A digital approach to Integration of accelerometer data
S.S. Law!

ABSTRACT

The direct 'iﬂtegiration of acceleration record introduce EE '

the resultling displacement record. Several different \:S: f S'et yis SlOPE'ln
correCtiOn procodures have been proposed over the aeaa:s(:lnilir bfaSEIlne
aPProachES G e the knowledge of the initial o:cy finol vel D't thesz
displaoement. A direct approach to the integration of aocelerometeorCldgtaaI;S

-

presented Wthh- doos not depend on the values of velocity and displacement
both at the beginning and end of the event. A digital filtering proiedure is
jeveloped and checked against simulated data and laboratory results High
qccuracy is obtained with the proposed method. | .

INTRODUCTION

Earthquake scceleration record represents a random physical phenomenotn
which may be considered as a combination of multiple «ine waves of different
magnitude at di fferent frequencles. In the Fast Fouriler Transform of the time
catien, each sine wave is represented by a spectral peak in the frequency

= of the signal. Tuoe offset to the mean add ‘eYope of a CIHCS series

spectrul
are respectively the DC component and low frequency components 1N the

spectrum.

Integration of acceleration da

resulting displacement record. F1g.
slope, the slope 1S represented DY 1ow frequency compon

frequency spectrull for a sampling rate of 512 samples/second. Th

of the DC component 1S proportional ro the value of slope.
rection procedures have been PIropo
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g TMPULSE RESPONSE (FIR) FILTER
IT

FIN
. : ] 38 L0
S of digltal fllter.llng o ai.ter: the %
1 ke . 1S B “VPEns
The Prlmary,pudpin any input signal w}'_ll = 238 S acm_‘:rnp]if} ““Xa]
: ' ontalne : 18 use ere 1in - e aiia s
1nf;>rmat}110” t(?ime or frequency domalnl, FIR the Clme A
either the

r 2,
" Jﬂ'.;}-'

haracteristics of FIR is jtg i
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input signal goe€= through the filter would pjq Hag,
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present work. e

THE PROCEDURE

Earthquake acceleration record usually lasts for several Minuteg

is always possible to have a digitized time series to cover the Ghat and i,
It is assumed that a good knowledge of the zero datum of accehrap&’%t
-1lon

available. Trapezoidal rule is used in the integration. 13

>tep 1: I_?{emove the offset in the acceleration record and erf
lntegration =

PECCrum of ;
obtained frop Step 3 acceleration record and displa Sany
Wh]_ch p dare Compared . p cemenc record
error has been i to 1dent1fy

the frequency range a




sine wave at 10 Hz and :
| e odiila - 8N L ofiset of 3.0 1 20

‘following the -oce . S R ’ pius a siegpe of I percent, B

I | B the Procedure described above thE alfents ok ot P 'y

the 1ntegration process is Sy . }?. : == O offset and slope in
: | : SR Gl d an 1Lg. compares tt i g i :

with the signal e g : P 1€ orliginal signal

e after lntegrating twice with a ' :

included. Since the original oi : Ppropriate scale factor

* g aboult ti S i wave, 1t is shown as the mirror
C : Al U ; — o - T ~ : ;

1mag fit Zéro datum for comparison. The two signals are almost th
; axXCce : A : e =

stame exc L‘pt Or some distortion at the beginning and end of the filt

signal which are due to the FIR filtering ered

EXPERIMENTAL DATA

The prc-rcedure 1s further tested by comparing the displacement obtained
by integration a'nd displacement obtained from displacement trandsucer. Two
51:5’ n.f-*r_:%re-rwr c:arrled. Out on a suspended structure in the laboratory: The
el’lme*l'ltari setup 1s shown in Fig. 3. Signal from accelerometer model B&K
06 and linear voltage displacement tranducer CEVDT ) model (TME CDP-50 at 3z
nt of the structure were simultaneously lowpassed and digitized at 1024
mples per second. The analogue/digital conversion subroutine is such
itten that the time difference between adjacent channel so sampled is
pproximately 0.0001 second. There is virtually no phase difference between
ata in adjacent channel. 2048 weights Hanning’s window was used in the
ubsequent highpass filtering of data. The transition bandwidth between
ssband and stopband is only 2 Hz for overshoot of less than 0.3% in the

