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Lightweight Improvement of YOLOVS8 for Apple Detection in
Complex Orchard Environments

ZHOU Hui, YANG Jie®, ZHAO Xiang-fei
(College of Mechanical and Transportation, Southwest Forestry University, Kunming 650224, China)

[ Abstract] Addressing the issues of large model parameters and high computational complexity in apple target detection algorithms
for complex orchard environments, which hinder application on devices with limited computational resources, an improved and
lightweight apple target detection algorithm named YOLOv8n-Apple based on YOLOv8 was proposed. The backbone network,
yaniaNet, was introduced to reduce model parameters and complexity. The original C2f module in the model was replaced with the
C2{Ghost module, which further decreased model parameters by obtaining similar feature maps through fewer convolutional operations.
The lightweight upsampling operator CARAFE was utilized to address the issues of semantic loss and excessively small receptive fields
associated with traditional upsampling operators. Given that traditional loss functions cannot fully capture the relative position and size
differences between targets, the WloU bounding box was adopted as the regression loss function. A dataset comprising 3 120 images of
mature apples in various scenarios, including distant and close views under front-light and backlight conditions, was collected from
diverse angles and backgrounds, to mitigate potential dataset uncertainties. The improved apple detection model for orchard
environments demonstrated an average detection accuracy of 90% , which was 7.5, 4.8, 2.2, 3.8, and 3. 4 percentage points higher
than SSD, Faster R-CNN, YOLOvS5, YOLOv7, and YOLOV8, respectively. The detection speed reached 286 frames per second, and
the model size was reduced to 1. 8 MB, representing an improvement of 41 frames per second compared to the original model, while
occupying only 60. 0% of size.
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Table 1 Ablation experiment results
VanillaNet C2fGhost CARAFE wise-I0U Precison/% mAP@0.5:0.95/% Params/M GFLOPs FPS
x x x x 92.1 86. 6 3.0 8.1 245
vV X X x 92. 4 87.3 1.9 5.5 301
vV vV x x 92.5 88.2 1.5 4.9 312
Vv Vv Vv x 93.2 89. 1 1.8 5.1 280
Vv 2 2 vV 93.9 90. 0 1.8 5.1 286
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Fig. 9 Precision curves of different models
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Table 2 Performance comparison with mainstream object

detection models

FEi mAP@0. 5:0.95 Params/M  GFLOPs FPS
SSD 82.5 26.3 62.7 78
Faster R-CNN 85.2 137. 1 370.2 14
YOLOV5 87.8 7.03 15.8 170
YOLOV7 86.2 6.02 13.1 143
YOLOVS 86. 6 3.0 8.1 245
AR 90.0 1.8 5.1 286
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Fig. 10 Comparison of effects before and after improvement
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