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WELD DEFECT DETECTION BASED ON 3D
STRUCTURED LIGHT VISION

ABSTRACT

As an important joining technology in industrial manufacturing, welding is widely
used. The welding process has the advantages of short production cycle, high
efficiency and low cost in the field of industrial manufacturing, which brings great
convenience to industrial production. In actual processing, due to the influence of
machining accuracy, welding thermal deformation, material and process factors, and
welding parameters, various defects often appear in the appearance of the weld. The
existence of weld defects is easy to reduce the service life, safety and reliability of
metal welding, and the appearance inspection of weld after welding is an effective
means to improve and ensure the quality of welding.

3D structured light vision has attracted extensive attention from researchers due to
its advantages of high-precision measurement, non-contact measurement, high
flexibility and high robustness to light changes. Based on the 3D structured light
vision technology, this paper explores the method of weld defect detection by post-
processing the weld surface data obtained by the linear structured light sensor, and the
main research contents are as follows:

(1) Aiming at the actual needs of 3D structured light vision technology to realize
weld defect detection, the principles of two structured light vision measurement
methods are analyzed, the process of obtaining the point cloud data model of weld
surface by structured light vision technology is deduced, and the method of realizing
the pretreatment of weld surface point cloud is expounded.

(2) In order to realize the detection of weld forming size defects, the methods of
weld section contour segmentation, feature point extraction and determination of the
main direction of weld are described. In order to solve the problem that the cross-
sectional profile obtained by the structured light profile sensor is not perpendicular to
the main direction of the weld and cannot truly reflect the cross-sectional morphology
of the weld, a cross-sectional profile extraction method of the weld based on the STL
model was proposed, which extracted the cross-sectional profile of the weld
perpendicular to the main direction of the weld, realized the accurate measurement of
the weld forming size, and verified the feasibility of the proposed method through
simulation.

(3) In order to simplify the processing process, the one-dimensional sequence data
of the weld cross-section profile based on the Gramm matrix was converted into two-
dimensional image data, and the improved LeNet5 network was used to establish a
deep learning network model to complete the identification and classification of weld
surface defects, and the weld surface defect dataset was constructed through the
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existing dataset to verify the feasibility of the weld surface defect detection method.

(4) In order to further verify the effectiveness of the dimensional defect
measurement method, the cross-section profile data that is not perpendicular to the
main direction of the weld was collected by using a 3D structured light device.
Experimental results show that the proposed method can accurately measure the
forming size of weld width, residual height and other heights, and identify
dimensional defects. In order to verify the effectiveness of the surface defect detection
method and improve the LeNet5 network model, the dataset was constructed by
constructing the weld cross-section profile data of three morphologies collected by the
3D structured light equipment, and enriching, training and testing it, and the results
showed that the accuracy of the two-dimensional image defect recognition converted
by the GADF method reached 92.1%, which could effectively identify the weld
surface defects.

KEY WORDS: Line structured light vision, Weld defect detection, Weld surface
reconstruction, Point cloud slicing, Improved LeNet5
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SR ARSI B IS MR 4% 5 ARk BN 2.0980mm, ik A2 MR 4% RE N TR

R 3-4 HERIEIRESEAR RS

gk Mo Cem'
1 3.2698 3.2659 0.0039
2 3.6465 3.6548 0.0083
3 3.4346 3.4579 0.0233
4 3.7756 3.7894 0.0138
5 3.0289 3.0146 0.0143
6 3.5769 3.5879 0.0110
7 3.4402 3.4651 0.0249
8 3.2954 3.3254 0.0300
9 3.2156 3.0751 0.1405
10 3.5013 3.4781 0.0232

* 3-5 ToHhBE IR AR A R

1 3.0123 3 0.0123
2 3.0256 3 0.0256
3 3.0224 3 0.0224
4 3.0136 3 0.0136
5 2.9654 3 0.0346
6 3.0165 3 0.0165
7 3.0178 3 0.0178
8 2.9651 3 0.0349
9 2.9846 3 0.0154
10 2.9587 3 0.0413

