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Review of Development and Application of Defect Detection Technology

LI Shao-Bo*' 23 YANG Jing!3 WANG Zheng? ZHU Shu-De? YANG Guan-Ci?

Abstract To satisfy the requirements of intelligent manufacturing enterprises for product quality detection and service
manufacturing enterprises production management, this paper summarizes the research status and typical methods and
applications of defect detection technology. Firstly, we summarize the advantages and disadvantages of magnetic particle
testing, penetration testing, eddy current testing, ultrasonic testing, machine vision testing and depth learning based
defect detection. Meanwhile, we compare and analyze the current status of the mainstream defect detection technology of
magnetic particle testing, penetration testing, eddy current testing, ultrasonic testing, machine vision testing and depth
learning based defect detection technology. Then, we summarize the typical applications of defect detection technology
in electronic components, pipes, welded parts, mechanical parts and quality control. Finally, we summarize and forecast
the research of defect detection technology, and point out the problems that need to be solved in this research field and
the direction of future development. We also summarize the core ideas and code of relevant papers published in well-
known international conferences such as ICCV (International Conference on Computer Vision) and CVPR (International
Conference on Computer Vision and Pattern Recognition) in recent years from high precision, high positioning, fast
detection, small objects, complex backgrounds, occluded object detection, and object correlation. We hope that this
research can provide theoretical and practical reference and reference for researchers of defect detection technology.
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Table 1  Comparison of common defect detection methods
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Table 2 Deep learning defect detection methods
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Table 3  Research status of defect detection methods for manufacturing products
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Table 3  Research status of defect detection methods for manufacturing products (continued table)
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Table 4 Research status of defect detection technology for deep learning
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FRAINIRAE A PRI A 4E 158 ~50s 2 [8], 525
&t TR o HAth A ST B ARG I 6 52 U 2R e v TSR
FH A gt X 25 7E 9 KR 512 x 512 15 25 G Bk B
o WA A v 1) S i UL ME AR R 96.60 %, %A
68.80 %. K AHRAMNZLMLAE 3000 x 3724 1%
BRIV T I A R A A5 g G 1 e g A 0 7 A o6 A
95.00 %; TMAEIFREE R 28 kT 22 RAF R 2 AR B RE
A BAEAF R IEE J), 76 128 x 128 15 2 ALl
FEA B G 1 PR %0 90.36 %; 1X FZE R
CNN 1] DL ZE 3eb /b £ T Ak B EE 4 f s 4 (1) £ s v
) BINGI . AT S IREAE, PR CR A R
Fifr 2 99 8% S5 St B A A TR AT AR T LA SR A58 v 1A 1
HERA R AEASTR) R /N 1D L R ) 4 AR ol 28 I 284 (1 3 i)
K. FET B R AT I 28 6] 77 it e B a3k AT RS WA ) Ty
DAAR B i R R D0 1) H AR S, $RINE 4275 seh i)
e DR, 0 PR M 7 AT R () Bk, DRI LA
YK B R BE SR AFAR L MRS DU R 1 4 A Al
28 W 2N A R 7 AR () AR AL PR RS ol — [ e K
(FPRFAE ) £, W] DAEESZAT R ST s N G, DRk
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NZRHIE, ABASK A 2 S IURRAE, 1 A R I ER
LARERAE I 7 O FEA AT 8 AR IE SR I, X R
REAESEIOL A R0 RS R B AR KRR
AP AR I

3 EREAAII A R HLEY T F
3.1 BT ITERARYER AL

AR, fhoe 0 BAT A AN TR () = B 1
TN N = L R A Bve - 4 G (T B S
IFA% . AEAFIRSERE, HTALZ M 7 ooas P2k
AN B ST A S, (B AR R A T A, Xt
HLF JCAs FREAT S U 982 [ P9 vl 1 e a2 A
MR B/ a1 W= WA S L NS BE 1 £ 2 a1l P W o
Oy % ERR ZL A0, 55 35K, BeRIR. A3
SLiBuURS ISR EPIie A RN Y Rl s NV ER RV RE S RRZS o)
REE T AT e a A F I B R V.

N T S B MR R AR s AREAL P B £t o KR D A
BV HLEE, SAS R R K37 b, 2002 4F Shaw &%
FOG T T L I AR LR, M VHDL i
BRI CMOS i il A (R o, T A ke o s 00
A P R B R T A D ESOL et 0 2R AR ke L K 1
BRI R 8L, STRR [81] MIT X S AR B 25
AP XETHT 00 TR R L B PN S A O I P BE AR
BORM X LA, SCBUEATT BT N AT
3D B )2 R L Y R GR B A I. Wu 5828
ST T R LU P RS DR PR A TR R A LG

2, KH FA SR AR B i s Bt AT 5. DAL
IX LT LB SR B L 7 o A AR e v ML A T 1
XoJ A 5 HEL 1% PAY 9 P Bl A BE A TR 1T Chiao 258487
MR BRE R FAR . LR B 5 e 2445
B RIBER R BUEAEAF IS R & i oo as i
149 P 0 St o A 00 A A 2%

