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Tomato Maturity Detection Method in Greenhouse Based on
Lightweight SLLD — YOLO v8n

Xi Xiaobo Shen Yang Ding Jieyuan Han Lianjie Zou Yunhan Zhang Ruihong
(School of Mechanical Engineering, Yangzhou University, Yangzhou 225127, China)

Abstract; Aiming to address the challenges of illumination fluctuation, branch and leaf occlusion, and
dense fruit distribution in complex greenhouse environments for tomato maturity detection, a lightweight
tomato maturity detection method was proposed. Taking YOLO v8n as the baseline model, a C2f —SHAB
feature extraction module was constructed to improve the joint modeling of local details and global
semantic information. The DySample upsampling module was introduced to optimize high-resolution
information recovery during multi-scale feature fusion. A lightweight shared detail-aware detection head,
LSDA — DHead, was designed to enhance the feature representation capability for complex boundaries and
occluded regions at the detection end. Furthermore, the Focaler — DIoU loss function was incorporated to
optimize the bounding box regression process. Experiments were conducted on a self-built tomato maturity
dataset, in which tomatoes were classified into four stages; immature, turning-color, turning-ripe, and
mature. Experimental results showed that the improved SLD — YOLO v8n model achieved a 7.11
percentage point increase in mAP@ 0.5 compared with the baseline YOLO v8n, while the number of
parameters, floating-point operations, and model memory footprint were reduced by 30.6% , 25.9% ,
and 15. 1% , respectively. While ensuring lightweightness, the proposed method effectively enhanced the
accuracy and robustness of tomato maturity detection under complex conditions, providing technical
support for intelligent harvesting robots and edge-side visual perception systems.
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Tab.1 Ablation test results of SLD - YOLO v8n model
N . c b S R AT *ﬁﬂ:ﬂ% i \p@0.ssq TAP@0.5:0.95/
/MB %
3.01 x10° 8. 18 x 10° 5.50 82.47 72. 60
v 3.01 x10° 8.12 x10° 5.98 86.33 74.93
vV 2.68 x10° 7.59 x 10° 5.42 86. 68 75. 15
2 2.32 x10° 6.54 x 10° 4.61 84.74 73.85
Y 3.05 x 10° 8.18 x10° 5.99 86. 19 76. 07
v v 2.73 x10° 7.72 x10° 5.41 87. 60 77.34
vV 2 2.32 x10° 6.51 x10° 5.09 86. 54 76. 05
v 2 2.04 x10° 6.15 x10° 4.53 86.93 75. 15
vV v 2 2.09 x 10° 6.06 x 10° 4.67 87.93 75.58
v v VvV Vv 2.09 x 10° 6.06 x 10° 4.67 89. 58 76.71
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Tab.2 Detection performance among different models

Y SR TP R A PURPIE HERRA/ % HEHR/%  mAP@O.5/% KT
Hi#&/MB ms
YOLO v3s 6. 15 x 107 1.55 x 10" 117.01 79. 14 80.21 84.03 59.13
YOLO v5n 1.76 x 10° 4.12 x10° 3.71 77.23 76.52 80. 12 29. 14
YOLO v7 — tiny 6.21 x10° 1.28 x 10 12.12 80. 19 79.03 83.07 43.13
YOLO v8n 3.01 x10° 8.18 x 10° 5.50 78.52 77.87 82.47 22.10
YOLO v10n 3.00 x 10° 8.20 x 10° 5.96 78.01 77.07 81.72 17.76
YOLO 11n 2.90 x10° 7.91 x10° 5.30 77.57 78. 34 82.06 18. 84
SLD — YOLO v8n 2.09 x10° 6. 06 x 10° 4.67 80. 03 86.32 89. 58 17. 46
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