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Non-uniform and low illumination image enhancement for
cabinet surface defect detection

Wang Weijiang, Peng Yeping, Cao Guangzhong, Guo Xiaoqgin

(Shenzhen Key Laboratory of Electromagnetic Control, College of Mechatronics and Control Engineering,
Shenzhen University, Shenzhen 518060, China)

Abstract : [llumination plays an important role in the surface defect detection of large cabinet. The quality of cabinet surface image
captured in uneven or low illumination condition is poor, which may lead to defect detection error. To solve this problem, an image
enhancement method is proposed by combining cartoon texture decomposition and optimal hyperbolic tangent curve algorithm. Firstly,
cartoon and texture maps are separated from cabinet images using an orientation filter. The image illumination model is also formulated
based on the Gaussian scale space theory, and the uneven illumination is removed. Secondly, the hyperbolic tangent curve is used to
enhance the low-illumination image by the weighted stretching. Finally, the performance of the proposed image enhancement method is
evaluated using the contrast, brightness and gray-scale variance product parameters. The method performance is also evaluated based on
the comparison results of defect detection on the original captured image and the enhanced images. Experimental results show that the
proposed method is suitable to enhance the cabinet image captured under the uneven and low illumination condition. The accuracy of
defect detection on enhanced images is significantly improved. To be specific, the recall ratio is increased by 29% and the F-measure
value is increased by 21%.
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Fig.1 Diagram of the image acquisition system on the

cabinet surface
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(a) cabinet surface image
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(b) grayscale map
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(c) gradient image
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Fig.2 Low-brightness and uneven illumination of the cabinet

surface image and its grayscale, gradient distribution

2 AHRRIRREEGILESE

ARSCHE Rl R 38 SO R e DL UK 1E ) R 2 1Y
MG a5y vk, HAE R AR K 3 s, EEAEMHA
T3« T T 3 SUHLA iR 0 R 1 50 06 BR R 0 5 (1 W
2. 179) LTSRN 1E DD il £ i 1K B IR o (3
WL2.2795),
2.1 ETFTFEYENBHRYSREGRIERE

AR B PR {5 04388 7 A I JEE S 3 Retinex
S AR AR e sy R R B ) PR
AR IEAT e B 5 A B, T X S T R R — 1 R RT AL
MR MG ATE . A i, A SCR R 3 S0 43 i 8
BRSSPI,

1) JH 7 g Hir RUBE 2 [ 1 RGO R AR AL 1

22 5| Retinex AR MY JE & (R EG G IR EHR A1)
TR S RIS A R P e 30 LR 2 1) 7 g e e R A
PR R R P I T A 15 2 R R Sl A A [ Y
T 1FITRR o 22 3450 () D B e A 43 o, AT A5 B 3 5900
HEASEARY T R 2 (R A ik =N

UCx,y,A;) =G(x,y,A,) = 1(x,y) (1)
(v, y) AR Ux, y) Ak G BEATEY
* BTG () o T4 vE ik i pR A, HERIA R
Kty
2&2)
X, =kA k> 1,i=1,23 (2)

1
G(x,y,A;) = exp| —
(x,5,A;) A p(



% 8 1) ARV 45« i ) AL 2 T d5 B RGN A A X8 S BRI 55 B R 18 v 133
—{wonEE — S (2ga, +b,-1)) =0 (7)
¥ ¥ abk “~ i%k k i
ok B BURABZEL a, by -
1 -
* HFRiBLH ﬁz L.Ewgi(x,y)li(%,y) o Ik(x,y)
prren e | G o = LI (8)
S Brg 8 o’ +e
b, =1(x,y) - apy (9)

K3 Ak
Fig.3  Algorithm flowchart

Ao A S RUEE IR 5, RUBE PR 8 K, fi h ) O' A A
Wt UL, T B ARG B AL 5T UGB N B
SERE RIS EAEM I REER A 7, Rk .

