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Abstract

The non-uniform intensity distribution on the fruit’s images is the main reason resulting in the
difficulty and low accuracy of surface defects detection by using a machine vision system. A detection
system based on Vis-NIR double CCDs was built for detecting surface defects on ‘ Akesu’ apples.
A spherical intensity transformation method (SITM) was proposed to transform the R channel image of an
apple, which enhanced the intensity uniformity of the normal regions and kept the low intensity of the
defected regions in an apple. The intensity contrast between the defect regions and those of normal tissue
was also improved, which increased the defect detection accuracy. A defect detection algorithm was
developed based on the SITM and 100 apples consisting of 45 defected apples and 55 intact apples were
used to evaluate the performance of the algorithm. Results showed that 93.3% of defected apples were
correctly classified and 100% of the intact apples were correctly recognized. The overall detection
accuracy was 97% . It is feasible to extract the surface defects on apples using the proposed SITM
combining with a single threshold segmentation method.

Key words Apple, Machine vision, Image processing, Spherical intensity transformation, Surface

defects

Wk H . 2012 -06 -25 & H#H . 2012 - 09 — 04

* [ 58 i BRI T R R 1 (863 +13) B BT H (2012AA101901) FIE 5K B AR Bl B 43 B B i H (31071324)

PEEBIA . 2SO, A, B G A0 Y i 2 A LA BOR B 50 bl B 9 51, 2% DA S ™ B JE ARG U BFF E , E-mail: huangwenqian @ iea.
ac. cn

WIRAEE : KA, H0%, LA S, EENE A EH RIS T7EBIS, E-mail: smezhang@ bit. edu. cn



188 £ ok ML % R

2012 4

51

R 7K R By A o5k SR A A 0 43 G, S K R
A 0T A R A T ER A WL AR L A
SR AR X 7K 5 HEAT 43 A S BE % 42 i K S S T
LT RAAG 25 sk 2 TG 0 9 55 sl B v G A
AU ER, KRN B R 0 A e A
G RS T ARG G A e AR SR B
PEAT RN G ATS IR A A o KSR — AR ERE
P AR AT B R, KOR T ZR RE  EEUTS
ST 6Lk B D5 A6 46 L 24 5 2% 5 R HL IS S A
KBS, S AR M E A AR, F2 300 58 B A, 1
e A A L A PR A v 3 B A A 5 B PR b B 3
2 1F % DX S R e 368 e B X 3 7 o YR VA T 35 A% 4
# 7, Leemans %5 3% i K ¥ 58 25 1 J7 3 42 K
RGB &4 b 3 BBk B 0 FR1E , 28 05 SR FH = U0 1l 41
W B4 7 1 S BRI B RS IN  . Blasco 45 1) JF G W5
DX 3 4 G5 0 A AR 288 K SR 3% T e o A T 4
i 3 4> CCD FIMLERAS 19 R (IR 45 AR B A ] 1X 35k =
TR F9 £ B 125 SR S X33 2 1] A9 M8 38 AT A 00 4
Brepf'’ o Xing 25% F I K 400 ~ 1000 nm #5561 &
R R GE AR AT KR 0 BR , R 32 088043 43 B O 12
PEAT W 4, A4 015 B0 3 AR 20 1% S B Bk B ) 3R
B Tao ZE3R Y T IE B ERTE K AL e ik %Dy
VML T K S 2 T B RS I s AR S R
T 52 B e s 1) 24 0 A8 4 0 . R SR S SE T
BRAR I /DN 3% T8 25040 R ] 5 R 46 6 8 55 PR 28 % B AR
V{40 B0 F9 528 B €6 3R R A0 R A S 0, 7 T 4R AR
PRI rf s P B A 5 B R TR RS AR 5 1 FH T A A
BUG Y 55 BE R TE " Gomez-Sanchis 28 £ % Bk % 7K
R 2 T AN R4 % D AT {1535 7 SR Ay B [ 2
FIHB P BEEMAF R T —EB R ERIER
WYL Haff S8 51 X 5 6 3% B 1% b 25 il 2 T i AR A
5 R H (] HE, SR 249 59 1 Teflon B 1 E g BF 58 %
G 05T T WA SR A6 S O X O IR B W 1k K 1w
(i B R 5 52 S 4 0 0 G T K A8 A X 3 )
W, AR T R

OrHT EIRAOBTSE, H AT T RGB &4 1 B i 46
5 i AFAE B v A2 2 Y 1) L, A S S AT 4
R FH 16 O 1 PR R AT R DU, A7 A BAS 85 A 1) R, R
b, KBS HIF 55 8 - 5K SR FH A o BR 7 5% A O
TR S Xk I B 4% 576 B8 HE AT 8 T DA 52 B Bk B g 4
HIZ P A 7= K SRR — 2 28 B B0 B BR 1A, 3
G T A TR 30 3 90 B o e 0 3 28 i), AR SR
FH RGB A5 AL 0 3 K 800 nm () AT L —3T 21 4
X CCD JR AR RS, 4t — b 6 75 B 58 kA7 1A 0 2

I

BRI 5 BE AR 0 T5 10, XK R B K JE PR AR R A 7 e, ik
FAR R AR A 4 Ry 19 5 BRI R 2 T Bk
i o o

1 REHa

1.1 #HARFALE

S X G R B B 552K, 2012 4R 1 Il Tk
U b T, 3t 100 AN AE L HH s sk Y KR
45 AN IEH R 55 4, HIRVEE A 6.5 ~8.5 em,, Bk
B S B Al 45 Home 45 L VKBS 1 i 3 IR 45 A 4
52 T 4 R BB R L SO S HT G K
T VB3 S LA 7 B L 3R 1T — I 5l B 199 T RE DX 3%
oAU BCn' =AU T Y = e iR e i N S P A
T, DAB 1k 7K SR 2 T8 K B A RS I ot o
1.2 BE&RE

AR PEURRERGEWME 1 PR, BAFRE
Hi 1 B2rHER R 1024 2R x 768 R E A AT Wi 2L
A3 CCD AH AL (AD — 080 GE % JAI, USA) 2 &
Y2k 36 Wi A] W6 T 41 A& £5 % LED 66
INM4 0K . B EAITEILSEH S, AD — 080
GE RUAHAL A LAK M B il it 2 S5 M2 Fit L
M-RAHE . BERGCEE DR YT, o b
WEOCRIF . Y& B B A LA T 55
o R BE RN R RITEE Y & b PR
LR RGB EE AT 214 (NIR) B, R T fi
JIT R 4 BN R KORFEAS B o8 B R M 78 T3l A
AR TR I J R X (ke B XS8R ) 5 AR B =2 8] AT

1 YREGRERGERER
Fig. 1 Schematic diagram of apple imaging system
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Fig.2 Diagram of Lambertian reflection model
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Fig.3 Schematic diagram of spherical intensity

transformation method
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Fig.5 Profile of R channel image and result of

single threshold segmentation
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Fig. 6  Profile of intensity transformation image and
result of single threshold segmentation
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Tab.1 Detection results of defected and normal apples
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