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Abstract 

In order to improve the accuracy of apple external quality classification based on support vector machine, an improved 

grey wolf optimization algorithm IGWO was proposed by adding Logistic chaos mapping, nonlinear convergence factor 

and Cauchy variation to the grey wolf optimization algorithm. Firstly, different benchmark functions are used to test the 

improved IGWO algorithm. The test results show that the IGWO algorithm has improved the convergence speed and 

accuracy. Secondly, the image processing method is used to extract apple's external features as the data set. The improved 

grey wolf algorithm was used to optimize the penalty parameters and kernel parameters in support vector machine, and 

the optimal IGWO-SVM classification model was obtained. Finally, compared with the classification results of SVM 

and GMO-SVM, the results show that IGWO-SVM has the highest classification accuracy. 

Keywords: Apple external quality rating; Improved Grey wolf optimization algorithm IGWO; Support vector machine; 

Reference function; IGWO-SVM. 

 

1. Introduction 

At present, apple classification mainly relies on manual 

sorting to detect, but this method has strong subjectivity 

and low classification efficiency, resulting in low 

accuracy of apple classification. Therefore, it has 

important research significance and value to use effective 

science and technology for apple classification. 

With the rapid development of image processing 

technology and machine vision, it has been widely used 

in the agricultural field.  

Li Xianfeng et al. [1] proposed a decision-level multi-

feature fusion apple classification method based on D-S 

evidence theory, and the accuracy rate of apple 

classification reached 92.5%. Li et al. [2] used image 

processing technology to extract apple features and BP 

neural network for classification, and the classification 

result could reach 92.5%.Xia Qing et al. [3] used the least 

square support vector machine based on the improved 

algorithm of particle swarm optimization to classify 

apples, and the experimental results showed that the 

accuracy of apple classification was above 96%. Li 

Xuejun et al.[4] proposed an apple classification 

algorithm based on the combination of discriminant tree 

and improved support vector machine decision making. 

The results showed that the method was feasible and its 

classification accuracy was above 98%, which could be 

effectively used for apple classification.   

217



Yi Zhao, Qunpo Liu, Yuxi Zhao, Yueqin Sheng 

©The 2023 International Conference on Artificial Life and Robotics (ICAROB2023), Feb. 9 to 12, on line, Oita, Japan 

2. Improved grey wolf optimization algorithm 

2.1. Logistic chaos map 

Using Logistic chaotic mapping [5] to substitute random 

initialization in grey wolf algorithm can improve the 

uniform distribution of initial population and global 

search ability of the algorithm. The expression of 

Logistic chaos mapping is as Eq. (1): 

   1 (1 ), 0,4 , 0,1n n nX X μ X μ X                 (1) 

2.2. Improvement of nonlinear convergence factor 

In the improved grey wolf algorithm, in order to improve 

the search ability of the algorithm, the nonlinear 

convergence factor such as Eq. (2) is used. The improved 

convergence factor [6] decreases linearly with the 

number of iterations from 0 to 2.As shown in Fig.1, at the 

beginning of iteration, the convergence rate of the 

improved convergence factor is reduced compared with 

that of the original algorithm. At the end of iteration, the 

speed of convergence factor increases, which makes the 

search for local optimal solution [7] more accurate. 
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Fig. 1 Nonlinear convergence factor 

2.3. Cauchy variation is introduced 

In order to avoid the algorithm falling into local optimum, 

Cauchy variation [8] is added to the improved grey wolf 

algorithm,the variation formula is shown in Eq. (3) : 

best best( 1) ( ) (0,1) ( )X φ X φ C X φ             (3) 

2.4. Improved grey Wolf algorithm test  

Tab.1 lists information about standard test functions. 

