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ATTEMPT TO CORRECT DIGITAL ACCELEROGRAPH RECORDS
WITH KALMAN FILTER ALGORITHM

i E—* BH X FEEMIT o2 370/ Gl
by Yoshikazu YAMADA, Shigeru NODA, Kazuyuki [ZUNO and Hirotsugu DOI

Seismic records of the digital accelerograph SAMTAC-17E includes some noise
especially in low frequency domain. Kalman filter algorithm was applied to
reduce noise of the records. The digital accelerograph was modeled as a single-
degree-of-freedom system. A ground motion and accelerogram were modeled
as an input and an output of this system individually. Corrected ground ac-
celeration, velocity and displacement were calculated step by step using this
algorithm. However, estimated ground motion contained low frequency noise
much more than the original record. One reason was white noise assumption
in this system, another reason was numerical errors in integration. Errors in

this algorithm was also discussed.
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Fig. 2 Circuits of digiral accelerograph.
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Fig. 3 Characteristics of amplitude and phase of each circuit.
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Table 1 Filter variables and Kalman filter algorithm.

Variable Definition Dimension
&(k/k) State estimate at t; given y; nx1
P(k[k) Covariance matrix of the error in £(k/k) nxn
®(k+1/k) State transition matrix (from tg to tg+1) nXxn
I'(k+1/k) System noise coeflicient matrix nXT
Q(k) System noise covariance matrix TXT
#(k + 1/k) State estimate at ty4y given yp nx1
P(k+1/k) Covariance matrix of the errorin £(k+1/k) nx=n
M(k +1) Measurement matrix mxmn
R(k+1) Measurement noise covariance matrix mxm
K(k+1) Filter (Kalman) gain matrix at tg4; nXxXm
Ye41 Measurement (observation) at tg4q mx1
1. Store the filter state [#(k/k), P(k/k)};
2. Compute the predicted state
&k +1/k) = ®(k + 1/k) - 2(k/k);
3. Compute the predicted error covariance matrix
Plk+1/k) = ®(k +1/k)- P(k/k)- ®T(k + 1/k) + T(k + 1/k) - Q(k) - TT(k + 1/k);
4. Compute the filter gain matrix
K(k+1)=Pk+1/k)- MT(k + 1)[M(k +1)- P(k+ 1/k)- MT(k+1)+ R(k + 1)]™};
5. Process the observarion yg4;
Ek+ 1k +1) = &k + 1/k) + K(k + Dyegr — Mk +1) - &(k + 1/E)
6. Compute the new error covariance matrix by
Pk+1/k+1)=[I - K(k+1)- M(k+ D]P(k+ 1/k);
7. Set k= k + 1, and return to step 1.
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