571 S F o Vol. 49 No.7
2021 4E7 H ACTA ELECTRONICA SINICA Jul. 2021

ST R — 4 TR ik By RS

o

wOF, R OBR
(PGB T RAAHUDE SR B AR TR, BRPE VE ¢ 710048)

e

0 OE: ehede s I A R R B DN B TN A L ARSI T T B R AT B T A Y
TP ORI AR E OB SR RS R A SR A BT VR N TR X 8 i T P R SRR Sy
TR T i GRS R L 7E TR R AR b Yl A YR PR S R b e B R 0 R R AR SGE I S
T AT S BRI A R, A R ORI A G (0 P il R AT M, 2 A R 1) 5
YN 1) ) B ABE R A PR X A AT Tl AR T AR B B O RS B R EL RO b gt i (i 45 2R i SR T
UE T I%T7 I BA S S

KGR b0 SR BERMER; TS 4R R ER S SRR
FESHES:  V214.3+3 XEAARIREG: A XEHS:  0372-2112(2021) 07-1339-07
B F %4 URL: htip://www.ejournal.org.cn DOI: 10.12263/DZXB.20200208

Research on Two-Dimensional Beam Focusing Impact Location
Based on Probability Tomography

CHANG Qi,MENG Yao,ZHAO Heng
(School of Mechanical and Precision Instrument Engineering , Xi’ an University of Technology, Xi’an, Shaanxi 710048, China)

Abstract:
impact localization accuracy, a two-dimensional beam-focusing probabilistic imaging localization algorithm based on the

Impact is one of the main damage types involved in structural health monitoring research. To improve the

cross-shape sensor arrangement is proposed. The blind zone of impact detection can be reduced through the cross-shape sen-
sor arrangement. And the accuracy of impact localization can also be improved by two-dimensional beam-focusing probabi-
listic imaging method. In the two-dimensional beam focusing algorithm, the accuracy of the impact wave speed testing has
high influence on the effect of the impact localization. The probability distribution of the wave velocity is obtained through
statistical analysis. The distribution is brought into the two-dimensional beam focusing probabilistic imaging localization al-
gorithm to localize the impact. The probability distribution image of the horizontal sensor array and the vertical sensor array
are obtained separately and further fused into one more accurate, scientific and intuitive probability distribution image. The

validity and practicability of the method are verified through experimental research.

Key words:
focusing algorithm ; data fusion

1 5%

il e S RAT 8 LB AT R B A
R Z—, AT Ao AR il 5 v el , P 22 (] —
VA A 1 SCHEBR . e BE b T T A A5 4
AN TR DX 23 P 25 e o s PR R A 5 S 1 4
g T 54, 3 B P 4 493 B A T IR FH AH I 1 T Bk
T4, &/ T ] O op o 45 (Visible Impact Damage,
VID) 5 TP 3 bl e A A453 47 PR HROXGE L 4 B Jis 1A

Wk F A :2020-02-26 5 & 0] H 1 : 2020-12-28 5 3¢ 4T Ji i - BLAR4R

impact damage ; structural health monitor; probability tomography ; cross array ; two-dimensional beam

m*ﬂ7¢ﬂi*ﬁ1ﬁ(33rely Visible Impact Damage, BVID)!" s
K22 R TG RE AT AR LA R 08 T L i 2 4 5 |
B . AN Sy eSS A N TR 7 A AR, X BRI s
LA IBAT I SRR P S 7 A2 Ny AR v AT S B A R 2R
2 R ek e 4403 B W A3 b B R i R B b
R A B AT LA I DB A7 E A I, DA AT
Il R

H AT, OC T R AL R (1138 o 2 6 AR 9 BFFE T

R H  EHR A RBFRES (No. 51775429); BRI 1 RBl2-3E 41 35 H (No. 2018JM5122)