FIFE, AR VR IIE R4 R m R OR, T IEE S s 5H Bk IE
4% G I B 5 SRR 224 BN R 3-4 IR 3-5 Ffon . HHEE 3-4 1K 3-5 0] L&
L TR VRN B R AT AR R SR R m R 2. FTIEEL 10
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SRECER T, TGk PA R AR B T AR R i ORIk ZE N 0.0413mm, “FERZE N
0.0234mm, A Gk Fe 1 48 W5 P 5 R i KR 2 4 0.1405mm, IR E N
0.0293mm, Frg 7 VLR R IRSE R M E TR, A BRIAIRSEI & 1R %
YT R 0.7467mm, i A2 4% I RS B3R

3.6 KE /NG

A 5 [ SRR AR BT RO sk Il AR, 28 1 IR EE BB RAT 102 3 xR
ZERIE RO SRIG AT B 45, R T IRSE R = 0 I SR SE 7 MR E %, ]
I A Xt 445 ) DI AL A Tk b 6 TR ) 8 T e B0 5 A 5% 2 Ty T AN LA R i, B 2
T STL A B /R 4B IR U7 V5, 0id 7 HSEHl R, B il i 1 G IR
PRI LR AT AT 1
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£ 45 ET 3D HFHE RV IR &R E GRS

[l

4.1 5|

A 54 2 TR AR o A 0 77 92 = S i T AR P 6 5 6 T R B A U 77 R AN T R
= R EER TSR AR I T V% o X PO T UG ekl 7792, 75 A1 T 5 52
BORBIMEDLT , Z4utail 7 B HoR ) & petE, KR m. HE R A
TR R FE 22 ) BOE AT RIS ek M #E b, AAAE s SR E R s
SRR v AR I R, R BURGER TR R I O R M o A S i B T A%
TR RO O S AT 0 R ) — 4 P B B i o — 4 R R, A LA R
I FH R B 2 2 5300 IR 6 BT 50 BR e ¥ 1) — AR G T ) 50 2%, b se il
FRGEBLRE 2025, BT BRI 45 06100 15 4% 2 TH B A R U 5 iR T AT e, AR
FEUNPE 4-1 ATz o

N EEAI F8 B — Yk Fr 5 B 2
o Y- B B

'
WSR2
'
W 4 U SRR
!
2 4 T B
!

ALY R R IR 5 7 28

Pl 4-1 fRER T SRR IR
4.2 R EESR I GRPE LR

BEXT AN F RS SR G AN B 5 . EIR IR AR, S2AR SRR B
K B AR SFAT R Z M, 27 AR PRI BRI . W I AR R 2 R
AN =K RIATEORIE . WIS ok AR BE BRI . 21 T BB
TR MR BRISE, ARSI B R P AL TR AT =R
TSR FEREAT BT 7T o

WEH R TR I A R, AR T R IR B A, e i TR AL S
B R BcA 3 2B B e oAb s Fir B N R ERE, W 4-2 ok, 7R
WA B A (D) R R, RN R KB SR (20 47
PR PR BEAR L A2 1) i i R T ARAT R, S BURSE S 8 Jo ik e 0 I e 217
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ggrhy () BIEANRBARAT A B3R RR, WIRRMEALR. FESH

KBS

K 4-2 SRR TN BRI
B R R GE R LA K B R HUIR, H B R S2 0 & 4k, N el 4-3
fs. PAEBRKEZERAG: (D #ENRSRAKTAL, BRI EEES)
AR Q) BEMERAAERFARRE R P AEM AR EL R, ) &
B EA G, i KB R R

K 4-3 1355 BRI LG
1T S 5 o i A 0 5 1 8 L P T TR e e, i P 4-4 Bl

B 4-4 JREEMIBE BRIE
MR E MR EEAT . (1)t m S el i vy (1 R3S I 7 2 2L
e 7 B B A AR I OB R L2 TR SR L AR R s (20l T A A
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ZBUNF BRI -
4.3 RERERIERIERIE

