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Multi-view image adaptive enhancement; method for conveyor belt fault detection

GAO Rui'?* ,MIAQ.Ghangyun'~ ,MIAO Di*,LI Xianguo’

(1. School of Mechanical Engineering, Tianjin Polytechnic University , Tianjin 300387, China; 2. School of Control and Mechanical Engineering , Tianjin
Chengjian University , Tianjin 300384 , China ; 3. School. of Electronics and Information Engineering , Tianjin Polytechnic University , Tianjin 300387 , China ;
4. School of Electronics Engineering , Tianjin University of Technology and Education , Tianjin 300222, China)

Abstract; The images collected to detect the fault of conveyor belt have some problems of non-uniform illumination,
and poor image quality. It makes fault detection and recognition become difficult. In order to improve the accuracy of
fault detection of mine conveyor belt,a method for adaptive enhancement of multi-view images has been proposed in
this paper. Firstly ,a multi-scale Retinex method with scale adaptive is used to extract the illumination components of
an image. According to the extracted illumination component,the non-uniform illumination correction of multi-view im-
ages is achieved by using the adaptive gamma function. Finally, the image contrast is enhanced. The experimental re-
sults show that this method has many effects, such as removing the effect of non-uniform illumination and coal mine
harsh environments, making the average intensity of the image collected by the linear array camera under different
viewpoints and illumination conditions consistent,, compressing the image dynamic range ,improving the image contrast,
making the detail of dark area more obvious in the image. This method contributes to improve the accuracy of fault de-
tection ,and is suitable for the on-line fault detection of mine conveyor belts.

Key words : conveyor belt;fault detection ;non-uniform illumination ;image enhancement; machine vision
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Fig. 1  Framework of conveyor belt fault on-line detection system

RS TAR R R S i e 5 W IR LI R
D2 IR ST i 0 R THT N 7 AR 18 S SR, 18 S SRy
i 5 a8 R O i CCD A AL i 2
FA I8 SO OG , B A RAE S fi iR Al s A7 1)
T H 1T EMR, I8 LUK & 4 25 1155 1T
DIRSE B S SR K SERRRENE SRS INEE L SN
B A IE S ISR 3L, 43 A R 31 i 6 7 60 flv |, 9 T 4
PRGN I 2L S50 % | i S e 45 0 o i S 4
PLERIME S . AR A 2R AT K R X7 A7 A
P IR AR R B B3 &, LAB AR R 520,



596 # 2

F % 2017 4E45 42 %

LRSS R R s BRI 1 A6 I 28 Gt P AL A U A 2
HeasIa), 1R AR PR RE B Rk R I, T
BRI Z AL, 8 i 22 AR RO, L2
JYTT AN ) £ JEE ] IRF A BB P 5, 2an R 4 i 14 e
e T R PR AT A, AHATLADE IR A e %
AR LN B 2 TR s kbR T R AR Y
BesNas(a], [RIFE/N T 40 em, Q] 2 B2 3RF ™ 28
LB 5 2R G AR RCR | HAm 141 & i J LA R
NIE O T 4506 IR 5], RGEER I Z A LED
SR BOW I I 1A R i S U A B (Rl 4%
Bt LED SGIRAFAE K O6 22 5 HL 22 (0 B W B AN o, A
LB 58 P A8 TR 3R {45 P it R P AR LR 4 1 [
BAFEC IR BT 25 RSB AGIN |, 5 1 1
A ) T A B R A

(b) 5%
El 2 ey GRS B ARk HL L e &

Fig. 2 Installation position of image acquisition device for

upper belt on the conveyor

2 SMaBE®BEENIEYNESFEREIE

% BB BEAIPLEMGR SR AR L, B UCR AR S
PP AT 7 n) 3 LA 0% I [ A )9 1R ) —
it (A7) G, — i B B A5 R SR AT (17) B
PR A, 0 2 048 x2 048 B4 & 15 T MOk
2 048 MU MEAHDLIE SR AR 2 048 Wi (47) BIR DR
MY . ks s kil R g8 b 20 R 244
FEAHALRAE , [R]— 2 B A ML A ot (17 ) R E A A TR
EHR A 1B DL, FLORRFANAR | T AS [ 26 B AR AL 22 1)
BT (AT ) EUREAT AS R 6 BE A3 A 18 0, AR SCH 5
K B & 22 RJE Retinex 15X 26 FEAHH LR 48 A —
FMREME (N2 048x2 048 K5 1T IR/ = iy iR