1340 H, ¥

EE 2021 4F

FER LLES T 12 . M At R4 AY Paul Tikalsky‘s‘%)\%&tﬂ T
— b Y R IR B LT B — R A A5 R X v A1
BEGRIII 2,5 6. 04m® K TR HEA T i 6 52
o5 S TR B E A 45 5 . Pratik Shrestha %}\[GJ%JEH
INASCEF MG RS AR E D), BT i 2 S Akt
il RE AL, X 30emx30em Y KALHLILZE M AT T A%
Pt R 7 SE I, Fe 8 E A5 AR 1 IR 257 2. 9em.
Prasanna Rajbhandari 2 A7 42 H T —Fhid FH 4% i [l
A AR 2 o R 5 s 6 s, DR T bR TR R AR
A ERCHA 5L PR 5 | S A R AR A i )T, ] D) AE S5 A R
R R X225 K 0 A7 B 5 07 . Shizeng Lu % A
WFFE T L TG A R S s A ARk ool s (o 58
2 RN AR S (5 A T 2 MR B3 S
BRI IA) 22 M T FBG thifi 2 L R GE Il i S 90 i
HARME . LA BT A RGUE ARG R, HAE A
1R A R AR R — 3, (H R AR 43R I A3 B f A A% Ik
AR BIRY AR TR SR 5 5 R4k . IR LL 1
SCRE Sl R R S (AR AR I 6 B ) X s 6 25
HEATHEIRN, AR S A A G TR B S I (0T
L e 67 A IR 3 ok R IR p s YR A T
IR AT DU FH — > 380705 14 XSl oA A R 5 552 oo o 905 0] g
PR LE " | IAESR A4 B R 41 7 22 (07 07 8 45 5 e
ARG R . PRIHAS SO T — 4R R R 0 Bk
UK 4R Y — R T MR R AR Y — PR R AR b i
SENL T

FEF RIS WG B AR E Ay —Fh 25 h f A
T A8 A B AR R Y b A R AR e 45 4
10 S B 45 0 A T T R AR IR AR ] v 4 3R Akt
IO 00 45 g 2 ) L SR AR B3 7 ) 7 45 4 74 [
AR M . DI Y DR/ IR R B0 R 1 45
IR G052 LB AR B — R AR SRR T —Fh
BT+ S UL B A T 0 A I R SR AR R
B LR L 2R A R e B I R AT 5 1 B
52 P MR A R R R, R T B B B ) A% S g A
Ty, T A e o SR A S R X e 4 AT
I FERE ) 2 5 9N T P2 45 A T — A 56 T b Y
RE R0 A7 B B R AR 2] 45 21 19 A 32 43 A 1 15 A7 38
G AT AR B LR G pheh B 4G SR
S IAE T A SO R Ty 12 S AR G s L W 7 AR L
AR A E R B S B R

2 ETHEMRGH 4R RBEEMT X
2.1 FERETENEARRE

b5 R — Rl Y B 7 R S S, D AT A
TR S BB b A A AT R 4G A R
32 BN T 22 AR S5 A R P AE U INIEAE Sl IME AR A

W 1 7 235 ) v R AR BB | IC BT 2 7 A R A
I 3%, NI P2 AR 7 B 7 e B AR B A i B i
I TR S5 F4) 2 THIA B e 22 B0 1) e P A RS S P R R 45
¥ 75 B SR T, 8 3 % 7 R S S 5 43 B S Bx 46
B3 by s
2.2 EREEER
2.2.1 —HERBEER

FE A5 ) [] M g A kA T, ARG b i A5 5 e A o o DR
FRURUT A5 ) DA —E R AT o . 1 s, b U
PN BAMEIRAF I BN R, whhi (55 DA by V5 T80
LATRLCo B 1] %4 | [R)00 [ 53 531 45 45 AR s A AC , 2
AR,

P e ik 2 M R
s o Y A oz B (X, Y) AR R A AR N (o,
b,), VR P 2 AT AT Hh 45 A Sl 5 RO 107 [ P A R,
ZIRRA W PR