Py — A R BN SR 2 I 0t P 55 T R 2% ST P 2 B R PR iy, A [0 11 D)
£ R R AN TR) SR R B8 1) B0 2 6 3ok A W7 a3k AT 325 A RN G5 R0 3601 3 17 5 ol IO 4%
B S HRAG . AR BRI S5 1, Hd SR 4000 A 4 AN E i 1 5 = A0y
T 3EAT [ 38
4.3.1 BUEEHNEH

TEREE S, BRE BA Jara atk. ZRE . SRR R UL R R &N
PRESEEIR, HARME R Y . Mt S0 HERE = A . SRR E
IRAE R KR S AR R AR Bt HhadE: —4eF s 8uRE. KGR
By UARBIREVL R i n B RS

— Y 7 ) HE S8 B — R BT HE S B A, XS T DURAT
R R . — 487 5 AR Y Z R T8 155 53 H DL R 4
SIBTEEAI . — 4P B T DL R B AR A S AN A, A B T TR
P S =R

BUG G285 2 AN BR AR, B EUE G R AR IHERERR. B
BHBEERAFEENIRELE, ARTEA S ) B h RE . BUREIRE £
IR BT EAG . RS BUR RS

M BARE B K E =g SR, B RERREREI N — A E . A
R EGHEIRE, RaBEEO SR EE NER, ASNEEERTEZS.
ARSCE I A A G AR R =, R E A B AP R, AR
I R TS A . AT AR R S AT AR I S, XS
F S AR T 0 B0 S AT s AR @ S R AR, o SR T vy LT S AE 4R R
5532

2 = 2 SR B R A Rk T A0 BRI, TR A — 4R A5, AN A
S B 1) S A A A T e B A B AR B T E (GAF) e pl —4E 14,
e I o 20 X g 0 o UG B SR AT R . A B — T A R SR,
Y UG BIR A AT AR AR 0 5 450, 7RISR S IR T T B T SR
FE FIHER 2R

4.3.2 BiiEEE iR

GAF J& 7 AR A FIRE hr A B, SRR — 4877 51 AR Ak i — 4E R
— PG IIDE AR, GAF J5 2 i R HL K545 B0 — 4k 7 51 5008 B A AL bR R
MBI AA bR 2R, IRIE IS 5 e AN [ B s 2 (8] 6 A B AN A B 22 SR MU AN TR Aor
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BT 3D SRR BE AR S SR A I

AL B A -

IS BLIAERE AT A — 2 R R AR EAR DG OC &R, H TSR L e —
20 A 1o B RS Ao AR RO o — oo 1 ) AR AR L, B T AT T
#oEBALA R, WA PR (4-1) fros:

cos(6,) cos(@,,) --- cos(d,)
_ cos(6,,) cos(d,,) - cos(d,,) (4-1)
cos(en,l) Cos(en,Z) e Cos(en,n)

TEL € AR GE R — 4E P 0B X = {x,x,,...,x,} 11, BEATIH—fLibs, ¥
— 4k AP T B4R [-1, 0120, 11208, Bk (4-2) 5 (4-3) Fik:
~m (x, —max(X))+(x, —min(X))

X-1= (4-2 )
max(X)—min(X)

X —min(X)
* ” max(X)— min(X)

Ho At max(X) Al min(X) 73518 — 487 51 X AR A A R /ME, XD R xo
3 AN H— A B X TR [-1, OTFA[0, 118945 R o K0 — 4k )5 B — 47 Z1 5% 3 A Bl A
bR, EMARKR FilbAT dwtD, K0 —A0 e B A M A R % AT dats, Bk a0
X (4-4) FioR:

(4-3)