B, SR 5 ) B B 't B X R R AR BIL A ot (47)
FUGOCIR A AR AT A 3, Bk AR (17 ) D6 IR 4y
A UA T AT SO AR S5 05 A HTGEE 3 0 A
PRI IS ISR A 1) 220 i R AR 4 2D BRI AR OE
2.1 BiEMN%RE Retinex iZXRB O EHIIREN

Retinex J5 B2 B 05 NS 58 3 48 K R TR, A&
TR OC IR - U 3 A DB ER (v, y) TR
Ao i (v, y) B o0 (L y) FSREFR

flo,y) =i(x,y) xr(x,y) (1)

SRR BRI A G o v ARG IR &, 35 92
PR, ISR 43 ) B R T RIR Y 4 R
Retinex {23 2 25 Sl I8 0 F0F-1 45 BR AL 3 R B0 TR
AT 2 R i S AL B Ab B Y 25 5 R A R B
MO L(x,y) AN

L(x,y) =i(x,y) =f(x,y) *g(x,y) (2)
Hop )« FoRBRUBR f(x,y) HIFEIRHEA KSR g (x,
y) A UE I ST W 5 AT o 5, — i Ay e 30T PR B, 3R

g(%,y) = Kexp[ - (& +y") /0" ] (3)
K, o 2 e SO BRI RUBE B 850 K R A — A0 %8, Al
RO . [[a(x,y)dedy = 1,

FRAE = T R R o B, Retinex 7538 7] DL 43
NERJE Retinex ( SSR) 1 R Retinex (MSR) , £
U Retinex 524 241> HL R Retinex (1940 FE 45 H
HATIACEY, AR BCE & B E IR, 2 RE
Retinex {54% T =058 i R G IR A0 & Lyge (2, )
RIHR I .

%M%w=§%UMM*&MMJ (4)

g.(x,y) = Kexp[ = (&% +y*) /0] (5)
ol f(x,y) WRIEE ARG 2, (x,y) WRER o,
H R TR GE R B N M RE R 0, NS n D RE

B R AL, T 2 Zw =1,

EANS Retmex (jg‘EPE'J
RE o, MIREMIMER o, fﬁﬂ’hﬁﬁl EEE?HFJIZI
BIGSRHR . N o, BR/NIGE T HBBRZEH
T R o, B/, 30 2530 R 4 Bk, IR B R 3
R R o, RO, R R AR RIOR Bty (H
JRIEBA TN T, SCB RN TR Z MG F 8
WO N 3 AN RUEE AN e ] 20,100,250, %
FREANE N=3 L R Retinex, B REE BN
FE LR —FEEHN o, =173, {HETERZ
A B R AN B R — [T i ROBE A R E AR MRS 3




T2 [ R pe i 4 Al B2 N S U S BRI [ DR v 597

BRSO TOvR T R B 4 O B A R R
X} 22 R Retinex A7 el il . XF F Hiy % 47 50k
Ui, ANREE GRSt BUR & A B 2 ks A B iy s 8l
TSR S, B —BohE 22 KRS 1 &
G EARAF W EUR — 80, BUD I 58 TEEIURL
RPN B L5525 R A B R 6 IR i R B
() RS 2R, AP HE 1) ' A i (R BB 1 A 114 e ke
s G RR(E B RBRCATF M DR 5 IR R 1 1 2
fiE 32k A R R [ 3 0 18 B, DA 5 R AL B
o BTR3NS R R 5 i R S BUE
FTF BURHE R (8] SR 5 N 3 AR s B R
O3 35 P AN A5, SR 15 1 PR A5 AH ] A AR R 221 1Y
Y A, SR THEE T A 22 (E 46 E Y E, TR 5
.

[Ll(x3y> :f<x,y) *gl(xay)

$L,(2,y) = f(x,y) *g,(x,y) (6)

(Ls(w,y) =f(x,y) * g5(x,y)

(dn _ i i ‘Ll(x’y> - Lz(x,y) ‘

m Xn

x=1 y=1

- w |L,(«x - L(x
%d23:2 12( ’y) 3( ay)‘

m Xn

(7)

x=1 y=

m

= | Li(x,y) — Ly(«,

m Xn

LdIS

x=1 y=1

J_‘K:':Palq(x’y) ,Lz(x,y) ,Lg(x,y)ﬁ}%"]ﬁ 3 /l\;ﬁlﬁlﬁ

(a) Hankg

(d) o=2500E 4 B P

(e) MENEZ)DOLRIBRE

RO & W e 806 FRE R 211 3 406 o i A
18 5d,,y  dyy ,dyy 5350 T EGR T] AR AR AR K 1 25 (8
L NHE R IH

