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Abstract

In high-altitude pastoral areas, traditional yak farming is limited by resource competition, disease
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transmission and management difficulties, and intelligent animal husbandry has gradually become
a key approach to improving farming efficiency. Targeting the automatic counting of mixed-grazing
scenarios with adult and young yaks, this paper builds a self-collected dataset of approximately
18,000 images and introduces SAConv, SCConv, ECA, DySample, PSA and Slide Loss into YOLOv11
and YOLOv12 to construct multiple improved detectors. Ablation studies and heatmap visualization
comprehensively verify the effectiveness of each module. Combined with a K230 embedded plat-
form and a host-side analysis tool, an intelligent counting system is implemented. Experimental re-
sults show that the improved models achieve mAP50 of 0.994 and mAP50-95 of 0.930, and the sys-
tem can stably operate from —-40 to 70 degrees Celsius, providing a feasible solution for intelligent
management of high-altitude pastures.
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Figure 1. Typical challenges in yak detection: small targets, occlusion and blur
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Figure 2. Architecture of YOLOv11/YOLOvV12
2. YOLOv11/YOLOv12 M &EHREE
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Table 1. Performance comparison of various models on the yak detection dataset

1. SRAEREFRNEIES LR

R 251 Images Instances P R mAP50/50-95
YOLOv1In all 2771 3330 0.982 0.978 0.991/0.924
YOLOvl1n Youngyak 1836 1944 0.982 0.989 0.991/0.947
YOLOvl1n Adultyak 1261 1386 0.982 0.968 0.990/0.901

YOLOv11-C3k2-SAConv all 2771 3330 0.983 0.976 0.992/0.929
YOLOv11-C3k2-SAConv Youngyak 1836 1944 0.984 0.990 0.993/0.955
YOLOvV11-C3k2-SAConv Adultyak 1261 1386 0.982 0.962 0.991/0.902
YOLOvV11-C3k2-SCConv all 2771 3330 0.961 0.965 0.985/0.877
YOLOvV11-C3k2-SCConv Youngyak 1836 1944 0.988 0.988 0.994/0.908
YOLOvVI11-C3k2-SCConv Adultyak 1261 1386 0.933 0.943 0.976/0.846
YOLOv12 all 2771 3330 0.985 0.981 0.994/0.930
YOLOv12 Youngyak 1836 1944 0.992 0.992 0.995/0.955
YOLOv12 Adultyak 1261 1386 0.979 0.971 0.993/0.904
YOLOVI12-ECA all 2771 3330 0.981 0.978 0.992/0.921
YOLOVI12-ECA Youngyak 1836 1944 0.981 0.991 0.994/0.952
YOLOVI12-ECA Adultyak 1261 1386 0.982 0.965 0.990/0.891
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Figure 3. Heatmap visualization overlaid on the original images by YOLOv12
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Figure 4. System hardware platform and field deployment
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Figure 5. Main interface of the system
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Figure 6. Image detection module and result presentation
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Figure 7. Video detection module interface and statistical charts
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Figure 8. Data statistics and visualization interface
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