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Abstract: Objective: Taking Aksu apples as an example, a joint
image optimal feature extraction and improved RBF neural
network learning apple weight estimation method is designed to
overcome the high cost and large error of manual grading and
weighing. Methods: Firstly, an apple image acquisition system
was established to obtain apple foreground image information.

Secondly, the optimal subset extraction strategy for apple image
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feature sets was designed, by transforming the process of
extracting the optimal subset into an objective function optimization
problem, and an improved discrete locust optimization algorithm
was designed to obtain the optimal apple image feature subset.
Finally, a weight estimation model for apples based on RBF
neural network learning was constructed, with the optimal

feature subset as network input. The locust optimization
algorithm was used to optimize the configuration of RBF neural
network hyperparameters, to achieve effective estimation of apple
weight. Results: The proposed apple weight estimation method
had higher accuracy, with an average relative error rate of 1.23%
for weight estimation. Conclusion: This method can effectively
achieve apple weight estimation and can also be applied to other
{ruits with similar axisymmetric shapes for weight estimation.

Keywords: apple; image processing; feature extraction; RBF;

grasshopper optimization algorithm; weight estimation; accuracy
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Table 1 Comparison results of feature subset
selection algorithms
DIRES $2IBURFAE e BV g2
FCBF (P,G.,W,H) 93.56 8.662
ReliefF (P.G.W,H,S,L"®) 86.14 12.343
HEHLE  (P.W,H.R™ ,R™") 98.83 0.471

B 1 AN ZERRAE SR BOSCEE [, 00 59 vk A SR
5 AHEAE , 2> F ReliefF 5.3 1 FCBF 53k 5 77 43 28 IF # %
BRI A K OE R R GK 98.83 % . W AL T H: At Wi A
Bk, RO IT TR R A T A B OB A K PR
ok Lk 0 BB AR 50 A RIS L AR 55 TR A o 2K .
3.2 WiEERREMIT

B 50 ANEHRAE 7 ¢ 3 1Y LA Rl 43 A IR AR A
BEAR SR A IRBF Xt 35 A8 B JE A7 U1 5 XF 15 43 51 ik
F1EREAS T PR 6 A oA 2 AR R 22T (RMSED L7 35 4
X2 R Cerr) MBILBATHE (T,

Uy wWT, — WT.,
err = (Z #)/ISD

o it — 2 B8 I T B B A 5 1k B P R % IR SCHR
(10 3CHRTS B 4 Bk Al 3 ik dE AT T L. 181 5 0 3 B
A TE T I N A R R L 3 2 0 3 Bl R B I O7 ik
PEA 8 A7 0 BR 45 2R

F IR 5 AR 2 BRI, AR EE T Al 7 A R L U
Sk W PR T AR 2V y =« HZ& L, HJL RMSE
A err WSO8 T HCAU 0 b 835 32 W U8 2 Do 4 4 3 7
LRSS REINR 6 . R LB AR L, 3 Rk s A
BES TP

o Bk — 4 B T A 56 BT 48 B 3k o H A K SR 9 3 A A
SR IR RS T ARG AT DR A . R 3 AT AL
Xb T 2 T AT R T KR 3 A B 1k 2 AR 4 15 B EL
LR B AG O 45 2R B 98 BT 4R 5 1 B9 RMSE A1 err 2
b T HARTRR B S . T A A U B A KR R
Jirbe B vk W errdk 7.74 Y0 . A5 AT 45 2 5 B Y, {H HG Al 7 A

2D

v=1

3601

o r
=0 340f «® w0 30 50 340 ¢
5 3201 ) % < 3201
=T Jool *° Y 5000 T 3000 *
=T 300 =T 300 £ 300
2 o® 2 &2
—F 280¢ =% +F 280F
< < <
¥ g 2608 o’ £ £ 250} £ g 260 .
E 240 o E m‘c? 240+
20 o® 220¢
200 I I L 200 I I L 200
200 250 300 350 200 250 300 350 200 250 300 350
SEBR BT B 5 SE b o
Actual weight/g Actual weight/g Actual weight/g

Ca) 6575 T 45 SR e
Bs5
Figure 5

(b)) SCHERE o B 25 R B
FRREMA T HEA

Scatter plot of apple weight estimation

(o) SCHER[2V5 i B 45 SR HOs &



130

iE 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

F2 3MBREMITAZTENEHRTRER
Table 2 Weight estimation method evaluation index

benchmarking results
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Table 3 Comparison of evaluation indicators for weight

estimation of different fruits
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