LRUTRRE R 22 A S

535S : TP391 HBARES: 10363
¥ R OF ' 2 8. 2210920116

&) £ Hz8)%

Anhui Polytechnic University

fil - F A8 3

B H ETREZINEERGLE
FIR B3

it X fE & AN

g R =W £E5X BIHIR
g 5 I Fix SRITIEND
ol S 3 A HEHEAR
MRARE () HRERGS5NH

HX R B 2024 F 5 A23H




TR R A 18 5

79545 TP391 AL : 10363
S ATT 45 2210920116
M H kIR W 4 P (5 A BRI U 9T 5
ES@iR]

il H _ Research on Weld Image Processing and Recognition

Based on Deep Learning

e G PRYTHE
BRA S : S50 R
9N BIF R (R LRI
S| =R v THRHLECR

W 7 m e BRER G 5N

AR H 2024 4 5 A 23 O

II



LRUTRRE R 22 A S

RRIIRRFF AR MEEER

ANBESER: RIBTFEARER, EHTEER TEXHFRL £F
MERIT$E ST, BB ITHATERRBHAR. B+ ERTREVMG A
fINZS, AR XA BEEMEMNAREFCE REIRS T M ERRERE
WE. BCHAANFERS, RAASHAEHRT, FRETRBIAHEYN®RER
JE A AR,

wribxians: old
HW: w2t KA 2313

III



LRUTRRE R 22 A S

RPTIRAFZAOLCAEAIRID

R AEE A TRERA XY, ERAFARIHNE, REERRE
St EFA LW TR S T B TR, AR E R .
A NS BT AZ A 7T LA A 2 B30 ST R 2 3P SR AR 4 PO 2R 4 N SR R e i
7%, TUEABE. BENSAHETHTFRREMCHRAE LRI
7% O, £ FREREARRIS.
AR R T
MMrE M.

et (f il s b A
EW: e §A 2y FI: wag e £ A 250

v



TR R A 18 5

BT RS S IR 4R E G AL AR B 5T

wm R

FEIRHIGEL A, EHAARERNE . MR @RREIUR, HiEL
IO T AR SRR IR 57 dh B TSR L I AME B HARAIR R
SRTNT, R R P R SR 2™ RS M JR i Sk R s AP RE, 380
it o B RV A ) 22 A e e DRI, AR B8 o e A T A R B A A
P HRBA B S ARG IIE SRR 7 i EAOR T N H I i A
FIBE BB SR, KT IRAFAE G R RCR AR R BLAO B
SR FE AR BE ST A 255 R e BEE THEANLLSE . R AL FEATHL 8857 >
FERORBI AW, TR B 52 3] (R 15 4% IR BRRE 70 2807 1R O 117
2o B 4 ] QTS R BIE FE FK

AL E ISR BRI BRI 0 AL 55, N 115 B4 (5256
ZER, R H A IR GATI . RS EUNTBRE RO =P 0, L RE
SRR RGN

(1) F:Feit Canny SHIk 2 4% BB A Gl

BEXS B8 ET N AR AR BB Y IL GAS I i), BT £ 58 Canny
SR R E DR = g B R AR AR I A (NMS)#EAT i
15 B —Fh I 7 B J P51 2edk Canny S35 (145 4% MG A8 I 7 1
I EE REY], PR A S0k i) Canny SV 0B . NMS 5%
gr & Ak, v LA otk RGBT A EER, HA R
PREE B A SRR



TR R A 18 5

(2) T RERRFE S & 145 4% B AR A

FEXT R R N ARG R BBk [ PR3 o0 2K R, HF SIFT %A
KAZE Hikfi&, 1€ SIFT SAME N @il v &2 KAZE
FOREATR AR, 3R 1 SRR SRR, ARG Canny 10540
55 R A BRI S SVA A RS Aok, 38— Rl R R IR &
PR AR PR AN SR . SRR S5 RR I, Pt 1) 2R AL 45
FREE PRI A I 550025, PT DU Rkt Aar 00 L A2 2 PR R 8 LR O E
(REISY

(3) F: Tt SSD Sk 2 4 ER BRI IRl

BEX R A N ARG IR B sR I R 0 2K R, k- SSD B,
] VGG19 1E N IR 2%, 45 21— Ffr H 7] 52 25% A 45 1) gk
SSD SANIF 52 BB SR FE TR 0 20710 . SLIREE RAR Y], Pritth ik
BERY SSD B IE I X FL A AR R 25 AL, n] DA ROt 1 B 4% ]
BRHIE, B RS R BRI IR 7 28 B HERA M o

X##iA): Canny 557%, SVM Hik, 1B HA], SSD, VGG19

VI



TR R A 18 5

RESEARCH ON WELD IMAGE PROCESSING AND

RECOGNITION BASED ON DEEP LEARNING
ABSTRACT

In modern manufacturing, especially in the fields of automobile
manufacturing, aerospace, construction, etc., welding is a key process.
The quality of the weld is directly related to the reliability and durability
of the product. However, defects in the welding process can seriously
affect the strength and performance of welded joints, leading to product
quality issues and potential safety hazards. Therefore, it is of great
significance to effectively detect and classify the quality of welds.
Traditional weld inspection methods mainly rely on manual visual
inspection or simple image processing techniques, which have problems
such as low detection efficiency, high false alarm rate, and insufficient
ability to identify complex defects. With the continuous development of
computer vision, image processing, machine learning and other
technologies, the defect classification method of weld image based on
deep learning has become a research hotspot in the field of welding
quality control.

This paper mainly focuses on the task of image recognition and
classification of weld defects, In order to obtain better experimental
results, it is subdivided into three steps: edge detection, feature extraction
and defect recognition, which can be summarized as follows:

(1)Edge detection of weld image based on improved Canny

algorithm

In order to solve the problem of edge detection of weld images in
complex environments, based on the traditional Canny algorithm, the

median filter is replaced by the Gaussian filter, and the non-maximum
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suppression (NMS) is improved, and an improved Canny algorithm for
complex environments is obtained. Experimental results show that the
proposed improved Canny algorithm can effectively detect the edge
information in the weld image through the comprehensive optimization of
filtering and NMS algorithm, and has a good edge detection effect in the
weld image.

(2) Weld image feature detection based on the combination of point

and line

In order to solve the problem of defect recognition and classification
of weld images in complex environments, the SIFT algorithm and the
KAZE algorithm were fused, and the KAZE algorithm was used for
feature detection in each layer of the Gaussian pyramid constructed by
the SIFT algorithm, which improved the robustness of the algorithm.
Experimental results show that the proposed weld image feature detection
algorithm combined with point and line features can effectively detect the
feature information of weld images in complex environments.

(3) Weld image defect recognition based on improved SSD algorithm

In order to solve the problem of defect identification and
classification of weld images in complex environments, based on SSD
algorithm, VGG19 was used as its basic convolutional network, and an
improved SSD algorithm for complex environments was obtained.
Experimental results show that the proposed improved SSD algorithm
can effectively extract weld image features and improve the accuracy of
weld image defect recognition and classification by optimizing the basic
convolutional network.

