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Status and prospect of magneto-optical image sensing non-
destructive testing technology
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Abstract: Aiming at the technical problems in the process of detecting the defects of ferromagnetic workpiece,a new magneto-optical image sensing
non-destructive testing technology based on Faraday effect was introduced. A basic principle and experimental system of MOI sensing NDT was expoun-
ded, and based on the discussion of the mechanism of magnetic circuit and excitation mode, the law of magnetic field excitation and the technical diffi-
culties of finding the best excitation were summarized. The algorithm of extracting defect information from MOI and the model of neural network were ana-
lyzed, and the key problem how to combine MOI sensing detection with artificial intelligence was pointed out. The characteristics of several main NDT
technologies were listed, and the applications of MOI sensing NDT in aerospace and welding were summarized. At last the main problems and develop-
ment direction of MOI sensing NDT technology were summarized. The results indicate that the MOI sensing NDT technology has unique advantages and
provide a new research direction for the realization of high-precision NDT automation, imaging and intelligence.

Key words: magneto-optical image( MOI) ; Faraday effect; non-destructive testing( NDT) ; ferromagnetic workpiece

0 a3 = R LA 0, R R AR IS 1 TE A5 R I A
H ZEM. FRT, E AN R GRS AR A B R
TR AR ARSI B AR B 28R TRk Tk B IEE R s BBk R g s

rfE B HA:2019 - 11 -28

BEE&WA : HEKARREEE G R HIIE (51675104) ;) 7R #HE JTA1H7 A1 B BE B350 H (2017KCXTDO10 ) 5 7~ JH 77 52 AR A1l & J| & 3 9% 4 ¥ By 10
H (202002020068 )

YEER N BRI (1994 - ), 53 TR 2 N BT E0F5 A, 22 ASE TEHRIH AR 5 A BFSE o E-mail :951612541@ qq. com

BREBRRAN SR, B, 882, HEA T, E-mail; gaoxd666@ 126. com



- 942 - N i5)

T & 37 &

ShF 2 ) FH i B 340 S0 () S 38 S 1 AR sl i B
S5 ST, G T A4 R A AR B, R P B 3 1 S e
A THERAS XS4 G 10 S 22 56 B 45 02 B A 194 5
BRBL, TR S SR A R TR (B B
HEWIBEONE , X AR A B ERANF] o iRk R T
FEL R RN B2, 3 A I FEL R 2R P B A I T i
A2 i 2 B 7 A 8 A8 AR i g el T A A e bR A SR F
T, FHAEI 2& ]  AG J2% 07 FL 3t 5 | ke i i 378 4k, T
[ I G 7 ARy = S KRN T o T = D D
F4) 8 FER R0 (o), i Y e 00 B BR 2 R B I 7y T2
FEHEAT o P I v 1) R P e A 0 A PR AL 4
A 32 B AR SR AV 1 52 W) 38 2 S S 9 AR AL AR
AR T AR, 3 AP PO 75 ARSI | F A e 7 A U
ST PR A I B R A R A, I BB A B A 1 G T
SRR TR O 2 3 R A, R IR A ) A )
PR G . R T R e R T Y B, A AL
TR Rk, AT R R R IR AT A 2R
AT AT 43t AR B R AT 8 o o i AR ML %
MR T HEOE RS E wRRIE R Z LR,
REMER PRGBS B o R R A B R R
Z,NNHAEZMBE K, BEE RS ERCEER
Rk e T Bt B 1 — PR A 7 i E 8 1 1 A R
£ 5 3% B FR LR R TE AR B BE (R 52 , B i [R5
Rz A

DS v ¥ il Es 3 S SRS E R UES SN At P NG
AR, W6 BUGAE BRTC A 2 — P s & w AN
HLAE YA B EOR | 28 3 W ' ST B T A
Er NGO TRLIN S R LS LI RN A KT NS S s
JET5 AT R G I FIZE A

1 REE R FEA

1.1 WK RENIESHT

Tl i ] e Ay 3 Ao 4 ) PR A B AR K S R
iR s T = a0 R ) N SN
REL . FiL 258 53 0T 1 25 s % rh i sh 32 i i RH =
B I A R R R T AR

F=R xd (1)