RP=(X-a)+(Y -b)i=1,2,3,- (1)
MES AL e S b i PR Z A AR 22 6,08 -
R -R|=6,.i#] (2)

RGP EEE N v, AT, PR IR R vl (5
SR A
8, =v- AT, (3)
T E IR TR AR B B T Or RN EEN T R
0 o7 it P e /D B = AR IR B (D) ~(3) 1%
S ICAR J an 1 2 s i — Wil £k . B — — R B T
TR 14 figk Ay G IO WU 48 E AT T — i, PRI I S A 0 {7
Pt 2 /D S 2, 7 U 2 2 R SE B
TR R b IR T AL
1B — 4 2 A% SR AT A7 A2 40 T B - (1) R AEE
AL, 30 T AR T AL S T TR AL bRl W i & A —
e YR, B[R] EEE o Bt X503 PR A 2 o7 5 (] 2

2 YRR A A E b T



07 W W R TR R AP R SR A b L 5 TR AY 1341

Fi7R) s (AR N X, 280 Rt SER B0k , PR
ERL T A BRI SE T A S5 BRI R ED 0045
180°BHIE A e HER 7 (ANl 3 7 ) | RV E 7 A
XL IR TR TP AR UM 2R 4 58 A S o
i B (L4 A B, 25 ol PRAR AR R AT o Bl I, LT
AR 22 8, K LR U IS, FEXU £ B 9 R 23 A
R B B 7, MATIT 5 B30 o7 285 SR TS

T Y %
90 s YaVa®: V0,95

B3 — 4 R AR AL (o ity ]

2.2.2 T“HERBEER

R TS R — A o SRR 6 SRR TR A AE ) )
ARSCHEH T N R R ek HAR AR A
HANE 4 R

2
L

2 \
" \
gf‘('{/-*“gfi‘ \ PZT3 - f;imym
S ¥ s Vg

~ . ‘ /// s/
~ /
\\_‘ | [ [
PZT4 ™, e 5
B ~..f
P — PZT2~
-~ | ~
- |
P - / \32T1 \
~ N\
~
ZT5 ~\
4 N ~\
s b AN
s/ N N

B4 HER ORI L it 4]

WA IT 7, 3 3 A8 1 [ 90 5 90 1) B4 470 A B 4B 78 7T
DI — 4 B S AR A0S DX R K/ . e — 2 R
RS AT AR AL AR 1| AL 2 (KR AR IR 1-2)
R o Y A 2 A% 22 T A5 31— 2l XUl £ [) BEAR B
PR 1-35 1-45 1-5 AHA T o i PR AR A2 22 T 15 31 = 4]
U2 . B b PR AR R A (X, Y) , ik Y55 R J%
e Z A A2 22 0 6, 1L AR A AR N (a,, b,) , PZT 15
PZT i Z [H] N SE R AT, BE K L, b i P8 A AR (X, Y) ]
i (4)  (5)R g3,

8n=(X L)+ Y= VX* +Y?

8, =X+ (Y - L) - VX +Y?

8=V X+ LY + Y - VX +V? w
S5 =X+ (Y + L)Y -VX*+ 1’
;H\:E'j:
5!.]. =yp- ATL-,- (5)

2.3 ETFHERGH_HERBENEEMTE
BET AR POR R AR PSR EE R AT vh i AT LAY

PUAS EZEL R B R AR AR B AR S AT/
W AR A AT A 4 2k . LR, o /N 28 B 1 7
BEAR S R AT A AL ERAS B G 15 S A ) ) R L T
TR, W5 10 P M 30 A1 A A e o R R v b o )
A SR HH RS 1 4 4 5 0 1 R 30 A vk SR A T L B
Jei K T 2 A T A 3 e 2 B b T YRR A A P A
BRI E S PR .

