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Lithium battery electrode plate surface defect detection based
on improved Canny operator

Huang Mengtao, Lian Yixin

(College of Electrical and Control Engineering, Xi 'an University of Science and Technology, Xt "an 710600, China)

Abstract; Aiming at the problem that it is difficult to detect the small defects with low contrast existing on the surface of lithium battery
electrode plate, a new lithium battery electrode plate surface defect detection method based on improved Canny operator is proposed.
Firstly, bilateral filtering is used to solve the image edge blur problem caused by Gaussian filtering when reducing noise, and on this
basis, multi-scale detail enhancement algorithm is introduced to enhance the low contrast image. Secondly, the 3x3 gradient template of
Sobel operator is used to calculate the gradient amplitude and gradient direction of electrode plate images. Finally, based on the
maximum entropy and Otsu algorithm, the high and low thresholds of the image are automatically obtained. The detection results of the
two algorithms after threshold segmentation are edge-fused with logic and operation, and the discontinuous edges are repaired with
morphological closed operation and thinning algorithm to obtain the final detection edge. The experiment results show that the traditional
Canny operator and Otsu-Canny algorithm are difficult to effectively detect the defects, including different types of dark spots, exposed
foil and scratches. However, the algorithm in this paper can achieve good detection results for these defects, which can effectively reduce
the same color background noise, while highlight the target defect area. The correct detection rate reaches 98% , the propose algorithm
has a certain practical value.
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Fig. 1 Image acquisition system of lithium battery

electrode plate
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Fig.3  Algorithm improvement block diagram

1) X300 08 e ok M S AR L E AR PRI ) 22 RUBE 24019
5

(1) BUid1 g e e M

B rik o, W U T A P 8 S (H IR
P, IXLETTREN RS A BB LI 7 S B ARAT LUy
19 L MRARCR  (EL X 3 T T € B — O B RIS R AN
R I AR SR IBOUU 308 9 12 w8 3 v ST 0 90 o AR [
L SUE S0

R 2 A v T U8 D P R A T oA
% o, RIRIAS 2% 1 B BE AR ARUE A s (] 23 A 4 0, 25

HAF .
Al >—zk.f<k’l>w(x,y,k,l> .
- PINFAERNN)
- _(x—k)2 +(y - 1)°
d(x,y,k,l)_exp( - ) o
A - k,l 2
r<x,y,k,,)=exp(_ 1) =K >||) .
207

o fCk, D) oy (x,y) R R IR DTS 1R R
H0(x,y,k,0) NAE RE RAREAR R 8] 2 FoA
5 A% d(x,y k1) FIARDE AR R 22 57 70 B AN A9 {E
WA r (o ,y k1) BITRFRSE



202 X

wo R ¥R

F42 8k

(2) W7 PRI 0 22 RUBE 20715 1 5

h Y AR R PSRN e B e PR ) e B A
I ASCHEPSP AL B J5 2R FH 22 R AR H s A AT H AR
BB ST SR T RE o IO LU RS BB sy A B TSR
WA AR IE " 45 SO IR B NS AT
BAFAHRACR  ERSEUE T E , AN AR B T A
FIEMGIESE i, AR SOR 22 RO A e ik 5
PR R P 3R T BRI DA X HERERESE

AR SCR I 22 RUBE 240715 4% 58 05 B 19 ok H A Bl 15 5L
K 3 ASANT]RUBE 4 e AR 1115, 5 00300 s g s vy 14
Bl oy is A DL [R5 B2 A R 40715, 9K 05 LA
il 1) 7 N P4 A 5 B Ao 380 X003 a8 ipl s vy P 5 b, K
(0B W SRS SIS v v (1

B =g, *f,, B, =g, %f,, By =g; %/, (4)
K. f, FBGAIEPAE LS A A ER 5 0, oh 3 FOARTR] R
FERY T s B, AN IR RUBE Y e RO 164% L0 = 1,2,3,
d; R REA R 05 EUR G AEAE 407 d, P AR 4075 d, A
AT dy, B LU .