0= arccos(;cm),—l <xm<LxmeX
(4-4)

m

t
r, ="t €N
N

Horpe Ry x GRS TEEL, N AH—1LE T

FIF GAF X —4E P 2347 s, ST PR & 0n] 2B s Fh oA R B, 43
R L U £ AN (GASFE) RS 71 M 2537 (GADF), H R K47 8 (4-5)
= (4-6) -

cos(6,+6,) cos(6,+6,) -+ cos(6 +0,))
Ao (i ) = [c08(6, + 0, )] = cos(ﬁ? +6) cos(H? +0,) coswz: +0)) (4-5)
cos(d,+6,) cos(d,+6,) --- cos(@,+86))
sin(6, —6,) sin(6,-6,) --- sin(f -6,)
Ao,y = [sin(0,— 0= | MO 7O S@Z0) SO Z0) ()
sin(@, —6,) sin(@,-6,) --- sin(@,-6,)

Horh A 1 A 85 NR ] GASF VAR GADF .95 31 FORS Hr i B .
4.3.3 IEEE
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TR R b 2 A

N TR WS ER I TERE, AT IS S IR ISR, FHhtmil
SGHBHEE. BT AN TIHRBORER Y AT &, FERE, AR SCREEEE 5
(177 NG 2 R . I N R AT 2 R R A e e, AR R BRI
WGREHE, WKHy R EET, ez AR RIS

ARSI B PEAE A SR AT 7 1) HAR S A2 R 40 R s

1) SoF B3040 B v g b A SR 1T 0 ) I 1) — 4 MR AT e e, LR T
N X O YRGS EFBERE 10 BEL 180 . 190 B i B MG A
BR et 10 & 190 .

2) X B £ A o AR T S B B 4 R AT PR, H AT
e WO 4RGN R TR, PR IR EA[-20, 20].

30 S R A AR PR AR AT 8 RS B ) 4 AR AT g Ab B, L AR T
ER: WO 4RGN 07 205 0.01 (1) 5 il s

FsE % Wt )5 i R 4

R

4-5 F P HE g
4.4 BT M¥# GAF-LeNet5 BV 2 4% 37 @ ELpas M
ERVREMEZ G, FTXPEETISHTHE . LeNetS M4 BAG = 2 AL
PEEEE ST, BERSHRBUARR R E .. AFEJT R FRE(S B, Revs 332 BMG i e i
BR, BT Bm, KA SR LeNets /4% ARt i 37 1R i 2 ] 4%
PR
4.4.1 LeNet5 4%

LeNet5 & — Fh & i (R B A S W 2& 450, ) N AT TFE IR &R
4i, WK 4-5 iz, LeNets MM B dL@E 72, 40518 Cl. C3 F1 C5 =/ NG
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2, S2 M1 S4HANERFEE (XHRLE) , F6 £iEREED L E. HE 4-6
Fis, M N—TK RSN 32 X 32 IR, &EMEGHITER. £ 4-1
KRS E N S50

C5:layer F6:812yer OUTPUT
C3:f. maps 120 10

Cl:feature maps 16@10x10 i
INPUT 6@28%28 © S#:L maps
S2:f. maps 16@5x%5

3232 6@14x14 I_
r r
r

‘ Gaussian

Full connection
Subsampling Full  connection
Convolutions connection

Convolutions

Subsampling

P 4-6 2 it LeNetS H71 45 14 &
% 4-1 LeNet5 £ 23H

R MARST  BREKN BRBEE RS

Cl 32X32 5X5 6 28X 28
S2 28X 28 2X2 6 14X 14
C3 14X 14 5X5 16 10X 10
sS4 10X 10 2X2 16 5X5
cs 5%5 5X5 120 1X1
F6 120 - - 84

OUTPUT 84 ; - 10

4.4.2 1RED)I1ZRRHE

W€ TINGERSE, N T IREAER IR SRS B, 75 A LI 5
0] 28 A5E 204 PR 2 ORI I 288 5 000 o A TN 400 2R R BRI BOS R BUR 1EL # S) FRDL
Jo — SR AV SRIE AT R G S 1