Gabor/N B4

A ORSR MR i) 4 3R

&}

BT ERSE AL

i ]
apmERe| | AmpiER
[ |

i e L A8 AR

5 TR AR A E (o S U R 14

2. 3.1 ETHERRDTRBHRGT %

T vt (O A e e o R R W 07 Y
VR J3E . 352 M) S 00 ) 0 2 Ok R 355 % A F B T
U R 1R 22 15 5 A B A v o 08 F 1) B9 i/ i
BT e R 22 LA B IR B sl R iR 22 S5 AR B
JE V5 2R 1 22 W e 5 T SR I P4 (L BE AT 45 405
A, R O SRR ph SRR 1) BT B TR TR E PR OR
SO T2 30t 0 28 10 9B 2l . AR SR JH TR 4 43 A 1Y
T3 1R AT I, DT A5 2 06 i o 5 52 A ME R
A &L, S IRy 5 B i s o AR A

A S AR AR = S H WSAS TR] B B ) o
difE T R ST 20y TR TR O

U:l[—tj’L;t] (6)
Forai o3 i R A% S 0T L 4 5 s Ry el U L IR R
e 12K N SO R 2SR R SEN R T

fBUE AL A M th i (55 0 em= (g, wy, oo s
x5),i=1, 20, b, HOBARF R BELIS 5, A B Z 1)
A AR, DRI B2 5 ol 7 5 A B D B AR B2 1A I
WM RE ST . TR /N A 4 mT LA B4 5 Y e
AR B T S A IS 4 BT A B S R AR R




1342 H, ¥

EE 2021 4F

7 B D8] BRAE 519 E AT A IX8], HUCR H Gabor /N
X h i S BT AR I AT, DE RS SC R BRAE R,
PRECH T 1) AU 5 T AE R S B /N
AR AR BN EE SR m = (x5, w05 x5) 0
=1,2, - k. /NI AR BRI AN -

2
1 o woly
V(1) = —exp| - uﬁ +iwgt | (7)
4/11_ 'y 2
H Fourier 28 Hy .

] o,7)" .
Wg(w)=\{\/?\/w7()exp —(ywzy) (w—wo) ](8)

Xl N AR 52 T A SR E T ARG
EERINES ! = (R, (7).R, (7). R, , (7))

Aofe k@)= [P (e (9)

WM EARAS 5 R, (7) (9UE(E 7, T18 7 B .
FR T3 A5 T8 £ JR 8 B SO 1) D SR IF ) ¢ 1 208
WA AT, A7 AT (6) T LA 3 i 25K 5 v.

AT N IR FRAT VAL A B g
G M AT A RS A A A S A VAN () il
V(o). MIFIRIAER Ky AT, Je AT, B hy V(e ) IR
P (4) L (5) Al sR AT Wi PR o AL 5 y AR B HE R 53 A1
(rHieH :Z,(+) . Z () X (10) Fi .

it 2 (10) A LS 30 s U5 1Y o b 5 Bl — 4k
IIATRRELZ (o) Z (o) B Hoa AR g g e
A RBCT LA 2 b o R A 4 o A R 7 (= ly=
yl-)iEZj‘j:ZU( o). Hrpr,

Zx(x = xi) N Z),(y = yi)

Zy(y = yi)

Z, (o) RiZ S B A i PR A0 e A o A
PRI, 38 o 12 pR R [ T DAAS BIZ A R E R LR T
2. 3.2 ETFHENRGRE

S A ROR AR S A3 A 1] ) S5 N B B
P IR 7 A7) MR AR P AR AT TRAR . IR R A
GERAAAL & T AHIE AT B 1 LRG0 T i
W P 5 S8 R 00 S S TR S AT DA S TR R
SRR E PRI AT E S XK. T 5
IR LB 5 S, B0 T B A AR AL AR 48 (1 TR
MRS . BRAGIRER S R K (i=1,2,3, - ) B MG IR
37 ] W e o R AR R B UG B B B VR AR Ry P
(EIK) , Kl & EEFR R P(S,.S,, . SO U TR :

