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A compact and on-site kiwifruit grading system

KONG Shuolin', HE Leilei', SHI Yufei', LIU Guoliang', LI Rui', WU Zhenchao?,

XUE Yunfei®, FU Longsheng™

(1. College of Mechanical and Electronic Engineering, Northwest A&F University, Yangling 712100, China;
2. School of Engineering, Anhui Agricultural University, Hefei 230000, China;
3. Meixian Agricultural Machinery Technology Extension Service Center, Baoji 722300, China)

Abstract The current traditional grading equipment and system for kiwifruit is large in size, poor in mobility, and
unsuitability for on-site application in field. A compact and field-deployable kiwifruit grading system is thus
developed to overcome these limitations. The system comprises a compact small size kiwifruit grading device
and a smartphone-based control application. The device has dimensions of 114. 3 cm in length, 30.4 cm in
width, and 62. 8 cm in height, with a total weight of 7. 63 kg. Employing the Box-Behnken experimental design,
the transport tilt angle, conveying speed, and fruit intake were identified as influencing factors, with grading
time established as the response variable. A regression model for grading time was developed using Design-
Expert software, and response surface methodology was utilized for optimization. The optimal results indicated
that the minimum grading time was achieved when the transport unit tilt angle was set at 32. 86°, the conveying
speed was 13. 35 mm/s, and the fruit intake was 5. 18 fruits/cycle. Field experiments conducted under these

optimized parameters verified that the developed grading system attained a grading time of 1. 89 s/ fruit with a
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grading accuracy of 98%. Due to its small size, light weight, and high grading precision, the compact on-site

kiwifruit grading system satisfies the practical requirements for on-site kiwifruit grading in field.

Keywords kiwifruit; on-site grading; compact grading system; mobile phone control

TRAEA R AW I L 7 7 S b S0 A A B T 3B i &
Fd A A PEAT 4y S, A e ds A A R BT
MBS W5 5 9 TC T B2 JEAS A 4
SRS Al = TR A 1 AN B TR B
WAz ) R A M 7 FH [ b Sk 43 2% — 1D AT LR 43 G
Jo B RS H A AR H bR b, 00 I8 R (A
AE 1% $ TH 2L R 5 53 — T TH I8 RE KL S bR S A A
SN NTTRTESE RS 18 8 SR S o ARSI -
Al b 1R ) R B B 3 R A AR JE S a ) .

H H 7 3 L A Bk T i ) G iR A BLARAE 4
G R H PR R R K,k i N 32
B, an il AR e IR A BR 28 W K 4 SRS
GO (7 2000 /) B RSP K (5.5 m), HEL
EHEE . ARk, M R R &
T, W0V P S R R A B AS w ER I ) e
BEr B A RS 7 BB TMORA Systems A FR2
A M B AR T R E CHIREZ DR
KAy Pk £, X S £ Lo 3T T b AR
([R5 4 T [T F L L &

T b S Mt I 43 G 5 A% I L AT /N AL AR
JE W A T ERAE B R A DL AL T R) M Sk 4 G40
SR, ) B 3 7 3 7 AR S AN B R I A A RS L T
i J5 2 B 43 B S SO R RS L . H T2
KRBT E LS RERRGD, BA KM
NI FEORG B o S 4 . Chakraborty %52k H
o O A R AR ARG R AR T, O LA S K
AN 3 A A, UE W R 4 i Dl 962687 % . 926
Pawlowski 5 i FH - iy 32 AL AR WF ) T — P iE
4 H A% 45~100 mm B BRIE K LRI 43 2L AL, 43 1
WRETE 2% FiAr o bR AF 5T 2 B i 0 A% B s T
VAT A2 R o 0 B R T i kSR S 5 i R AT
Ko FI b, 0 o R SR AF B AT LUHS B U R
BT 224 b = 5 A O, OE PR A SR g

Ry figt D B SR Bk T A3 R A AR BB R
T HBOTC 5L IR b S G0 0] A, AR B AR ST
T FH ) 358 b 2 905 3K, 18 T — ik e Bk /1N 78 gl b 43
% % 55, % JH Box-Behnken i& %1% i1 5 £ 76 91 9 43
i 8 £ 2 TAESH, I 45 G 52 B H )3 30 2R 17 4%
IR, LA R R ik /0N R ik b 43 G 2% ) F o

s,
1 MREFE

1.1 DREEEFHREARTIERIE

AW 5 TF K 10 Bk A B /I B M 53 9 R B R R
Ak /0N TR R b 3 G 2 TN T AL R A )
YR E K Y R Ao 114.3.30.4.62. 8 cm, Ji
7. 63 kg, FBRAE B AR 6 % B o0 BT A = 1 e
e T A LR UL B 1. SRR AR A
%k BT AR R AR T . S LR T B
R R DL R o G B R R 2 R 2 A
TR B — UM A ACRE T, )R FR R R T R
25 4 i 3% B0 DA ACKRE T Ak i S R B L S B
TRAGE A 1) B 2 25 i 3% 5 F i R P e BRLE  A  2H
A 0 H L - ) A A 4 21 43 9 PR T 6 B R E AT
FRE, I F G2k 5 F i HC-05 45 I B (1% i = 72
P EAT S AT, L SEBUBR A Ak 19 43 9 o