Where, F1 and F2 are unimodal functions; F3 and F4 are 

multimodal functions. Experimental hardware conditions: 

Intel(R) Core(TM) i5-8300H CPU @ 2.30ghz processor, 

16G running memory, software Matlab2018b.
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 The experimental results are shown in Tab.2 and the 

convergence curve is shown in Fig.2. For both single-

peak functions F1 and F2 and multi-peak functions F3 

and F4, the performance of the improved gray wolf 

algorithm IGWO is better than that of PSO[9],MFO[10] 

and GWO.[11] 
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Tab.2 Comparison of results of different algorithms 

Function 
PSO MFO GWO IGWO 

AVE STD AVE STD AVE STD AVE STD 

F1 3.14e-2 9.44e-2 3.57e-3 2.31e-3 4.19e-23 1.02e-22 8.21e-41 2.28e-41 

F2 2.00e-3 2.67e-3 1.88e-3 6.85e-3 3.12e-28 2.34e-27 7.85e-47 8.72e-46 

F3 2.23e-1 3.02e-2 3.69e-3 5.43e-3 1.74e-16 1.02e-15 4.63e-17 2.53e-16 

F4 2.72e+0 1.68e+0 6.18e-2 1.58e-2 2.94e+1 1.12e+0 1.39e-10 7.51e-10 

  

(a) Sphere                         (b) Schwefel2.22                           (c) Ackley                              (d) Griewank 

Fig. 2 Convergence curves of GWO,PSO,MFO and IGWO on test functions 

3. Results and Analysis 

 
Fig.3 Results of grading using GMO-SVM 

In order to verify the classification effect of IGWO 

proposed in this paper, SVM, [12] GMO-SVM and 

IGWO-SVM algorithms are successively used for 

classification experiments. The number of correct 

classification of SVM algorithm without optimization is 

49, and the classification accuracy is 81.66%. As shown 

in Fig.3, the classification accuracy of the test set has 

reached 90%, with the classification accuracy of first-

class fruit reaching 85%, first-class fruit reaching 100% 

and second-class fruit reaching 85%. The accuracy of 

support vector machine optimization using the improved 

Grey Wolf algorithm reached 98.33%, as shown in Fig.4, 

which achieved the expected effect of Apple 

classification. 

 
Fig.4 Results of IGWO-SVM classification 

0 100 200 300 400 500

The number of iterations

10-80

10-60

10-40

10-20

100

1020

O
b
je

ct
iv

e
 f
u
n
c
ti

o
n

 v
a
lu

e

GWO

PSO

MFO

IGWO

0 100 200 300 400 500

The number of iterations

10-50

10-40

10-30

10-20

10-10

100

1010

1020

O
b
je

ct
iv

e
 f
u
n
c
ti

o
n

 v
a
lu

e

GWO

PSO

MFO

IGWO

0 100 200 300 400 500

The number of iterations

10-15

10-10

10-5

100

105

O
b
je

ct
iv

e
 f
u
n
c
ti

o
n

 v
a
lu

e

GWO

PSO

MFO

IGWO

0 100 200 300 400 500

The number of iterations

10-20

10-15

10-10

10-5

100

105

O
b
je

ct
iv

e
 f
u
n
c
ti

o
n

 v
a
lu

e

GWO

PSO

MFO

IGWO

0 10 20 30 40 50 60

Test set sample

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

C
a
te

g
o
ry

 la
b
e
l

Actual test set classification

Predictive test set classification

0 10 20 30 40 50 60

Test set sample

1

1.2

1.4

1.6

1.8

2

2.2

2.4

2.6

2.8

3

C
a
te

g
o
ry

 la
b
e
l

Actual test set classification

Predictive test set classification

219



Yi Zhao, Qunpo Liu, Yuxi Zhao, Yueqin Sheng 

©The 2023 International Conference on Artificial Life and Robotics (ICAROB2023), Feb. 9 to 12, on line, Oita, Japan 

4. Conclusion 

This paper proposes an improved grey wolf algorithm, 

namely IGWO algorithm, on the basis of the grey wolf 

algorithm, adding logistic chaos mapping, nonlinear 

convergence factor and Cauchy variation. Through the 

simulation experiments on four standard test functions 

and compared with PSO,MFO and GWO algorithms, the 

experimental results show that IGWO algorithm achieves 

higher optimization accuracy on test functions, and 

greatly improves the optimization performance in terms 

of robustness and fast jumping out of local optimum. 