] N
P(S).8, . 8,) = N;P(msi)

A T A T AN TR R 1 e o AR L
KA GE TR b 4 i B S A, (A G A
SEAFRA BN g L [ R I R R B
3 2o B34 AT LA A A TR AR e B IR R
SR FH B 1 BB i 22, 00kt e P g R 1 AR S
SR YR A~ B 5] 1 1 1 R A 7 A, D)= (12) Hh V=2,

(11)

Zy(e=nr =)=

(12)

(22 - a7, x AT, x (V(9)') x (AT, + AT,
Z,(%) = 2L x (AT, - AT,)

Je = (an) i = (am) (2= (v oz, - (v x ar) x (Vi) ar, + (V) x a7,
Z() =1 2L % (V(+)) x (AT, - AT,)

(10)
a3 (10) 7T LA ) Fe 20 vhils MR o A [ . O AR
FE AL ARG B RN BT o, AR SR HHE A6 o YA S LS
o VAT B ) ) B X L ) E AR MR AT A, L
HRacE AL s TEAR AR N (a, b)), B S2 wls JEGE I A5 A
br (k, D), BB DFRR N

D=(a-k)"+b-1)’

3 SRR

3.1 HHRERES

AR SO T [ 8 A% SRR A 0k TR R A vl s o
P T T SRS, LI R G RN K] 6 B, >R H
T RHLAHE B LY 12-CZ (A 28 80 1 SF i (100emx
100emx0. 25cm ) , PO 5% HTHRET [ 321 454 p iy PZT
A BN PR 7 IR A P % A b SR Ak R s — A~
PZT , o Bl 5y Bl (1) 1 67 24 Jh 5 A A SR A 20em A2b 455 s
—/NPZT. gt npi e Rl Wi b bR . (s

(13)

100

T Y
o e

100

TSPZT'1 X

K6 whik ZgRER

K7tk R 2



w07 M wORnE

TR AR 9 — GEBORR AR vh i L 7 S 1343

K PicoScope-4824 7R il #e #- AT R4 .
3.2 HENE

AR SCAE SR B G P8 I s 1Y LA S 3
PEAT T 100 Y bR 2 5L 3, A (6) rT 3545 2135
SR | I X E A B0 0 D o S AT SR T o M AR F
I B M A3 AT R BN VAN (1591. 8,41, 74) , HiHE %
S AR FEANPEL 9 /R

¥ YA R E fom

o (LA E /om

100
45
40
35
30
75
40,
IA112345
TS P Tl X 14001450 150015501600 16501700

WOk /(m/s)

P8 i i ik B ] 9 RS 1]

3.3 HmEHESom
TEME 7 fr s w47 B (20, 30) Zb PEAT
L IRAR RN M55 Qi B 10 BT/

W S 56

078 F T T
0.3 f ]
0.00 - —-*MMN’\...’ b m,w VAV, Vb
-0.33 Dataﬁ ‘N’ﬁ%“' '\f‘ v b
0.17

om“wmmmm i \
> j ;: Datad m WM w \’
i ——wmtp A 0 A VNN
—0. bﬁg

0.0 A 1y Pl m, i\ }"—\w/\,»f\
i arh
3$—ﬁwJMWMVJva“W$u
o4 Daral,

’ B 8] /ms ’

Bl 10 R F S A

AR SR T AR S ()5 B AR BUE S i
TESHL, 7 K SHE S R E B AR E OkHz~80k Hz,
H 7F 20kHz~40kHz 2 [1] & 4t 55 42w, R AR S DA
30kHz AE R 155 1 HC B 58 %H5 52k F Gabor /NI AT
S T 2 BT AR R AE AR . % Gabor /N 25 0 5 045 5
BCH: A0 2% 28 R FH 0L A OG B30 35 W5 55 R 47 >R B[] 4iE
iR, HA A SRR T E 11 s .