d, =f,-B,,d,=B, -B,,d; =B, - B, (5)

SRIFIE I XTIX 3 AN RUEE A5 FEA T AL -5 I B 2]
XCHUE IR AR 8, S B R IRTR 1 E b ke B4 240
R, R

fr=A, xd, +A, xd, + A, xd;y +f, (6)
s A, A, FIAL 4300 3 A RUEEAR T UG AL, AL
ZRA 1, HARE: h E R 00 B 20 A1 1 DU E |, BRI
ARV R 3 BE o5 b AR SCRACER 7353 B 0. 25,0, 5 Al
0.25, /" LG aR KR , BESRATS B9 BFE R R Es
el 4 iR,

(a) BILFE
(a) Bilateral filtering

(b) R

(b) After detail enhancement

26

400

200 .
R
(d> 345 JE B L 1

(¢) Enhanced grayscale diagram  (d) Enhanced gradient diagram

Kl 4 Z2 RSN 84590 SR BE B o AT

Fig.4 Multi-scale detail enhancement and grayscale,

gradient distribution

2) MG R

1L GE R RR BE IR BT 57 7 R AE 2x2 ABI ok A R 2%
AYARAS, BRI T B (EUR B A S Wk, o W R T
FIR/ BRI ANIE . AR SCRF Sobel 55738 gle it 46
TR PRI TR, AR B %8 T « 45°,
y FI135° 96 BE AR A, B —> 3x3 BB BB T,
Sobel 546 BERLAR AN 5 FT7R

-1 0 1 1 2 1

-2 0 2 0 0 0

-1 0 1 -1 -2 -1

(a) xHH

(a) x direction

() yHH
(b) y direction

5 Sobel B FEAE AR
Fig.5 Sobel gradient template

B (x,y) FoRERE RGPS R M (v,y) RIIK
BEMH, g, g, 7RG 5 (x,y) AbTH T3 [ Ly J5 1) 34
SR B IR AR, AR

g =[x+l y—1)+2=f (x+1,y) +
fla+tly+ D] -[f(a-1,y-1)+
2 f (= 1,y) +f (x =1,y +1)] (7)

g =/ (v=1,y=1) +2%f (x,y - 1) +
Sla+ly-D]-[f(xa-1,y+1)+
2uf (x,y+ 1) +f (x+ 1,y +1)] (8)

W gradient_A REUR TR E S (v, y) LHB IR E,
0(x,y) NEBEETT 1], A .

gradient_A =| g |+ g | (9)

O(x,y) = arctan(é) (10)
8.

3) AEM KA I TTA A

R T SR AR e A B ARG T WA
FE MR AR B KA ), A 18] 6 R, BLAR D7 vk R A
3x3 SR MG A L)) FEURZE 5k 8 A 1 R 8, % F
FEMR R AT A Lg) R0 3 e (i L HC A6 B Jr 1) AR
B2 AMMEE LA, FIA, BB BE IR R K% Sbr i R ik
SUE W8
0°  +45°

90°

4,
2 450

0°
6 33 AP At £ et 0 Fr) A Al A BT 1
Fig. 6 Non-maximum value suppression of the gradient

amplitude in 3x3 neighborhood



5 10 ]

B A5 BT UGN Canny 57 ARSI L YL ARG 2 T Bk B A 203

4) HE T I AR Otsu 532 59 B 1438 B 3

LG AR B I 1L 52 25 5 2 R SE ok Al
{9 VT T IV B T2 DL R R 1 7 AR E
WA Osu L% BONSSE™ BRI o e R
A 52 MR (ELO TR S B — £ JE7 P 2 T B A
W AIE FH , 25 A A AR 2 1 e, AR SO G 15
RIS %, 48 TR Otsu 005 0 138 O 0 (13K
WO 2 Bl Jot A e I 1 5 1 R IX 4
Otsu ST FURR XR34S DA . 3t
ST BB IR 28

