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Fig. 1 Shape features of pomelo fruit
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Fig. 2 Original images of three pomelo types
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Fig. 5 The technical route of feature extraction

and shape detection
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Fig. 8 The edges of a pear-like sample in cartesian

coordinate and polar coordinate systems

3.3 RAIRH LIS

Hh £ 4814 (Curve Fitting) J& >R FH i 24 il £&
PREIOO RN B A TR R 0 Tk, Il A S
45 RN AR e B S AT o3 A b B, T B A iR
] B A . ABFFE R A L (3) Frkos iy
Z L4l & (Polynomial Fitting) J7ik#E4THl+
G BRI AT, A SR LA C R
R FI4 7 #1538 22 RMSE VE N VF M 48 AR A7 VA,
Hor R . RMSE B/ FR BH U5 25 S BT

y(x,a))=ia),.x" (3)

Horr, X A x iR o, R i
AR RE ko 2 IR IR
3.4 YERMERNEGEN A %

PRI , AROR/IMRZE, RFEAR X
I RFBUEMEERIE I . X TREUEM T, #

= A
£ 300 i kY
30t F .
-~ ¥ Y
200
=200 100 0 100 200

WA )

(a)¥F ¥k m=10

g
£ 300 -,
) S
] B v -,
B 250 s
200
-200 -100 0 100 200
Mesfane )

(b)#F %k m=20

w
1=
S

Wi 4%/mm
9 ¢ ..
2

12
o
OO
5

-100 0 100 200
Wefae )

(¢)F ¥ m=30
B9 FKI10.204 30 494 Ak th ik
Fig. 9 Contours description based on step lengths

at 10,20 and 30

FJ7 I fa e PR, R R S
JER G X Ty A 7 1o 14 e KB B R B S A E
HIF R RSE KN XFREROEMT, RA
Fo/INIMEHTE AR S o 8398 TSR A
LA AR R R AR bR Z rp S AN 1B 8 IR, 2
BRI Al TSR I AE LA A A 28 AR AR b 2 o (9 % 86
WE 10 FrR . FEM AR AR R P A DOUER B, 4
I RIE(E RS G2 2N E RN EE,
FIHAR (4) IR AREEZMEL C,. BEPLH
B9 AN ZEERIE TN 9 2R AL BEA B8 153 C, 10
(I T X oA, e 2 e P FH I 22 (E 1 C,
IS FZRERIE U 19532 BN 0.34,
h, - h,
-

Hrp, C, AR EZEE L b AR RK
VE(E, mm; A, WRAREE —ANE(E, mm,

X RBIEREAR GRS ST HEATARI . 15 Je
EH G, RIE BRI S K 1
Sk 75 ) £ FE ~90° ~90° i [l Y 114 Al #E A — (1A

(4)

¢,



Vol. 3, No. 1 7 OMESE . JETARER AT R ALl A RO R A I 23 90 91

1000

800

600

% /mm

400

200

0 200 400 600 800
Wi % /mm

(a) B A AT Z 1 09 R 2 Al T 4 S0 A

350

W)
(b) AR A AT A b 89 AT AT A A4 AR
B 10 R AT & P 69 K3 AT AL AR AR
Fig. 10 The edges of a spherical sample in cartesian
coordinate and polar coordinate systems
B, AEEFEAK R B AR bR UG E AT 20 Ml i
BEAHE B e KARARAL B i A B RO,
T f5e KA AR AL T 368 7 A A A B B RT 754K
AR 7 1] £
F 1A T O6F R REAS 1 5 1) £ R A RE
{EL, TR A A AR SE PR 7 1] 1 B B e

(a)-52.5° (b)2.2°

(¢)30.2°

(d)85.3°
H1l AR F AT BB
Fig. 11 Images of pomelo samples with different

orientations

7570 2.55°, W R] A FIAR fy #fy B Sk #EAT Al T
FT7 AR IR F A B (LA T RIS RE vl 75
YNGR EL 1 LRSS, T IR B IR A
FEY 75 10 MV X 7 [0 ) e R 2E(E R R i R AUE HEAS
AR IR AR R o

F1 TRAMMFEEATAASRAENXER

Table 1 The relationship between direction angel and polar

angel of pomelo with different orientations
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tion and actual category comparison
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Detection and Grading Method of Pomelo Shape Based
on Contour Coordinate Transformation and Fitting

LI Yan', SHEN Jie', XIE Hang', GAO Guangyin', LIU Jianxiong', LIU Jie"*"

(1. College of Engineering, Huazhong Agricultural University, Wuhan 430070, China; 2. Key Laboratory of Agricul-
tural Equipment in Mid-lower Yangtze River, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China;
3. Citrus Mechanization Research Base, Ministry of Agriculture and Rural Affairs, Wuhan 430070, China)

Abstract: Automatic grading method of pomelo fruit according to the shape and size is urgently needed in the industry since the
work mainly depends on artificial judgment currently. In this research, a method, which detected the vertical and horizontal size
of pomelo by using contour coordinate transformation fitting, fruit shape feature extraction and direction angle compensation al-
gorithm, while it determined the shape defects based on fruit shape index, was proposed. The image acquisition system was self-
designed and built up with a CMOS camera, a dot matrix LED light source, a plane mirror, the computer, a box and brackets.
The image data containing whole surface information of Shatian pomelo samples with different sizes and shapes were collected
by this system. The G-B component grayscale image was chosen for denoising and segmentation. The Laplacian edge detection
algorithm was implemented to extract the edge pixels of the fruit. The polynomial fitting method was applied to converse the
rectangular coordinates to polar coordinates so that the fruit shape description was simplified. The characteristic point polar an-
gle value was used to compensate the random direction of the vertical and horizontal diameters of the sample. Then the vertical
and horizontal diameters of fruit were calculated after classifying the sample shapes into the spherical and the pear-like catego-
ries. For the involved 168 pomelo samples, the average error, maximum absolute error and average relative error of the vertical
diameters were 2.23 mm, 7.39 mm and 1.6% respectively, while these parameters of the horizontal diameters were 2.21 mm,
7.66 mm and 1.4% respectively. The fruit shape discriminant model was established by using BP neural network algorithm
based on the seven features extracted from the fitting function and verified by independent validation set including 3 peak
heights, 3 peak widths and 1 trough value difference. The total recognition rate of shape identification was 83.7%. The results il-
lustrated that the method had the potential to measuring the pomelo size and shape for grading fast and non-destructively.

Key words: pomelo contour; fruit shape detection; back propagation neural network; coordinate system conversion; image pro-

cessing; fruit shape discriminant model
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