AT =ar§min{D(x,y) +C(x,y)} (3)
D (o, y) R A A AR S A TG RS R 4 flg 22 26 XoF
{5 C(x,y) S2Al T BRBIAY Y R E

2) IR B 8 SCH S i

R T T IRASBEARBR A 5 55 50 L EE T O T UEBRAN Y
SIGHR AR SOR Rl SO Sk K R oy g Ry Rl
P& (IR B2 B AR ¥R 43 ) FNSC PR (K T AR B R Y
PR3 o FUACR FHSER R B i A7 (R Bl H R A 1 %
TREFIRERY T i uE " 8 RSB R R . T 1k
Perb i ER S 5 A g Z AR R IESC &, &
RAWF

Si(x,y) =a,g(x,y) +b,,Yi e w, (4)
s a, b, HEGw, RUMER E AP OmME N,

R U8 e P 5 B I i 4 30 D T A JELARL, SR R A
K THSELBIAT U REL, G5k S(x,y) 5 1(x,
y) 2SR/ ME .

E(a,,b,)= z ((ag(x,y) +b, —I(x,y))* +&a})

(5)
RS RS IO 7 0 e — Tk
FBOR A T I o, H(5) B/, I
L
Y ala +h - 1) +20a) =0 (6)

da, -

A w, SRS DR/ BUE R KT 3 474, T
T o AU 2 IR0 9 SO 100 R R B DR I 1 1T B KNy w S
HWAB R KA u, o R0 E g(x,y) EIEHEE H w, |
PIRERT 251 (x,y) EEAERIR, L(x,y) 25 A E1G
HIEIAE

P T HUARAE 7 X Eb B AR AR A9 40 SRR, AR SO B AR
EEF A, SRR EGOR BE AL Tl 52 B g% 128, B A, HX
B0 128, [RJFE, JS I A, A1 ALt U

T:I(x,}’) _S(xyy) +71 (10>
It AT R AN 35 2306 IR B R O -
S’(xJ)=S(x,D’) _U(x7y) +72 (11>

F20(10) MR e T A (11) /53] iR 38 K]
S AL A, BRI AR E R A S E B LA R . B

I(x,y) =T(x,y) + S (x,y) — v, (12)

38 SO 3 i R TR JEE e B A A L 4 BT
Al LA B, AN BT 21 L bR i HLIEUGOR BE Ak v )
JREEG 128 . R RE VA FEAK

(a)ﬁ@

(a) original image

(b) RIBLCHE SRR
(b) cartoon texture decomposition
effect diagram

(OF (5:9=9 354

(c) processed grayscale image

(d) 2725 REEE
(d) processed gradient image
4 RIESERI ORI KRR 5 B EE 1
Fig.4 Cartoon texture decomposition effect diagram

and its grayscale and gradient diagram



134 %/ L £ ¥ R

F40E

2.2 EFHMAWEEYHE0RSEEGEE

s B R T A AN B e 1E ™ T = A R gk
g e ROy BRI T R A
JiE PG TR SO, (H 25 26 7 ) S8 5 , Jovk B4 N
FI T ORI G4 B, Liu 25048 A9 35 T S O XUt
WE DT BRER ARSI 355 77 7 BB RS 15 T 8 4 o0 1 ik
W AL S B, B Wl 3 1, SR LA 2 18 R s 2
W BRI MG E R . A, ARSI 2 R 4
i gy A TR U I Y RgsE oh, SE LA
e PR ol B 425 S35 B

1) XA 15 D17 i 2 e S or Ao R4S

AR SIS 0K E BEN T (%) |, FEH R (S
H—fk k[0, 1], He x RET RIS ENNLE, & HE
YAFR x, v, BUMIEY) RN .