KEY WORDS: Canny algorithm, SVM algorithm, weld image
defect recognition, SSD, VGG19
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Fig.1-1 Weld images in complex environments
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RUEZE[E] DOG BREUHEAT I ZR U6, ORIE M S IR IR oot e i e P . L2 e
AWAE

px)=D+Z x Ly 22 (2.10)
ox ~ 2"
Her, X(x,y,0) JAERHEES O RIRE E, RE S WA
x- 9D b Q2.11)
oX* X

223 DOG &7, Ml s al, A REEH e il & v s LR A
B N AR 1 7 130 AR JEE 93 A RFAIE o

m(x,y) = J(L(x+1,y)—L(x—1,3)*+(L(x,y + D)= L(x,y-1))*  (2.12)
0(x,y)=tan_1{L(x’erl)_L(x’y_l)} (2.13)
L(x+1,y)—L(x—1,y)

Horb, LKA RTEM REZ A, m(x,y) ABETRIE, 0(x,y) ABEE T
SEROCER RIS LS, SR B 7 B Ge i AR AR 2 I BE FEAN 7 1] o SIFT
R TR OB 5 B MR X B, IR SRR R B BT I 25 2R iX —
AR T BARE R B, TSRO X EEAE B, T B — 1 ik
T
2.2.2 SURF &%
SURF BETE SIFT Bkl b kAT 7 ook, SR F o i 20 77 2K 58 BURFAE
IPEECRIA IR o JLARIATE THRRAE M Rase 1, W iE%E R A4 R0 P LR R AN AR

[ ISR A AR e A 75 0 B — AR AR e M. LB R
FJ 33 Hessian Hif%
o’f 0°f
ox*  0OxOy
H(f(x,y)) = (2.14)
(f(x, ) G o
oxoy oy’

Hessian #5575 XM :
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LRUTAR R 2L 2 A

det(H):a2f 62f—(62f)2 (2.15)
ox* oy*  oxoy

£ SURF 5k, sAUE £ (x, y) MR ERAE, JERER A B ibeiE
PR R LR SRR S e L T RAT S R

(2.16)

Hix.o)= [Lxx (x,0) L, (x, 0')}

L,(x,0) L,(x,0)

e U 22— R SR BB 0 RUBE DR AN, RUBE 22 [ g U A A [ F e v
TR,

LR EFIG, T5 BT R mUE AL, MR R AU 3 AN 1 26
MEFR AT LR, ] 2-2 B

K 2-2 e rUE MR R

Fig.2-2 Schematic diagram of key point positioning
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2.2.3 ORB &%
ORB (Oriented FAST and Rotated BRIEF) %72 & —Fh H T~ MG RFE s A il A

FIR T ENLE . B 454 T FAST (Features from Accelerated Segment Test)
S RS I . BRIEF(Binary Robust Independent Elementary Features)##iid DA i
AN

H5G, ORB T FAST Bkl B i it e sl B ZudEd @B
LI DU e O A e SRIE . N B TS L T 1), (AR IR T A R AR
Yo #2 K, KA BRIEF R FAER— R 51 b hIRg, T3R5 8 8 [ 1Y
FUEAE R . X ks 7E DT T LA e R T M

NI ULEC & FE 1%, ORB 51T 24T Harris T i 1M R[] FAST 5%,
DM FE 12 28R F1 Y ARSI B 58 0 235 R RFAE A BEAh, ORB G SEIR 7 REAE
Vi, S R B T R AL B AN R RUBE T R ARFALE AL

SR, ORB FEAE UG RRIE sURH AN 34 77 Th AT e AP AT B e 1
i HCE SIS B AIAS B L S A\ A5 212 LA .
2.2.4 KAZE $F{EZEX

KAZE (K-local Adaptive Zero-crossing Extractions) 51242 — Fh i T B4 4
MESREU S, EEEA R REE R A X, IFdid B R 7 ik 43 5 i X
. SAEGIT A RI S L, KAZE S8 26 AN R R AN [ b b AR s
fiE A5

KAZE J8 1 3 2 14 R 75 () AL) G Shed 7 MG 1 R 1y, AT B 2t Ak 2 4]
B MSERRIAZ . SR T —F EENALE TR, DMEEA R UZ N LT
b R G HRFAE o

REESHEL IR AR

G@J)Iqﬂﬁioewwwo—HJEUL%S+Z (2.17)

Hph o WRESH, ONAKL, SHANEH.

EEmS ST EN, AARENRESHIRN T AR5

o(s) = (Kc,)* - (k" o, ) (2.18)

k=25 (2.19)
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2.3 1R EIRERBEIR A

P54 R SR B N RTHZ AR H F THSEA LA S ML &5 57 21 HoAR S R B A v
A ) R EEAT 23 AR, DARSIN HH AT B A LE (R BR A BT o IR R ARAE il I
A EER N, AT AR B SR B R A A RO, D N AR B R K

PG R BR P U0 B T ERAR A 1 e T EER AR R E R IR 82 BB B, Bds e
H R N BRBE IR A s 0 SR AR S BR A AL 25 0 . AR P AL AN ZAa
SEHRAE, DLD R TP I 58 1 OGBRARHAIE s X PilAb 315 1) MG AT REAE S,
A LA ST B R B 22 S B, SRR IR B AL(SVM)8), R 4 ) 2%
(CNN)2WEE, 0P RHESEAT I 2R, S LR pa R A
23.1 ZHEFEEH(SVM)

DFAES P L MABIEA S AR X ={X .. Xy by ={y.uyy}
FCrbg N B IR REAR B B 2 ANRHE I R I A BURFALE 2 1)
X, =[x,0x, Jex s BB PR BRRAE 2 [0 A7 AE A Dy o SR S 1 T 27
SJHBMZIESG T, I EEEAR SR FHEE R TET 1.

o' X+b=0 (2.20)
y(0' X +b)>1 (2.21)
H 28w, bor a2 ) & A .

ININ

™73 2 0] FEAS BAG e m] 43 MEBONS , g FH RSP TR Dy R SR 2 K Jr
KA, BER Iy SCHF A FAL T IIRRIA A b, st N 1 IaIRg I A, B
VENRF D TR R — o BR BRECRT AR o3 BB R AT B, AR 2 T
LA TR 02 0-1 B 2K s 4

T‘F\f

0,p<0
Lp>0

L(p):{ (2.22)

0-1 R BRI RELL AL, AR TR AR, DI 13 5
AR K o

L(p) =max(0,1- p) (2.23)
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SR TR, AR RSN, IR REUE T2 0-1 BURREU
EF, MSRAARERSR R MG, FTAR45 B2 0-1 472k iR MU I i .

2.3.2 EFRHEMLE(CNN)

AN W 25 B35 — B B 2 ST, Tz N T IEE IR TSR
FHSRE S A B I . BAE R BT WS IO d A 2 —, BRI B
F— 2 5B 38 (B RO B U N EHGEAT B R, TR E AN 545 i
M5 2 Wib2: H TG 25 I 4EE, 5 WL 5B B i oK i AL A
SESBMAL, BT TG BN DX 3 e KA B T IEAE N s R REE S
FEZ G R, BLEINTAERAEAFAE , 5 FH A0 2R 206045 ReLU BRI #(2IF1 Sigmoid
BRALCT), AR AL T S I TOUES, 5 ST S ARUE AT AL (R S e o i
A RERHZE R

TR A AT LR A A M AL AR KAk (2R M 41 4

S

(L

AL =2AL(A)+ L (4),2€[0,1] (2.24)

GIRME ML 1) BP 708 =885, EIEEESERR & m & Btk

A iR . IR R BP iFE S5 SINAT 2 S HHE], AR )2 1 1)
A2 — A 5 A AL R R 28 AH ST

oE “ff[,l OE ., }ﬂl
—) = E w," (x,y)(—)", . (A4 . (2.25)
(6%4)“’ S5450° ( 'y)(éx4)sy*x”“*y*’ (4.)

a)l — a)l+l _a(g_j)k — a)Hl _a|:AH1(Z_i)§:1:| (226)

