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Fig.1 Schematic structure of potato
image acquisition device
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Fig.2 Mask image of potato
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Fig.4 Corrected potato image
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Fig.7 Axial view of potato three-bit profile
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Fig.8 Three-dimensional contour model of potato
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Fig.9 Three views of the potato 3D model
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Fig.11 Geometric characterization parameters of potato
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Table 1 Characteristic value parameters of potato type

FHIESEL Parameterization 3£ Descriptive

T/ NIMEFEIE R
R/ NIMEHOIE Y 5

(L) Length
Fa(W) Width

£ 5 H(I) Length and width ratio I:LVE/
G 3 JE K (E e
LB ED AR R A R
Edge contour perimeter
XBLIF(A) Area TAEAR MR X BN AR R SR
LR (E) Eccentricity E= l —( % )Y
\ S,
. . E
™M EE(T,,) Convexity Ini?
1
" 4AxA
[BIIE. JE (Yyy,) Circularity Yxo =Lz

“a

TR Lo, S, Akl . Note: T is the circumfer-
ence of the convex packet, L, is the long axis and S, is the short axis.
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Table 2 Values of geometrical characterization

parameters of potatoes of two potato types

B Parameter Dcfn:irﬁ/itics Nonj-zﬁgimcd

& /pixel Length 262.00 208.00

i /pixel Width 199.00 165.00

K: 9 Fe Length and width ratio 1.31 1.26
14 Ji 1 /pixel Edge contour perimeter 785.80 612.20

[X ek [ L/ pixel Area 39 646.50 27 788.0

P 0> 3R /pixel Eccentricity 733.11 600.82
™ Convexity 0.65 0.61
[ ¥ Circularity 0.81 0.93

T pixel HRZE, FRHBANT . Note: Pixel is a pixel and indicates

its unit.
IR F A TR RHAE S BTN

2) EMA5rHT . F LR 53k (principal com-
ponent analysis, PCA ) & —Fh 5 B [ R e 3 R, HoZ
O AR 30 ) 1 52 AR ks — 2H P REAFAEAH DG HE I =
A7 S B 4 B — A MR S AR O AR R AR o (A
G350 B A I R AR R TG v A R B e B
Hr s [a], P TR R [ IS O B AN Y R
fiEo Jorp X N E 4 F R R U 8124, 5
BB B/ NIMEFEIE 9 T8 SR B R R
NGRS DA B R MR R s 5§
B AT B B BE S T i A S8, O SR
HATARER, 58— 240 .

3) T i S S S AL S AR A SR T FE K



328 LRI I NI <3 4

944 %

o33 BT i) 2 bR e AL Al BUS 1 8> Eh % SRR IE S
WOHEAT R A Ak B o Sl aod 358 2 M a] AR 5 AR R
FERE 0 T Re AR A S 1) A A SR I 5 B 2 T4 IR (L
KT 1HHEN S 2T 5Tk =80 00 BRI, 255 W
DR B A 1800 B, 45 G 5 o 2T A o
IS PR (B2 8000 5 IR AR R i S B R
ESISEW

LA 38 A S A D i A i, DA T B0 S
AR (SRS PR HUE Y 1, AR BHE HUE D 0) , #y
TN O3 PSR I e B R S A R A PR
XTI FEA TR

2 FR5HMH

21 SDRENRESRFE
i B D % B AR AR 3R, (0P H T TR B 44
R34 ARBAEA 110> S48 B i, X ch4% 8
PR AT R AL B, 4 3 T 44 S 0 G i A LD
SAERIRY ST = AL R, b i R LA =
HEREHY (AT S 4SS BRI A AR R 2 8 A L 4
FRALE AP 12 i, HBER A= (7) B | iR A
AIPLE R B R 0.977 , AR = FIAH 1
V.. =0.000037 X V + 45.85 (7)
25 18] U943 M7 Linear regression analysis

o %4 15 Data points
— [ J94E Regression line

A

400

350

300

SEFRA)PEFL/mL Measured volume

250

200

150!