Arp: F—Esh % R, —HERH ; d—Hgi

1 % 55 R — A T Y O [ e AE T S PR R %
AR e T G I, 2 K W R B e TR R A, T
14 P9 3B 2 T8 WURE %, 7 1) S NG R N AR HE ) S i,
WS T A N BB A 3% S W) R I s R O 3 S A R
A R EREG T 77 A A, T RRERE S5 T 14w R

AR, AT 72 A s R B 4 Ll i W R U
IS, U IS A A R R T B e R B
Sk FoR RBUT R R (5 B, 3810 4 B T4 BRI
FEAE o
1.2 EREMMN

RPN AR JF AN 1 FrR o

B

N rararaval I A0
s N IIVIVAVIN 2274
NEDE . OB

B 1 B SR A S

— W SRR i S s 5 28 R A AR O (ARG
L AmPRGE e BT, A0SR AR TR AR 1
D5 1] b n—RERE N 5 S B B ARG , Gl s A i
(AR A L, AR 3 (4 R 30 TR 5% 3 £ 6, 3
FhAMINRE S A BT A G LG, FR AT 2 4%
7 S R AN A 6 T T R

9 = VBL (2)

Ko V—IETE R W 5L, B TR IR OC eSS A 6 128 4k,
AT 5| S5 /N RS

G E LG R R B AN ] 2 7
LED B

COMSHHAL

FHN LA

- /:| I RO
R

B2 BRI B

1 ' ARG I B8 23508 43 oh W AR IR L T
HE Ak A B i v e R A A . B TR LED = [ 8RO,
2ol R A AR S e IR O, S IR ' el RS B AT
BERECA T B A B TR R E T AR A 0 T WG
BRFIIT AR (BT, 28 35 46 i 45 B CMOS FHAIL AR EL, fe 284
BOGIRE (REOCEE) o 454 1.1 F1 1.2 208l 41,
W5 B AL & AR a5 B, #3515 B AT LUH]
JEiRAE B R, W F 2, #EG R AT DAL & T ARk
(A EPS
1.3 HEERGEN RS

GRS 2 G s R AL 3 iR



Z b A RO RS AL EOIC U R BUR 5 e B2 - 943

Tolk Azl
DL

=]/ snde mien 27
/ Ere R 2 |

K3 BOLRBICHHEIN R 5en K

AR LR ML IR R B G835 Ok
H BOCRIBRE R GV LA T e, Jilfdse
B bR AT S A E RS s SRR g e
FemEESs o RGN TR A R e e
[ =2,2] kA/m N, 2 SEROLIEHGIE T, Toik 3R
HERAA ARG S, DRI — R AR 2 Il 5 5

PP il - Sk o Y P 450k EE L An e 4 s

e SCAS T Il e 17 I

S B — 1 B B =i B — 1 A5 i B =t

#i » B~ = W O

A = 0 B W = B

EEEEHEE
B

« [l Il H BN B NN

K4 PIBR B REAR He i B RO E IR B0 LE

Xt 2 B V3% T 5 PR AR TN — B FH 58 A2 i
SR RGN CR, | 5245 Wl S R i R T AP D G
B £ SRS T L, e o il 1 4 e e 1l 150 5 AR B T
PFPAAS R T R MR AT AR SREE 5 B o 7ERDEEIR
RGN -tk o 14 2o o P 0 e S i G D A
TS, T — Ao A R 488 {44 A Ay 1 b ) €1
BAE R, WRERE TG T ZRAT I B R S A 5 73 B i
AR 1) T AR S A T

ot B R Bl g T DA e A3 O R O =X, (H
Unfer e e G D7 b B BARSBA A TRk, T
N3 725 il 7 i Dl R A0 238 %o A T 8 Tk B ) R AR A
TFi, 157 okt o TR 525 e Dl R AT 3R ) AL R T A P25
TEZ B R g ) e rp A8 58 03 45 5 WG I i
PO EE X SR AR SE BRI R B 1R S C O 2L B T A A
B I RE R AR R AR AR

FEXTL e R g 7 U TR, BRbf e
ARG AT EAE LIS b BB R A S T 253,
a1t 4 AN RIS R R FH e Al 7

