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Fast Apple Recognition Based on Lightweight YOLOv8 Model
NIE Zhong-Qiang, ZHU Ming

(Department of Automation, School of Information Science and Technology, University of Science and Technology of China, Hefei
230026, China) '

Abstract: This study proposes a lightweight apple detection algorithm based on an improved YOLOv8n model for apple
fruit recognition in natural orchard environments. Firstly, the study uses a cor'hbination of DSConv and FEM feature
extraction modules to replace some regular convolutions in the backbone network for lightweight improvements. In this
way, the floating-point numbers and computational quantity during the convolution process can be reduced. To maintain
performance during the lightweight process, a structured state space model is introduced to construct the CBAMamba
module, which efficiently processes features tHrough the Mamba structure, during the feature processing procedure.
Subsequently, the convolutions at thé detecting head are replaced with RepConv and the convolution layer is reduced.
Finally, the bounding box loss function is changed to the dynamic non-monotonic focusing mechanism WIoU to
accelerate model convergence and further enhance model detection performance. The experiments show that, on the
public dataset, the improved YOLOVS algorithm outperforms the original YOLOv8n algorithm by 1.6% in mAP@0.5 and
1.2% in mAP@0.5:0.95. Meanwhile, it also increases FPS by 8.0% and reduces model parameters by 13.3%. The
lightweight design makes it highly practical in robotics and embedded system deployment fields.
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ik, FETEA [FIAC B P8 T A [R]— 3 S0l 4R A7 R U
PERE T LS. RIS R 2 Fios.

K2 ETMBKEELLE

LY ZH&= M) mAP@0.5 mAP@0.5:0.95 FPS
origin 3.0 0.883 0.682 87
C2f ScConv 2.8 0.885 0.684 79
MnasNet 27 0.868 0.668 41
ShuffleNet 2.6 0.881 0.681 69
MobileNet 2.5 0.879 0.678 90
DS+FEM 27 0.889 0.699 89

A3 BT 6E LEASE I &5 SR AT AR Y, C2f ScConv AR
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I IE I, 53] 7tk YOLOvSn B A 23 5 5 0.6% 1)
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432 Check 3 ik St
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FRE (BT US98 2 R K, 78 VI R 2 R 404 e o, {2 iR
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A, R WIoU 5 g 45 2% bR B fe 5 35 B 1 KK 1
M3 S VRN 8 bR 2 15 B SR T, HL e 8 A0 A5 5L X i A
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0.95. ¥ RepConv 5| N, FE4f /Ml Sk B Z 5, F B
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B IR, ASDGR AL TSRS I ) 225K, T HL 3R e 1A
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5
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BRI S HRIN CBAMamba R 5] A CHR 25 25 1]
AR} B B R R JE AT B B 1 FS KAl Sk Y Conv
B4y RepConv, FEIg/ NI Sk 547 )2, 4 jelotsr P i 7%
HH RV BRI T B R, B SO AR A 2R R E R B
AR AR AN WioU, $2 s R IR SIGH 5, #F— 2
PRTHBEAYAS I B . SRR (10 B T 7E 4 35 M R 1) [F) ) i

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

20254F 344 11 HEINRSGNH

http://www.c-s-a.org.cn

b B ARSI 55, T 2D 2l B vt W 45 i L e A8 A
S35 T R ARG 25Tt

BT aMEREL, AMTRESARAXRGHNHLEA
ERER . AT TSR Y Y S E SR B AT G2 AL B

Ffthd B (R BE S5
Bl 10 AR ST R IR

apple 0.

. °g?;"§:3j73357

apple ‘apple 0:68
4 opf

Y ke S

K11

SE 3Rk

KPR

apple 0.
N

o g

ETEN

-

cit\ws fruits using a monocular machine vision-based method
-

-

1 EFHT, A4k, 2T R-FCON 1R 35 5 2 W 4 i pL8e N ' for automatic fruit picking applications. Computers and
B SRR H AR U ROl TR AR 3‘0;9, 35(3): Electronics in Agriculture, 2018, 152: 64-73. [doi: 10.1016/j.
156-163. [doi: 10.11975/j.igsﬁ-.\,looz-é&l9k019'.03.020] compag.2018.07.004]