—exp( - 2¢)

1
tanh(¢) = I+ exp( = 26)

Kb ¢ T (x) BUESRERIGRH, Bl ¢ =k x T(x) ,k 2
ABMG I RE R T, HEUEEFE 0,57,

Shy G ik N AR B A G G 58 B EA T A Ak
B R ek 0h

I(x)= wxI(x)+ (1 =-w) xtanh(k x I(x)) (14)
w2 A BRI R B A T I R B i AR 4
RGBS, DOZAG ZE 5 0 B b K BEAEAVE M AUE (w) .
NSRS [F) R AILAE 2R T, D) G =8 5 Y (EAE
FAE wo

N T AESESRBORBE ) 2 AR IR S, SE 4
SR G 3, BT LUK AU (4 % 047 sh 25 7 L B9 4
R AR R B S -

I(x) =1, (x),,

) = o T (o (%)
Horp, 1 (%) 0 EIAERL, (2) BYEROKEEAA 1, (%)
SRR, () W/ N, 454630 (14) Fi(15),
R e A G SR A T

I(x) = )
wXI(x) + (1 -w) xtanh(k X I(x)) =1, (%),

L, (%) e = 1, (%)

(13)

16

M= (16) ATH, IRA AR S HA k,%iﬁﬁ’a(k{é
XFEBHGRIEE R B R EE . ASCRE T H G018
REEW k ERA .

2) BT e FIRTILN kER

PR R B A RIES &, B (EBOR, 4]
B R B, RS I , 18 SR I #4015
V32 W 38 30T B R M el X IO 1 e A P Sy B A
PRI 1) 7 SCA «

255

J=- ;p(i) log,(p;) (17)

Arbep(0) SRR @ fER B T AR, LA R an 5]
5 PR e
BN BRI SIS ()
Bt ARG 5 T (x)
BEIERSH)=0.618, BEBREZE0.01;
B BTG RBER T4 5 Ak, =0.1 k=5,
ROBER T Ak=k,~k,
BEEAIR BB, =k, +(1-p) Ak =k, +p ks
TR E AR R (k)R (k)
While Ak > 1 do
it J(k,)>J(ky)
k, =k, A=k, ~k,

k=k +(1-p)Ak,
k= +pAkJ =,
THEITRIEL | (k, )RR IS A B0 (k)

else
ke, =k Ak=k,~k,,

k=k,+(1 —;I)[)Ak,
k=k +pAk,] =],
LRI (k)RR RO BRI (k)
end if
end while

IR Bl R TR R .
FE)=0.5%(L(k)+1. (k)
S e Y RE SR b E
Fig.5 Golden section search algorithm optimization
k value pseudo code

3) Z RN 858

SR 22 SR A PG 56k 7 1k 2 25 2% Jm b A ol e B £
B ARSOR T 22 RUBE 40747 9 58 07 0 0 9 e I ) A
K TR A AN R R B AT R, 9K 5 7 KR
ZEGT AG BN R]RUBE B A1, R0 Jt P 2 17 494 it 42 =y
SRR T FIRAT

B, =G, *1I" (18)

d, =1"-B,,d, =B, - B, (19)
Aei=1, 2, -, n,n R TREMN T e R
SRJE RIS, B, Je AN [A) RUBE i e i 141 e, G, 2 AN
R W% s d, S AR RRE R A0T . S /A0y
d, FHEEART d, FRLRAATY dy 7055 SR

d =1"-B,,d,=B, -B,,d, =B, - B, (20)

IRJ, B IFIX 3 AN RUEEAATY, SE BRI R 1 Sy R 4 4
58, FIAANT

d” =a, xd, +a,*xXd, +a, xd, (21)
Xia, a, Flay ST BN RLA ROALE , AN 1,
R A E < AR BRI BB RE 73§ 00, 3R 3 SRR
3 TC A, 911 ke o R IS AT, DU B8 P A R AN i Y
RURZY . A3 a)a, Flay BYHUE 302 0.25.0.5 il
0.25, f RHAEARANT &7 BRI B AR R ER 17
2SR R 45 2R AN 6 R



