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Passion Fruit Counting Method Based on Lightweight YOLO 11n — CLL
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Abstract. Lightweight detection, tracking, and counting passion fruit are crucial technologies for
achieving intelligent harvesting in smart agriculture. In real orchard environments, factors such as
overlapping occlusion with leaves and branches, along with lighting variations, often result in missed
detections, false detections and repeated counting. To address these challenges, a lightweight counting
framework was proposed based on YOLO 11n — CLL and BoT — SORT. In object detection, YOLO 11n —
CLL was built upon YOLO 11n as its baseline model. Firstly, a lightweight context guided block was
introduced to enhance contextual perception capability. Nextly, the large separable kernel attention
mechanism was incorporated to improve multi-scale feature modeling. Finally, the lightweight shared
detail-enhanced convolutional detection head was employed to effectively reconstruct the texture features
of occluded fruits. For object tracking, the BoT — SORT tracker was adopted, which incorporated a
camera-motion-compensation module to mitigate camera-shake interference and improve tracking
accuracy. In fruit counting task, a region-based counting method was adopted to achieve accurate
counting of passion fruits. Results showed that YOLO 11n — CLL achieved mAP@ 0.5 of 87. 0% with a
compact 5.0 MB model size. The BoT — SORT tracker achieved a HOTA of 62.4% and a MOTA of
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68.4% . The region-based counting method yielded an average counting accuracy of 92.8% ,

outperforming the line-based counting and ID-based counting method by 8.8 percentage points and

29.9 percentage points. The results demonstrated that the proposed framework enabled detection,

tracking, and counting of passion fruits and provided technical support for intelligent harvesting in passion

fruit orchards.

Key words: passion fruit; YOLO 11n; multi-object tracking; BoT — SORT; fruit counting
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Fig.2  Overall process flowchart
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Fig.9  Visualization of YOLO 11n— CLL in complex

orchard environments
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Tab.4 Performance test results of different target

detection models

bt PERC| F1 4> mAP@ BEAE
H 7 . di iR/
R/%  F/%  B/%  0.5/%
YOLO v8n 79.0  78.0  78.5 83.7 5.6
YOLO v8n — P2 77.4  78.2 71.8 82.6 5.9
YOLO v10n 79.0  78.6  78.8 84.7 5.7
YOLO 11n 80.0  79.7  79.8 85.9 5.5
YOLO 11n— P2 79.2  77.2  78.2  83.8 5.7
YOLO 11n—CLL  81.5 80.5 81.0  87.0 5.0

Hi% 4 T, YOLO 11n— CLL #i807E Z 357
FAEIER  mAP@0. 5 1 K 87. 0% , ki 5 v i)
YOLO 1in 25 1. 1 AF 40 B2 R R SR YOLO
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and other detectors
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Tab.5 Experiment results of target tracking models

A HOTA/% MOTA/% 1DF1/% IDSW
BoT — SORT 62. 4 68. 4 73.0 1102
ByteTrack 56. 6 62.0 67.7 744
0C —SORT 60. 8 66.0 70. 8 2105
DeepOC — SORT 60.2 65.6 71.2 403

i 5 nJ 1, BoT — SORT %3 ¥k 7F £ T #% .0 48 b
A4 R B A P fiE, L HOTA \MOTA \IDF1 . IDSW
A3k 62.4% 68.4% 73.0% .1 102, Fif 3 T 4% 0>
bR 18t 25400 S T A T R

5 ByteTrack ,OC — SORT ,DeepOC — SORT 2 7%
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Tab.6 Experiment results of fruit counting methods

%
WA 3 B3 S S U =37 Y €7 L VY 17 B § 7S
10 90. 4 88. 1 65.7
21 98.9 78.6 74.6
41 93.8 84.3 67.8
51 94.0 89.3 69.9
61 89. 4 70. 6 74.8
71 88.0 85.2 42.9
80 95.4 89.3 50.3
90 92.1 86. 6 56.8
] 92.8 84.0 62.9
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method and line based counting method
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detection, tracking, and counting
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