Horh, ENMRIT RO HRGIRZ, N R S HL, o T

AR SR AR 25 I 25 R A% O AL 4, Bl ot B N MG OREA T i e 8 A ok
REURFE . BRURELERG PRI —NERR, IHFHEEG S ERR TR T
R, SRk SR 3 AR I

WAL 2 F TR R P 2 () P, AT B AR g o SRR 2R B, O BLAE
TR T B AR A & B iy, LRV B AR B B R A AP 2 A
A 2-3 firs:
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21 8 8 12

12 19 9 7

8 |10 4 3

18 1 12 | 9 | 10

15 9 21 12

12 | 7 18 | 10

Average Pooling Max Pooling

2-3 PRI TSR
Fig.2-3 Examples of average and maximum pooling calculations

EEREEAT CNN R ILE, ¥ iSRRI S B R IR
HONR AR MR o3 R Z P A E T S E— R a4
FHE, G STRCE SR S AN 2 A Aok R P REAMERERIE 2 )G
se AR L TR e AL

gWx+b)=y (2.27)

o x 2mAn g, wRNEEMN, b RmERE, ¢ RIEFMHGERE. &5,

B4y 25 BN Softmax, iy EL A B R 2R 51 .
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38 T Canny BEIARERLEEI GO 5AEN

G R AEAE MRS A B A S A B, B IR A, e 22 NI 3
BUEZ B G TN SHL %, WG S, BT RERIERZBSNIAET
P, FAEREME, KR8 BRI GALN TAE 0 AR

N T AR GIAG IR INER, NIRRT VR T7E, AT
Roberts 5L PR EEIX TAFRIRR, 2SR FATRCR S, IR AR, (H XS
PR, ANEMH TR T . Roberts 570 T8 B 2 AL AR T4
[0 %%, ARG R (B AL X M A URK, oA e A= R, SRR R Id 2 LA
Mo AR ZEZEBLR A Sobel 57X R A8IA 5T N (1R 42T 10 oA I AN [X SsbRic
FEAEARIC L B S A5 4% P (B Al 55 2tk 77 1) R0 K BEARR B EAT I3 A, DA 5000 2%
FIRAIRETT, {H Sobel H 1 HIOGEGREMEMMIEGEE, mARGREEAS,
Pt LA IR L ARACANBUR, B3 iR R Bl . R FHAFHOE ] Canny 55716
Mg aEin %k, BIRNA LS RIBONMERNIRSE(E 5, (AR RS T AL s 4
LGOS, MG GA G E R, i H A DL IR B A 7= s .
AR NAESE N Canny 57 R RIE T, EARRNE T, AMUyFEE
18P B R A A5 BB 452, T JC ik IERA M HEAT 1A A, i HL X L o i
B8 R PR R 75 PRSI o S 175 D0 2 AR AL P AR A BTG U 5 AR L Y A PR AT R 51
R B 2 R RO Gk ISR R R JEE AT 55 SR 2 5 AR 1) i il o S 45 5
INFEH

ALK, PRS2 S PR AL B ATUGES B 1 BOR B B AE o I R 2142
HH Softmax 73 FRA5 45, XHEHEII BB BT BRI AL B, BT
CV Skt BGR, WRS BB NIA Z BR, (B T IR E M 25
BROR, BRI EME S5 H R B A R R BT R R SR TN, 7R EHRARCK
TS ZEUR RIS [B] A s AR ITE U-Net [12EAt b, $2HH T 2 2 anE = 11
By ENTTE, B TSRO i) RGO RN £ 12 25 55 1) i, (R3S R e — ELBR = AR
®th, SBURARSCIGORZ W TE, ToIER I S B AR B A R R .

AN LME SR Canny FIE LA, M BBt LU = 5
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L5 R AL TR BR AT BLIA SRR . (8 Sigmoid i i MR 7] s
DERH AN A E, RO B, BT 00 % T B ST
WL A

2. E Canny S b B R WTIE L0, A0S S8 U MO R B R4 IR
AT, AT 2R, A LT I AR

3. KRR R BIHEAT S, HARSER0 8 AT 32 AT, AT DA — s
PRI S0 SR M 8 P AT b, 15T AR (R 0 B8 A M8 A ) 5 4
FRES R IR 54 5

R, B IAT AR FT DA SR B I 55 W (R I AR 2%, AT
PR PSRRI %, I AR5 — T 0 52 445 B (408 Canny BT
Y4 0D SR T i

R R ARG ) Canny BEREHVEAI P2
3.1 HIERIREEIGIAGENEE

Fh T A 4 ST AL AR T (KR ARG, M T R AR R
HEAT B AL FRO), SR 2 B R B TR A FOR BT L, A5 40t 7
— ML TR A N (GFS) [MIMBREE, %504 & 2R BRI SR
WA, IR, REAER 2 A R, R R
B R

FE 4511 Canny BUELESKILA SR TR b, TR 4 A5 BT HTIE D
VBB REOR R 7 161, 0055 IR B 0 AR OB 5, BRI iR 2R 5
SRR B F B0 2. MEE S AR T AR5 Canny SR 1 O A
AN RARAF o DR AR 3018 — T 4 52 P B 0 9 R AR S PR R T 2%, %
IR PR GOAT T T S (R R R M0 45 8, TR R BN A0S, B s T
I 6 B30 0 2 0 50 A AR (R 0, 4 SRR o L
%, BT 3-1 B
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3243 it ) AR
KA s

SR (HVEHEAT
e

RN B

[ R4k PR H AR B

B 3-1 ot i 2 P (R G i ik

Fig.3-1 Improved weld image edge detection algorithm
3.1.1 PEIER

HEL IR T — b T2 N 1 BRG A ERE U 5 v, e REE 2 Bk EEAG (g
AN IANESNE  ZTTVEIB I KB ME R R K B AR B O A5 3R e i [ 4R 3
IR AR, SR SEBILKT B I I A 2

H B DI R AR o 8 AE 12 DU R AR, BRI A5 3 81 0 P B R 5 1%
SHME . XA R R R A A 2 R B R BUE R, T E#RIE A U
RO BRI PP RAZ, AT S 25 B 75 PR RICR o PP B U PT DA 2850 25 B ik e e
o IR R e 75 55 B R 7R 48], R B AR S R KSR L &5 B B A —E AR .

BT EEE T G A BRSO AT DU I AR R R AR IR 3R B 4 RNk
TR, SRR B EE N ZE R AREHE, R ERE BIRPIR, xRSk
FMG 0  — MG 3 AT A3 — e E IR s R i AN (1D Fow:

g(x,y)=mid{f(x—k,y-1),(k,l e W)} (3.1

Fol £ (). g () 20 B JELE B GRS WA R PR, W 2 — VS AR
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3.1.2 BUERYAERR KA

WRaE BB AR A V2 R, R AR OB BE WS T B i o AF L 25 53
8 RRIF N FLIL 2 3& A G i e AR, T S EOR A XS IR, SCRR[S0]
Xt 8 ATIRPTIK A 16 KB, FEXTULRA, 3R AT 2 R I EG G S
INEEIE, AN ROV B N A8 30 B AR AL TR R IR E A v e dia b, alad ik
B R/ R 8 B BB . fERLIEAL b, JRATHEAT 1k, #5162
SRAR ST 2 32 AFA,  ELIRI AL .