(1) 2K K%L

FEVRE %>, $i2k k%0 (Loss Function) FH T 1Pk 165 7Y i) Foiil {8 15 H 52
R 2R W2 s M, BRS8N R R AR
TR Z# (Mean Squared Error Loss) « 32 X2k (Cross Entropy Loss) A
L1 a#dik (L1 Loss) 5. W, RS IR KB IEBIRIE LK E
B [ 5E IR BEbR i . A SCIR B A Ot Ak ek 2, HE AR A an=l (4-7)
FroR:

H(p,q)=-)Y_ p(x)logg(x) (4-7)

xeX
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Horb, pOOFRIREEARIESLE,  q(0) 3R M 4 1 FIAE .

A X IH RS T B AT S [FIARRE, A8 O IR R/, ACERASZY B Tt
RUCRBRLT X 4% 1) T 5 S B BRI

(2) WE R

WL RS 2R B S ReLU B8, sigmoid BRI # LA M tanh BRECEE . W1 4-7

Firm o
14 1V 14
0 0 |
_A 0

(a) sigmoid (b) tanh (¢) ReLU
& 4-7 B R EoR B A
Sigmoid BRI H VS 0 B 1, %R ECE I E TG BT AT 15— 1k
AP . Sigmoid PREFRIA W (4-8) Fiox:
fx) = —— (4-8)

l+e™”
Sigmoid WUH RECKR 25 5y, H9R TN ARLMERIERE ), (AT R B
FERRNEFNBE BV R 0, AT HAN DL 0 A38ME, (E1Ishezg .
Tanh B35 Sigmoid PR EZEML, Tanh BEO % HYEHEA-1 3 1. Tanh K%L
FixAXnX (4-9) Fror:

e —e”

tanh(x) =

X —X (4'9>
e te

5 Sigmoid e&ACHI L, Tanh e& % LA O Jyrfts, W28 I 25N Wi Sl 52
SEPR, HZE RO R, PR AR B P R 1) R A 15 B

ReLU i £ H1 Krizhevsky % A\ 7E 2012 S frfE th, ReLU fE IE X 0] 1) 3 £CH
1, REFAERREEE R . ReLU KR ER A (4-10) FoR:

Relu(x) =max(0, x) (4-10)

ReLU pF£0AH LL %% Sigmoid B8 ZU AN Tanh B2, ARG T 86 B W 2K 55 )
A, TR, A SIGR B R T Sigmoid BR#UR Tanh BRI #L . PRIHAR ST
LeNet5 15 R0 pR #5183 ReLU K%L,

(3) Hi 2k s E A B

10 R BRI B )2 AR B 2% > I 286 455 20 1) Tt A 5 0 S AH 22 DS, RIS
XS A B/ o O AR R oR B A BV L S BE LB FE R BV (Stochastic
Gradient Descent, [#% SGD) . h&E#: A T [£¥% (Momentum) . RMSprop LA
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K EH&E AL T (Adam) 5L, HA SGD J& T s & Al H 440 A ik
%, HAUOER R FENGEIE h RN — DREARAT B R, JEEH
BRI ZA ., B AR (4-1D) o

0.1 =0,-nVf(6) (4-1D

Hrh, QRS OERINRET S 4L, ) RoRF 213, VI(6) R Birki
SO XTFTSH QMR . SGD i Al HEAZE VI RIS 12 HL 5 52 1 75 540 s
N JR3 0 e A 45 T R

s E b L (Momentum) « RMSprop PLN Hi@EM {511 (Adam) J&
T SGD HefiE k. Momentum 51 A T T8 B2 IR S48 EIIA-,  RIBL EE 4
A E R 4ERE, BhE R IFRM, S W BhE e i, (15U Sos fE 8
o HSHEFHREAMA (4-12) Fox:

v, =pv,_ +(1—=y)VL(w) (4-12)

He, yFORAASE, v RRUESIE, VLW RIR N B bRk U0 2460

B BRRE T REAR I (4-13) Fios:
w=w-ay, (4-13)