WL A d,, ,dyy ,dyy TEE S RO RIACE 3 >
REER) HEN A E R 0, ,0,,0, BITEARH

T
w0, =—"—
dlz + d23 + d13
o,
o=, v, (®)
dlz

% T dyy + dyy + d
K H B &N 2 RE Retinex EE B EIE 4501
RN
LMSR(xay) =w, XL (x,y) + @, X Lz(x,y) +
w; X Ly(x,y) (9)
38 22 RUBE Retinex {242 BT 450 i A3 1 [R14R
Feds, i 3 Fron g B3 (b) ~ (d) 4351 k3 E 20,
100,250 3 3 ANRUBE(EAS 2] A9 50 ROEE SRR 2 i D, Bl
3 AT REE 0=20 fOG IR BR S A R 2
RN GRE T RIE o =250 Y IR o EG—sbE
B K3 (e) , (f) 4350020 % B E A EE o, =1/3
FARSOT L AR B 15 2 /G RE 3 1, AR SO VAR LR
R T 2 A A 7 v i BB A5 1) 1) O R 3 o O e ke
EIR I B A R ik i i 25 B

-
|

(b) =20 & R

(¢)o=1003:1E 5 &= K%

(f) BEM 2 DR E MG

B3 SR AL IR B R LA

Fig. 3 Comparison of the extracted illumination component images

2.2 ZEENERSHET
X% 2 I ARATL R AR B4 i 26217 PR A4 ot (A7) Ol B
B A DL T Al BUEOT A EON n AP

MBS Z W (17) BG83 L8 PSR 45 vl o 1
ZE0 N R moxn KNI EME, XX Vg R A A&
22 ] Retinex i £ U 25 R [E1 15 1)L B 1, 19



598 # 2

F % 2017 4E45 42 %

FPDCR RN Ly, (x,y) ,i=1, - N SRERITH
JEHR I IR 1 & SR R N1 b, ,IJF%/A:EUZHF :

b = i i LMSRi(xyy> T2
j_.=1 =1T (]_ 1 <y ’n>

(10)
DABVBIH b, Fom BRI (1T) 6 BRE 43 A 15

O, BN REARDLIN (17) YEl8 i L)~
L(j) = b, (j=1,2,-,n) (11)
P AT SRASLE AT HLIT (17 ) YIRS XM L
ZziM (j=1,2,-,n) (12)

X 3(f) JX/I\*FH H & £ RE Retinex 142
WU O B0 B, R AT 2R BEAR BIL 1 1% O BB 23 A1 1) £
R (10) ~ (12) THELFEARBLI (7)) JEIR 23
i SIS B 4 PR izt Ze s e T 2R A
BUWT (A7) BUGOCRE ST B o A A L

250

200 -

150 F SRRERIHUNICIT) JEHR 4 B
P

K100 5 : )
sof  HEESE \/\p

0 200 400 600 800
BEME

K4 ZKBERIBLI(1T) EIHEOCRR  E 3 E 2k

Fig. 4 Illumination component and mean curve of frame (line)

1000 1200 1400

image obtained by linear array camera

2.3 HEBRIENSSEHIEHSERKRE

[F) — R B AHBLA T (A7) IR BA AR 1906 R O3
ATEDL , S RPN (7)) SC IR & I, 5 A e
TR AG I T AR ' HE R A 9 0 Yo 4 AR L S PR
BT (A7) BHEGHEAT AR 20 BAE LA GE 3 Dk
PR RAR R M52 BE A, /N B A AR R 52 A,
JERRSIE, A T AR RIS IERCR BT
R BEIN SR FE L AR B A g 7, T [RAS 1 4k
FEREALR B 1Y R HA 48— 1 BRI B ASOR A8 3
i S ) SR A G 2 W i IN S B | 5
SRR TE D, 10 Tk e A 1 SRR RS R
A7 B G IR At 1 38 R A A 5 pR R, X B
FORBEAEHEA TN AR 4045 2R TF J5 K BE A, Hi3RA
XH
0.(j) = C. x 255 X RAONY

| 255 | G=1,2,mm)

y_a[é_éfm] (=1,2,-.0) (13

Hr I(/)ﬁ%ﬁsﬁ‘@éf‘ﬁﬁﬂiﬂj/\{%? IKEEAH;0,())

