to Zero. If three 
sensor data values are read within a sampling period Tsg, the 
method according to the present invention assumes that they 
are situated in the middle between the sampling pulses. This 
assumption may be found to be accurate to t28 us for the 
predefined numerical values of Sampling rate Tsg and the 
transfer rate. The mean value of the sensor signals is com 
puted by a Subsequent linear interpolation using a constant 
phase shift Ta 256 us with respect to the sampling pulses, i.e., 
one-half of the sampling signal period Tsg. The signal scatter 
over a plurality of sampling variations is thus significantly 
reduced, as is apparent from FIG. 4. 

Interpolation for the mean values of the Subsequent aver 
aging operations, which take into account only two transmit 
ted sensor data values, is computed, for example, by linear 
interpolation according to equation (3): 

(3) 

Where S. mean value 
ZS: number of averaging operations using n sensor data 

values 
Tpas: transfer rate 
TgS: sampling rate 
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4 
The integer division without remainder Div(TgS/Tpas) 

yields, for the numerical examples used in the exemplary 
embodiment, for Tpas=228 us and Tgs=512 us, a value of 2. 
Instead of the above-described linear interpolation, interpo 
lations of a higher order may also be used. 
As is further apparent from FIG.3, count ZS of counter 122 

is incremented by each averaging operation using two sensor 
data values up to a count of three. Counter 122 is then reset to 
Zero again by the averaging operation using three sensor 
values. For runtime-optimum implementation, factor (tas/ 
Tpas)=((TgS/Tpas)-Div(TgS/Tpas))*ZS, dependent on the 
number of sensor data values, may be advantageously com 
puted in control unit 100 in advance and stored, for example, 
in an array using an index, which corresponds to the particular 
count ZS. 
The age of the sensor values is known due to the predefined 

transfer rate of Tpas -256 us with an accuracy of +28 us. For 
a theoretical worst-case signal of WCS=A*sin(2*L*f, *28 
us) for a signal amplitude A of 120 LSB, for example, at a 
sensor limit frequency f. A00 Hz, a signal distortion of +8.4 
LSB results, which approximately corresponds to one-fourth 
of the signal distortion of +33.9 LSB in the conventional 
method. The signal variance in the method according to the 
present invention is therefore significantly less than in the 
conventional method. The amplitude of 120 LSB may repre 
sent different physical quantities as a function of the field of 
application, Such as acceleration, temperature, pressure, etc. 
The different signal variances are shown again in FIG. 4. 

FIG. 4 shows, as an example, a crash simulation over approxi 
mately 400 sampling periods with a period Tsg 512 us, 
which corresponds to approximately 900 transmission peri 
ods having a period Tpas 228 us, by different processing 
methods using normalized signal amplitudes. The dotted line 
shows, for comparison, the signal variation of a synchronous 
system in which no variance occurs as a matter of priniciple. 
The bolded signal curve shows the signal variance of the 
method according to the present invention and the dash-dot 
ted curve shows the range of the signal variance of a conven 
tional method. 
The method is usable in principle in any system processing 

sensor data of asynchronous sensors to generate input values, 
for example, for triggering personal protection means. A sen 
sor System having asynchronous sensors may be designed, for 
example, as part of an upfront sensor System and/or an envi 
ronment sensor System and/or a lateral impact sensor system 
and/or a contact sensor System for pedestrian protection. 

What is claimed is: 
1. A method for processing sensor data comprising: 
transmitting the sensor data by at least one asynchronous 

sensor at a transfer rate into a buffer memory; 
reading the sensor data from the buffer memory at a Sam 

pling rate; 
computing mean values from a predefined number of read 

sensor data; and 
selecting a ratio of the transfer rate to the sampling rate in 

Such a way that a number of sensor data averaged within 
a sampling period is nor (n+1), the mean values of the 
read sensor data being computed using a fixed synchro 
nized phase shift with respect to the sampling rate, 
which is determined in averaging (n+1) sensor data, and 
n being a natural number greater than or equal to two. 

2. The method according to claim 1, wherein the mean 
values computed from (n+1) sensor data are used as starting 
values for an interpolation of Subsequent mean values com 
puted from n sensor data. 
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3. The method according to claim 2, wherein a number of 
consecutive averaging operations, each forming the mean 
value of n read sensor data, is determined for the interpola 
tion, the number being reset to Zero when the mean value is 
formed from (n+1) sensor data. 

4. The method according to claim 3, wherein the mean 
value for n sensor data occurring within a sampling period is 
interpolated as a function of the number by a linear interpo 
lation equation 

5. The method according to claim3, wherein factors (tzs/ 
Tpas)=((TgS/Tpas)-Div(TgS/Tpas))* ZS which are a func 
tion of the number are computed in advance and stored. 

10 

6 
6. The method according to claim 5, wherein the factors 

computed in advance are stored in an array using an index 
which corresponds to the number. 

7. The method according to claim 1, wherein the processed 
sensor data are used as input values of a triggering operation 
for a personal protection device. 

8. The method according to claim 1, wherein the at least 
one asynchronous sensor is a part of at least one of an upfront 
sensor System, an environment sensor System, a lateral impact 
sensor system, and a contact sensor system for pedestrian 
protection. 