Hrh o NEK, WA—TTHRZSE

Momentum 535AE H B EAE 7 BEHLELE T BEEBRE T ), £ — EREE
G AT B2 T R Y e PR 7 S 3 A A i

Adam 254 T Momentum F1 RMSprop W& 1340 51, AR SR, &
FIRECHE 1) S BORACANASER E (1) B B bR Hi e 230 3 A o 60 25 v e P 2 s
FE R a) @, PRl AR S . Adam 1 9 I 45 453 2% R BRI AR B3

§ o)

PN
s

=

4.4.3 FETF LeNet5 BBz Ry

AT M4 BN LAY, S0t GAF B fe gk i — 4E 5 4 i
() 4 BUEEAR R 21, DL LeNetS W28 9 alidh AT 50tk IRIUE A2 T 1R 48
T 460 J5R ) — 4 SR TR P 4% 254

D HINZ: PRI IE TR B 4 EME, RG24 A\ &
B RSN 3232, BN R SF A 500X 500, FRHN EUGR S, B
B NG B&, e mBy R

2) Cl)z: ClER—NERE, ¥ ClLEMEHZEENNE 81, B
RN B 3X 3. THZADNIERZ, B SHEE, FIGHE
A, I BRI BN 7]

3) C4Z: FEN C4 BHGFZEEME] 321, SRR/ NS E
2X2.

4) C5Z: ¥ C5 EMBHZEEIG NS 240 4, HBHUZRI K/ Eb F) 2 X
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100

o

60 |

40

NRGESNCY

20

0 50 100 150 200 250 300
AR
(a) 1640 LeNet5 W 45 1E ffy % il £&

0 50 100 150 200 250 300
EARIREL
(b) 164t LeNet5 W 25451 2k i1 28
K 4-8 145 LeNet5 W 2% 1)l 545

FIFI MATLAB %, %545 LeNetS 4% AEi 5 LeNets [9425 5> M #E AT
Zho HURSRIEFIREHIN N R BERE T My, SRR E
300 X, 2 RBEN 0.000001, KRS HMBHALE. E 48 MIE 4-9 5
TGS LeNetS W4 RIS 5 LeNetS P45 [ vl 26 fh 2k 5450 2k ih 25
1 1&] 4-7 1P 4-8 AT LAH i, 1655 LeNetS N4 I IERIZ A 97.65%, 1 50t
J&i LeNets % ) IERf 2 98.83%, AHELALAE S LeNetS W24 B A7 RAR TH I 4
Fr I IE A 2
100 r

80

60

IERR (%)

40

0 50 100 150 200 250 300
AL
(a) BUiE LeNet5 94 1R 2 th 4
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0 50 100 150 200 250 300
EARIKEL
(b) B3k LeNetS 4% 4512k il 2%
] 4-9 Bt LeNetS W45 Il k4

4.4.4 JREEERBEAMARBY TR 4R
B 0T A 20 I 26 AR [ R PR MU B . I T B I 2 AR T S 4, KA
120 T 245 A TR 1) T 23 A b B B () AT 1 RE VP S
R 42 PRERREHIER

‘ TR 15 15
RS )
1E S A5l
1EH1 TP FN
S FP TN

WIER 4-2 JRVEFE BRI s, MO L S IE S 49117 55 Tl I e 481 7 L R A A B
AT 9. HhaFE: FEIEH] (True Positive, TP) . ff/x il(False Negative,
FN). 1% IEf9(False Positive, FP). H 2 fl(True Negative, TN). TP Jy1Efifi 7l
FLSE O IE B IFEA ;s FN NS i T 32 S A G0N IR R AS s FP N R T
I S SAR DL AN IREAS s TN g IR TR0 L S A5 Lo B I REAS,  FF DT
RS HESR P HIEIER R ZRE 16815 Fo

(1) FEHEZR: FEAEZR P AT s B 0N A TR AR (1 2 2R v Tl 1k i) B A
P e, HatHEAXBEAm (4-14) Pk

