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Damage identification based on improved GSO algorithm

HU Lei , LU Zhongrong , LIU Jike
(School of Engineering, Sun Yat-sen University , Guangzhou 510006 , China)

Abstract: An approach based on improved glowworm swarm optimization ( GSO) for structure damage
detection is presented. The local damage is simulated by a reduction in the elemental Young’s modulus of
the beam . In order to enhance accuracy and convergence rate, the perturbation of the glowworm without
neighbor is offered and a new search strategy is introduced in the movement phase of GSO to avoid local
optima and enhance the GSO algorithm in high dimensions space target function optimization question so-
lution ability. On the other hand, Axial functionally graded (AFG) beam with the assumptions of Euler
— Bernoulli beam theory is adopted to establish the dynamic equation. The numerical experiments with a
simply supported beam is carried to illustrate the efficiency of the proposed improvement GSO. The result
reveals that the proposed method is more accurate compared to the original GSO, leader GSO (LGSO) ,
and the variation step adaptive GSO.
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DIRERR LAY 3 O Sy AR RE, Bl BEAB A7) By S I SR AR P R o AR
R TAASUR, Blanas B FFEeae, fikd 5 BRI AR | B MR
MR ESE  T IR RN A T AR SRR RS T Tk B R
BEREBH S, M FEMaB N RS G503 S B BT, Law 45 R A
T EE, SRR A 1 R B A T IR B R R . B

« UgFS BHE: 2016 -07 - 15
E¢UB: EBEAABERES (11572356); | R4 BAR#EHASE (2015A030313126) 5 7~ AR 44 B4 it %] 5 H
(2016A020223006 )
1EER® N & (1992 4£4:), B, A mE: 45HH0HR5]; E-mail; hulei_mechanic@ 163. com
BEEE: B (1975 44), B fARAE: ZHP5HIRY; E-mail; lvzhr@ mail. sysu. edu. cn



52 39

[ ET P o alE Hl O SN RN O A 63

A —E 1 AN HHE

AR, T AR AR, W TFE
R REINE, kiR, BHETE, A TR
A o X BB A R A DR A% Bl A2 2R (R I AL TR
I LT v ol T e 2p AL DA = v sl i S
PrReR B, T LR 45 R 3 4 T A T — e Al Tl L
KRV O — B ADL A UL B R RE SR
WY TR A PR B L T A B A R
AT 1 L B 30 A 5 403 6 T 450 891 1 F 5
R, ASCEET ks K AL, R D RERR 32
HDEST AR L TS T BU RO R e K i b R &Y I ANE 7 )
[F N7 2 K RS BB BES | AGE A% 8l 07 SOk
T ST SR B FIORG B8 e 2 1) 285 R0 T A SR Mg A
ORGSR 1 K RS A = 4 F AR s B0 i S RE
71, BB B WIAE O R s R 1§ 00 T 49 m]
LUK 05

1y

L1 SEEMBRGE AFC ZERTEE
WH—KHNL, %hb, mhh IR
b, B IRKLRE E R p W R0l ) i 21k,
A TR RN
E(x) = (E, —E)(1 —x/L)” +E, (1)
p(x) = (p, —pe) (1 —a/L)" +p,  (2)
o B, F1E, 53 5 3R 2 v A1 A i A% IR 6, p,
Hl pp MZE A G B 26 B o O S — BT H 4k
RE LIRS I R R
Md + Cd + Kd = P(1) (3)
Hrp MK F1 C 2 SR T &, NI EE FiBH T2 58 1,
P(t) JHNEE . FJH Rayleigh FHB#R, C = n,M
+n,K, Hm, flm, BWE, BDAERIRIE
BIRGHBLIIE LR B2, d,d T d L5
IR . AL, AT E 4% Newmark FH 53 1%
155 M FK AR BChL — {755 A 22 s B e R
AR
MIEE WL, BOE s R R B NI 2
(g IR A e, H—4JcEHN
) HE o RN P RRIE, 040 10 32 ) A DR A £ 4
T
E=E/(l +a), with-1<a<0 (4)
s ith BTG, D& B SR T IR RS R
ky = ky(1 +a') (5)
SR T A T B R O A A 1
1.2 BfrERE
FETFOIN ) R 450 40 A 0 o o A 0 4 R

