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Fig. 1 The flowchart of damage detection of a time-varying steel bridge

2 EARIEg

2.1 BATESHBER

Sy BEEAVK e 75 X6 A5 5 (0 I 2 68 S0 i 7 A5 5 30
11 AMD 43 fift Z 115 o 2R F /0N i WL 2 M 32 6F i 3 £ 5
HEAT A0 LR Ty 1 WL SCHR(19-20 ], B F Daubechies
ZINTEE NN B A5 5 0 T8 T B Ry A 30 L D sk J3E 15 5
114 0 (1 AR A 1) Jis U ) Jon o B A5 5 4 T Ak
PR 58 # e B Db10 A5 Ay /N ik B pR 4L

2 Jp 3 F AMD 4y figt 11 i 441G 38 D8 U 4% AE
B, AMD fE R —Fl 5 4 50 B35 o i 2 R 15 5 4%
it 7 R R T T S R R 5 e 4 L ARk KT B
L RRTE LSOk 21 ], AT RN A5 5 1 AMD 43 i A

Jit B A A 2 B 9 A T NG B AR . i
Ve 3E R R AMD I A 2R 1 R A2 4B
B — HA R E PR 1 0 A5 5 N n AR S i
ZH 8RR S o LA AT 0 A R

2.2 HREFEIMILEL ST

T S7 % 43 43 B (independent component analy-
sis, FFR ICA) iy A S AB I £ A4 WL {5 5 3
UK/ R7 70 [T o R L S 2 N
Ryt FIdEal, ICA BILWMAEW T,

X aPMKRFIGESHES KBS HEA LIRS
AAES Xl s DM E SR S

S~Y=WX (L

HrbY BESIES WAl i K HE B ATl ok ICA
KA



14 " oo oK 5 & W %40 %
sin([ @,(1)dr)
5,0 Hilbert?ﬁ?ﬁ%l—-l sm(0) I— +
O
x(7) 50 Hilbert3s 547) -
i g coshen(4)
2 BT AMD 43 fiff 1) B AT 388 8 U 25 A 12
Fig. 2 The flowchart of low-pass time-frequency filter based on AMD
15 ICA rh—Ff Pk g AH X 452 47 1 3835 Fastl- M -
I SN =t DX (HX (P o)
CAM e — i 580 ] 5. | e S0k 2 PR 1Y) Jey S 71 00 A MN =

RALE I . FastICA 83k 2R FH 2R 11 308 40 3036 60 00
AR ) KRB 5 UE AT HE AL B DL B K AR U R N
A R E s B DI A5 5 v 43 B s — A 257 B 43
LA ZUGERE B 5y 8 WA ST i,
e LR

JOH={E[G() —E{Gyeuw) } 117 (D)
Horp, y=W"Z;Z Jyxt X 47 oAb ik b B S
WA R s G o — R AR M R 2.

FEW IESS A AT SRR (2) B i KA
AR PR mERRX, REEL LRITR
ELB A 057 5y S A

Wk+1=E{gWk)'Z)—
E{g W) "Z) yW(k) ) (3)
Ho: b R RIKEG E FRREUHHE: ¢ o G Rk
M35 g R g RE 4L

TEEEMN . £ 2 AMD @G 145 5 1
B IME 41 % m 43 52 X = 220,000,
. e LA X AR AR il 3T FastICA AJ {11 H 5
FEHEES@ L IS AL T A RN A B ik
7 IMF R S 2 AR B R i R B A T (8

3 Hmfpistriag

3.1 REEEEREDEESRETLE

DR 386 E SN S BEHLIR 30 45 5 78 S B
WIS 5 DR AU T 155 2 AR AE R A 1) 23 A f
Do LR e A A5 A I 2% I A T T W ] 2
R R AN AL AL« A b Al AR 4 A R i BE 5 2R
T A A D0 A T S AR AR o B E B I
BEAE S (o) o WL T 45 /R A 7 i 19 8 2% 1
7 LN

Horb: M AP RE: N hmhfES K E;
X () RWRAFS M A EHE B A 5L et AR
X () H5X.(H B AR

BAE S5 K b e — 0 A & b f i 3 EE e i IMF
(9 8 DRSS RAB R St » W AT AL 1 00 32 5 1)
N IMF, ) [ 3R 3% d5 R AE AR b He i ol

d u
Skl-,max _ Skl.max
S max

Fops B bR w A d 23 5 3 AR A5 R D5 IR 2
3.2 HEBRGIERNMNEEEELER

S B R 45 4 2 — A 0 00 2 B3R 1 i A o
T 7 78 ) 408 00 0o e I A A 48 A D S R
B ER A BB A R . O R IO A AR s —
W A A 2R R 458 0 o7 B A in s B W R B TMIF, A
IMF, ZkPEiR & 5 R i FastICA dE47 50 &, R )5
Xt o3 8 A BB 1 0 S — By AR Ak pR B IME, B
s1 () BEATESE/N B B 13 B /INER RO