(1) Fo KA 305 D07 A B 26 A B

BEARKAEINRS OS5 SRR £, KR Mo N, IR S
S, JRJE G i X RLEREAR A p, 0 Ay AR 4y D
(0 <t < n), MBI KR IOIRIESIS H €, .C, T
%, ok ¢, AEREIRIER0,0] WINFTE 1R, C, ISR
FEG 1+ 1,n] WINBTAIRE . BRBTH C, IRy
P(1) 8 ZJE T C, RN P,(1), RIEXWTF .

P =3P, (1)
Py(1)=1-P(1) (12)
C,.C, PiZEME M= (14) (15) PR,
_ - Pi N Pi
He, = Z‘ P,(t)l (Pl(t)) (13)
_ = Pi . P
H%‘i;A—me(1—auJ (14)
W, .c, WiZ&fE BRI R ECH .
MaxEnt(t) = HC1 + ch (15)

MR MaxEnt (1) WU AABEF, %R ¢ 8 EE
T R ARG B — B 0.5 % ¢ 432 25 AR 0 X019 {1 34
B2 gy R B AR BT £3EA TR 4 e v 2, 155
Krmah g k1,

(2) Otsu B3 B3 W AR K B

Otsu BV 2L T e KM B, il K RS £ ik
AN M X N JREESCH n, JREES i R RERE K p. kR ]
BV ENIML(O0 < b < n) . HIEBIE k5 A UL L TR
FEG K15y M D, D, PiZs, Horb D, 3RS0,k ]
BTG R, D, (IR ERES [k + 1,n] NHFTEIHE,
%BZEFE D, D, WEERE R P(k) P,(k),u,(k).
u,(k) WD, D, WF-EIIKED, WA .

P(k) = iPi (16)

P,(k)=1-"P (k) (17)
_ : . Di

w (k) = Z:(lp,(m) (18)

o~ (. P
0= 3 (i) (1
EURIZER T 2 o (k) M
o (k) =P, (k)u,*(k) + Py(k)u,"(k) (20)

YR o (k) BURIAEIT 0 REY kR RS S
£ 25 R, 0PSB — PR 0. 5 s fe, 4235 MR 408 SO0 R {1 1 2
Jr i, M B AR B X £ HEAT A O 2 #2175 46 D)
zEL D

(3) h&Rmtr

T R R R X bR S R R B R X 4
Otsu B 068 FAR X480 9 320 40 1R S B8 7, A% SCAR e PR 1% 14
BRI % TR R SE AR B R FLR F2 AR T
(i) RALERGEIKEEBCA b FIAZ, Hdh, . e [0,1],
B0 WnaiBe, 1 WoRaiff, IR h!, Mal #i75
B A F1VERAS S, P 75 R A B IR 4k
1B AR 1 B0 R 0, A5 B R4S i 1 2
PG, B T VTV 245 2 A 325 0 R0 200 1 88 A0 Xl 5 545 S
FTUbFE 85 R B0 B T B A Canny B35 (4 AR 2 i
SRR SE AN 7 B, kR

F3=F1 N F2 (21)

FA=(F3®s)0s (22)
AN FRIRRLE R SIS B, F3 OREA S WG
MGES . s T3 x 3 MBS ITE @ Mgikia
ERE, O RIS A FA NG A S8 TS R
ZER

() FEK

(a) Original image

(SRR TE < 2l
Fig.7 Edge detection result

(b) LGHNEG
(b) Edge detection image

3 ZWERSHMH

SRy BRUE AR S VA5 0 T 0 ARV B 320 G A DU B 32
Qe T W R M 600 )8 [ 78 AN < B A R [ )
P ANAR ST S R SR A T AR A A5 56 2 4508 7
ROLIEW kS 2 RN B ke A5, Wik s
Canny 5 | Otsu-Canny FIA S5V 30 Sk BOCR AR L
BT . VRERR/INA 400% 180 FY 3 Flis i 2 11 H- 44
FEMGHE 5% 90 FIRIR A8 SCHY S50 37454 Intel (R) Core
(TM) i5-4210U .4G RAM ,Python3. 7 MATLABR2016a,