1.86 B #E AL 2. ACEFIT ;3. Hiak fioT ;4. HREAE ;5. 4T
6. IR ;7. RIS 8. A 9. F AR 10, 5
11, g%t

1. 86 Stepper motor; 2. Feeding port; 3. Conveying unit;
4. Kiwifruit; 5. Grading unit; 6. Foam slide; 7. Fruit collection box;
8. Roller; 9. Flexible friction plate; 10. Chain; 11. Sprocket
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Fig.2 Schematic diagrams of the conveying unit top view (a) and front view (b)
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Fig.3 Minimum diameter distribution of ‘ Xuxiang’ (a) and ‘Hayward’ (b) kiwifruits
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Fig. 4 llustration of the kiwifruit grading unit structure
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Fig.5 Schematic diagram of the control process for the kiwifruit grading system
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Table 1 Factors and levels for the parameter optimization experiment of the grading device

K- A BURHA /(D

B, fi ik # BE / (mm/s)

C R4t /(A /%O

Level Tilt angle Convey speed Fruit intake
—1 26 12 2

0 30 14 4

1 34 16 6

K2 SREESBRURBEARRER

Table 2 Programme and results for grading device parameter optimization

e K % 7K Factor level =) A Z 7K F- Factor level

Number A, B, o VY Number N " — Y/
1 —1 —1 0 3.22 10 0 —1 1 2.65
2 1 —1 0 3.50 11 0 1 1 2.78
3 —1 1 0 2.61 12 0 0 0 2.56
4 1 1 0 3.12 13 0 0 0 2.35
5 —1 0 —1 3. 14 14 0 0 0 2.33
6 1 0 —1 3.28 15 0 0 0 3.28
7 —1 0 1 2. 40 16 0 0 0 2.31
8 1 0 1 3.31 17 0 —1 1 2.42
9 0 —1 —1 3.21

AL B, G

3 590 A AT AR S E i 326 T S R R A R K ST 5 Y O R A URR I

Note: A, Byand C; are the level values of tilt angle, conveying speed, and fruit intake, respectively; Y is the grading time.
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Table 3 Results of weighing accuracy for the kiwifruit grading device

W+ i i /g Measurement quality

s Wi it/ g - — R/ AR/
Number Actual quality LI LIEN = Relative error Absolute error
First time Second time Third time
1 86.3 86.1 86. 2 86. 1 0.28 —0.21
2 118.5 118.7 118.2 118.4 0.25 —0.07
3 89.8 89.6 89.7 89.7 0.26 —0.16
4 98.3 98.5 98.3 98.4 0.23 0.07
5 57.2 57.2 57.0 57.2 0.33 —0.06
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R4 SRFEEEAEMEXESTER

Table 4 Correlation analysis of the grading time regression model

K ¥ A it #y95 . R
Source Quadratic sum Degree of freedom Mean square
8 Model 2.84 9 0.3156 82.44 <0.000 1
A 0.42 1 0.423 2 110. 56 <C0.000 1
B 0.39 1 0.3916 102. 31 <C0.000 1
C 0.19 1 0.1891 49.41 0.000 2
AB 0.01 1 0.013 2 3.45 0.1054
AC 0.15 1 0.148 2 38.72 0. 000 4
BC 0.03 1 0.0289 7.55 0.028 6
A? 1.05 1 1.050 0 275.54 <C0.000 1
B 0.30 1 0.3024 79.00 <<0.000 1
c 0.15 1 0.148 8 39.88 0.000 4
W% 2% Residual 0.03 7 0.003 8
A Lack of fit 0.02 3 0.006 2 2.96 0.160 8
4li 1% 2% Pure error 0.01 4 0.002 1
R0 Summation 2.87 16

T P<<0. 01 /R Mk 53,0, 01<<P<C0. 05 F 7R 5 i 3 .

Note: P<<0. 01 indicates highly significant effect and 0. 01<ZP<20. 05 indicates significant effect.

(@) Y4, 14,0)

® Y30, B, C)

A i ST IR A, (s BRI, mm /s C R iR B A/ Y R RARIT s/
A, B, C are the transport unit tilt angle (*), conveying speed (mm/s), and fruit intake (fruits/cycle), respectively; Y is the grading time (s/fruit).
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Fig.6  Response surface showing the effect of factor interactions on grading time
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