MCRAPS = €))

[ 1 (t—b
w, (a,b)—J m\n(t)ﬁgb(—a )dt (6)

Hortea #1635 8 ROE R T FFR B T 5 0 (0 B°F
J7 AT AR BRI B EL WA A T R A B R R R
o(77) i g(0) e

“ W (ab) 3 om Xoon M . 9L A
W, (@isb;) pon s ot om FRUE a: A B n FRFER
5 b, AR T /N R EE 5 R AR A — — X
KB MG a=(F.« £ /[ /T HEATHA G REEZ A
(A o B /NI DI s f SRR IR 5
So FIRE a XFRLAY AR . XA ROBE FIE X B 1 /)N
e 2B AT SR AT

Ws (b)) = ZWSI (a; ;) vixn D)
i=1



B

XS R LS B B 30 T IR R S A 45 40 AL

15

WRME /N REL Ws (b)) & — A1
s EE .6 DK ERN 24, LLE WA/ BEE 1
R Bl % b JUR /N ERE B . 4 1T 1T 90 I 8] gy
AWt g, AR AR IMF, (19 /N0 fE i 78 R A8 1
O A B
Wsb)*?
Bo _lr_,e [t;r.ﬂrmj 2At
A AE A 8 1 0 A 1 00 T B i s e
IMF, (/N RE & 43 0l O ES (o) F1ES (0 0 ik

(8

FEN I TMIF, 3Bt 0/ B 025 4%
< E{ () —E! ()

WCR =R = 9

“ Ei () 9

4 BN IX I IEIE

B A 458 003 7 A3 4 B MCRAPS I 45 4
WCR 47 b » AR A5 187 52 60087 3030 0 B 455401 52
B AT A R R L T3 A I R

B 450mm . M E AR R 5F 28 10 000mm X 450mm X
Smm ., M AR5 T #B AR T 53 2 ) R RS R
M24 1 s R AR HEAT i, BR8] 4 () TR . R
T A T R OR K 5| B AR T R ORL ¥ R B b
Q235. % o =7 800kg/m’, #PE K E=21GPa,
T A SR TS S L IR AR AR B AR R A R A
"l A2 7 1 TEPE J& o =X e B 1% 8% 4 (52 0 RE 7
52~53mV/g) s WZE B4 1m SF 1B AR &, 40 5010 A
DA 1~9 . A AUL I A2 25 10 (Y 453 45 » 7E A ThD AR b A
PIFEIRSE 2 450mm X 100mm (1) 3 BRAFITE N S, .
Sy A S s HARDT B AP 3 fin . SR W B B B
i TR AT 55 % — 403 £ R ik A7 ] 2, 46 4 B
K J 2 O BRI E 4 iR, B 4Ce) PR
Hox 7 52 B A % 1 A Ak R BRI A A A 1 O
FE B 0 R 4 0 AT 3m F 2m 15 EF 43 N
SEON 42. 8kg 1A /N Ze i e B B 46 2 R DA R IR
VAN i o e D Rs B S ) IR B v | AN 7
SR 0 2 G i 1) 5 | AT FOOR T 1 AT 3 e ) A

Sl | PhEE R ) T 5 " —
1 2 4 5 8 9
50 50 50 50 50 50 50 50
50450\[450 _ 500 _500 | 500 _500 | 450\[ 450 | 500 500 ‘ 500 500 _450)/450 | 500 500 | 500 500 | 450\ /45050
E[ — g3 —
7Sl 782 i}

B3 FrE AR RoF Bl (B mm)
Fig. 3 The dimensions of bridge deck (unit; mm)