P(x,y)>M(x+i,y+j)+D(x+i,y+j) (3.2)
P(x,y)>M(x—i,y—j)+D(x—i,y—j) (3.3)
5.5
1 x+4y+4
M (x,p)=—52 2 P(x,») (3.4)
S 3
473
5
1 A
D(x,y)=? Z Z‘M(x,y)—P(x,y)‘ (3.5)
5 5
i

Hoeh, M ONSSEURFISE, M (x,y) Ak 2ai5E (x,p) i — e i A e

BRBUESRPIE, R XA PIEE NS AT R R ST K E, D ORISR X
R R EME, T E G R 2 SO E R
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B 3-2 KR EETT )6 V(5 X 5) &Ik

Fig.3-2 Gradient direction (5x5) neighborhood

Bl 3-3 BREZTT 1) 0 6 BRI O mi i S

Fig.3-3 Numbers of the center point in the neighborhood on gradient direction 6
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AR B4 R SOk A AR OB dn B 3-2 AT 3-3 B, AR UG T B
KW S5, AERREETT IR BEATIZ 5L, hrbol s R BETT i — SR 2, i LRy
285 Jl R AR B A ) R FR e i BB BE AR, RPN 15 e K AE . BRATTRE =Tz
BB AR S 06 R T 1 00 PR PEEAELREAT L, DA R R AR AR, R4l

MR
3.1.3 WEFMEE

Canny 5321 XU BME T A — bl 8 H L SRl 7k, HIAR AR ¥
AR B R A8 3% 0 AT LAy iy AN 5510 5 285, AR AS [ 1) B AR i3k 4T 35—
L i A AL EE

HARSRE, #5060 ER 2 0d m g S U B 2 5, TSR IR R 5 7 1),
SR I — AN J5 BB AL AR AT SRR OB S 8, A3 T A AN T3] 4 18
(EXT SR AL IR BE MR AE AT T A HOE I s e, AR ARl ATEm
RBIE 18], ARG RS %: & NN TS S A A & 5. m, PILAE
i 16 5 Kb B VR A T D G R A T B SRk — 2B e s AR ARSI 45
XSV R4 AT LA A el D i A 238 DA R IRRSE 3, DT 345 BE AT i AR 75 T 114
Uk SIS
32 X5

SEES A MatlabR2021b 1 & Ei#fATIRUE, SLIRIMELN Intel(R) Core(TM)
i5-9300H 2.40GHz 8G 47
3.2.1 SKIHURS

% 52 56 K HE ok U8 O RGB AR AR A5 4% Bk [ 1R AT 45 R 4 R AT 55 Bods 4
(JPEGWD) , A 1 B0 A H AT ot 157 4% PG Al P (¥ 20t %o ik e % ]
1835 R AL 5 Canny SR I8 +8 AR AR AR HI R, 3635 43 5l R
JR ¥R I G ARFFUE B (LEP) A 57U B 23 Al B (NMF) /NI A B A i Bt 5
HuAt 45 Canny SEH IS TUERE, AR5 70 PR AR OB S i) 8 4R3I 7k 2
16 <RI LL A 32 AR, ARk AR 42 KR RI AT 43 2] 15 FhAS R SRS 45 2R
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322 WL EEGE

TRAT I S TR . LEP JE3E . NMF JEJ . /NBIEIEOX PP 48 5 E
JEPHAT LRI, IR bR 8 4RI 16 A1k LA & 32 A3 A AR KB it i A 6%
MBI G A I 45 R IR M) o

'ﬁ%ﬁ%%%mcmwﬁ&¢ﬁ%%ﬁ%%%%%,%E@ﬁﬁ%ﬁﬂﬁ
SRACFRARER 2R, & T R s e s, ) N A T MR AL B L A

LEP JEJ%: LEP i8I T LA H B8 A 1) Jo s 415 BURFAE A B T4 e Bt
RANEME, Hit B SR ERUL.

NMF 3 FH T4 E 7R R 20 P A~ AE U0 B ) e A, e it 653 1Y)
AL LRI R BR B, AR 20 R JS B RE R BT R I B R Itk g

N E IR R — AN B B R E RECR P RE S, S S R A )
B, AT LU 7 EEIEER AN TR E 0.

S
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3.2.3 BUERY Canny ARV REEL SN
R 3-1 JREENGATIN G IR 1)

Table 3-1 Weld edge test results of Sample I

TV 2 8 Alhie, 16 AR5 32 Ak

= eI

LEP €W

NMF J€ 5

INBCIE I

o {E DE B (T ik

i2y

HELIES (M1F6)

HE IS (FLIF)
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*® 3-1 K 3-4 B ERIGOR B BIIA SR NS Fontl, |13R 3-1 fta il 4h
RalEH, HT%45E Canny FIERBUEAE, (REEERBAEELAE R RIAE T,
F-G& J) [ A7 AE B W P 2 PR 2 T B AT SRR B A= -0, T S 30— L8 Py il gl
Rl R 230k AE HREEAREE R SO s 5 T30, R i S DR Rr IR )
RETCIR e & X 0 HSHA G MU S R, i~ A 08105 AR5 0 i e E it
e (107 4 BB R sy AR OB AN B 1) & () 2 ME AL S ORI VR AL, = 3808 %
ERMEBARMISE R NIRRT UG5 5 RA BRI, KIAED LA 5
A% .

AT FR A A FR IR — P ARERNVENE VA LI D10 G A0 25 Bk 7=
JIH R REFRIRCR, BLREE AR I o QBRI B0, s 2 se i 4
RS NTEMW, LTI e

£ Canny AGARM LT, W{EIEL —MHE H N RELE S, K
[ B AER R L 70 il FH T 7 5 A A0 9530 25 () B0« 385 B B BRI AEL, 7T
LAk B 390 & 15 2., B 1 my BRE W] DL e o e s, Ok A 4 W
NG A A SIS U ¥ ELAE 0.075 21 0.475 (VS H A AT LA
i1 Canny WA SIRRIVERE, [ REW A RO 2 & rd L, JFHXT
W 7S AN R BT S HE .

AESEI E R IR A b, £ 3-2. 3R 3-3 HEWE L Ik E 191 A
[ AR 4% PR BT S 2 A SE B0 45 R 10T ME, HIsRIREs R mT1S, 4R RIRL
GATI A1 R, AP AEEPAR R T 15 Gt Canny S35 1 v I LK oAl — 4%
WLAUE NS, PTG RIS R L A LA G R MR L A P g, HA R
SET D 32 ARSI AR R AN HI AL T 8 SURAN 16 SBIH, WL PR EFEANL L2k
PR B A i Tt .

* 32 REEEBIL SR FFIZ(EPD) T EIfH

Table 2 Comparison of image edge preservation with different algorithms

TRV 2 8 A, 16 LR, 32 AR,
=TI 0.60691 0.61641 0.61999
LEP JE 0.61431 0.61453 0.6217
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NMF JE3: 0.59162 0.60065 0.60449
NI 0.61169 0.61842 0.62138
HRAE JE 0.60516 0.61827 0.62368

ER[S1M A T —Fvb i B A S AR 1777, HERk k!
Q:y/x (3.6)

Hrp, x ARIBIFA GG R SRR, y i 2 ROEE R NI S8 R A
5, 0 Q WM [ NG ERLRIFESE, Q HKUE = M 2R e o sy
S Z IR E R A2 . TG 1B VE TS RIB R AT, RS (10 B A
Bb, RRWIAGERRE NS E ] DR R S 1) e Bk BB AUE Q MK,
ER MR E RSB 5T, WM RS B RCR TN E 2, WK 2 W LUE
H PO Je SR A DR

* 33 R EBRIL G AN EE R T A

Table 3-3 Edge connection degree by different algorithms

PR AR 8 4RIk 16 4R35 32 4RIk
e b g 0.86415 0.89153 0.89943
LEP J& 3 0.8264 0.82927 0.81008
NMF 3 0.86067 0.86216 0.88608
N BB 0.87031 0.88 0.86398
HE IR 0.90948 0.95836 0.96474