75 B [R] 2R AN R F o (Hip 2-1 R G A
2 50l 5 AL TR 1B =2 [ () IR TR AR )

£1 EHEXBEIMEER0)

2-1 3-1 4-1 5-1

Aif [] SR 1.1 -0. 875 0. 81 0.38

081 [—— 57U
054 \/\/\"/\j\/\‘H\
027 ;/\/V“‘

ol |— 41 /_/\/_ﬁj\/\\;\_,—
0.54F .
Ve "\r\‘\_

D

n\‘*‘ﬂ_/-\_,\:

L L I ! L |
—5000 4000 3000 -2000 -1000 o 1000 2000 3000 4000 5000

R REE/10%
B ) SCHARE DGR U ] 751
4 EMNERERGS

35 (20,30) A5 (=10, -20) S E47 whili 2 7 52
USTIIT , Wk 8 A A SR A3 A R BURN 224 Gabor /N 28 e
51 SCH AR S A B A5 3] A4 I i) 2 3R 4y A 4kl R
AR 10) P, 50 A R A AR y AR bR EABE R
O3 AR R x (o) oy (o). B x A8 FR1T y AL bR BOABE R A3 A R
B2 A TS B VR 5 Al 9 o o DA S 2 A 1
i 3 3 1)K ) [ 510 5 N ) B 300 T A 1 %) b 265 D AR
FRE G AR A IR IE 12(a) 12(0) Fis , HAER
PRI (L T A 57 8 Dy o WA 7 B . G o AR
A E 13 (a) 13(0) s .

y/em 50, =60 x/cm A9

(a) (20,30) 5%

8
7
ii
5
4
g
2
1

yem 50 -50 i M A 9

z/em

@

(b)  (~10,-20) 44
F12  wp IR R

H(20,30) s BER I R O Jm an &l 14 frs
HREAR MG SF i 2 h B X 0, Fom mhd IR A A5 T IX



1344 BOF % 2021 4F
%2 MEEHER

sl A B o IR0 BRI (e bfom | APUE G AR em | W (Ao |
(2-1,3-1,4-1,5-1) D/em
1 (00,25) (4.40,4.22,11.3,12. 1) NULL (00,25.6) (00,25.6) 0.60
2 (-30,00) (12.55,12.3,3.61, 17.4) (-29.1,0.15) NULL (-29.1,0.15) 0.91
3 (00,35) (3.20,3.24,11.4,12.5) NULL (-0.5,35.9) (-0.5,35.9) 1.03
4 (20, 30) (0.38,0.81,0.87,1. 1) (20.6,31.3) (19.5,28.77) (20.1,30.35) 1.11
5 (-10,-20) (0.03,0. 86,0.85,0.03) (-8.94,20.11) (-10.84,21.2) (-10.5,20.8) 0.94
6 (-25,-10) (10,12.0,0.56,7.85) (-26.91,-11.3) (-24.68,-8.67) (-25.7,-10.4) 0. 81
7 (-35,10) (11.2,11.9,0.11,5.98) (-36,10.6) NULL (-36,10.6) 1.17
8 (-40,-10) (11.4,12.3,0.01,4.94) (-41.1,-11.1) NULL (-41.1,-11.1) 1.50

50

(a) (2030) 45,
E13

() (~10.-20):5%
TR AR R A 4]

B Hoh BB xS AR A B B e I R AR
2% 8] A A 5 AR A (20. 05, 30. 35)  Fir sk il 8 Ak
b, Heda X2 2% 4 0. 353cm ; HIXTR 2 D=1%.