(a) B
(a) The whole bridge

(© M
(c) Vehicle

K4 A

Fig. 4 The diagram of t

(d) AFIEHH
(d) Self-assembly winch

(b) 3IHF

(e) BithmEL
(e) Steel block

17 S A A7 A6 72 A

ime-varying steel bridge model



16 & h. W

w5 & W

5540

SR YA /IN A T B Y B0 AT 7R R T AR
A 30mm X 30mm X 3mm [ £ 8 3% 2 5 8] FE A
0. 29m Ay [l & 18 A /N G 47, 7Eil
P, A 20 5% AT A 4 L B A AR 5| g B gl /)
EEFT.EHHILMIE 4 (D iR, NETESIHF B
L HEA EHRUE Z 5 O S AT B B ST AT AT
/NG A B R e P it T RS S G . 2/
AT B A B A N 5 SR B Pl R ORI A kL LA
A AULATE S 0 ) B A A, BB AR 303 0 . 7838 i B4
Ja s NEEAE TS — I 5B EGE T AT I e A IR AT
TEREAS /N Bl 3k 2 0 1 2 AR v, SR R VLI R AR I
FR Ay A B W) A 77 1) DH5922 gl 3545 5 i 43
Mr R G AT Bl R AR . 0 oLk 1 s,
[ 3 A TH.DS, DS, #1 DS; 43 51 g A4t 45 1
UL TR 2 S A L0 .

x1 WHGEGIR

Tab.1 The damage scenarios

i1 T A5 175 Dl 0
DS, JG
DS, Si fE 7. 5s BARME  SIGUA 2 W3 ZED

Sy S, 4 HIFE
2.4s Fl 7.5s ZE IR TE

S Sy

DS, i
‘ Gl 5 7 A8 Z 1A

4.1 BSRHBTIR

Bl 5 DS, TR s ;. DS, TAL T, 1
50 A5 SR B 0 R e 5 A 1 5 Ca) PR . BA Dau-
bechies ZINE by BF pRE %1200 A5 5 347 /0N U R (EL
M, LM S A E S i 5 R .

Bl 6 Jy DS, 00T sk BEme i ot 55, 2 #K
1B 10Hz, 8 28 AMD $2 12 M55 1) IME, il
IMF,, [F3E,DS, T80T R AMD & FREEHC 1500 5
TSR AN B e 1 1) IMIE, A IMIE, L 4] 7 B .

HRAE X (O R B DS, 1 DS, T00 & 1 id 5%
(o o B me i IME, 5 Bl 2kl 4k an il 8 R
PEHCE 8 [ T R g 2R Y B K AE, IR DS, AN
DS, T4L T 1 s B B 2 ik il £k de KA AR
A5, KRG M A5 1 ) MCRAPS fH, [a] #, 7] 5K
AR I 7 B B ) MCRAPS fH, & 9 B R,
&9 BT A 2 3 ) MCRAPS iz K 1 ] 5
2 M3 0TS, 5 B g M, R U AT LR SOk K S,
PGP A KA X 5 B e DS, THLT S
Qb A A A3 0 N OO0 O W) 1 T B R T
MCRAPS 5 b5 15 51 B A% 285 F4 453405 037 B 1) v o 42

Kl 8 i DS, #1 DS, T.40 T bk fE ma v IME, H
Uik 4. 19 A i it MCRAPS H 5 &l

0.5

—
‘»n
.
0
g
N2
~
3

-0.5

01 2 3 456 7 8 910
t/'s

(a) EHAES

(a) Noisy signal

01 2 3 45 6 7 8 910
t/s

(b) EREET
(b) Denoised signal

K5 DS, T80T A BE i L

Fig. 5 Acceleration responses with DS,

0.02r

0

IMF, / (m * s7)

-0.02 -

01 2 3 45 6 7 8 910
t/s
(a) IMF,

&6 DS, O s B e B Ay i {E 5
Fig. 6 Component signals of acceleration responses with

DS,

FE LI BIARAGALE N S, (2 5 F1 3 5 50 B
T SERE L A DS, T AL R I AL 2 s A 3 T
R CE R DA A 2 S 91D 31 5 198 3 J3E g )3
59 k8 AMD @ BRI IMF, #1 IMF, £k
IRE 5,3t FastICA #4085 57 IMF, L 45 1
10Ca) fizs . [RBR, SR #5 DS, T80 F 2% B A 56 i
it sy IMF, L, I 10(b) fian . & 10 g Fastl-
CA 4y 813 8yl 5. IMF,

K & Morlet /N X} FastICA £ B/ gl 37
IMF, 47 3% 22 /N A2 e I8 AR 48 =X (7O %15 3] 19 /7



%1 X5 B & A sl far 204 T I AR 8 S AN 4545 TR 17
~ 5
&~ 001 ‘:n
: B
) < 0
< 0 e
s
g 001 %i
1 L L L L 1 1 1 ! -5 1 L L L 1 L 1 ! L
012345678 910 01 23 456 78910
tls t/s
(a) IMF, (a) DS,
5
0.05F <,
2 B
g o0 & O
J R
s g
-0.05 | I sl o