B W - JeAs A AN G, H AT R T A
K BB 53T N T BB 5 V200 HaF T AR
B TR, Jung 2889 F RGN R G5k
BRORE 7= it e o 5 A Pl A5, it x]RS b AT o0 A b 2
$2 LT PG AR 3 ) S SR B AR iz R I g v =
TN HL T oA O IR B A B AT e Ay, SEI S AUk
BRI, S5 46, A — e T AR g S X B e A 0 F) 44
AT BEATWFST, Hartmann 250091 DA i Hy
R, IS D RE R B B B AT VRGN 0 T, SR
BT TR % it v 25 0 A R HE 6 A2 £ B AT B B AN A
SR8 J 5 18 PR B (1) R S ARG N0 I T) v A A
i, AEU0S B i HE ) B i B 7 T o A7 A R AT A
D4,

W3t CL gy Hr T ORI, H AT sT 3 B AR
TEH T oS R 1 N SR B Fe . AR s e RN & e 1T
ZRAFRIPAT I ) 7 1, WA AR X Ee R R, Tk —&
e A H RS DU F - T AR AR T T N S A R
B (1) Sl B L I AR e R 40, KA 13 Pl e B AR AT 1)
RIE.

3.2 EEEREE

B B EEOR R, dhEki. A, Biis
i, Kia 2 JE S oGsm TR, S IEs i 2 M
TP A5 D N AT, A AR
A5 DR 3R B A T S OUA [) R, 6 AT A T R

M0 A P BE B B B Bl R SE R R R
IO4=96] A5 3 Py G b BE T R IE b N B
Brgl08 =991 1 JEL g 4 JiE 001 R A 5 A (A A 5 )
JB T STHR (93] LS A A PR Gl R (AR I ),
U B S 7 VRN S SR VATOR 8 v S DR P O R =
TE P RE SR P R AT AW B R A B RS R B T
R, SCHER [94—96] FEH T —Fpgs & 71 i EIRb
K= R PN R i s S K B T Tk € )
] ) 2 R AR R R AT A, AN [RR
(1) A 0 A B R AT ARSI o O A A T B e, ST
MR [97] K HH 22 A% 26308 00H Rl & B AR /N e 2 B i
BRFEAS R, SR A0 2 W 4% 1 A T R B R D g 2 0 i
TEFUE P BE ) HEATRIN . BT 45 8 /)N e B 3R A T AR
SCHR [98—99) A H 5 T R 75 5 R ST 5 1R SR A A
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JiFEfK Lyapunov $8 500 5 59 8 18 /N B Ao
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W75, o) JELRESE 1 SR BA AT I, STk [100] 1PE4H
ST T 4 A T T (R BL A S £ e Ly IR 3 A
Y P 4R T 90 A e e X B e L J) Sl B A T A
{H A GR B R AN R BB 1/4 I, Rl zgoR
AT R B

T k0 PR A T R B R DN e ), AT
FUH SR S I A O A Bk B HEA T A, 2018 45
SCHR [101] SR 22 M AR, 7 5 A T il 3k
BB ARG A, A AIPLE S ) S B kAT
XL I3 AT, K I (5 B O R L S0 (A 7, %
MR SR BT AT 3 Ah, e ST AR T
/DA T AR B RS 0 K PAA T I, 4 Duan™?) 3@ i 4y
Hr 7 TFR JriE RN E PER 4 TFR J5 %38 A
PE RS R, B H Tl 5 T 200 g 12 )
Rl 3%, BRAZ TR NI AR S HER AT 15
b, I R A A B, A TE B AR D8R
FEFHIABE %, A7 AR IR FERAL 24, (RS A
LW, S5 A A I AT AR ar T g A A
ATWTFUR SR TAE.

3.3 IRIEMERMEI

FENT A W B ARSI Hh 7 2 P R I 2 B
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B RS PR A SR AR T2 W 2 B A R AE
R TR T BRI A 68 75 3 e e A 2 1103
TR e e B A VR 04—l R WU P e
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e A BE S AN FRVEERAI R, SCRR [108] 20 B R4 R 3%
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AR AR B 8 LR ). IR P R Y T £ B
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PEATBRIEATI, 1Z 070 T AR R SR B R e A R oA
BT SR BRI BE g, AER T AN RIS R SRR AT Y
BRI ) AT Rr BGOSR 2R A R R A Bk
BERIN, SCHR [111] 0 Mt 7 DU B2 (0 7 i ]
T, RPN IS BT IR R K A T
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IR A S I e e A 0 i

AT W T R B (1 T R R A 34T
SRR, SCRR [112] A AR AL B 53200 15 4 4
JERAVEFAEREAT 70 My, $ Pl T HLES AL (1 JC 1

PRAEGR AR IN T7 %, %07 R A RGN R AT, R
X ELAT g e AR R A B 7 VR AT AT RH N 1 ) 3
PRIk, SCHR [113] S HH v S0 0 ) Pl 26 gt 2 i 1 4
Pl (e 7 R A PSR A1 ik LSRR AR IR T 7%, 5%
T SRR G B A . AEVR L% 2 7 THT, SCHR
[114] $2 H 77— Tl i 25 A 28 I 2% 1) et e 1 Gk
KI5 7 I8 T71%, FESL T AR FE M1 RO 5 A
e EAGIY | BEATAE LA B SR, T Ad 7
i, 2018 4F3CHR [115] WECZ B H Ak, R 2 5
LR B — e Kb (Expectation-maximization,
EM) SO SR a8 8l dhAT 105 0 i, Sl T Ak
T2 AR R85 K T70%, &7 IR v S
G i TE R