HI3% 3-2 13K 3-3 AT AE Y, A 5 SE I G AR5 T USRS I 2 2R O B I
IEIR A BRI 60% 4, RN T G A EBERE FE AR B T o Ath J UM SR 26 BT It
AR FE T AT H ) B — S L 1 e T SRR I UL R 3-4 B
# 3-4 DGR GET EE
Table 3-4 Comparison of edge detection algorithms
ke ZoalllKC RS EPI WG HERLL

Sobel 0. 54782 0. 89742

Laplacian 0. 57663 0. 88195
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Prewitt 0. 57827 0. 88185

Canny 0.61999 0.89943

Ours 0. 62368 0. 96474
1
0.9
0.8
0.7
0.6
0.5
0.4
03
0.2
0.1
0

Sobel Laplacian Prewitt fE4iCanny AT AL

W EPI W L ZERELL

] 3-5 ISR B L
Fig.3-5 Comparison of edge detection algorithms

2 3-4 AR 3-5 T LA HH, A 2545 T4 Hh F) 00 1 0 4 LR 5 (55 £ (EPT)
I P 10 25 2 M R P 340 by T At 3 LI A I =
3.3 KB

o AR 4 IR 910 5 5o T v 5 3% B A0 S 0 A R BE V6 JR 4 1 S JE S5 R 26
FHb, KPS Canny B Bk . POk SRR P E DB R e T IE B, RERS
AT H R B R GERIR AN , EXE T 2 FhR TR 7, 0 bR I B ROR . 4R
JER AR I HEAT o, AR 8 ARIRIRTHZE 32 41K, W LAYE— e FERE
TR P R R, A5 S AL 0 T L S () S 4 B
TIREEPG, BRI, S0 AR AR T LA 5500 5 0 5% W 14 % I ) 4
LRI L, W AR X AR SR SR IR 2 o 5 2445 ) — I T 7 52 4% B 1) B8t
Canny SV K548 UG H R 7%

SRk R P P R A R B R SR R NS B, I HA X
R TR AL S BRI (R P o S R R AL MR 2 AT JE R A ] B A
G5 8 AT A 432 b AT AT 476 06 Py U AR K 30 1 e 4 T A 0 7 A 5 P
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SRR RS o B A e Y Canny SOZGERNIER, NMS LA ZRE 4L,
R DA ROt R S R A %A I, A R R SR B SRR . W]
PAAT R 17 2 R A Gl i v P, 32 i (58 0 Al 445 R S m] 5

b5 B s EOR 5  REHE A, MR RE TR 22 B e T 15 21
TR TZ LA, JCHA BT SeBUREE B s AR REAL, IR OAORAT LA 4
bty R B 2 R M AE A 2 R0, B 2 s RO 4 PR A5 30 A i ) #E Al 1 SR
i XPRLIA S R B AERE B I SEa R, B REURE XU {E I B0 i = R
EECEZ B, DAMEIR SRS ke & i 1 5 vk
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£ 48 ETRE&HEEAEERGRIFER

PR G ) S ARG 7 v 2R AR T N T 0 B B M A B R, T
FAEE R RRAR S RN 3R 1 LA SO A BRI 1R R DA RS R . BEE T3
UL B AL B AR 5 ST SRR AT R R, T EUR 1 B Ak SR 4 e 43
RITVFEIEN T NG s ] AT T A R SR 4 B R IE SR U 7R I AR
DN FOAR A ) 22 B B — 2D

N TR ERA BRI R, NMTRH T2 07k, k&b
SR TN R i U S R A R AT TAL B, F A I R ) 15 B
JGER S A EUR , d5 5 BRSO S S0 0 B 07 R AH SR A5 BIMR SR RHAIE A1
58, LR UL M PR E B RS RFAE A AR, ER X T35 3 (1 SR B R A
EZFE IR B BCR A R AR o B S BIE H —F s (1) Faster-RCNN
JREEFFIE SRR, F ResNet P45k B 46 J5OR K VGG W45, 425 1 18 AR AN
SLIGUERR RS, (RTEE RN, BN BRI, ToIEHIG: A 152, A
7 FEEARHER B2 o 2 2R A YT N T — iR FH U-Net #2200 45 X0 J2 48 R k4718 X
SrEITE, BT S S BOCRHE RS 5 FIEA, S IIZRM S . 25
A LAE R IR N IR B G MRHEE B, (R ZEER R E R BT s, REAE
PR BN HAE ) i A . [N, SRS h TRIEMESENE 2, 238N
£ 5 K.

ARATHET AR LS G I EE, FRATTE LER) FH SE 1t () BB AL B R AL 255
27708, RWEVE RUREE B, 95 SR A BT B AR 4% ER i) & 2R R kAT
AUE S AR AR . B A SR G 7V AR I R PR A, G R AR . H5 4
i1 AR 5% T AR A I U

ARFET DA RUERAFAE A5 6 A, 80 A SO A DR 7 A

1. ¥ SIFT 55 KAZE BVEA R G, 75 SIFT B2 g i) RUBE 25 1] =
e b, BB KAZE RRAERIN,  SIFT 55092 3 Bl 2 R =2 () Rk AG
TRFE A, 25 538 0 SR AT 0%, T KAZE RRAE sUR I 500252 8 5 14
EARAME R A3 6], IFAEARZe i ROBE 72 [ R A IUARRAE i, ORBE T S0 2 () BB RHE
a5 .
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2. HRRHESERHEL G, DS B ERAHT (TERE o R R R
PRMUEIE 5 LR AEAS M AR S5 4, FRATT B8 0% 58 A ThT bl B2 UG b 1) T LAR45 S0 =)
FRAE R, AT SB35 ) SRS A PR R R R 207V E AN B A R0 2
T RFAE IR X 73 BERN bk, B RS R/ B HEAR A . 1 5 B 45 R 3R 51 AR 1R
AR ZE o BAESRIRUEIA, ¥4 SURFIE 5 LR RFIEAH 25 6 1 77 V278 UG A 32T 5 Y
197 R WIERIRTE, RGN 1 AR S 4t 7 — Rl (G Bug A

NPT R T R RARFE S5 G I S I TR P 75
4.1 RESFIESENRERIGIFERINEE

AW TR 55 = 2 TR B Canny 55355 SIFT M KAZE HiERL& )5
FRIRFAE SR SR AR S5 &, SIFT M KAZE S35 o AU E SR 530 T 8]
B 1 JR iR S B A BB IR AN RE ). SIFT 1 KAZE SIETERHESEECT T
AEERRS . BT AR R BUREE, WA w2, w4 a3k
GRS R, IRERHERFEEEE .. TR WA IR 2 4)
BERSE LT, #ERE OSSR EH 5 kA A AT S IR ARRAE

W SO Canny BELE G, AT AR AEE AT REARMSCEE R, 15
FFOESE IR X 2 B, A BT S iR gt AT BG40 95 LS T 45 . B SEER R
FEanpd 4-1 por