01 2 3 4 5 6 7 8 9 10
t/s
(b) IMF,

B 7 DS, T80T I 5E R wa R o b

Fig. 7 Component signals of acceleration responses with

DS,

=8

LY

=)

s 1]

I ; )

a Og y - !
0 50 100 150 200

f/Hz

Kl 8 DS, FI DS, L& hiid B i IMF, |5 ) 533 ify 28
Fig. 8 Auto power spectrum curves of IMF, of accelera-

tion responses with DS, and DS,

0.63

I

B9 S5 MCRAPS B 5 K
Fig.9 The histogram of MCRAPS with single damage lo-

cation

W RBOR R R, FER NS /NI R B0 % B
— AN Bl R B e O] 50 €0, 25s) AR
2 (8) SR AF— B A Ak bR K00/ DN I B 2 76 B> Pl Y
A E (o), [FH, AR DS, #i45 T T — M A1k
REUNE RE R TE R PO S E EY (O . BE R
KR IRLN WCR WA 11 frx. dE 11 A

510 FastICA 4y B35 2 g9t 57 IMF,
Fig. 10 The independent IMF, extracted by FastICA

100

S50

WCR

L 1 I I I f I I

0 1 2 3 4 5 6 7 8 9 10
tls
BT i £ g WCR 14
Fig. 11 The WCR with single damage locations

AL, WCR FE 7. 5s BT B A, Xl F S, #i40
AR L 20 58 SR 4 9 10 518 1) W) J3E 28 AR i i . B S5
Foe @ L T DS, MWy 4. Wik, WCR #5
i BB A5 A 50U 17 S SR 25 0 1) 45 493 & A= ) i) O 38 B
S5 1) I AE 454

4.2 ZRIBHIR

DS, hZ mifiitn Lok, R 5 4.1 W2k
L. & 56, LA Db10 /N Bk pR % X DS, #1 DS, T
BT 1 e WA S AT N R 2 M AR S Gl
AMD 5 3 HIHELE DS, #1 DS, T80T BHAE 5
IMF, #1 IMF,, &M= 4 F=5) % DS, 1 DS,
TR IMF, #4733, 15 8] MCRAPS 545
e 12 Fros. A 12 AT A A 2,3,7 F1 8 1
MCRAPS il K. Horr, & 2 fi 3 i F S, it 4
i, AL 7 H 8 AT S A Hem A, B K
BT LAHIKE S, A S, BAL AL E KA. X 5k
BEM DS, TALT S, A1 S, &b & A 347 i 1 56 175



18 & 3. W

w5 & W

5540

WA A BB IE T MCRAPS #5 b5 A AL AT LR
) B A 0 R S R R i B 4 B, HLAT L
WU 22 A0 0 00T ] S R 25 0 ) 403 o7

TE IR SR AL B Ry S, (2 F0 3 I 2SO S, (7
8 W A5 B I A A A DSy B A A AL 2,3,7
A8 AT — I A (B LA A 2 491D 3 s i
HEAF T 1 AMD i@ BRAEH R IME, F1 IMF, £
IR E JG il FastICA #1438 Hi 4l 57 IMF,

KM Morlet /N FastICA 45 B 7 57
IME, #4734 S/ g 28 4 o I AR 4 20 C7) %15 31 19 /)N
B F O SRR FE SR RS /e R B 2k ik
—™ ¥ Bl I [E] 7 . 2 RO R %3 4K Oy 50 (0. 255) L AR 4
K () AIRAF DS, it T T — Bir A< fiF 2R i/ 0% g
EERNTOEME EN @ o RO KFRL
) WCR n&l 13 s . K 13 A, WCR 7E 2. 3s
7. 5s FliT  BLSEAS X T S S, A TE
2. 4s F 7. 5s W 2 B30T 43 301 98 AR A v 1T 5 1 1Y) I B
SR TE LY B S Cry i Tl DS, BA W)
fo B, WCR 45 45 A (H fig 0% 15 1] B 5 B 45 1400
T ] S R G5 AR 1 5 A0 & AR TR T L BB 8 A R0 )
2 R 0T T S GRS AR 45 4 I ]