2 REOERRIUE R L

2.1 E#ERRER
FUEAE B AU RISMS B iR E, LS B Xt —
UM A5 B AR, A AT IR B BRI B
PGS B0 TR ISR R B RS 45
o A R S R s T B A A R ) AR R
BRI S HER R, 1034 EHR SCHURAE o 3 £ 3

KIRRYRESR W, I8 W, BUERE Wy F0 A ARDCHE W4
SUPRFAEAR L, S B e P 15 S0 B 4 REL 40 B T O
Aty s R A —

SCHRL2L ] 15 S0k SE SR AR HU) 256 2 Bl A4 HE Bk I
REOCIEEHAC S 16 G MG, SR i 188 1o i e A o e
B C R RE R R 0T O RE AR AH S , o fe R ]
BAG BRI TAR DA ) 3 TKIER A 4 M5
BEE R 1 KB AR Fyy Fyy Fys Fy fE R
PEBR BRI MR ) AR B T RRRR

F =aF, + bF, + cF, (3)
ESHGa b ,c—RIFE, A 1

Wk F,  F— RS
2.2 MEMETNEDR

FVRIT , A7) T 22 O 248 A 00 1% 01 PRI 0 B £ L A
WA, AT TARE e s 2 R 45 L

TG LG 22 I 2 AL AN P S BT o

HINZ

a2 fii bz

KIS GG 2 o 4 P A 1

PR 22 R 2 B 2 T A0 E A, Fe i e] L
i i R T (PCA) | R AL &I 3 51145 8
VMR AR (Y, Y, Ys) R LSS (BRFE 26
D) AR A 12, AT o e o 22 19 45 5 A A A



. 944 . L 2

AR — R IR 30 B A A FOIN S8R, A8 1) s R BSOPf 28
W28 S v 22— LS AR T B, D0 T v 0 28311 508
B O A IR A R IEAR T AL A T
BRBAAE B, T A5G B B M 4 I 4% (CNN) Fii i 455 A4,
CNN 2 B35 UG AE S i A5 8., it Sy J50000 25
ARG G R AR D S IBURE 7 AR W P B S U BN 58
B, 1E CNN BRI LD b, S5 TR 2 3
AL , Faster R-CNN A SEBR RIS A H ARG,
i) Faster R-CNN #US T —E R AR R4,
A RO U AE I 48 TR e

TERR 2 28 FIR B2 27 ) Rk R 15 52 1, W0t
B AL BRI 5 N TR e 2 A R E i o i) 2 2R R
Mo SEPUERERI Y OB — 2D SR R R 25,
T2 AR E R RN ia 5, BOR A & H
BT R IE B R T HAT— L4548 GPU + NPU
MIREIE R GebE 2 A, SR ki K iz BRe T, 45 41
TR ) SE RS MR I S 1 T BE

3 IR EARAE ORI Hh Y i

3.1 mEMmMRAL

TGRS AL BRI B A B T 2 kol , mT
SRS TKHLSE B RN A5 T A B R T R
RGBS 5 A AL AL T A SR A 1 22 T A
KA B TAFER A RO G UG IT 2 7 S b i O R A, 98
J R G A 38R b 3 A R, R SE R R A
PO HEE SRS, v] DL R A A B 15 5 4b
HRERHR P, SE B A SIS I B S o T AR
BREGHEAD BRI RE J1 08l D s R] R RAR , T LLEE ST 45
BRI SR E ARG 2 A 88 B S SR, IR
AL RS RARAE T E N AT S % 7k

TeHRE I AR B 25 LR 2 2 5 A B 45 R i T
AIVE R B RS ASIN B AR DR A 3 L 4540
R, REAE AT AL AS RIS E A AT 55
3.2 |BEEERBEGI

PR T AR R3S A 5 2 2 52 A b, SR
X DL RS T PR A G

SRR A RO MR ST R TR an &l 6 R o

TEARTEE IRETE DL B2 R B 3 KA
SEIRG N RN CEIS , 1 5exT 3 skaE 6 G T G
BHEAR, AlG 5 EIRIR R K/ 400 x 400 pixel , 8 18
EURREAESE A TR 2., 56464 80 x 80 pixel AYEIA, S
JE i PCA BORSEHURHMES S AR BP B 25 25 114 i
NJZ B e S M 51| R A R e b 2 SR