2 I Camny B
PESUE 2ioel]

SIFT 5K AZE#
& LR IE
*®

P 4-1 T 1] 52 A4 R A % LA R HE SR B V2

Fig.4-1 A feature extraction method for weld image in complex environment
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SIFT (REFEAZHFNEA ) H9%HF KAZE (Accelerated Adaptive KAZE)
VA R TREAE sk DU AR A 1 22 LR
¥ SIFT Al KAZE #EAT RG] LASE e s R i) e e o AR 315 R F Rl
RS RTEM & & T IENE— 2 b, 8 KAZE B3R MARE S, RAIE
BB R ARLAM ] ¥ 7 VELEARFAE Rt 1) Jo 3 2045 A 4= S A R AR, R s AT A 2 22
77
H,(x,y)=(L.(x,y),L,(x,»)L,(x,»), L, (x,y)) (4.1)
Hrp, iRonmi e T BRE R, () ERH 1R EERAAE.
Bedts KT — A R R R AR AT 5 I8 RIVT T, 48 J5 %X LR AIE £
BEAT S R0 &
D=[b,,b,,..h,] (4.2)
Hep, NONRIRHESGE, DAZHRRTE, by NI HEX E—F
PR FEAT e A «
L(x,y;0) = G(x,y;0)*I(x, y) (4.3)
Hr, L(x,y;0) & sl 5 I EHE, 1(x,y) RaRKEE. BB T =6
FIEE I
L(x,y;8,i) = G(x,;0)* L(x, y;0,i — 1) (4.4)
Horb, L(x,y;0,0) 2% 1 BEIE, G(x,y;0) Amlit% k3L

B A A5 3 —2H ELA T4 RO ANAR M A R 3 45 R (5 8 B AE A o X Rl & 7 1
2547 SIFT W REEARZEMER KAZE W RE a5 E S, MWmHEE 1R AE SR i
SRR . BAARRES T NnE 4-2 Fios:
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KAZESFIER 1 5%

] 4-2 T 1] 53 A4 IRBE O AR 5 LR RF M SR B 7 v

Fig.4-2 A feature extraction method for weld image in complex environment
H T SIFT HVkfEA IR 4R BMG ot s i, AT e i AN M AT RO A A
SRR, (HRAE RIS T, H T BB RHE SR I PR RE > T B . KAZE SEAAE
RFAE R TR B S I, 6 5 T U N il — 1> 60 B2 18 J3 T2 X 33, SR 5 K% X380 A Haar
N R SR SR
P KAZE FR A T — A bR fp s R E BEAT HR AL, B
B RAR R A S . I IX ARG R, A DMEAN R 5T 3RS S A
(R IE R AN &5 SR, AT N J5 2 1) AR C B 131 S5 AT 25 S 3L B mT S 1) S i o
42 LWE5SH
SEEGHEAE MatlabR2021b ¥ & _FEATIGUE, SLIRIMELA Intel(R) Core(TM)
i5-9300H 2.40GHz 8G W 17»
42.1 LEHIEE
A SEI0 B s RIT N 1 S5 A RGB AN AR 8% SR i VA 3 AT 55 0 73 AT 5 H s 4k
(JPEGWD) b N 42 RUR G E 2, B X e -G 8l de, RS 3 5
BT A BSGEE ) Canny S35, BEATIRAERMGIL AN B35 RS B 1L 26
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M5 RHA SIFT 5k 5 KAZE FERE & MRHERT I SR 3T R SR, B R4k
REERT I B R G, BB AU S RAHE A 4 &, AR BRI R R AE 5
INHER, BRSNS SRR ARG A R HE A . B KR IR R AE S
ATHRCBE, SRELATA B AAR LA B EARME B, TGN EE AT 31— 20 (R 1R 4% UG RFAE
e

422 SLEEEGE

FRA 8 F 28 SRR AE SRR L SO 1) s R IR &5 5 B0 40 ol 159 B AS [ PO Ry
A5 BAEEE, #EDHIHN SVM 5 DBO-SVMP,  Hfs H AR 4% B4 Bt /33
iR

SIFT 53k @A R R DG B p, IS I 8 S o] ] ) s 98 PRI R [X
SREAT R, A2 A AR A AN AR PR AE R IR T o IX B iR 75 7] A
T UG ECHE . B bR A B R AR BEAT 55

SURF 5% iZ50E % 0 i & PR s pradt ke Il R rh (0 0GB i, JF
PR AR R B (1 D R, X e e A R AR AR R AN

ORB 5ik: 'B45i& 1 FAST RefEAsill & . BRIEF #8777 @i, LA
P TR RGN 3 P AN DT HERA P4 . ORB #IT FAST Sy Hus G MARAE 5, SR 55
Hofee 718, o {d il BRIEF 53R TS s 3E AT A .

KAZE 5ii%: e T BUR I R 2 [ RS EURAIE 2, RS 18 N AN [F] RUEE Y 1]
B, FIHEBRWMEBEMESL, B EIEE (kurtosis) R REZH. B
A BN, AT E B R BB o 0 EUR LA AR A AR A B
BB B R

RMRFHIELS & 5 2RI DB SRIE AR S5 G ke ok, FIH Rk
AEFNZRAFAE 1) ELAM: , $ a5 5% UG ARFAE B X A S5 SRR 73 8 A7 55 I AE R ME AN AR
E

SCRFIAIEHL SVM: 2BV A O 2 7 e 48 25 (8] 4 21— AN S AR 1 e~ 1
A LR B B 03 AN [R50, 3k AT T AR PR g e SR 5, H9 s A 13z Ak g

DBO-SVM: 5L 1% O A2 R H AE R AL FE R AL SVM. I 24,
G RGBS BE RIS, AT 28T, DARE oy Jetiag.
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UTAER, Bl A DRI A0 B2 (DBO) ORI S ] (S VM) TE 5 H 4T3 P )
L, s P R 5 AR R i i) ) RSN 1 — A48 32 RTE RO 7207 17D
DBO SR TS AL T R IS (AT 8, I8 g IR BN BR IR Y B A2 K
AR, 1 SVM AN — M LTS 10 2885, AR DA QIR )l BoAT 3
PFH o REXPE ML, FE 7 — R SR R ik, B sk g rih
FAAEN R R TR IR v 7 SRk e

FLAM H b RS E MEE N, @R o B RIANFE A, JRte A
(RIGiHE, AR A VAAYE S KA . RS B B AL TV, R il R Ay — A
BHLRIOCAL P, AEREAT R A TEARSE, R R TR 4L . s
BT 2 AW S A bREE, AR EURREOZ PN, B EREE]
R ER AR . REUGEACR R AR R s, 2SR B o AR R, IFVEAl
APR R KL 28, SRR I 28 A K IR R HEAT AR 25 T
4.2.3 BUERVIREEIRERIA S KB XM RELLR SN

RIS, BaE B 22PN RER T, ek ae. LA 4%
ARSI, 3o KA B AR 4% BB B R R IR R R U IR R Y, &=
RG22 AN T ISR IR, (75 ia4f RAZIRE AR,

FARFIE R ISR R S B EE ] 4-3 P
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4-3 FFALSRHUELIEBOR R L
Fig.4-3 Comparison of the effects of feature extraction algorithms

M 4-3 FTLAS 2], B AN R R 2805 T B AR 4% B R R IE R U 55, AR &y
JIT i tH AR SR 45 380 1) S B 2 SR S A T oAt Rk

AEE T T ) AR S5 & B ARAAE SR ISR AT DA R0/ B R R0
SERFIESR T 55 0040, RS B8 0 v fff M 47l 12 1) JR 4% 1) OCHEARRAIE , 845 SRV AE
X % A R T AR Y B R AT AR

DA I 25 SN R A 1, a2k P YRR L A [R] ZR RN RN (] AR A il
DKE EEVEN4RAR . 20 RO IR U S R AN TR 4-1 PR
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R 4-1 IREEEBEREE 73 0T LE(SVM)

Table 4-1 Weld Image Defect Classification Comparison (SVM)

Gy RITIE YRt 8] /s A% HETH R (%)
SIFT 1.22 77.26 77.78
SURF 1.15 79.16 78.42
ORB 1.34 75.89 76.67
KAZE 1.75 78.33 78.60
OURS 1.84 82.56 82.08