AR 3l o S 50 T A A RN R 7 BT R RS T AR A
B A A SO A A AR L XL b 84 i
A7 vk B AL SL IS WA, LA ) — 4R RS 9N ) — A
G LA K Rl 22 e A U R R A S A AR A AN 2 U
7, Horp NULLAR 26 i % o5 Ak T —4E 451 1 H
X, TorE N4k

HoA B AR v (g == ) AR AL R 5 A5 S/ ]
BB E] 23R . H 3 2 10 A) L . — 4 50 0 o SR AR R
AERS F RS T e 7 MAETE O H X, 76 B XN Tkt
ARG A2 7, 2R FH 4k B 41 0 £ S A vk vl LA 2L
G — 2 (43 A XN (A5 R L [R]E, A SCE
T AR R P XoF B 1) A ) ) o o 245 SR A T, oA
1] [ 570 5 0 1o I 370 A o ) ARE 3 0 A TR AH B A5 T DA A
B s e NLEE H A A, A TR A B A Ak 5 ity
TRAEFR 2Z 8] B B D M 1. Sem, AT IAS—4E B
B P S A7 5 15 25 T /DN, 3 Wl 2 A R I il T A 7
45 R e i, DA & AR MR A A bl s iAo
B W A SRR TN B, AR

5 #ig
ARSCH T — I T S A R A T

N\
N
— D W B U O =
ylem
) w
] o w =
B & 8 &

32 T olmERR
X bR

195 20 205 21 215 22 #ERfE/%
xlem

185 19

1% 18

14 ahay IEREAR AR o A HOR F

Y AR SR UG E (AL B T AL AR A BTk
RKRSEIN T A7 280 A X3k, ol b 1 5E L X, SR ST
AN BRAE 8 SCHE AR 53 T LAl (SR B £
JEAS R AR B 75 BB 5 2 1] B IR SE S, gl )
0% 2230 I R AR A (47 A T, S T S WA 5 o
A AR IR AR T A 2 v, AT LSBT N e R RS Y it
SENLRIR , B RARLA M . Gl A4S 5 AR Y
ety M I SE RIS, UE 10T i BT B Y b E 67
AN AT FEE , 2 TR B wh i i i R 7
TEHIN B S B e (R R, BAT B S I

S% 30k

[1] Damghani M, Ersoy N, Piorkowski M, et al. Experimen-
tal evaluation of residual tensile strength of hybrid compos-
ite aerospace materials after low velocity impact[J]. Com-
posites Part B: Engineering, 2019, 179: 107537.

Baluch A H, Falco O, Jimenez J L, et al. An efficient nu-
merical approach to the prediction of laminate tolerance to
barely visible impact damage [J]. Composite Structures,
2019, 225: 111017.

Qiu L, Yuan S, Zhang X, et al. A time reversal focusing
based impact imaging method and its evaluation on com-
plex composite structures [J]. Smart Materials and Struc-
tures, 2011, 20(10): 105014.



A ] B RRIETRER AR 0 4R PR R A ol e TR 1345
[4] Dziendzikowski M, Dragan K, Katunin A. Localizing im- duced damage assessment by means of Lamb wave image

[10]

(11]

[12]

[13]

[14]

[15]