T 2 $374%
g 400 x 400
&%
-l s T
. |
0

BP
17 A TR |
RFEZEHY W PCA

K6 IrakBrBamLC G 28T

FRIT, R 73 0 P 15 A2 TG I i AR R 2 A — 4
ST ERT A AT AGIN | AR T A R o — > = YRR AE
SEHR A FHREC R B BB HEA T — 4T, REAS S INYE
FEM T RBRFEAFAE o X AR AT LR G A (5 LA
S AERE D275 FEAIFFT , L AR T ke 4 Ak 37 R SRR A0
AR g JE PG I 3R (RERETE AT, 54K 3 2 5 SR EE RRAIE
A R BT ETE T o

4 ZERE

T AR AL ST AT I B A RT LA 25 5 - M)
T PR KL RO, 38 4o k% Jaly s 7 3 mT 5 ek
AN [RI I YR B A S DN, D' A2 i BRI 35 T e
Bl SRR C IR, SR 5 X W C R AT AN [ Bk Y
AbBE f e ARSI AR BB S B o

T EAGASIN 12 R B A 15 B RS R e 77 1) 4
BRI B T4k d AR 7 22 T AR TR A 7]
R A — HE R REDC P R R TR R B Y — 4R 4 2
IS E E U AT A5 DG IR A TR TR D R 5 T
BREARAT &, MEARRG I A G nT DU E 58 GR  E
7 Fe R E A AR A, B S B AAUR AH FAR

2% 3Lk ( References) :

(1] R, W0t X 242, 4. B TR A S s e L 4 AR
ERGMH AT THERFFE ] HLA TF2,2018,35(1) :10-15.

(2] JRlgaHe, WGy IE Db, 20 A5, L T0H C IR 2R 2R
FRGEGRFESF R REICAC 2 TR [T]. 5 S 45 4%,2018,35
(6):57-63.

[3] KIMKS, KANGSY, KIM W S, et al. Improvement of radio-
graphic visibility using an image restoration method based on a
simple radiographic scattering model for x-ray nondestructive
testing[ J]. NDT & E International ,2018(98) ;117-122.

(4] 5k B RMED , THERT, S5 ANBLBRIE JCHUAS DI -5 PP AG 2
AREZR[T]AXFHNFR 4], 2019,40(2) :11-25.

[S] & 0 E0ms, XVBGE , 55 5T IR EOR Y8 18 3 1 i
TRMARGE[) ] AFRBAR 5FEER,2019(4) :119-122,126.

[6] LIJ, WUX]J, ZHANG Q, et al. Pulsed eddy current testing

of ferromagnetic specimen based on variable pulse width exci-



Z b A RO RS AL EOIC U R BUR 5 e B2 - 945

(9]

[10]

[11]

[17]

[18]

[19]

tation[ J . NDT and E International ,2015,69(69) ;28-34.
JA & LR SOTE Ay i gr iR [T ] AL TR,
2017,34(10) :1138-1143.
FUKUOKA K, HORIIKE S,KOJIMA F, et al. Measurement
of magnetic particle for quantitative evaluation in magnetic
particle testing[ J ] . International Journal of Applied Elec-
tromagnetics And Mechanics,2016,52(3-4) :1545-1551.
PAVEL S, ZBYNEK S. Automated magnetic field evaluation
for magnetic particle inspection by impulse[ J]. Journal of
Nondestructive Evaluation,2019,38(3) .1-6.
105 WY v 0 S L S 2 Rl B e NN W )
HEARWOT[T] . HEH A SHLKR,2016(2) :111-114.
MICHAEL S, CHRISTOPH B, REINHARD V. On the ap-
plicability of dye penetrant tests on vacuum components:
Allowed or forbidden [ J]. Fusion Engineering and De-
sign,2013,88(9-10) :1947-1950.
ZHOUTY, ZANG Y C, ZHU J H, et al. NIG-AP: a new
method for automated penetration testing[ J ]. Frontiers of
Information Technology & Electronic Engineering,
2019,20 (9) :1277-1288.
PR K W A BT 2 G A I T R
BRI T] AL ,2018,39(6) :148-156.
WANG Y, LIU X, WU B, et al.
stress-dependent magnetic flux leakage[ J]. NDT & E In-
ternational ,2018(95) .1-8.
X5, 38 HE RO A 2 M g b [T ] B2
iR F 4R ,1985(3) :81-88,113.
GAO X D, MA N J, DU L L. Magneto-optical imaging char-

Dipole modeling of

acteristics of weld defects under alternating magnetic field ex-
citation[ J ]. Optics Express,2018,26(8) :9972-9983.