0.58

12 Z gi#ifs MCRAPS B 7 &l
Fig. 12 The histogram of MCRAPS with multiple damage

locations

30

0 1 2 3 4 5 6 7 8 9 10
tls

K13 Z il TE TR WCR
Fig. 13 The WCR with multiple damage locations

D i B itE AR MCRAPS $5 b5 1] LUH 552 5

A7 2R I 7 SCHY SR B ORI 22 AR 0 00T Y 4
(EATRS

2) FastICA 0] DL L BREVER B A5 5 19 A0 KK
i DT A5 245 7 B 2 48405 5 B ik sz IME, R
SO0 TEORS VHE M PR 53 45 R s A 45 4 B R

3) TERS Sl A IR - AR 5145 5 B WCR 4
e ET LSRG B R 22 G 45 T 0T S B ] SO SR AT
F s A 458 £

s % X ik

(1] Rm5 &R, %, B 2450 18 40 180 AF 58 Bk

HREAJ] KZR¥FFHRBAR O, 2013, 33
(6):49-57.
WU Xiangnan, XU Yue, LIANG Peng, et al. Re-
search status and prospect of bridge structure damage
identification[J]. Journal of Chang'an University (Na-
ture Science Edition), 2013, 33(6): 49-57. (in Chi-
nese)

(2] oM wli W AT B 3T /N o AT 0 45 44 453 45 A6

WinFseat LI M TR S TR, 2005,25(2);
93-99.
SUN Zengshou, HAN Jiangang, REN Weixin. State
of the art research and development of wavelet analysis
based structural damage detection [J]. Earthquake
Engineering and Engineering Vibration, 2005, 25(2) .
93-99. (in Chinese)

(3] MRkHh. 5T P gl 1 45 b 458 45 1R 00 O vk F o ik S [ .
P35 b7 .2007.26(10) :86-91.

YANG Qiuwei. A review of vibration-based structural
damage identification method [J]. Journal of Vibration
and Shock, 2007, 26(10): 86-91. (in Chinese)

[4] KOPSAFTOPOULOS F P, FASSOIS S D. A func-
tional model based statistical time series method for vi-
bration based damage detection, localization, and mag-
nitude estimation[ ]J]. Mechanical Systems and Signal
Processing, 2013, 39(1/2): 143-161.

[5] HUMAR J. Performance of vibration-based techniques
for the identification of structural damage[J]. Struc-
tural Health Monitoring, 2006, 5(3) . 215-241.

(6] BhRH:, F3CAR. T 43N 09 &5 b 51 05 1500 77 25 19 ik

PRI ). B T RFH M CHRFB ¥R,
2003,31(1):91-96.
HAN Dajian, WANG Wendong. Overview of vibra-
tion-based damage identification methods[J]. Journal
of South China University of Technology (Nature Sci-
ence Edition), 2003, 31(1): 91-96. (in Chinese)

L7]  INGEFE WRHE R, T 3l Jy A6 I 0% 453 493 48 #7 3F # 7 vk
[J]. PR3h5 i, 2009,28(1) :9-13.

SUN Xiaodan, OU Jinping. Assessment of vibration-
based damage indexes in structural health monitoring
[J1. Journal of Vibration and Shock, 2009, 28(1). 9-



B

XS R LS B B 30 T IR R S A 45 40 AL 19

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

13. (in Chinese)

BRSO B 2k e, BT EMD /N B 25 e R0
B AT 43 AT 1) O 0 SR A 20 IR B 2 Wi LT ). R 5
47,2012,31(8) :96-101.

SHAO Renping, CAO Jingming, LI Yonglong. Gear
fault pattern identification and diagnosis using time-
frequency analysis and wavelet threhold de-noising
based on EMD[ J]. Journal of Vibration and Shock,
2012, 31(8): 96-101. (in Chinese)

M SR AERE . . 3T ICA-CEEMD /N B {H 1)
55 0], HRah 5 b ,2017,36(4):226-
231.

HE Bin, ZHANG Yating, BAI Yanping. A method
for sensor signal de-noising based on ICA-CEEMD
wavelet threshold[J]. Journal of Vibration and Shock,
2017, 36(4): 226-231. (in Chinese)

AR A KB R 2. N ) 3 43% 5 B 7E 0 AT 40
ik iy R AT, 8288 )2 ,2009,24(6) :598-604.
LI Yuebing, XING Shuang, OSHIMA T. Damage de-
tection of steel bridge based on acceleration power
spectral density[J]. Journal of Experimental Mechan-
ics, 2009, 24(6): 598-604. (in Chinese)

MIKAMI S, BESKHYROUN S, OSHIMA T. Wave-
let packet based damage detection in beam-like struc-
tures without baseline modal parameters[ J|. Structure
and Infrastructure Engineering, 2011, 7(3): 211-227.
Btk » ERF AR gE. BT @ BRI Benchmark 4%
R OR B 7 LT, Bl TR 4 4R, 2015, 32(11)
80-86.