EARTT A ¢ T (i) AL 2 1A R B G P AN 49 5 Y RS S 8 P (5 0 58 77 vk 135

(a) ALBEHT

(a) before processing

(b) &P )5

(b) after processing

(OF:=p312

(c) processed grayscale

(d) AbBE J5 B AL
(d) processed gradient

B 6 smefIouh E Y] h 2k H i SO B2 S5 RE 1R
Fig.6  Optimal hyperbolic tangent curve enhancement

and grayscale and gradient map

23 ERESH

R O Pk v O[] 2 2, 57 500
BARIRITE S 15 VRSP , B O ] 2
%y 0 hsize ) , Horht keize Hy ESHRENE BT L1/, A 5,
LA B S 2B O () , FF 1L B B
HERI 0 26 O(15%(5+1)N) Ll O(90N) 5 S 73
ST o, (9SO (2N) 3H5T by B9S2 H O
(N HFRE O 2 HE S O(N) LA Ao 4 2
ey O(3N) RS, 1 B R 50 Y A -
SO B R N O (3N) s 76 R XU b i 2,
S E T R e k(69 2 S K M L =
“QQEQZQJ” - 13 s, AL IE B %
HIAL I ZSFE o O(3N) | QI J e Jo O(3N)
LA LU I 0 B 2 O (13x(3+3)N)
B O(T8N) 5 2% e 145630 1 2, gl = 5 O
(@2 Y O (15N), itk 3 R A1 S 205 O
(3N) L ROE 445 1 L 58 58 26) 5 21
O(N) . 5 FF7E, FHE IS 2L N O(194N) .

3 SDIREER

T B E PR B IE AR ST 1 A R, AR 0
HEARSE bR, 802 7 a0 F & SRR BB 0 K ER T

4 mm Py EREE , IR 8 R B 2 A KT 0.5 mm A 5 B
SV AN IR 5 2 FL B 43 A I DO TR AR S IR ke e 2
EAIIE , B S R0 TC RN (4 28 F LB , AT 3 8 A ek
SMEBR HAR KT 6 mm, 55 % O KAKERT 6 mm,
BN EERT 2.5 mm; MU E AR FEATLAR 2 18 11
FARREE R T 1 mm (RHIEE

AR B3 o 1 RS A A G S8R 9 WE AR SCHR
T AR YR A Cao 2517 45 H A 6 138 IR P 20 50 3%
EATBRBEARGIN , 127 1% o AR I i 740 O BB A A /N
ARG DU P4 0 1, 75 5 O MR SR P08 B8 KT BB, L MR 7
FEANTBIME . SHUE 7R/ 17161 596, il & 58
64 v/ Windows 7, 4bFH£% )y Intel Core i5-6500,4E i &,
BITNTER 8 G, 81T & A visual studio 2015, AR LB
HYIBATIS ] 33. 463 s, S Hr 4 RANTF o
3.1 EELSH

T SR TE AA RE  F T B ARER TR 6 5K
WL 1 7 TR 7R T AS [m) s i) B >R A B ATL A 2% 1 R
Hr B 7(a) ~ (d) A% 1 ADHUE, 23 575 EF G A
SO A B LA SE AT A A 4 PO R TR
FEUR , 7 Bds 12, BMEAE B wOCRIE LT, A g
WEGHSE L), B 7(e) 5 2 AHUAE B RA W] B3
IR T(0) RS 3 MHUAE H R A AIMRIR ., & 8 Bl
B 1 38 SO A3 A RN B DU LE ) it 2k P 443 i A B
S &9 N 10 7] AR BE (4 FAG I i b PR F5 AL
PR TR , LSS IIEAS SCOR s 1A Rt

(a) IEHOLHR (b) ZEFEAT I (o) AR e A7
. L (b) Left bright and (c) Left bright and
(2) Normal illumination right dark right extremely dark