LIYF, GAOXD, YouD Y, etal. Detection model of in-
visible weld defects by magneto-optical imaging at rotating
magnetic field directions[ J]. Optics & Laser Technolo-
gy,2020(121) :105772.

ZHAO X, WANG P, CHEN C, et al. Waterbody information
extraction from remote-sensing images after disasters based on
spectral information and characteristic knowledge [ J . Inter-
national Journal of Remote Sensing,2017,38 (5) . 1404-
1422.

CHEN Q, LI G, XIE L, et al. Image completion via tex-
ture direction analysis [ J ]. Journal of Modern Optics,
2019,66(19) .1880-1888.

A5 A=
TR, AR, KRR, A5 R RG AL OGN BOR BUIR 5 B2 [ )] LA T2 ,2020,37(8) :941 - 945.

JI Yu-kun, GAO Xiang-dong, ZHANG Nan-feng, et al. Status and prospect of magneto-optical image sensing non-destructive testing technology[ J . Journal of
Mechanical & Electrical Engineering, 2020,37(8) :941 - 945.

(20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

(33]

WANG M, KEN T, DU S, et al. Tool wear monitoring of
wiper inserts in multi-insert face milling using three-dimen-
sional surface form indicators[ J]. Journal of Manufactur-
ing Science and Engineering,2015,137(3) :031006.
HAFAR , = 1 2R, AR K- ik B sh A ' UG A D 5
I3RS L] IO ,2018,38 (4) :656-661.

GAO X D, LI G H, CHEN Z Q, et al. Modeling for detec-
ting weld defects based on magneto-optical imaging[ J].
Applied Optics,2018,57(21) :6110-6119.

Bk 9%, 28K Bk ST RBF M 22 (0 45 1) S5 5 b ) 44
FSRYEREITFEL T ] HLHL T AE,2019,36(9) :975-979.
WANG T, CHEN Y, QIAO M, et al. A fast and robust conv-
olutional neural network-based defect detection model in prod-
uct quality control [ J ]. International Journal of Advanced-
manu Facturing Technology,2018 ,94(9-12) :3465-3471.

& 7L EEMG B, S5 HET Faster R-CNN By [FEIEIE
SR FTERFARI [ T]. -5 1),2019,18(5) :130-133.
WEI X K, YANG Z M, LIU Y X, et al. Railway track fas-
tener defect detection based on image processing and deep
learning techniques: a comparative study[ J]. Engineering
Applications of Artificial Intelligence,2019(80) :66-81.
BERT P Y, PINASSAUD J. Linear magneto-optic imager
for non-destructive evaluation[ ] ]. Sensors and Actuators
A Physical ,2006,129(1-2) :126-130.

DENG Y, LIU X, FAN Y, et al. Characterization of mag-
neto-optic imaging data for aircraft inspection[ J]. IEEE
Transactions on Magnetics,2006,42(10) :3228-3230.
CHENG Y H, ZHOU Z F. Application of the magneto-optic
Faraday effect in NDT[ J]. OR Insight,2006,48(5) :290-293.
TR, ENR BT S 1] LAY HLSE B b iR
AT T] Bl 5 TR, 2013,13(10) :2901-2905.
DENG Y, LIU X, UDPA L. Magneto-optic imaging for air-
craft skins inspection; a probability of detection study of
simulated and experimental image data[ J]. IEEE Trans-
actions on Reliability ,2012,61(4) :901-908.

T AR, AL, A T A IR A G 45 K 5
R I3 B B AR AR Bt [ 1] PLAR TR~ 4, 2018, 54
(24) .7-17.

GAOX D, LANCZ, YOUDY, et al. Weldment nonde-
structive testing using magneto-optical imaging induced by
alternating magnetic field[ J]. Journal of Nondestructive

Evaluation 2017 ,36(3) .55.
[ YmiE . )y il ]

(ML T ) 2435 : http : //www. meem. com. cn