pact damage of composite structures with modified RAPID
algorithm and non-circular PZT arrays[] 1. Archives of Civ-
il and Mechanical Engineering,2017,17(1 ): 178 — 187.
Papulak T S. An Inverse Acoustical Phased Array Tech-
nique for Impact Detection and Location [D]. Salt Lake
City: The University of Utah, 2012. 133.
Shrestha P, Park Y, Kim C-G. Low velocity impact local-
ization on composite wing structure using error outlier
based algorithm and FBG sensors|J]. Composites Part B :
Engineering, 2017, 116: 298 - 312.
Rajbhandari P, Tautges K, Chatradi S, et al. Impact loca-
tion in an isotropic plate without training [J]. Procedia En-
gineering, 2017, 188: 170 - 177.
Lu S, Jiang M, Sui Q, et al. Low velocity impact localiza-
tion system of CFRP using fiber Bragg grating sensors[J].
Optical Fiber Technology, 2015, 21: 13 - 19.
Dziendzikowski M, Kurnyta A, Dragan K, et al. In situ
barely visible impact damage detection and localization for
composite structures using surface mounted and embedded
PZT transducers: A comparative study [J]. Mechanical
Systems and Signal Processing, 2016, 78: 91 — 106.
Yuan S, Ren Y, Qiu L, et al. A multi-response-based
wireless impact monitoring network for aircraft compos-
ite structures [J]. IEEE Transactions on Industrial Elec-
tronics, 2016, 63(12): 7712 - 7722.
Zhou C, Su Z, Cheng L. Quantitative evaluation of
orientation-specific damage using elastic waves and
probability-based diagnostic imaging[J]. Mechanical Sys-
tems and Signal Processing, 2011, 25(6): 2135 - 2156.
SRR, PMENT, EENE, A5 T ) SR B i 5
£ Lamb I 25 4 451 07 0% [T]. 9 B4 4, 2010, 59
(10): 7111 - 7119.
Zhang Hai-Yan, Sun Xiu-Li, Cao Ya-Ping, et al. Struc-
tural damage imaging based on time-reversal theory for
focusing of Lamb waves[J]. Acta Physica Sinica, 2010,
59(10): 7111 - 7119.(in Chinese)
Yuan S, Lai X, Zhao X, et al. Distributed structural
health monitoring system based on smart wireless sensor
and multi-agent technology [J]. Smart Materials & Struc-
tures, 15(1): 1-38.
Gao F, Shao Y, HuaJ, et al. Enhanced wavefield imag-
ing method for impact damage detection in composite
laminates via laser-generated Lamb waves [J/JOL]. Mea-
surement, 2020: 108639, https://doi.org/10.1016/j.mea-
surement.2020.108639.
Kudela P, Radzienski M, Ostachowicz W. Impact in-

[17]

[18]

[19]

[21]

processing [ J]. Mechanical Systems and Signal Process-
ing, 2018, 102: 23 - 36.

Li G, Battistelli G, Yi W, et al. Distributed multi-sensor
multi-view fusion based on generalized covariance inter-
section [J/OL]. Signal Processing, 2020, 166, https://
doi.org/10.1016/j.sigpro.2019.107246.

Zhang W, Jia H, Gao G, et al. Backing layers on electro-
acoustic properties of the acoustic emission sensors [J].
Applied Acoustics, 2019, 156: 387 — 393.

Hanteh M, Rezaifar O. Damage detection in precast full
panel building by continuous wavelet analysis analytical
method[J]. Structures, 2021, 29: 701 — 713.

Dziedziech K, Staszewski W J. Wavelet-based transmissi-
bility for the analysis of time-variant systems[J]. Mechan-
ical Systems and Signal Processing, 2020, 145: 106918.
Hanus R. Time delay estimation of random signals using
cross-correlation with Hilbert transform [J]. Measure-
ment: Journal of the International Measurement Confed-
eration, 2019, 146: 792 - 799.

Wang Y, Li P, Zhang J, et al. Distributed optical fiber
vibration sensor using generalized cross-correlation algo-
rithm[J]. Measurement: Journal of the International Mea-
surement Confederation, 2019, 144. 58 — 66.

EEEN

® BHOREEE) FB,19794 2 £ TRk
VU SE 22 . A Y 22 3T R A4 LA 5 G 3 A T
R BEUFIT . = BERIE ST 1] A S5 A0 (e FREAG I (5
SAbEE.
E-mail:cqhardrocker@163.com

= OE U, 19964 11 A A TR RUH .
BH Sy 7Y 22 TR A LR S R 2 Al TR A B
W RIS A . 2 S5 5 1) Ay 2 4 A U
(CREZ SN
E-mail: 1024489351 @qq.com

B Y, 19794E 10 7 R SRR
AV 22 TR AU S A 2 A i TR 2 B )
. FEWR T 10 AL & R Gt it
E-mail:540238946@qq.com