P TP
TP+ FP

(2) AZ. HIREZ R R SLPR 9 E 5] A 45588 7l oy 1 41

RIEe ], HatBE AN EA (4-15) fis:
R= TP
TP+ FN

(3) ZxEfebr: O TR RAGHERAE FR AP IME, R A HhPE

it pe . HAOHE ARBAA (4-16) Fios:

(4-14)

(4-15)

45



4.5 IREEREERPAAOMER 4R

4.5.1 HIRERNE
N T B UE BT SRR, A SCHE SCHR [71] 4 S (1 15 45 Sk B B30 2 1) B At
b TE S D R S AT B M 1 A A R B A P S A R . AR AN T
fiRsesimEe E L, B 4 REmAe E A o, M. B
TooR B EE B o IS UE X 2 A R AR, K SR AR B AR o N SRR AN A AR
PR, B 4-10 FTEL 4-11 29 50 9 Y ZR G2 A Hh 0 20 A5 5 48 T e i 0

(4-16)
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A L 3 3 ST ) MR A AT 8 B — 4 PP S B 4, 1] GASF A1 GADF 73 7
T AT B G 4 B — 4 IR . 4 GASF #1 GADF W Fh 7 v i 4 i 45
(M 4R 4R T Z R, RS2 I SR R B U R AR R — 4 AR
HLEATT Z B KB, IR A 4R IR 48— 500X 500 13K . Wil
VIR, BRI ERIESE 5 h GASF Al GADF #4c4: it — 4k G f 4-12.

4-13. K 4-14 F1E 4-15 FizRs o
BRIB R
J5§
& 4-12 il GASF ll GADF [f) — 4k &%

VI ON TV e
g g

e b B
YR
] 4-13 [UIf4 GASF Al GADF i) — 4k &%

R A3 F|H 7RG E MR ISR R R, AR
ALFE 125 DNTCER AR R EGE . 89 NIIAAC BREHE . 127 DNUIFE S B EdE . 305 4>
BRFCEEE, SRR N 6465 MRS 42 N Eokbaie A 351
WA RR AR . 44 AN TR BT EUIE . 118 N BRI AR, SEAKE N

GADF /71
A A B
YR

GASF Jji%
A A B
—HEB

=
=

GADF 751
B4 A )
Y15
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SRR R 2 2 018 S

239, {EF A LeNet5 B HESEHEAT BARMH 2 B8 Il 2RI, 75 ZEEE L S A
[ B ST A SR A7 TBON ZR B AN R
R 43 FICIUR SRR R

JRAET SR ek [F vl [Tk El
Pl 125 89 127 305
WA EE 42 35 44 118

320 AT
£

T I

.
i b

] 4-14 Wil GASF M1 GADF [ — 4k &1

4-15 TCHLFA GASE #1 GADF ) — 4: K%

GASF 7%
B4 A B
THEEB

GADF J7#:
AR T
Y1

RN ]
e

GASF J7i%
AR R
YRGB

GADF J5:
B4 A B
TR

b
AN
-
e

ﬁ"'iﬁ>

4.5.2 BHAREN 7t
HTFA KA GRMENSEEMNER 72, HRGEENESNSEEER
K, TREREEREEIR S MU S 02k me, a0 SR 4 500 22 1) 5uE
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D, R R R, LR E R REATY e, A SCRATIR &K
a3 i)y APt R R AR SR MR, e B R SR IR 4-4 P
R 4-4 ¥ 7R B HUR MR P Ko

JREE N T B b 1 $vi] 1R F

VI[E% S 365 248 375 663

R 128 94 135 287
4.53 HRBHYE X

PR LS [ IR, B LI AR A e LeNetS 45 (1 7] 1 2 50F0 6 50
AT VR, IEARIRBUE S 1780 IR, £ BE N 0.00001, $57 5% R Hik
ReLu, #2kpREMATILIESE Adam, EH GPU BT IZk, WS EiL
Pt 4-16 Fior
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