N s LR AR R KA, B 47 0,.())
=255,0,(j) =255 ;y HAEISPEIRRIE S5, HAH %
a4 TEACR, e B8 o BUEIERIN 0 ~ 1,45 o 1Y
HAEIE T 0, REREMA, Y o MEGE T 1 B,
NP IEAR B, — AT 8 a=0.5;L,(j) A s 1

LIMEARBLIT (17) JEIRAN 5 L, WSS s A LRI AR B
Wi(AT) eI B IME  C, ﬁ%%ﬂ)ﬁj‘ﬁﬂﬁﬂj@%%&,ﬁﬁ
T A LR ARALIA] A C IR i, 3R eh =X
N

b

C = (14)

h

i, D WBEE LSO IR A AR LN
ARFEARBLIT (17) SRS R M

W D=128, L =128 f1 D=128, L =80 i, 135
UG AR R AL 42 B3 (O B4 B 18 L () 73 5k 0,
64,128,192 ,255 BERYRIRDGREE I # IEFT S B
JRBEAE SRR ] Hetth £, an &l 5 s, Hobdi AR
8O B 2R BT H 0 SR i Hh SO B FRos 48
AR ERIE G A, IS AT A SO T DA
HRAE Z2 4SO RIS A HARE DGR B BE AR R
A 1) S R A F (A T 38 R USR]
G R IR ARl 2, W RAR R AL PR R (4 ) B 4y
BN TOCRR S Y AE, W DA SR m i R R
SR R BRGNS B, SEBOE IR i

B D=128,a=0.5 % & 6 (a) K FHHGE B & WA
R B TAE I A G AR IE 4G IEJE A& 6 (b) BT,
XK EE BTN 6 (d) Fl () iz, sl i X b, A
SCHEA G — 5 A T R T ARSI R EUY
EULBARE AN RGO, 55— T 48 T MR sh 4718
FEL 1 P50 o o 4 v

3 ZUABEGEENMATITLEL R

Bl 5 A 2 36 i 26 R T U B R
AT TEAE R 26 BRI 22 Jim B x A 1 i PR - 4L
PRAFEANTFEAT NS FEREHE R, DS a2 3R T SO
AE A58 TSR A RO A E 5, e T 15 % RN 0 B 4
YK AR T2 07 B RO IR ELR A B 22501
AR 22 0] A R L R T 8 ol ik 1 P 45 Py T 25
SRR AN M AL 3 T KR Al A AR AR

328 R A 0 B, 97 1 19 4005 X8 L B
HEHE AR N
U 10107} LN
Es(])—255><|_§J (G=1,2,--,n)

1) -L,G)

s =gl G=12,-.n) (15




599

300
a 250F
% 200
1501 o L(=0
£a o L(j)=64
3;[ 100 o L(j)=128
= I o + L(j)=192
50 et + L(j)=255
E p 1 1 1 1 1
0 50 100 150 200 250 300
N K A
(a)D=128, T=128
&5

& #* + ;
50 W LI
o oo mu#ﬁfﬁﬁi.:»#f# ’ l."(i):255
0 50 100 150 200 250 300
LNV el

(b)D=128, T,=80

ANEDEIRARAT T GRS AT e 2k

Fig. 5 Contrast curve of image gray-change in varying illumination conditions
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Table 1 Comparison of image evaluation indices in different methods of enhanced processing

E#% LA ¥ifH hrifE2E {5 B T8 T X} L
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AL 77.153 2 41.909 1 6.897 0 6.200 7 59.288 0
AL ZE 127.526 1 73.939 2 5.451 8 8.542 2 138.051 4
R )
FHLCF) 127.517 2 73.933 1 6.747 0 4.068 9 32.8108
AL 100. 875 9 17.988 9 5.469 3 1.695 6 4.363 9
T H R 5 =0, 5 (%)
FPL(CA) 135. 460 3 36.319 7 6.703 1 1.8239 7.165 6
AL ZE 110. 863 0 19. 809 2 6.030 4 6.308 3 62.920 5
4] )
FPL(CAT) 82.077 4 23.023 2 5.491 2 2.486 1 12.960 6
L) 80. 140 3 11.704 1 5.310 3 1.686 9 4.3372
k[ 8] ik
FPL(A) 100. 814 7 28.229 4 6.529 3 2.110 7 10.397 1
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SCHR[ 11 ] 7 (
FPL(AT) 76. 145 4 19.711 9 5.670 6 2.1450 11.3117
L2 124.278 8 13.420 2 5.752 9 6.395 6 61.567 6
ARSI ()
FPL(CA) 119.754 6 37.316 9 7.118 5 5.162 4 48.378 2
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