204 U #H £ ¥ W

F42 8k

3.1 BRIEREESERRSWN

WA SO VR M) 5 v SR (A DRI R 3 Y P o
DS AE , Hh R DX R R A R R L R
N, AT R S R D A R, S — R B [X ek, R B
ROF R 12372, g P B uE U | F 3 H E g
BRUWZEC3, SR IR PR 7, 52w 45 R 8 B
7N, 8(al) ~ (a3) 435l A/ INRST s B | 25 76 e A )
JRUREE, ] 8 (ad) ~ (a6) 435N KR I BEGIE | 5 1 Bl bé
FRIRBIEEG , BadXF T RUA 3 R A ARG
UEIAPREAE AT AR B EARBR A I 2%, (0 35 N7 P (8
SR S5 RAPAEAE TR | ELXHIRT b B il 25 B2k
— B AR 8 (d2) L (d3) Fram. TR g I b B
LR AIREA RO IR, REE S MG Hir, AT &

(al) HEBEGRFE
(al) Dark spot defect

(b1) FETaEs:
(b1) Gaussian filtering

(el) HEIEB
(c1) Mean filtering

L b B 5 AN () B 3 1 8 M g SR | AR SO | A U {1 MR L
(peak signal-to-noise ratio, PSNR) YE R P-4y 22 MRS IR 1) 38
B, SCEREEANE 1 Bk, PSNR % XLUNF .

WSE =% 3 (i) - g(i)’ (23)
TR Cilll Ol
PSNR = 10lg VSE (24)

Kb £ FREEURAE (i,7) KB IKBEAE ;9 (i,)) Mg
WAL HR S5 EMRAE (1,7) AR IR BEAE s h oo s BUR B AN
T& s MSE R IR BUE 5 U8 I 5 BRI B 7 iR 22 5n R g
BRI R, — B8, AR R K B4 256; PSNR
BIBAL N dB, Y MSE #/N PSNR K, 8 I FE W I 14
EUG B SR R Mg SR b