Secondly, IGWO algorithm is used to optimize the 

penalty parameters and kernel parameters in support 

vector machine, and the optimized support vector 

machine is used to classify apple. The experimental 

results show that the accuracy rate of IGWO-SVM 

reaches 98.3%. 

References 

1. Li Xianfeng, ZHU Weixing, Hua Xiaopeng, KONG 

Lingdong. Transactions of the Chinese society for 

agricultural machinery,2011, 42(06):188-192. 

2. Xiaoling, L.and Y. Jimin. Detection Level of Apple 

Based on BP Neural Network. 2015: Atlantis Press. 

3. Xia Qing, Li Xianfeng. Apple Classification Detection 

Based on improved PSO Algorithm and LS-SVM [J]. 

Computer and Modernization, 2012. 

4. Li Xuejun, Cheng Hong. Research on key technology of 

apple classification detection based on decision fusion. 

Food & Machinery, 2020, 36(12):5. 

5. Yao Y, Ma J. Logical chaotic resonance in a bistable 

system[J]. International Journal of Bifurcation and Chaos, 

2020, 30(13): 2050196. 

6. Jarlebring E. Convergence factors of Newton methods for 

nonlinear eigenvalue problems[J]. Linear algebra and its 

applications, 2012, 436(10): 3943-3953. 

7. Chiang H D, Chu C C. A systematic search method for 

obtaining multiple local optimal solutions of nonlinear 

programming problems[J]. IEEE Transactions on 

Circuits and Systems I: Fundamental Theory and 

Applications, 1996, 43(2): 99-109. 

8. Yang J H, Zhao X L, Mei J J, et al. Total variation and 

high-order total variation adaptive model for restoring 

blurred images with Cauchy noise[J]. Computers & 

Mathematics with Applications, 2019, 77(5): 1255-1272. 

9. Clerc M. Particle Swarm Optimization[M]. Springer 

International Publishing, 2016. 

10. Li X Y, LI Y. Study on eggshell quality recognition of 

poultry eggs based on sample entropy and MFO-SVM [J]. 

Journal of Chinese agricultural mechanization, 

2019,40(05):133-139. 

11. Mirjalili S, Mirjalili S M, Lewis A. Grey wolf 

optimizer[J]. Advances in engineering software, 2014, 69: 

46-61. 

12. Wang H, Hu D. Comparison of SVM and LS-SVM for 

regression[C]//2005 International conference on neural 

networks and brain. IEEE, 2005, 1: 279-283. 

 

Authors Introduction 

 
Mrs.  Yi Zhao 

She graduated from Zhengzhou 

University of Economics and Business 

(China) in 2022 with a bachelor's degree 

in rail transit signal and control. She is 

currently studying for a master's degree 

in electronic information at Henan 

Polytechnic University. She is mainly 

engaged in research on image processing 

and behavior recognition. 

 
Dr. Qunpo Liu 

He graduated from the Muroran Institute 

of Technology (Japan) with a Ph.D. in 

Production Information Systems. He is 

an associate professor at the School of 

Electrical Engineering at Henan 

Polytechnic University (China) and a 

master's tutor. He is mainly engaged in 

teaching and research work in robotics, 

intelligent instruments and machine 

vision. 
 
Dr. Yuxi Zhao 

He graduated from Henan Institute of 

Engineering with a bachelor's degree in 

Electrical Engineering and Automation 

in 2019. Graduate student of Henan 

Polytechnic University (China), his 

research interest covers machine vision 

and image processing. 

 
Mrs. Shengyue Qin 

She graduated from Henan Polytechnic 

University (China) in 2020 with a 

bachelor's degree in automation. She is 

currently studying for a master's degree in 

control science and engineering at Henan 

Polytechnic University. She is mainly 

engaged in research on image processing 

and sign language recognition. 

 

220