Dassb

The input excitation are separately 20 Hz sinusoidal signal, and 31.6 Hz
bandwidth narrow band random noise centred at 20 Hz. Figs. 4 to / show the
comparison of the frequency responses from different sensors after
integration. There are strong low frequency components introduced Dy

integration for both types of input. Comparing with Figs. 8 and 9 shows that

snitude of displacement spectral peaks at frequencles greater than 3 HZ
two sensors. This indicates that all the
retained . in  the

10 auad 1k

e ma
re almost the same for the
y components 1in the acceleration record are
ntegration. The comparison of displacement time seriles in Figs,

in the case of sinusoidal input, the responses 4are Very similar
There are also slight

ith:-the
Tab] shon ' £ the procedure on -all the, teska wi
Sstmni st s gt 4 are (RMS) wvalue of the data.

accurac: asing on the root mean Squ : :
y calculated b E a4t the beginning and end of

It is known that FIR filter introduces distortloh e s 00w ot Laae
, ) : irs
filtered data as seen in the experiment. Hence the lculation of

' ' in the Cca
100 samples in the filtered signal are not considered 1n

RMS values.
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fes only +3.45 %. In the
: j_mulaCEd data :
rhe error in the S

is agaln : |
thé RMS eLLO& : : rror is mai
laborgtgg}'%te.snt,the suse for randei input. This € nly
and +0. 1

. X signal near the cutoff frequency. %
attenuation of € ethe spectrum 18 within DC to 0.1 Hz for 64 samp]es he
effecF i Sl e srad o DC to'l Hg Lol s § . sampl_es/sec?ﬂd, this po
samPllng r‘?te as ngiom the region containing significant 1nf0rmation
l‘eglf‘n e];asrt]l:lsqi]éit: acceleration record. The exact cutoff frequency
usua

redicted by comparing the power spectrum of acceleration and i“tegrat
P and the undesirable low frequency component g eq

1n th@

displacement record, i ‘ il
accgrately eliminated with a more sharp cutof'f trans:Ltil_on by inclusiey Ofb@
still larger number of filter weights 1n the highpass filter. a

For earthquake record contalnlng the major information W
frequency range from DC to 5 Hz, say, a digitizing rate of 64 samp
would exhibit the relationship as shown in Table 2 between the
bandwidth and the number of filter welights. This would stil} m
overshoot of less than 0.3% in the achieved filter response.

1thip the
IES/SEQond
t'rans i tiOn
alntain i

CONCLUSION

pass filter and a
could reduce the upper limit of error to 5% A b e U rate
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Table 1

- —
e

Data Type No. of| Highpass RMS % error
data Ellter at value in RMS
4 4
Simulated Original Sinusoidal
plus noise 2048 - 287214
After
integration 2048 6.0 Hz= ¢ 29292 +3 .45
- {
Displacement (LVDT) Sinusoidal 4096 - 0.11699
Acceleration|After |
integration|{Sinusoidal 4096 1O -0 Hez 012074 +3.10
Displacement | (LVDT) Random 4096 - 0. 22067
Acceleration|After |
integration|Random 4096 | 2.0 HZ 0.24062 85 29 }
Table 2
Transition Filter
Bandwidth welghts
I l
0:-5 Hz | 512
D2y - Ho 1024
]
0. .12> HZ 2048
8
7
b
24 240 5
29 220 4
20 200 ® J
18 180 1 ng
o 161 o 160 =
e 12 c
@ 10 @ 100 g
< 2 | = g0 4
B 60 &
4 40 -6
o 20 :
0 0 g 10 : O i e = i
8 s & 8 4o g 9 4 0 He) —— original data Number of Data
Frequency (Hz) Frequency WIR) i i e after integration ; : erse
(a) slope = 0.01 (b) slope = 0.1 Figure 2: Comparison of simulated data in rev
Fiqure 1: Representation of slope in data in and data after integration

power spectrum
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Figure 8: power spectrum of displacement response Figure 9: Power spectrum of d_isplacernent response
from LVDT, 20 Hz sine wave input from LVDT, random input
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