a = (al’az’“"and)o 1@%&62}:WIU§UE/‘J?§$@E@ m/l\

WS RN d* = (dy,d,,+,d,) o N
Ik FE T E AR R

J(a) = Y Y (d(i,j,a) —d* ;) (6)
i=1 j=1
FHorp ne S s S TA) A5, m SR S ES DR ) ) A

e — AR, B —4 o, Rk
i) H bR eR B E /)
2 PUIRE
2.1 BEANHBEE

ok B A B ((glowworm swarm  optimization
GSO) J&—Fi s K HURO AT M th i e A 55
Y R R — AT B, R
RS B IR E T AL AL, s A% K A
BRG]y, ATLANG S e A B o G B B
g, MRt . BCRBE DR ISR TEVF
L PR AR LT ARSOR AR
2.2 BMUHENBAEE,

EEA GSO Bk, HREBEN, X&F
BORSRCRIR, PR =,

FEHLAE B T — 0 A A K A R K
i (VSAGSO), HBRAAN:

s = sgexp(=30(e/T,..)") + s, (7)
sy ROIRAEAS, 5,0, R/ANEK, T, ORI
FRREL, p o EEL

[ TR K B U BIGH B, Zhou 25T
FIATHIFHL (Leader GSO) , FERLAFRIEM
RO B S 32 K R BE U, BRUGEN
S5WIE, AR K B e RN R S, B
HAXT

x,(t) =x,(t) +rand « (%, (1) —x,(2)) (8)

B2 X S IR A RE Ao SR B BB T T
PR R e b, PR 5O B DL Ak )
T E AL B, GSO Bk AE & 4 s (A 1Y
HAReR B AL RE ) B 22, ARSI T Eknyek
HE, WEBEHFTHERAVIG, R, KM
GSO BILER S b By, A SBm s ol (X4
WK AU RSN, BUE B I TR SR N B ok L)
ANEEHEMALE, XIRLE T REMIR, K
LB AR JE B K RUTE B O R B RIS, $sh
iy (I

x,(t) = x,(t) (1 +2exp( =30 x (t/T,,)") -

(2rand - 1) (9)
[FERF Ry 1 A B IR SIGH B, A BT A 7 e



64 HIlRA R AR (ASRBERR)

5 56 &5

T HER S — L2, AT E OB
TR Z AT

3 HEA

3.1 Mk e Ey

AT UL R, AR ORI 4 A AR ED
PR B B T, gk 1 s

SEIR SRR AN S ¢ 3 ok HUBGERE R ECH 100,
T 000 R, BILSHEREN:p = 0.4,y =
0.6,8=08,0,=5,n =105 =0.3,r, =5, %

TAEA I3 e B S as 5 10 0k, 23 i B G
LA IEATRI L, 45 RN 2 PR,

F 1 AR es K

Table 1  Standard test functions

LR HERILHE YepE ReiE
A Sphere [ -100, 100] 20 g
) Schwefell. 2 [ -100, 100] 20 Hg
f Ackley [ =32, 32] 20 ZlE
fa Griewank [ =600, 600 ] 20 Zig

F 2 AREN R AR A RN

Table 2 Comparison of standard test function results

AU LGSO VSAGSO
Ak 2 T g 2 T g s -3
fi 1.12E-53 2.77E-19 2.87E-20 1.30E-02 3.35E-01 1.05E-01 3.08E+04 4.15E+04 3.69E +04
£ 1.04E-16 1.82E-13 3.27E-14 5.30E+01 4.75E+02 2.38E+02 2.43E+06 5.19E+06 3.78E +06
i 6.T2E-09 2.03E-07 9.92E-08 2.45E+00 5.24E+00 3.80E +00 2.00E +01 2.05E+01 2.02E +01
fi 0.00E+00 9.19E-02 9.19E-03 1.22E+00 1.41E+00 1.30E+00 2.17E +02 4.04E +02 3.20E +02
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Fig. 1 Damage identification results
(double damage, noise free)
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Fig. 2 Damage identification results

(double damage, 10% noise level )
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