H13% 4-1 W BUR ), FEGRAER AIRCR IO T, &1k SVM #1770 4E 55 )5,
A E T P R BE B HER L AR LT 2 M) SIFT B0 & 1 4.3%, RFAESR I
PERESE =1 1 5.23%, HAFEHAh & BRI A iR Tt
#* 4-2 JREEEBERE 7200 H(DBO-SVM)

Table 4-2 Weld Image Defect Classification Comparison (DBO-SVM)

7 ITTIE YGRS /s H [ HETFIR (%)
SIFT 0.86 79.56 79.20
SURF 0.84 79.23 79.68
ORB 1.14 77.92 77.78
KAZE 1.63 80.89 81.03
OURS 1.71 83.32 84.01

H1%% 4-2 AT UE ), ELRIER TARCREE N T, 254 DBO-SVM #4770 2K4T:
55, AT A ME AR T2 M SIFT J0EiRE 1 4.81%, FF
MEFR LA PR RE 4R = 1 5.72%, Xf b A 4 RS AR 3R IUSVE I P T, B
DBO-SVM f£ SVM At Bt — D4 170281k RE, fEALPR R AT S5 BT 1
AT .
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76.00%
74.00% I
72.00%

SIFT SURF ORB KAZE OURS

B SVM H DBO-SVM

Kl 4-4 YIZREE I3 K45 RxT e
Fig.4-4 Comparison of the classification results of the training set
H1 P 4-4 W] DL Y, AT 153 IR S v A 2 7 T B S AR A 28 URRAIE
PEHCEE, ARENE T BRI KBTI, 15550 A B ik
PEFIUERfE .

4.2.4 MEBELLER AR

Kl 4-5, K&l 4-6 JB/n TR EG L B R M RHMEIR IR VRS, B IR
TR G RS B BRI K SVM 5 DBO-SVM 550322 R 11 2545 TR 485 S 06HEE
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Fig.4-6 Comparison of prediction results of SVM training sets
3 3
3 v A% * A
i 28 -
28 28 O DBO-sVMFMA [ 12 O DBO-SVMFAi#{ii
26
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22 &2
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ORB SIFT SURF
3 3 "
i * i
28 O DBO-SVMiH{ii 28 O DBO-SVMfiL
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2 CEDED DI DD 2 RO GEE COD-COCORED o
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Fig.4-7 Comparison of prediction results of DBO-SVM training set
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Hi 1] 4-5 FTE] 4-6 FTLATS 3], DBO-SVM Il 545 211 T 45 5 56 i 3 55
B, AR T ERIRIPERE, TR R AL RE JT . HAR TS Fri th SRR AE
il 5 73 T P Sk DT AR ALE BRI
4.2.5 WM S

== SVM == DBO-SVM
0.45

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

5 10 15 20 25 30

K 4-7 HFU SR

Fig.4-7 Example of DBO-SVM algorithm convergence

Hi & 4-7 7] %1, DBO-SVM HiE HBFEARMWSCERE, —87E 30 LA L
2WS, REMBAE R RS TR N R B, PR T SR RIRCR .

43 KREINGE

B I AR S RN EE  IRAR 4% UG B ek ) R Z R AR 45 B AR AE 2 X
Bk, WPERGEET RSO , AR R R R A 0 BB
BEBZEESE, K SVM K DBO-SVM 513, DL S RER I 572 1) M g
H AT LS IR 4% G R SR B R 43 AT 55

B, AR ZTEE S i Canny BVERNRSEN A ME R, FET
SIFT %1% 5 KAZE B SR BUSE A5 8, MAREE. KNEERa0NSS
R AR A MR . 5 IH 9 B AT 208 R AR (S B 8 477 N SVM K&

’
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DBO-SVM 1o figJm il SCIGUE R, AR B 1 52 th VA ST X R AR 3A B T 47 4%
FUERHERT TS5, BA R WA RIS e 1, X T 45 4 UG BRI 23 28RN &
PR — R S PR N A E
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£ 58 E Tt SSD FIARVEEEIRERFET X

A5 45 [ JEL 4% R B T8 O T N T H A AT, X Fh 7 VA AE M . RR
AR AR 8 PR A e R o 1 i B T ST LA S AL 28 27 ST HOR BT, JRATTRE M8 K H
A IR EE EUGSREA RTINS 70 K R Gt REs bR . Emf R DI A0 3 AR S 1
BB, TIHE R AE PR BRI ARAR 3R e T

AT B EPRRANIF R —Fh I T IR 5 SR SEH UL A (10 7 4 B 5 5 s
WO 5 2 T77 . IRE S 2] CATE BUG AL IR AT T W M it , B 5K
REAE SR EUAIRE 2GR R 70 o 8 I Kk SRR B TR 45 IR, FRATTAT LA R
TFN 53 AN [F) B (IR G RIE, AJREEMT R . IR RERIG A TALEE, M52 m e
JoR R [ — O AT S

RATIGA IR LR G SRBE R 5 23 S0 SR S 2, IR 4 A 1t 7t
J&o Bk, BATKVELNIS TR M7 iR RIBAR, FGEREE 2 ST 480 . RRfiE 2
HWORBE ARSI SR fef, BRATK: RILSLIR 45 TR i, DABOAIE BT Hh J7 ik A0 ke
AR o B IX T T, FATTHA R Ay A 4 R R e R 31 5 0 2 Ak 1) K Jee ik —
SO R A AR, I D Ml AN AR R H 3k B W] SR R AR A I ke R R T R

AT LA SSDUSIN 2 244 g BEAt, i HH 1 5t 32 22 4 VGG LWWE Ny Al
ML, FXTT VGGLOIO G TE 2 [MERZ, R iR I+ MAHER R, B
P iU o K I M Re .
5.1 Bu#hy SSD IREEER AN K EE

22 3L SSD M 4% 18 H L L VGG16 fEAHE T M, HT VGGL6 & — M
SRR 2%, AT LA SRR T i & 08 SUE R X 73 B AES5HE
B BEEZHBET SSD_VGG16 MU RA AR RRE . VGG19 BF
BRI 2 254, RS S 47 M Al 36 U I SUAE BRI RAFAE . IXPHRFIE R IA e
TR A FAE H ARSI AT 55 rh R 6 SR 3 50 I == 5 A IRHE o R A 2
B — B D ) 2 A PR B T AR B UG SR B TR V5, o VGGL9 TR JEAS
BN L, SRR IIIREE, 7T LUSE & 2% o) UG I REE .
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Bk ISSD

VGG19
through Conv5 4 layer

a BAA A

300 19 19

Image c¢nv3 4 | cgnvd 4| ognvS 4 conv6 conv7

30 19
{7 1024 1024 1

Conv3#3%1024 Conv1*1%1024

Detections:8732 per Class

Conv1#1*=128
Conv1*1*=256

Conv1#1#=128
Conv1*1*=128

VBT 5-1 O PR P AR ke AR 3 B
Fig.5-1 Improved weld image defect recognition algorithm
5.1.1 VGG19 M&

VGG19 52— PR EBR R M 4, £ R L2 (Visual Geometry
Group) JFRIEAL L —. EAEEIUG > AN AT BN AR 55 IS T R3E
8 o

VGG19 M2 — MR EIPIZE N, 005 19 MEREMN 3 M aEf = .
BREHEM T 3x3 KAABRRZR 1 MEEIDIE, BHUZZ R ReLU #
WHEH. A 16 MERE, Hihat 13 AMRERE, WA 3 MEeERE.
VGG19 Rtk (Max Pooling) SRy /MEFAEEIFIR ), RA 2x2 K/NPh
W, SBIEN 20 WAk 28 Bhis/INREE B 00 728 18] 0 96, BREURE s 00 RRFAE o
M4 G =R R AERE R, T i .