(d) AR () W BRIIR (f) 4B RIR

(d) Extremely dark (e) Obvious scratch (f) Fine scratches

BT R[] BER SEALAR 2 T 14 1R

Fig.7  Collecting cabinet surface images at different time periods

HET X, E 8 BRI SRR, K&
JEWATRIPR i, B0 1 BREA S T SR X LR, 7 2R Y
2, 1 8(d) Brzm XA s ' IR T R A 3 5 45 21, 2 HLAE
A SRR 2], 35 s A PR B TS, BT RE



136 3 2% X

A

F40E

(a) IEW IR (b) AR (c) BRIE e A B
. L (b) Left bright and (c) Left bright and right
(a) Normal illumination right dark extremely dark
(d) PRI (e) FIERIIR (f) #PRIR
(d) Extremely dark (e) Obvious scratch (f) Fine scratches

K8 ASCI B 8 7 i b PR

Fig.8 Image enhancement method processing effect image

He PR B RIS HE B B SE KR

P9 H1 10 Bz 535 SR P B {EL 3 107 1L 3 181 7
8 BRI ZE A, N 9 (a) ~ (d) FTLAFE ), 7EIE
OGRS SR IR B 73 1 77 95 n) LA 52 DL Bk A
s AEAEA TSI ARG RS, U 4R foleashe b LA
M), MBS O o JCHJR A C IR RS E IR T, i Be T
Rt oL B E, AN 9 (e) A(d) Bizse MBI 9(e) ~ ()
LA B, W S R A A 45 SR A, (L 20 Tl e I T A
o

\
\ L\ \
"\
(a) IE¥ LI (b) AR (o) HRIE 22 5245
(2) Normal illumination (b) Left bright and ~ (c) Left bright and right
right dark extremely dark
\
v
(d) R () HERIR (f) A RIIR
(d) Extremely dark (e) Obvious scratch (f) Fine scratches

KO It AT B i P
Fig.9 Defect of the original image

HHECIE 9, 1 10 AES R 7R 1 AR B FE AR I RCR o
i, %t P 10(a) ME 9 (a) , IEFEHS , AR SCHLAT
AT RBE ARSI , (EL 285 B0 i A SRR AN SOCR, , R T3
ZIBIEANER . B 10(b) ~ () AT I 2, Fre ul

I ) G IR PR 22 e 8 i S, mT LA S BB 2 A el ke o )
S0 R R A, A e 1 B A ) B

\

ooty \
' Cy \ ‘ Sy \\' '
(a) IEH R (b) A () RRIE LA S
. L (b) Left bright and ~ (c) Left bright an dright
(a) Normal illumination right dark extremely dark
) ) - -
-~
(d) HRHE (e) BIERIIR (f) 4HfRIIR

(d) Extremely dark (e) Obvious scratch (f) Fine scratches

K10 ARSC7 Ak B i ]

Fig.10 Defect map after processing in this paper

3.2 EEHNMH
1) Bg B s
SEE R SRAE T 100 5K B Fr, d ak ESROG LE L EIS
SEHE R BETT ZE TR VPN AR bR , X ALAR 2R I G 3 5 i
Ja RS BT A TR SR (1) PR,

(1) EUEXT LG EE

XoF LU BE A2 S e AR 2 R A 48 A, 8 A% L JBE 136
WAL 25 1 S50 7 R 5 28 S K, PRI BT a4, % T IR
JE SR EU R 2 SR

1 1 ?

Constrat = EZ F(x) - (ﬁz‘ [(x))
KA X, Y R BRI B INEL x ARG R b 1(x) 1R
FIRKPE EUR I K FEAH -

(2) gz

G SE R e T GO B0 BTl T AR SCRA W
AR5 B UGG 335 4, T LR U8 B VA 48 B ok DT 14
Bt X T IREEEME 58 B 0 SRR IR EE S, B

1

B = X—yz I(x)

(3) JKRJE )5 267

T 25K ARTR T MR AN 25 55 80K, X T AL R 1
SRBEASIN | K BE 7 25 R, MR 575 S () 25 R R

V= Z,Zj' I(x,y) —I(x + 1,y) | x| I(x,y) —
I(x,y + 1)1 (24)