$ S S s8 8

sf of o & & o & o
HSEBRB (127 40

Calculated volume (Pixels)
E12 FREFERE
Fig.12 Volume mathematical modeling diagram
o REARSE B2 110 4> Th A% B9 (1 F- 218
HAH 9 1.10 g/em?®, £5 45 7 i S5 8 8% B2 1.0~1.2
g/om® SR D TR e A AR AL G (8)
B :
m=1.10 X 0.0000373V; + 45.85 (8)
A6 SR N7 Y S5 AR X O /N B R
25 A0 MEARBEAT 3 Ok, AR KW, 401/ ML T 4%

B 2 A S S R T B E RS B U MER R
95% ; 40 > rp AU Th 44 2 A T A R 1, B R K
100%0 ;40 KA S B ol 2 AU D rh R ES 45 38
TUIHERR R 95 %6 .

P a6 AT, AR J5 a0 RS TRk v R T S 2 Y
USR8 de g L 1K 100 26 5 HAE /MRS A 44 2 11
I AEAEIR 22 5B o0 /INR R AR T 4% B gl oy
AU 43 BT R X B R R AR 1) 5 i 5 A R B e T
Bt . AR LR iR 22 (AR 8 iR o3 S E T R
53k 95% LA b, REREE 2 SCPR A AL T I oK
22 FmIBREBEZFRNSRFAIE

1) b 4% 28 B0 25 AR B A DG MEAS 36 L KMO i
Bartlett BRI FEAG 56 o Xof 15 44 25 S 700 4 T3 s (&R
o B R /INMERTE K e KT B N E L RDE
JE A3 R SR FHRGA ST o, 15
FHOCHERRIAL, Gl 13 iR

e 0.925 0.836 AN

fRitr % —0.300 (UEYE 0.178 0.099 —0.039 REVYY

N

3

3

<
o o

i

1.0
0.8

(EFBY 0.117 0.246

BB  0.052 0.174 —0.167 1.000

TaAR B -0.004 0.266 K
0.0
(IREIN 1.000
HE -0.2
K 21 1.000 —0.4
E 1.000 -0.6
-0.8
b 1.000
-1.0

A T N
DA R

E13 SREFZZERENEXESTE
Fig.13 Correlation analysis between potato
potato type indicators
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Table 3 Initial eigenvalues and contribution of potato

type parameter indicators in potato

R Wix Ju . 3o/ %
i MAHER Ty R/
Principal S e Cumulative
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component contribution
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A machine vision-based method for grading quality and
type of commercial potatoes

WAN Peng"?, XIONG Chengxin', GUO Chang', YU Liang', WU Xiaolong'

1.College of Engineering , Huazhong Agricultural University, Wuhan 430070, China;
2.Key Laboratory of Agricultural Equipment for the Middle and Lower Reaches of the Yangtze River,
Ministry of Agriculture and Rural Affairs, Wuhan 430070, China

Abstract A machine vision-based method for grading the quality and type of commercial potatoes
was proposed to solve the problems of lowering the commodity value of commercial potatoes due to their
mixed sales, time-consuming and laborious manual sorting, and low efficiency of grading. A potato image
acquisition device was built to collect videos of potato, intercepting images of potato at equal intervals. The
images of potato collected were corrected, and then image processing methods were used to obtain bina-
rized images of potato. Edge detection was conducted on the binarized image of potato based on the quality
characteristics of potato. Potato contour coordinate points were extracted and a three-dimensional model of
potato was constructed. The volume prediction model of commercial potatoes was constructed with linear
regression analysis, and the quality prediction model was obtained according to the density formula to grade
the quality of commercial potatoes. Eight physical parameters including the length, width, aspect ratio, ar-
ea, perimeter, roundness, eccentricity and convexity of the smallest outer rectangle of the potato area in
the image were extracted based on the characteristics of potato type. The applicability of the principal com-
ponent analysis (PCA) was judged with the KMO test and the Bartlett’ s test. PCA was used to downsize
the matrix of the physical parameters. A prediction model for grading the type of potato was established by
combining with the logistic regression analysis method to grade and detect deformities in commercial pota-
toes. An experiment of grading quality was conducted on 40 samples of potato with different sizes. 50 sam-
ples of potato were randomly selected for grading the type of commercial potato. The results showed that
the accuracy of grading with the volume prediction model was 95%, 100%, and 95% , respectively. The
accuracy of grading the type of commercial potato with prediction model for grading the type of commercial
potato was 92% and 100%, respectively. It is indicated that the machine vision-based method for grading
commercial potato proposed can be used for online detection of grading the quality and type of commercial
potatoes.

Keywords commercial potatoes; grading quality; grading the shape of potato; principal component
analysis (PCA) ; online detection
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