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A unit stiffness energy-drive point retention method for the optimal
layout of structural array sensors
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Abstract; The main task of the building structure array is to record the failure process of civil engineering
structures in detail, and to provide structural response information for many related studies such as seismic design,
seismic damage assessment, and earthquake safety alarm. However, due to the constraints of economic cost, field
testing technology and data processing level, it is unrealistic to deploy sensor monitoring equipment on all floors of
the entire structure, so how to obtain the most complete structural information with the least number of sensors is the
purpose of optimizing the layout of structural array sensors. Considering the advantages and disadvantages of the
effective independent method and the modal kinetic energy method, a unit stiffness energy-driving point retention
method was proposed, considering the advantages and disadvantages of the effective independent method and the
modal kinetic energy method. In this method, the unit stiffness modal energy is used as the information matrix, and

the principle of effective independence method is used to screen the measurement points, so as to ensure that the
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high-energy measurement points maintain linear independence to the greatest extent. Finally, taking a steel frame as
an example, the proposed method, the effective independence method, the modal kinetic energy method and the
unit stiffness method are used to lay the sensors on the model respectively, and the modal assurance criterion and
the Fisher information matrix criterion are used to evaluate the layout results of the four methods. The results show
that, compared with the other three methods, the proposed method has the least number of sensors when the mode
vectors are linearly independent, and the proposed method can obtain the most modal information with the same
number of sensors.

Key words: structural array; unit stiffness energy; drive point retention method; sensors; optimal layout
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I, PIH E SRR TR 2L,

®3 4MAERTENRRILR

Table 3  Comparison of the effects of the four layout methods

AT
N BEMSTE(ED)  MASIREE(MKE) WA (MUE) Eﬁﬁm”%’fﬁjﬁgfw%
LI H 18 14 18 14 18 14 18 14
MAC F RAEX 70 0.139 0.800 0.085 0.738 0.156 0.230 0.156 0.230
i 0.398 0.290 0.393 0.304 0.389 0.282 0.444 0.349
2 Ak 0.500 0.500 0.500 0.500 0.500 0.375 1.000 1.000

x4 W17 MRS 4 MAIEFENZREEREER
Table 4 Comparison of the number of floating-point operations of

the four layout methods in the 17th-order mode

ATk TFRIBHEUE (n=72,m=17)
AR (EL 3nm?+m® +m® +nm = 68 850
ML BlfBTE (MKE) 2n3+2n =756 864
i W EE TR (MUE) 30’ +4n%+n=1140552

B 9 R kUK 3 £ B4 500 ( MUE-DPR)

3nd+4n>+2n+nm=1141848

R T B UE A 1R 5 SEBRCR LIRS SRl A R AR b AR A 1R T A T
JE PSSR R A3 - 55 A BRTTAR Y 43 A A5 21 (%) [ A SR HEAT T L8R, LA 3 B st S ], JH: L e 48 S dn
FS5~F TR, BHERTAN A O SRS B A HT 3 B 30R 547 R oo 20 B 45 3 10 1% 22 4 51 5 0.030% |
0.060% ,0.015% , 3T HA 7k Rl &5 3 BisiiR,
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RS BHEAEE1MMETIRANERITLL

Table 5 Comparison of the first-order frequency recognition results of each layout method

ik A7 PR TR IR [ A5 4%/ Hz PRI/ He R/ %
F RS (E) 6.470 0.34
B BEEE (MKE) 6.482 0.15
. 6.4922
P07 KI5 (MUE) 6.490 0.03
BRI B R - 0K B s B 402 (MUE-DPR) 6.490 0.03

x6 BHEFEE 2 MAEIRFNLERITLL

Table 6 Comparison of the second-order frequency recognition results of each layout method

ik 5 B TOAR 7R [ 45 45 %/ Ha PO %/ Ha TR/ %
ok (K1) 6.8359 0.50
WS EEL (MKE) 6.8695 6.8620 0.11
A7 I 3% (MUE) 6.8654 0.06
BRI BE R - 0K ) 05 B 802 (MUE-DPR) 6.8652 0.06

KT BWMEFHEE 3 MMEIRFNERITLL

Table 7 Comparison of the third-order frequency recognition results of each layout method

itk A FRICHR [ A7 453/ Ha B/ He WRE/%
AR (ED 7.5164 0.380
S BlfETE (MKE) 74801 7.4917 0.110
BALT I BE 3 (MUE) 7.4700 0.140
B0 1 R 0K 3 5 B 80k (MUE-DPR) 7.4790 0.015

4 Z5it

ARSCHE T — R STEE M 5 B B UL AR 5 7, BRIV W B i - K 3 o5 BR800k, 3l ad — MR AE 2R
G5 X AR SO VA S A HoAth 3 FhO7 ik AR ARBOR , U T B 0 5 I AT AT HE R RLE . EEARBILLT
45

1) AR SCHE H 1) B NI e - 9K 2 B8 0 FH 5 445 R 1o B I b 5 2R 18 5k B 3K B 5 B B AL &R
B AR B A SO ST A S TR SR T A R0 7 v P AR T v AR S A A

2) I T AR X L 25 SR 3 B, A SCHE 1% 567 M e o - K 2 0 R B0k A AR R B H Jr T R
T 14 A A R BE VAR TR 1A 250807 38 RIS Sh RE IR 5 18 A4S, BRI, AR SO i TE IRAR B H 5 1%
FASBE Ay 14 AN A SO 5 B 305 7 D) pR B A 0.349 18 B0 D) pR BU(E M 1,000, T 847 I 9 43 1)
0.282.,0.375 , F BHAR S5 1 () I e 0 A0 2 AR B KB M

3) A SCGE A TF s FREORXT LG T 45 5 T ERCE i LA T I PR s s SRR AT N 4 oy ik
W AR SO YR AR TSGR T TS PR NI R A 2430, (R 0 450 ST 3 RS S S RE T

4) WAL A AR VLA B , 78 S50 37 1 AV S 2l BRIk ) A1 U 7 5 5 R 5 4, PR I 38 T2 RN AR S 2 1) A
B O B, PRt A SO A 2 Dy b (5 A

5)ASCXF LG T 4 Bl Ty 2k (R 2 Ak e o 4 55 A3 A 45 5, LATT 3 B4t 58k 8], AR S5 B R A 30 A i
3 MR S5 BRICHT 45 SR 22 73 51 0.03% .0.06% .0.015% , 200 T HAtls 75 1% FR 25 3 iR,

ZE LR AR SO AR TSR Iy T R b A T ik  (H AT R A Je b (R s 5k B AE PRI BLAS IE 28
1) TR AL 15 fie 22 AR S A B, DAL RO Be i, S 2P T REGE M 65 MR AT LR AIL T — Fh 2 B Tl A 5 28
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