P& 1L A] T 308 f5 R X LU BE SRR K T 25
e FRHT o5 A S A, W8 B AR SCO7 v R A 0 i KL ARON L
FE SRR AR B E A S 25 5 A A T BRI RCR o

(22)

(23)



5 8 1] EARTT A ¢ T (i) AL 2 1A R B G P AN 49 5 Y RS S 8 P (5 0 58 77 vk 137

25 [ |%FERRE xR 1 HUERERMEENEE TN R
E: i i
) TR T Table 1 Cabinet surface defect detection accuracy
& 20 evaluation form
# ) P84
15| bR " ; ;
.]5 a c e
® 1.0 _’_ P i 26 21 14 13 14 15
g = R J& 29 26 24 24 21 31
:E’ 0.5 . ’ W1 0 0 0 0 0
= T FP
00 T & 1 0 0 0 0 0
A 4 9 16 17 12 18
WURAT WS WURAT BYUR)E WURAT WS FN I 1 4 6 6 5 2
1L DR R S8 S AT FORE 8 B AR A 0.96 1 1 1 1 1
T R BFE R Fo0.97 1 1 1 1 1
Fig.11  Contrast, brightness and gray-scale variance LIRS 2 0.0 0 0 0 0 0
product box plots before and after test image enhancement
) 0. 002
S
[=] . . . . . .
ARSCRHT T A R (precision ) | 41 [2] 5 (recall ) £l F a5
. o r e 201 % 01 017 033 0.37 027 0.49
{BL( F-measure ) 5 A6 95 MU 2 1T Gl B A IR B2
TP i) 0.29
Precision = 000 (25) i 091 0.8 064 060 070 0.6
TP i 5 0.97 0.93 0. 89 0. 89 0.90 0.97
Recall = 26 F
ced TP + FN ( ) % 0. 06 0.11 0.25 0.29 0.20 0.35
2 X Precision X Recall k
F — measure = r:ec.mon eca (27) ji] 0.21
Precision + Recall
TP O IERAGIN HH SR BB 5 FP R R AG: Ay R B Y 147
B FN RGN A9 SR . 7 7 Rl 8 MR A 1 13} o fiitd
RrRG BESE AN 1 s o ReP AR T8GR i & 12} [ IFfE

BRI, 5 AR T B3I ROV F s R T 5, 2 gt
7R P G B 2 R T (O R B 3 [ F (i % 1of

Irite ¥IFOR 6 FE LU T BT SAR B R A BRI FAE @0-9@ % T é T =

RIA .

IR 1 GE IR R 150, 14 3 5 14l A ) 1 i -
W% ISR F 4517600 96,17, [0.80,0.97 ] F 06
[0.89,0.97] 2 i, B I 46 1 9 8 98 G 07, 2 it ol T
Gt KBRS T 0. 2% , H [ R T 29% , F lF sl ‘
PR T 21% ., BARBIRAT MRS EE AL, R S NN S WMEN MEE
FF T SRR RN R R B T 12 R RS RO A R F R
ST U A B P I o 2 TR e R ] A0 B s O IR Y Fig.12  Precise, recall and F-value box plots before
() [, B4 s a SRk DU 13, 17 1 5 f= Re A DU 21 24 4>, and after test image enhancement

BRI SCR AT B IG5 o MR 1k i 3 A AR
X G L SR | A S B T R A 0, AR SCHE o 7 i 3 i
RIEAL, X 100 sk ER G A K mE 12 4 4 T
Fi7R o
BRSNS MBS B ' JE T AU 2 T afe g Az D) g e