2 Chu PY, Li ZJ, Lammers K, et a’. Deep learning-based apple 6 Lin GC, Tang YC, Zou XJ, et al. Color-, depth-, and shape-
detection using a s.L&)pression mask R-CNN. Pattern Recogni- based 3D fruit detection. Precision Agriculture, 2020, 21(1):
tion Letters, 2021, 147: 206-211. [doi: 10.1016/j.patrec.2021. 1-17. [doi: 10.1007/s11119-019-09654-w]

04.022] 7 Lin GC, Tang YC, Zou XJ, et al. In-field citrus detection and

3 Baeten J, Donné K, Boedrij S, et al. Autonomous fruit picking localisation based on RGB-D image analysis. Biosystems
machine: A robotic apple harvester. In: Laugier C, Siegwart Engineering, 2019, 186: 34—44. [doi: 10.1016/j.biosystemseng.
R, eds. Field and Service Robotics. Berlin, Heidelberg: 2019.06.019]

Springer, 2008. 531-539. 8 Tang YC, Chen MY, Wang CL, et al. Recognition and locali-

4 TRER, ME, SRR NGS5 07 BT DL zation methods for vision-based fruit picking robots: A
5, 2022(2): 291-294, 299. [doi: 10.3969/j.issn.1001- review. Frontiers in Plant Science, 2020, 11: 510. [doi: 10.
3997.2022.02.062] 3389/fpls.2020.00510]

5 Zhuang JJ, Luo SM, Hou CJ, et al. Detection of orchard 9 Wan SH, Goudos S. Faster R-CNN for multi-class fruit

Software TechniquesAlgorithm # 45 AR 5132 209

© TIEREBA LR

http://www.c-s-a.org.cn


https://doi.org/10.11975/j.issn.1002-6819.2019.03.020
https://doi.org/10.11975/j.issn.1002-6819.2019.03.020
https://doi.org/10.11975/j.issn.1002-6819.2019.03.020
https://doi.org/10.1016/j.patrec.2021.04.022
https://doi.org/10.1016/j.patrec.2021.04.022
https://doi.org/10.3969/j.issn.1001-3997.2022.02.062
https://doi.org/10.3969/j.issn.1001-3997.2022.02.062
https://doi.org/10.3969/j.issn.1001-3997.2022.02.062
https://doi.org/10.1016/j.compag.2018.07.004
https://doi.org/10.1016/j.compag.2018.07.004
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1007/s11119-019-09654-w
https://doi.org/10.1016/j.biosystemseng.2019.06.019
https://doi.org/10.1016/j.biosystemseng.2019.06.019
https://doi.org/10.3389/fpls.2020.00510
https://doi.org/10.3389/fpls.2020.00510
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20254F #5344 551

10

11

12

13

14

15

16

17

18

detection using a robotic vision system. Computer Networks,
2020, 168: 107036. [doi: 10.1016/j.comnet.2019.107036]

Fu LS, Majeed Y, Zhang X, et al. Faster R-CNN-based apple
detection in dense-foliage fruiting-wall trees using RGB
and depth features for robotic harvesting. Biosystems
Engineering, 2020, 197: 245-256. [doi: 10.1016/j.biosystem
seng.2020.07.007]

INERI, E =5k, 2208, 4. 2T 2ok YOLOvSs ML 42
HA) 3 B SR S R ik RO AR H R, 2022, 38(11):
171-179. [doi: 10.11975/j.issn.1002-6819.2022.11.019]
Redmon J, Divvala S, Girshick R, ef al. You only look once:
Unified, real-time object detection. Proceedings of the 2016
IEEE Conference on Computer Vision and Pattern Recog-
nition. Las Vegas: IEEE, 2016. 779-788.

Wu YJ, Yang Y, Wang XF, et al. Fig fruit recognition
method based on YOLOv4 deep learning. Proceedings of the
18th International Conference on Electrical Engineering/Ele-
Computer, Telecommunicat‘ioné and Information
Technology (ECTI- CON) Chlang Ma: IEEE, 2021. 303-306.
e, AR, rf@ﬂﬁ T2 YOLOvVT B SR 3 1
B AR 5 3. Ak TRE2AIR, 2023, 39(14): 191-199. [doi:
10.11975/j.issn.1002-6819.202305069]

B, FHA, R, B ETREMNERMEMNZITN Y
AP TEIRAG I SR, ROk TRE243R, 2023, 39(9): 172
182. [doi: 10.11975/.issn.1002-6819.202303035]

Bazame HC, Molin JP, Althoff D, et al. Detection of coffee
fruits on tree branches using computer vision. Scientia Agri-
cola, 2022, 80: €202200064.