YANG Youfa, WANG Feiyu, XU Dejian. Damage i-
dentification method for Benchmark structure based on
healthy monitoring[J]. Journal of Railway Engineering
Society, 2015, 32(11): 80-86. (in Chinese)

X R AR AT, 38 S A, L R T IR 2B B R AR A
B AR 55 M 45 05 R r ks L0, R 5 oeb
2017,36(21) :8-15.

LIU Jingliang, REN Weixin, HUANG Wenjin. et al.
Damage detection for time-varying structure based on
the synchrosqueezing wavelet transform[]]. Journal of
Vibration and Shock, 2017, 36 (21). 8-15. (in Chi-
nese)

SOYOZ S, FENG M Q. Instantaneous damage detec-
tion of bridge structures and experimental verification
[J]. Structural Control and Heath Monitoring, 2008,
15(7): 958-973.

RERLREIm M. XY, BT HHT FEENEZ A E
REME IR, B3l K 512 W, 2008,28(2) .
122-125.

XIONG Fei, CHENG Yuansheng, LIU Jun. Damage
identification of time varying multi-degrees of freedom
systems based on Hilbert-Huang transform[J]. Jour-
nal of Vibration, Measurement &. Diagnosis, 2008, 28
(2): 122-125. (in Chinese)

LIU J L, WANG Z C. REN W X, et al. Structural

time-varying damage detection using synchrosqueezing

[17]

(18]

[19]

[20]

(21]

[22]

[23]

(24]

wavelet transform[J]. Smart Structures and Systems,
2015, 15(1);: 119-133.

TTE A, 3T Hilbert-Huang 75 # i 45 #4 $1
BR BT pEsE )], PR3l 5 b i . 2015, 34 (18) : 195-
199.

REN Yichun, WENG Pu. Structural damage detection
based on improved Hilbert-Huang transform[J]. Jour-
nal of Vibration and Shock, 2015, 34(18): 195-199.
(in Chinese)

YANG Y, NAGARAJAIAH S. Blind identification of
damage in time-varying systems using independent
component analysis with wavelet transform[J]. Me-
chanical Systems and Signal Processing, 2014, 47(1/
2): 3-20.

HYVARINEN A, HURRI J, HOYER P O. Inde-
pendent component analysis: a tutorial [J]. IEEE
Transactions on Neural Networks, 2009, 15(2): 529.
ARV EFE. I EEE S /N Ry e B ()] dt
TS K2R .2014.,28(2) :64-68.

ZOU Ya, WANG Feng. Wavelet de-noising algorithm
of acceleration signal[ J]. Journal of Beijing Union U-
niversity, 2014, 28(2) . 64-68. (in Chinese)

CHEN G, WANG Z. A signal decomposition theorem
with Hilbert transform and its application to narrow-
band time series with closely spaced frequency compo-
nents[J]. Mechanical Systems and Signal Processing,
2012, 28(2) . 258-279.

LR HRERL LE . %, BT EEMD 5 FastICA
R = R 5 e L] #&3h 5 by, 2016, 35
(1):203-209.

JIANG Shaofei, CHEN Zhigang, SHEN Qinghua, et
al. Damage detection and locating based on EEMD-
FastICA[J]. Journal of Vibration and Shock, 2016,
35(1): 203-209. (in Chinese)

HYVARINEN A. Fast and robust fixed-point algo-
rithms for independent component analysis[ J]. TEEE
Transactions on Neural Networks, 1999, 10(3): 626-
634.

WA, 28, TEEB.F. ATHERFDRENEHES
EHRES RN, AR BT X4, 2009, 25(3) £ 32-
34.

TU Yongjun. LI Jing, WANG Guoen, et al. Radar e-
mitter signal recognition based on Welch power spec-
trum[ J ]. Aerospace Electronic Warfare, 2009, 25
(3): 32-34. (in Chinese)

E—EEB X E R, B, 1983 4F 11
AA W R A R, R
IFFT 7 16) hy 45 ) fk B M 000 AR 2 AR 3h 5
FasE . B & FHE T oot 7] 35 B R /N
A UM 5 B B AR ) (CHR 3 L i
52 W) 2017 45 37 B4 4 WD %
i3,

E-mail: livjingliang(@ fafu. edu. cn



