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Abstract

As a foundational and distinctive advantageous industry in Xinjiang, livestock farming has always
held a significant position in dairy cattle breeding. Body weight serves as a crucial indicator for assessing
the health status and production performance of dairy cows. Precise monitoring not only constitutes a core
aspect of intelligent breeding but also plays a pivotal role in enhancing production efficiency and ensuring
dairy product safety. However, most farms still rely on traditional manual weighing methods, which suffer
from low efficiency, high labor intensity, potential stress induction in cows, and accuracy susceptible to
operator skill levels and subjective judgment, failing to meet modern breeding demands for precision and
efficiency. Therefore, this thesis proposes a non-contact dairy cow body weight estimation method tailored
to actual production scenarios. The approach utilizes Kinect V2 cameras to capture dual-viewpoint point
cloud data from dairy cows. Through point cloud filtering, lateral viewpoint semantic segmentation, point
cloud registration, semantically guided point cloud mirroring completion, and Alpha Shapes surface
reconstruction, the method achieves 3D model reconstruction of dairy cows. Based on this, volume and
surface area features are extracted to construct a body weight estimation model. The main research content
and conclusions are as follows:

(1) Acquisition and Preprocessing of Cattle 3D Point Cloud Data. This study focuses on Holstein dairy
cows from the Tian Shan Guanghe Breeding Center of Shihezi City, the 8th Division of the Xinjiang
Production and Construction Corps. A dual-viewpoint point cloud data acquisition platform was established,
collecting overhead and side-view point cloud data from 150 calves and 150 lactating cows. To address
complex background interference such as ground surfaces, fences, and outliers in the raw data, sequential
processing was applied using direct filtering, voxel downsampling, statistical filtering, and radius filtering.
These methods effectively removed irrelevant point clouds, laying the foundation for subsequent analysis.

(2) Research on Semantic Segmentation Methods for Cattle Side-view Point Clouds. This study
focuses on the semantic segmentation of the trunk and limbs in cattle side-view point clouds, aiming to
distinguish structural information and provide a foundation for missing area completion and high-quality
3D reconstruction. Through comparative experiments with multiple models, PointNet++ was identified as
the baseline model. To address its insufficient capability in capturing key features of non-uniformly
distributed point clouds during the feature extraction stage, which subsequently affects segmentation
performance, this thesis sequentially introduces the Convolutional Block Attention Module (CBAM) and
the Attention-weighted Hybrid Pooling Module (AHPM) in the feature extraction stage, enhancing its
performance in cattle side-view point cloud semantic segmentation tasks. Experimental results show that
the improved model (CSS-PointNet++) achieves an overall segmentation accuracy of 98.35% and an

average intersection over union (IoU) of 95.61%, representing increases of 2.2% and 4.65% respectively



compared to the baseline model PointNet++.

(3) Research on semantic guided 3D reconstruction method for dairy cows. This thesis proposes a
semantic guided 3D reconstruction method for cows to address the issue of missing point clouds on one
side of the cow's torso caused by single side Kinect V2 camera acquisition. Adopting the spherical
calibration method based on random sampling consistency (RANSAC) and singular value decomposition
(SVD) to calculate the rigid body transformation parameters, achieving dual view point cloud registration;
Extracting cow spine lines using slicing and straight line fitting methods, constructing a mirror plane, and
combining side view point cloud semantic information, focusing on mirror completion of missing trunk
areas; Using the Alpha Shapes algorithm to reconstruct the surface of a 3D point cloud model of a cow, in
order to construct a complete 3D model of the cow. The experimental results show that the success rate of
the point cloud mirroring method in this thesis is 96.28%, and the optimal alpha value for the Alpha Shapes
surface reconstruction algorithm is 4.5.

(4) Construction and validation of a cow weight estimation model. Based on the three-dimensional
surface model of cows, the volume and surface area parameters of the surface model are obtained using the
divergence principle and cross product method. Multiple linear regression model, random forest, BP neural
network, and RBF neural network are respectively applied to construct cow weight estimation models. The
performance comparison results of the model show that the BP neural network performs the best. In the calf
group, its average absolute error is 1.8409 kg, root mean square error is 2.4895 kg, average relative error is
1.49%, and coefficient of determination is 0.9204; In the lactating cattle group, the average absolute error is
12.5784kg, the root mean square error is 14.4537kg, the average relative error is 1.75%, and the coefficient
of determination is 0.8628.

Key words: Point cloud processing; Deep learning; Semantic segmentation; 3D reconstruction; Weight

estimatio
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Figl-1. Key point detection of cow body size
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