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Abstract

[Objective] Xinjiang is the largest commercial cotton production base in China; however, its cotton
production is frequently plagued by various pests and diseases. Among them, cotton aphids, which persist
throughout the entire growth period, and Verticillium wilt, often referred to as "cotton cancer," pose severe
threats to both yield and quality, making them critical agricultural afflictions that urgently require effective
prevention and control. However, current monitoring methods for these pests and diseases face several
challenges, including the low efficiency of manual inspection, high missed detection rates in
general-purpose models, the poor adaptability of cloud-based models to weak network environments, and
the physical limitations of existing equipment. To address these issues, this study aims to develop a
high-precision, low-latency real-time detection system for key pests and diseases in cotton fields based on
wearable devices.

[Method] This study integrates computer vision, model lightweighting techniques, and a device-edge
collaborative architecture. First, first-person perspective data is collected using AR smart glasses to
construct a dataset of key cotton pests and diseases. Second, utilizing the YOLOv11 object detection model
as a baseline, lightweight models are designed: To address the tiny and dense characteristics of cotton
aphids, YOLO_Mnet is proposed, incorporating an Adaptive Multi-branch Downsampling Module (AM), a
High-resolution Refocused BiFPN (HR-BiFPN), and a Gaussian-Wise IoU Joint Optimization Strategy
(GCD-WIoU). To tackle the challenges of complex backgrounds and irregular lesion morphologies in
Verticillium wilt, YOLO_ Hnet is developed, introducing a Cross-Strip Feature Extraction Block (CS-FEB),
an Adaptive Weighted Convolution Downsampling Module (WConv), and a Grouped Spatial Shift Fusion
Module (GSS-Neck). Subsequently, the LAMP algorithm is uniformly applied to prune and compress both
models. Finally, based on the C3000E AR glasses and the OrangePi 5 Plus edge computing device, a
wearable detection system is developed by integrating INT8 quantization with MPP/RGA hardware
acceleration pipelines.

[Results] The proposed methods and system both achieved the expected results:

1. The cotton aphid detection model achieved an mAP@50 of 90.5%, representing an 18.8%
improvement over the baseline, while the number of parameters was reduced by 34.6%. Following LAMP
pruning, the parameters were further reduced by 29.4% to 1.2M, and the computational complexity
decreased by 34.1% to 5.8 GFLOPs. While maintaining an mAP@50 of 89.8%, the inference speed
increased by 20.4% compared to the pre-pruning model, reaching 348 frames per second (FPS).

2. The Verticillium wilt model achieves an mAP@50 of 80.4%, an improvement of 8.2% over the
baseline, while its parameter count and computational cost are reduced by 28.7% and 28.6%, respectively.

After pruning, the parameter count is further reduced by 56.7% to 2.9M, and the computational cost drops



by 60.0% to 6.1 GFLOPs. While maintaining an accuracy of 79.9%, the inference speed improves by
72.8% compared to before pruning, reaching 292 FPS.

3. After INT8 fixed-point quantization and deployment to the edge device, the mAP@50 of the cotton
aphid and Verticillium wilt models stabilized at 87.6% and 78.5%, respectively. Field tests demonstrated
that the wearable detection system had an end-to-end latency of 1207ms for the automated photo-counting
task of cotton aphids, and an end-to-end latency of 623ms for the real-time video stream inspection of
Verticillium wilt. This realized a hands-free, high-precision, and low-latency dynamic real-time monitoring
and early warning system for diseases and pests.

[Conclusion] This study developed an intelligent detection system for key cotton field diseases and
pests based on wearable devices. Through model lightweighting and an efficient device-edge collaborative
architecture, it addressed the challenges of high-precision, low-latency, and hands-free real-time monitoring
of Verticillium wilt and cotton aphids in complex field environments, providing innovative technical

equipment and an engineering paradigm for precision crop protection in cotton fields.
Key words: Wearable devices; Key cotton diseases and pests; Model lightweighting; Device-edge

collaboration; Object detection
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21 5 NVIDIA Jetson. RK3588 5511 Z 1 AR R FEIG L, AR b A v B2 [m) K HH 28
€ TYIEREEAL: HhAh, AR BREMRBESE N A TIN, BB HES) 1AMV R A S
i) 22 EL [ 77 Tl gt

SR, REIA TR 0T, BAET R B2 R AR5, Rl A H RS 4 b a8
Ry, ATSAEAE LA L TH A A g R RS S A A2

(1) TRAs FEAR Y 5300 25 vy 52 B AR 77 2 TB) R F JE A SR P02

AT A H (0 S s W S92 0l A B o A = I S R S R T . A )
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