Wang XF, Wu ZW, Jia M, et al. Lightweight SM-YOLOvVS5
tomato fruit detection algorithm for plant factory. Sensors,
2023, 23(6): 3336. [doi: 10.3390/s23063336]

ctronics,

Sinha D, El-Sharkawy M. Thin MobileNet: An enhanced- |

MobileNet architecture. Proceedings of the "10th IEEE

Annual Ubiquitous Computing, Electronics & Mobile

s
X

210 #A{HARH % Software TechniquesAlgorithm

19

20

21

22

23

24

25

Communication Conference (UEMCON). New York: IEEE,
2019. 280-285.

Ma NN, Zhang XY, Zheng HT, et al. ShuffleNet V2:
Practical guidelines for efficient CNN architecture design.
Proceedings of the 15th European Conference on Computer
Vision. Munich: Springer, 2018. 122-138.

Zhang XY, Zhou XY, Lin MX, et al. ShuffleNet: An
extremely efficient convolutional neural network for mobile
devices. Proceedings of the 2018 IEEE/CVF Conference on
Computer Vision and Pattern Recognltlon Salt Lake City:
IEEE, 2018. 6848—6856.

Han K, Wang \{H, Tian Q, et al. GhostNet: More features
from cheap operationS. Proceedings of the 2018 IEEE/CVF
Conferenée on Computer Vision and Pattern Recognition.
Seattle: IEEE, 2020. 1577-1586.

Zheng ZH, Wang P, Liu W, et al. Distance-loU loss: Faster
and better learning for bounding box regression. Proceedings
of the 38 AAAI Conference on Artificial Intelligence. Van-
couver: AAAI Press, 2020. 12993-13000.

Ren SQ, He KM, Girshick R, ef al. Faster R-CNN: Towards
real-time object detection with region proposal networks.
Proceedings of the 28th International Conference on Neural
Information Processing Systems. Montreal: MIT Press, 2015.
91-99.

Liu W, Anguelov D, Erhan D, ef al. SSD: Single shot multi-
box detector. Proceedings of the 14th\ European Confer-
ence on Computer Vision. Amsterdam: Springer, 2016. 21-37.
Wang CY, Bochkovskiy A, LiaodIYM. YOLOv7: Trainable
bag-of-freebies Y!s,vets new- state-of-the-art for real-time object
degectors.'Procee(.lings of the 2023 IEEE/CVF Conference on
Computer Vision and Pattern Recognition. Vancouver: IEEE,
2023. 7464-7475.

(B e IR

© TEREBIK R

http:/fwww.c-s-a.org.cn


https://doi.org/10.1016/j.comnet.2019.107036
https://doi.org/10.1016/j.biosystemseng.2020.07.007
https://doi.org/10.1016/j.biosystemseng.2020.07.007
https://doi.org/10.11975/j.issn.1002-6819.2022.11.019
https://doi.org/10.11975/j.issn.1002-6819.2022.11.019
https://doi.org/10.11975/j.issn.1002-6819.2022.11.019
https://doi.org/10.11975/j.issn.1002-6819.202305069
https://doi.org/10.11975/j.issn.1002-6819.202305069
https://doi.org/10.11975/j.issn.1002-6819.202305069
https://doi.org/10.11975/j.issn.1002-6819.202303035
https://doi.org/10.11975/j.issn.1002-6819.202303035
https://doi.org/10.11975/j.issn.1002-6819.202303035
https://doi.org/10.3390/s23063336
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

	1 引言
	2 相关工作
	2.1 YOLOv8 网络模型
	2.2 Mamba 网络模型

	3 数据和方法
	3.1 数据集构建
	3.1.1 数据增强算法

	3.2 主干网络改进
	3.2.1 深度可分离卷积
	3.2.2 特征增强模块
	3.2.3 CBAMamba模块
	3.2.4 检测头改进
	3.2.5 损失函数改进


	4 实验与分析
	4.1 实验环境和参数设置
	4.2 评价指标
	4.3 改进方法效果对比
	4.3.1 主干网络改进实验
	4.3.2 Check端改进实验
	4.3.3 损失函数改进实验

	4.4 消融实验
	4.5 不同模型的检测对比实验
	4.6 可视化分析

	5 结论与展望
	参考文献

