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Spatial Filter Design for Observation Spillover Suppression

Yuichi MATSUMURA™ and Naoki HOSOYA

*3 Department of Mechanical Systems Engineering, University of Shiga Prefecture,
2500 Hassaka, Hikone-shi, Shiga, 522-8533 Japan

This paper addresses the design method of spatial filter for suppressing modal observation
spillover. To eliminate the several selected modal amplitudes from structural vibration responses,
a kind of modal filter is introduced. This filtering methodology can be realized by a small number
of sensors, relative to the number of dominant modes in target frequency range. Proposed filter may
be designed by using sensor placement to realize that the two subspaces, which are respectively
spanned by a spatial filter vector and the selected target modal vectors, are orthocomplementary.
Then observation spillover associated with these selected modes is suppressed. Effectiveness of
proposed filter is verified numerically for a cantilever beam. Simulation results have shown its
robustness for measurement error and estimation error in modal vectors, and its potential in
suppressing the spillover in vibration control and health monitoring.
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(a) Number of sensor: 2

(b) Number of sensor: 3

Fig. 1 Concept of proposed spatial filter
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Fig. 2 Cantilever beam

Table 1 Modal property of bending mode

Mode | Analytical | Simulated Experimental
0, [Me [ wg B | G [
1st 26.72 26.72 0.084
2nd 167.5 167.5 0.526
3rd 468.9 468.9 1.473
4th 918.8 918.8 2.887

32 FEEME—FEH 2 ERICBREINE 2
DOE— RERRICAABRAUE TS T IV Y E2RETT
5. R (12) 2@ VEEEZKX 3 IC@OHITRY.
M T, @HINERD, KERERBO>TNS. EE
WRIOE VAR 2z %, 130 0%k S BEERAIAN
0.5mm §TOBHI T TEE LB, K (12) 2
THI—HDEHAIE 2o 2, MATLAB B fzero
ERAWTRDE. 222, BOYAEB z, DEROY)
HER, 300BEEWELE. ZOXIIILTRD
T YNE 2o 1, BT UD 0.5mm BREERZ SN,

— 189 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1980 BEOE— N 2RKFCTEEE L 3 2E/M7 4 V7 ORKRE
. . : — TargetModes:23
03 0.3 (183.5,292.5) 1 Target M 1.2 1 T _M
0.00[deg]
=0.2 —=0.2 :
E E 0 Not Available O U PPPUPR
<b.1 <b.1 :
0 Targei Modes: 1,2 o Target Modes: 2,3 _1 _1
0.3 (141.0,283.0) 03 (207.5,300.0) 1 1 ) Tg!ﬂglmi 24
L 4 0.01[deg}
E02 £02 ol T ob
<0.1 <b.1
0 Target Modes: 1,3 0 Target Modes: 2,4 1 _4
03 (176.5,297.0) 0.3 (218.5,290.5) 1 1 0 TQIQQ;.M.%J_G.S' 34
[ : 0.02(deg]
Eog EO.Z ob- o}
<b.1 <b.1 :
0 Target Modes: 1,4 0 Target Modes: 3,4 4 1 i
0 0.1 0.2 0.3 0 0.1 0.2 03 -1 0 1 -1 0 1
X, [m] X, [m]

Fig. 3 Selected sensor placement for two modes

suppression by using two sensors
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Fig. 5 Angle between simulated experimental

modal vectors for selected sensor location
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Fig. 6 Orthogonality checks and filtered results
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Fig. 7 Selection of sensor placement for three
modes suppresion with two sensors

1st Mode
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3rd Mode

4th Mode

Fig. 8 Relation between mode shapes and sensor

placement
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Fig. 9 Impulse responses and estimated first mode

components at E-set sensor location

85, SA~DR2HBOXATHD, E—RD
HICMELEE o YEBTHZ I N5, AR
)f‘i A @J:'ﬁ Iz W13((El,(l:2) =0 & W23(£B1,.’1)2) =0
EHAETRZOTEBIZBNT, Wia(zy,z0) #0 O
B, LY 3IRE-ROGICEBINTED, 1R
E2RODE—RARY MV 1 RIS 2ERICHS &
EZZoN5. #5T, 1 RE 2 ROE—RRY M
OWFIZERTHEMT 4 NIRRT MVEEREITER
W, 2 BRETORRICE Y EREBELTD, 300
E— REFRBICARTTRAICTE RN,

HEIZ SHBRORATHS. 22T, REDH
=0T, BEREWT, K (12), (14), (15) AFEFCH
EhD 3RO RNFET D I LIFHERL Tk
W, LaLiis, HRICKSHAT, 3 EIkh-
T3 ELTHERZEE O YEE £1=148.0mm,
£2=259.0mm BT, K (12), (14), (15) FIZ T
EENTWS. ZOEE, 2,3,4 KE-FOE—KX
7 Mg, FER—DERLEICHD, ZOERICER

—191—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1982 EHROE— R & FRICRAEE & 3 52M 7 v OFE

0.05 T T T T T
' Weighting coefficient: w: ¢, =-12.94

— Estimated
= = Actual

0 001 002 003 004 005 006 007 008 009 01
Time {s]

Maginitude {dB/Hz]

-150

0 100 200 300 400 500 600 700 800 800 1000
Frequency [Hz]

Fig. 10 Filtered response for E-set sensor placement
(modal filtering of first mode)
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