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Cotton Terminal Bud Recognition Method in Complex Field
Environments Based on RE — YOLO — QAT

ZHANG Jie' WEN Haojun'? ZHENG Zhaohui' CHU Jianjun'
(1. College of Machanical Electrical Engineering, Shihezi University, Shihezi 832003, China
2. Key Laboratory of Northwest Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Shihezi 832000, China)

Abstract. Cotton topping is a crucial management practice in cotton farming, and accurately and rapidly
detecting top buds in complex field environments is a key step to achieving precise topping. To address
this challenge, a lightweight visual detection model, RE — YOLO — QAT, based on the YOLO 1ln
framework , was developed. The model was improved upon the YOLO 11n architecture by replacing its
backbone network with the EfficientViT, a lightweight vision transformer. This replacement, coupled with
a hybrid attention and convolutional structure, effectively reduced the model’ s computational costs while
maintaining its feature extraction capabilities. Furthermore, the model incorporated a reparameterized
feature pyramid network ( RepGFPN) , which significantly enhanced the model’s ability to detect small top
buds, improving detection accuracy in the field. Additionally, the model employed quantization-aware
training and structured pruning techniques to dramatically compress the model size and reduce
computational costs without significantly sacrificing detection accuracy. These optimizations helped ensure
the model meet the real-time detection requirements necessary for efficient cotton topping operations. The
experimental results demonstrated that the RE — YOLO — QAT model achieved a cotton top bud recognition
rate of 94. 2% in complex field scenarios. The model contained only 1. 01 x 10° parameters and required
just 2.3 x 10’ FLOPs, which was a significant reduction in computational cost. Compared with the
baseline model, RE — YOLO — QAT reduced the computational cost by 64.06% while suffering a

ks B : 2026 01 —07  f& [ H . 2026 -01 - 10

ESTE : W R A A RT3 B M AL Pl B R R R # I H (CARS — 15 —26) Al A W 7 K25 & )2 A A B0 s sh i A
(RCZK202558)

TEE B WA (1998—) , 5 i+, 2 SR GEA I 2 & 5T, E-mail : zhangjie102815@ 126. com

BEESE: BEE(971—) 5 050 A 00, FENFR AT, E-mail : 547273950@ qq. com



46 Y S ]}

L

2026 4

negligible accuracy loss of just 0.2 percentage points. This made the model highly efficient, suitable for

real-time detection in cotton topping operations. Overall, the results indicated that this research provided

both the theoretical foundation and the technical framework necessary for the development of intelligent,

precise, and efficient cotton topping systems in future agricultural operations.

Key words: cotton topping machine; cotton terminal bud recognition; YOLO 11n; object detection;

occlusion; small targets
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Tab.2 Data of different lightweight network models

mAP@ 0. 5/ mAP@Q. 5:0.95/

LAY SRt TR

% %
YOLO Iln 94. 4 81.4 2.58 x10° 6.4 x10°
+ EfficientViT 93.8 81. 1 2.03x10° 5.1x10°
+ MobileNetV3 ~ 92.8 80. 1 2.11 x10° 5.5 x10°
+ GhostNetv2 92.4 80.7 2.47 x10° 6.2 x10°
+ EfficientNet 90. 1 78. 1 1.95 x10° 4.9 x10°
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Fig.8 Ablation experiment PR curves
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Tab.3 Ablation experiment data

gl mAP@0. 5/% mAP@0. 5:0.95/% E2Ieh JAREN
YOLO I1n 94. 4 81.4 2.58 x10° 6.4 x10°
YOLO 11n + RepGFPN 96. 1 83.1 2.81 x10° 7.0 x 10°
YOLO 11n + EfficientViT 93.8 81.1 2.03 x10° 5.1x10°
YOLO 11n + Model Pruning 92.8 76. 8 1.34 x10° 3.9 x10°
YOLO 11n + QAT 92.2 71.5 1.21 x10° 3.1x10°
YOLO 11n + RepGFPN +
94.2 81.0 1.01 x 10° 2.3 x10°

EfficientViT + Model Pruning + QAT
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Tab.4 Comparison experiment data

mAP@ 0.5/ mAP@0. 5.

LY SH T
% 0.95/%
Faster R — CNN 90. 1 78.8  2.82x10" 1.587 x 10"
Cascade R — CNN 89. 1 76.4  5.61x107 1.864 x 10"
YOLO v5n 92.6 79.0  2.51 x10° 7.200 x 10°
YOLO v7 — tiny 94. 8 81.9  6.02x10° 1.320 x10"
YOLO v8n 90. 1 78.5  3.20 x10° 8.900 x10°
YOLO v10n 93.7 80.1  2.71 x10° 8.400 x10°
YOLO I1n 94. 4 81.5  2.58x10° 6.400 x10°
YOLO 11s 95.3 83.1  9.51 x10° 2.170 x 10"
% # YOLO v5s 91.0 50.0  3.00x10° 7.300 x10°
YOLO v5 - cpp 95.8 68.8  3.70 x10° 8.100 x 10°
Bud — YOLO 95.1 68.0  2.40 x10° 6.300 x10°
DFR — SN - YOLO 97.5 70.3  3.90 x10° 9.000 x 10’
RE - YOLO — QAT  94.2 81.0  1.01 x10° 2.300 x10°
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Fig.9 Detection results of partial models
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