AT AR DO, P R B 2 F ) o,
X THIAR AR S5 o PR ARG DN 236 1y, o) Bl 4 110 5 A LR, (HL
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AR, KEHUBE A 16 S0 W0 P 358 338 AT Gl B Ay 1161
2011 4F3C#k [117) 38 3k (8 s vk Ao s 5
B AT T 0 I AR A7 ) 22 5, B B 3L T A
N7 AR WU AT % 5k sz S S 1) HL 2 Al B AR W T v, SCik
[118—119] AAa 48 R Lr, vt 7 I AR ZE
3 I35k 1 2R S T S B S 1) R R SO RIS T
LU (I 3 AR, Sl T — M e T A i &
B 2 Al iple TR Sk e B ARSI 7925, STk [120]
PO SK 1 P S e PR EAT 20 BT, R FH B ) 0 4
e 3519 20 1 A5 5 1A B 26 R K R AR 2 I AN [ ) 22
TEIEATBUF 500, S T — 03 T8 75 3 S i 2 1
BeRa R I, SOk [121 — 122] 258 L i 5
5 59 T AH &5 4 110 SR ol e B B0l 10047 97 4, ARG R
R RS ITY 5U5 2, $EH — i3 T I e B R 1 ok B
LW T5 35, %07V R M RE A AR b 1) 5 ) F0 A
) 25 P 87 ) LA e A U AR A o BT
T R FH R 7 30t R S A 2 5o e 5 R 4 R 2 T 24
GUIEAT BRI

7E VG AL BE T TH, SCik [123—124] 4347 T ANIH
ST ASTRIRBE « A [ 3 1 AT 2 1 S 1) b 46
JE Z A B, B Tl SO AR AR o
REIN 52, AR SR A b . O T b — D4 sk
PR, SRR [125 — 126] T3 UK s (i H L2 R 5
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2016 F3CHR [127] ST EUR B ER, 456 H T
WL . AL ER RGB R ORR AN, 3 T
— TSy e A el e B A DN v, e B R A AR
U A TSR VG TR, %o e ol I 30 4 e B A .
MR AR AL BE, STk [128) $&h T —Fh It T
JRy B TT 1) AR 7V R M SR IO vk, T e AL
T WU A AU D IR B T SOk [129] MRS b PR
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L2, ABHR AN 5] PRI LA 25 1 A A 3R AT AH . R E
T, WA RGH AN SR ARS8 B
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Ao e AR 5 A T 3 7 e R AT R B A, R A ik
B i (R B4 UL, Bl A R AL TSR, XA R 1
7R AN TG R B R e BBty B s R S REAT <R
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Table 5  Deep learning defect detection methods
ETRC I 9°8 SIEIEDSS oot JUAH TFIEARHS
60 R HEE  CVPR FH 30 5 25 0 4% B B R R SRS FEAS RS 4E https://github.com/daijifeng001 /R~
ss) 2017 B, SRR X ISR AL B8R435 FCN
D HARRTER, SR H ARSI RS L.
61 e € L fig i H CVPR 23k Faster R-CNNIO7L gk 42 46 https://github.com/TuSimple/mx-
Fr A (+56] 2017 T s AE SRS BRI IR, W it ik maskrcnn
AR e B X 0o 07 i 07 PO YA
62 POHE ) H bR CVPR K PG EHE XS P A AT RS AE e, 5 s Ak https://github.com/pjreddie/darknet
j1158) 2017 IRHEM A E 1 — 50 ek B, R 2 R T
DFR) JEARL, b A7 T REAT AR
63 mEm N HAE CVPR K FH s B0 1) JARL £ A f B B, #3E X https://github.com/MTCloud Vision/mxnet-
g o0] 2017 A E B2 PR IE T, S/ NERR dssd
I H A I RE .
64 MNEIFHEIIZR  ICCV 2017 P —FPNEFFIR M 25 I 2R 5eng, 38T https://github.com/sz2q0214/DSOD
2% 5 1160] TSI IR 3R A P 45 0% i) A G G, i A A o S
.
65 NER7R oI ISeR CVPR EFR AL ERAE 2 SRR (S B R RIS,  https://github.com/unsky /FPN
2017 SR FH 190 255 14 i J2 455 E P 2 R B AT
AN, $2m/ H bR AR IR
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¥ B bkt (1621 Y 2 A0 U 0 IR X i 7E A 5% N AR ConvNets
WTER DA R fE g
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Jyrres) R S5, RBBURASRAE R 43 2828 L 41 3¢
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69 LTk mry CVPR PR OIS R I B R TTIE, ¥ KIS https://github.com/msracver/Relation-
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TR X RS W A R A 38 e AT R
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B0 i 4G B 3RS AR A S BB
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