138 e % =

iz F40%

RO, AR SR AR 30 30 B figk R R L T BT il 4R R
J AL 2 1 R A 558 AT, EEASIB IR

1) A 30 20 B 2 it A0 e A 0L 1 D7) iy 2 B 3 X
BILAE F T EMRAEA TN 15 50 56 BE 2% bR RG22 B 14 5, 17
SR FEVH 2 10 A 43 1) B 3k o 444 e A J ) RS 2R A 7 e o A
W, 25 50, MG G 5 I 64T i B R DU RS A SR 4 i T
0.2% A BRILF T 29% FEARE T 21%

2) ARSCHFGE T R 22 RO 24071 38 5 7 12, S50 28
WA, 2o A1 G 5 B LAG R 10 UG, AT L2 Bl
F 515 8, S350 56 B 1 i B Ak

3) SEREERFW, EMSEOC IR T, MR 2 1
6, BRIV R T G 3 58 ik, AR AR B2 5 )Y IX 358 11 Bk
{7 B, TSI B BRI . AN, FERR S 51T, S =
6B, BUG G385 G SO A 2B, A 25 M R G )
HEWAIE . PRIUL, 5 28 T AR K 35 BIF 9 A 5 R 5 1 Al
Ui G IR A MG 58 5 72

S 3k
(1] BUEEY, BEPR 5L T HLAS DL A B 1 4 ) SRS D 5k

ZEIR[ )] AN FE 24417 ,2017,38(12) :3100-3111.
YUAN W Q, XUE D. Summary of tunnel lining crack
detection algorithm based on machine vision [ J]. Chinese

Journal of Scientific Instrument, 2017, 38 ( 12 ).
3100-3111.

[2] PENG Y, WU T, WANG SH, et al. Motion-blurred

particle image restoration for on-line wear monitoring[ J |.

Sensors, 2015, 15(4) . 8173-8191.

[3] KWAK HJ, PARK G T. Image contrast enhancement for

intelligent  surveillance  systems using  multi-local

histogram  transformation [ J ]. Journal of Intelligent

Manufacturing, 2014, 25(2) ; 303-318.
[4] JIAN C, GAO J, AO Y. Automatic surface defect
detection for mobile phone screen glass based on machine
vision[ J]. Applied Soft Computing, 2017, 52 348-358.
PIACE, %, SRHE, 5. BT IRIMGOR B BE RAE
R B0 3 T ke B A D [0 ] A AR A R 4 4k, 2018,
39(4) ; 220-229.

MIN Y ZH, YUE B, MA H F, et al. Detection of rail

[5]

surface  defects based on image gray gradient

features [ J]. Chinese Journal of Scientific Instrument,
2018,39(4) :220-229.
SINGH B, PATEL S. Efficient medical

(6]

image
enhancement using CLAHE enhancement and wavelet
LIl
Applications, 2017, 167(5) . 1-5.

IR, £7 AR, X, S R SR PR SR R I A

fusion International ~ Journal of  Computer

(7]

[8]

(9]

[10]

[(11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

Firik [ ] AR 41, 2017,38(3) :681-688.
SHANG Y N, SHI J X, ZHAO Y, et al. Adaptive
adjustment algorithm for non-uniform illumination images
based on 2D Gamma function [ J]. Chinese Journal of
Scientific Instrument, 2017,38(3) :681-688.

FAN C N, ZHANG F Y. Homomorphic filtering based
illumination normalization method for face recognition[ J].
Pattern Recognition Letters, 2011, 32(10) . 1468-1479.
SPORRING J, NIELSEN M, FLORACK L, et al.
Gaussian scale-space theory [ M ].
Science and Business Media, 2013.
HE K, SUN J, TANG X. Guided image filtering[ J].

Dordrecht: Springer

IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2013, 35(6) . 1397-1409.

DRAPER N R, SMITH H. Applied regression
analysis[ M]. New York: John Wiley & Sons, 2014.
SUHAIL M, CHAND S, KIBRIA B M G. Quantile based
estimation of biasing parameters in ridge regression
model[ J]. Communications in Statistics-Simulation and
Computation, 2019(1) . 1-13.