(d1) B3R A ISR
(d1) Adaptive median filtering

Cel) ULIE
(el) Bilateral filtering

(a2) FETHBRIG
(a2) Exposed foil defect

(b2) T
(b2) Gaussian filtering

(c2) BIEUEB
(¢2) Mean filtering

(d2) BIERLPE IR
(d2) Adaptive median filtering

(e2) XHIEW
(e2) Bilateral filtering

(a3) IR
(a3) Scratch defect

(b3) FHTHESL
(b3) Gaussian filtering

(¢3) HMHIBW
(¢3) Mean filtering

(d3) EER AP EIE
(d3) Adaptive median filtering

(e3) XL IEW
(e3) Bilateral filtering

(ad) HEBEGR
(a4) Dark spot defect

(b4) FHTHER
(b4) Gaussian filtering

(c4) BIMHIBH
(c4) Mean filtering

(d4) &R P E IS
(d4) Adaptive median filtering

(ed) XYL
(e4) Bilateral filtering

(a5) FETHGRIE
(a5) Exposed foil defect

(b3) FHITIEB
(b5) Gaussian filtering

(c5) HfEIER
(¢5) Mean filtering

(d5) BIERPENEE
(d5) Adaptive median filtering

(e5) XL IEW
(e5) Bilateral filtering

(a6) RITRBRIE
(a6) Scratch defect

(b6) FHITIEB
(b6) Gaussian filtering

(c6) HMEUEB
(c6) Mean filtering

(d6) BERL P EIES
(d6) Adaptive median filtering

(e6) UL IER
(e6) Bilateral filtering

8 KGRI ER

Fig. 8 Image filtering results



10

B A5 BT UGN Canny 57 ARSI L YL ARG 2 T Bk B A 205

x1 BEGIRERETMILLER

Table 1 Quality evaluation comparison results of image filtering

TR bR HEN AL al a2 a3 a4 as a6
1= 0T g i 40. 642 2 31.661 4 32.663 9 39.643 5 24.478 2 33.692 0
P g 42.712 9 32.000 8 32.790 0 39.071 2 28.096 9 36. 098 0
PSNR
H 38 N 39.519 4 32.580 0 32.906 4 39.752 2 29.794 0 37.016 9
X IR 42.961 8 32.022 8 33.279 0 40.452 3 30.021 1 37.735 6

FH2% 1 8 T LA A SR 0 B0 08 i 330k 1)
PSNR $555 T g i M g i 50k B 8 (a2) W H IE
N HVELSE B Y PSNR (B RS R F 3G E B, & PSNR
JERETAG 2 5 IR 22 MU Y, IR % R R X2 i) 45
RASRAY XS b 22 S R, DR I 00 i 9 X 5 Mt 7 )
TEBRACR T LT Pih) F W R T A
3.2 BEBBEwNERRDH

WL BRI, = IR BRI RN F 3 R P
N REAT R DA e 2% T Bl A 1 P i 2 e ) R 9T AR
FARGHE P AT U B AL PR, A i T 18] 8 (al) R AKXT HE
5 W BEEREG , % N B BGH P A R B R R B 2%

Cal) fIRxFEL BE RS BEGRIG

(al) Low contrast dark spot defect

(bl) Canny T
(b1) Canny operator

(a2) &% bb BE RS BE BRI

(a2) Low contrast dark spot defect

(b2) CannyHE-F
(b2) Canny operator

(BATSASEE T, A e, AR SCHE R 8 i 5 22 RUBE 41y 38
SRR AE A KGR H ARG

T b R 8 U 3 R Ty ik, A% 48 Canny 551
Otsu-Canny B3 A SCEC kA9 Canny B9 UE AT 4% A ik
Fea #6045 Canny RN Otsu-Canny BN E
DR A UL 3, 3 B B (E H (100, 50) , 3L 8 I B AR
BT AR ROR B AR AR AR 5 SR A& 9 s, Horh
Bl 9(al) . (a2) &R XT bb B2 W 5, J& T 28 1 2 i B
1 9(a3) . (ad) J& X BB iy 1Y) 8 T B B, T IR B 45 28
BIEFIZEIE ; 8 9 (a5) | (a6) SRR BRI, &8 T 4 1<
ML B

(cl) Otsu-Canny5.-F
(c1) Otsu-Canny operator

(d1) A&3CT5i%
(d1) The proposed method

(c2) Otsu-Canny &7
(¢2) Otsu-Canny operator

(d2) A3077 1%
(d2) The proposed method



206 U #H £ ¥ W

B4

' i
\ \

(a3) BIEGIA (b3) Canny &+
(a3) Exposed foil defect (b3) Canny operator

.

(ad) BEEGRIA (b4) Canny#H-T
(a4) Exposed foil defect (b4) Canny operator

.

(a5) RIIRBREA (b5) CannyZF
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(a6) Scratch defect (b6) Canny operator
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(c3) Otsu-Canny operator
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(d3) The proposed method
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(c4) Otsu-Canny operator
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(d4) The proposed method
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(c5) Otsu-Canny operator
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(d5) The proposed method
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(c6) Otsu-Canny operator
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Fig.9 Electrode plate defect detection results
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(d6) The proposed method
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Table 2 Comparison of the electrode plate defect detection

results for three different algorithms 3
e 7 e I RE B 4 iUkt KR B bE
f&458 Canny 279 600 560
Otsu-Canny 553 580 455
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Table 3 The 8 connected number statistics of

electrode plate defect detection results
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