VGG19 M4 gEf AR WG AR, e kM 7/ 3x3 AU, XA
1500 2 BE R [F] I ZHCCRE AR VN . T VGG19 HABIR M4 451, B Rel
RS A O I B S, BRIAE BEUR 23 SR FIAE AT 55 b SR B AR B (1 12 e
VGG19 78 K HA B (5 B 4 TmageNet iE4T 7 WIS, EHEONER %M R
JaR7Sud i

SSD [ LML L5153 55 V-16 IIEE M AR IR, R4 24 B o B AR
JEZJE XY JUNHER A JZ . 220 SSD W4 4K 3 22 Vgg-16 M 4511
BABRE. 5 MBS SUEi 2 ANAERZ RN 4 52 A kB
5-2 firm, Hot Conv RARBIZ . Pool Fnitiib)z .
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VGGI19

224%224*64

/ 112#112¢128
i j 56%56%256

28%28%512
ESWL]
‘ 14%14%512 -
L " FCL

— Maxpool Maxpool Maxpool Maxpool Maxpool FC2
Sof tmax

5-2 Vigg-19 BRI fA R4 H)
Fig.5-2 Architecture of the VGG-19 model

5.1.2 SSD g

SSD W 2% &5 K6 thy 9 ¥6 73 A e : B M4 (Backbone Network ) A4l =k

(Detection Head) o ‘B W 2838 % K F I ZR I B A4 I 28 (41 VGG ResNet.

Inception 55) , F TH&REIVEMGRHE. sk, BFE—RANEGHRAMMAZE, T4
Ji H A I 12 FHE R S T A2

SSD 5| A T "Default Box" (tH#%A"Prior Box") HIMEE, FT € X HFrta il
HFAERIAr BARE o AR E B2 Al — AHEBAE, X EEERAME IR
R T LUAE P 2 I ZRad B rp AT PR 2, DUE AN [E ) H br o Al Sk 2 R P8 ixX L
BRUNE SR A= Bl g 2% (A TN 45

Rri =k B B ARAI A 8, T T DRFAE B R B bR B AR IS B . 1l
W, Rl ke BRERAER BRI EFE GUFHEARDR) FIZEAI{E E . SSD i
F—F iU {8 "MultiBox "4 5% bR BOR IR S LA AL E AN IME B o B AR 28 5 k4 4
& 5-3 R
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VGG16
through Conv4 3 layer

4¢7 , - A > &
O
Z
(0]
300 19 19 o
o
p 2
>
=]
Image cgnv4 3 convé convT E
» &
=
2
> |53
30 19 2
1024 1024 1 nvil_2
o Conv1#1%=128 128!
Conv3*3%1024 Convl*1¥1024 1 1uqsiose 0 Convl*1%=128

Conv1*1*=128

5-3 28] SSD 4% Ly

Fig. 5-3 Classic SSD network structure

52 K57

SIS VA AE Matlab2021b - & E#EAT IR, SEIRIA BN Intel(R) Core(TM)
i5-9300H 2.40GHz 8G N fF. XJiX L&t 4% K{Z i1t SqueezeNet. Resnet-18. SSD.
SSD_Alexnet LA KA & 3k 1) SSD &5 Y 28 147 SE 4G

5.2.1 KIGHIRSE

A% S 56 K Ok UR O RGB B I 4% i B 1R AT 55 R0y 2R AT 45 B 4
(JPEGWD), 3 T M UEA VRS X 2 A A8 T 1 5% BB R B 15U 73 288 v 1y et
HEHL 4000 TASF I REE RIS, i B 5R 545 21 12000 5KAN R 1R 4E R
522 MEEEFKE

XX e 4% 4458 8 SqueezeNet. Resnet-18. SSD. SSD_Alexnet DA K A &
SSD 5 M 2% 34T SE L

SqueezeNet: A& — Ffi i 15 2 1) 26 B 22 0 28 4 by , 3l s f A28 46 M) R 300
ST E R R R, IE A T RIESZ RS, B s S IR AR RS .

Resnet-18: 1% M4 5] N T 5k 22 %82, 18I BRI B i\ B AL 85 822,
R R IR FEE D) % v R s S S AR PS8 R 1) A
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SSD: 1% M 25 f8 Fl VGG-16 1ERHEAIMN 4%, FI A KB ZIRBVEAGARE, I
TEJ5 TN INA S M 5 FR 2 R S 2 ROBERFAE S EL
SSD_Alexnet: 1% M 44 18K Alexnet /E9E M4, FIHH ReLU i s 20
Dropout IERIALEEAR, A BI T I il Zhid RE A0 22 fod 10145 1)
N [E RS0 9 245 1) SR 5 S 0Nk 5-1 it
Fe 5-1 N[ K 9 4% 1 S 56 2 8

Table 5-1 Experimental parameters for different detection networks

GRS SqueezeNet Resnet-18  SSD_AlexNet SSD OURS

ANEG RS 227X227  224X224 227X227 300300  300X300

ST 0.001 0.001 0.001 0.001 0.001
i 0.9 0.9 0.9 0.9 0.9
AR 330 330 330 330 330
FOI AR 0.3 0.3 0.3 0.3 0.3

45



TR R A 18 5

5.2.3 BUitRY SSD BAR M RELL B ST M
AT H — T IR 1) 2 4 P05 (0 B A A MR B R0 75, % VGG19
VERZERIE RN ZE, SEIMEFZEREE, AT DUSE 8 2 ) BRI RHE, S b
— Z 1 ) DBO-SVM 505 DL K &I B 2 5] I 2% (14 6 4% UG B e 17U 45 S L e
N 5-2 Fion:
52 JRaE B EIE IR 4R

Table 5-2 Defect identification results of weld image

}K] 2% HERA YIZ5RIN 8] /min M 7]/
DBO-SVM 84.01% 0.02 1.30
SqueezeNet 82.75% 163.5 1.45
Resnet-18 83.14% 195 1.73

SSD_AlexNet 84.75% 197.35 1.67

SSD 84.18% 2179.25 1.46

OURS 85.31% 2263.75 1.49

H1%% 5-2 AR, AR TP SO B SSD BRVRAE IRAUE I [H] LA 38 4T RO 1Y
R3S, MERAEE R SR, ER IR (S0 45 RAERHE Al LU 2 85.31%.

5.2.4 USSR
P 5-4. ] 5-5 oA T HE H A SsE iY SSD FyE RN ZRat R DL KIS -
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Fig.5-4 Improved SSD algorithm training accuracy results

b

0 50 100 150

Bl 5-5 B0 SSD HE IRk 45

Fig.5-5 Improved SSD algorithm training loss results

Hi &l 5-3 FE] 5-4 Al BEEIIGRINEEAT, AR 50 RN IZRas R a2
BTieE, HMEMERELRL 5%/, AHA YRR BT s T RErEs.
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Table 5-4 Compared with a separate backbone network experiment

GRS R YIZRET ] /min AR 8] /s
VGG16 82.16% 1890.5 1.56
Alexnet 81.36% 194.22 1.33
VGG19 83.05% 1970.25 1.41

SSD 84.18% 2179.25 1.46

SSD_AlexNet 84.75% 197.35 1.67
OURS 85.31% 2263.75 1.49
850
1l |

&1 5-6. 4% 90 4% S0 v Bl FEE 0
Fig.5-6 Comparison of the accuracy of each network experiment
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