GUPTA B, TIWARI M. Minimum mean brightness error
contrast enhancement of color images using adaptive
gamma correction with color preserving framework [ J ].
Optik, 2016, 127(4) . 1671-1676.

ARIGELA S, ASARI V K. Self-tunable transformation
of high color

2013,

function for enhancement contrast

images[ J]. Journal of Electronic Imaging,
22(2): 023010.

LIU S CH, LIU SH L, WU H K, et al. Enhancement of
low illumination images based on an optimal hyperbolic
tangent profile[ J]. Computers & Electrical Engineering,
2018, 70 538-550.
KIM Y, KOH Y J, LEE C, et al. Dark image
enhancement based onpairwise target contrast and multi-
scale detail boosting[ C]. IEEE International Conference
on Image Processing (ICIP) , 2015 1404-1408.

k% , . JE TR TR 20 R 73 1) 22 RUBERS (0 [R50
SR )] LGN R0, 2012,33(3) :602-608.
GENG X, HU X G. Multi-scale color image enhancement
algorithm based on fuzzy same group partitioning [ J].
Chinese Journal of Scientific Instrument, 2012,33(3) .
602-608.

Kim Y, Koh Y J, Lee C, et al. Dark image enhancement
based onpairwise target contrast and multi-scale detail
boosting [ C ]. 2015 IEEE International Conference on

Image Processing (ICIP), 2015. 1404-1408.



5 8 1]

EARTT A ¢ T (i) AL 2 1A R B G P AN 49 5 Y RS S 8 P (5 0 58 77 vk 139

[19] CAO G, RUAN S, PENG Y, et al. Large-complex-
surface defect detection by hybrid gradient threshold
segmentation and image registration [ J]. IEEE Access,
2018, 6: 36235-36246.

[20] GHORAI S, MUKHERJEE A, GANGADARAN M, et

al. Automatic defect detection on hot-rolled flat steel

products[ J]. IEEE Transactions on Instrumentation and

Measurement, 2013, 62(3): 612-621.
EE BN

FAHIL, 2018 45T HH A B ffig i oy
A, BRI 27 A - W 58 A, E 2R SE 7
1 g PRI 5 LA L0 R REAR I HE AR
E-mail ; 1240515869@ qq.com
Wang Weijiang received his B. Sc. degree

from Huizhou University in 2018. He is
currently a M. Sc. student at Shenzhen University. His main
research interests include image enhancement and machine vision
intelligent detection technology.

B CEAS1EE) 2011 4F TR /R T
TERZEFAE 20, 2014 4EF P8 223858 K
FARAGB 200, 2017 4F-F P 22 3830 K74
P2, BRI 7 By PR , 2T
FEIT 1) ML A0 REAS DN H A (R Ak B
LS WA I IRR NS /) IS E E s a S

E-mail; pyp8020@ 163.com

Peng Yeping ( Corresponding author) received her B. Sc.
degree from Harbin Engineering University in 2011, and received
her M. Sc. degree and Ph. D. degree both from Xi’an Jiaotong
University in 2014 and 2017. She is currently an assistant
professor at Shenzhen University. Her main research interests
include machine vision intelligent detection technology, image

processing and pattern recognition, and robot and loT control

technology.

BT RB, 1989 4R T P2 A0 R AR AR AT
i, 1992 AR T PY 4 S R A RAHAR -5
37,1996 4F-F P4 22 5838 R A7 AR A 2 6,
BUOATRIN 2308 , FEWFFET7 1w hg 42 o B
WL, AL ABOR  HLas e FIfE S AR T
E-mail: gzcao@ szu.edu.cn

Cao Guangzhong received his B. Sc. degree, M. Sc. degree
and Ph. D. degree all from Xi’an Jiaotong University in 1989,
1992 and 1996, respectively. He is currently a professor at
Shenzhen University. His main research interests include control
theory, robotic technology, machine vision, and information

processing.



