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Figure 1 Method for measuring body size of meat ducks
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Figure 2 Extreme gradient boosting tree model framework
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Figure 3 Comparison of predicted meat duck body weight using the extreme gradient boosting tree model with actual measured values
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Table 1 Model hyperparameters and optimal values
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max_depth 3~10 5
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Table 2 Comparison of optimal values in the evaluation of
results from three tree-based machine learning models
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Figure 4 Evaluation results of predictor importance
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Research on body weight prediction of cage-raised
meat ducks based on a tree—based machine learning
model

Wang Pengjun’ *, Chen Yongsheng" * *, Chen Lei®, Wu Aibing™ * *,
Shi Zhizhong®, Chen Mingjiang' *

(1. Nanjing Institute of Agricultural Mechanization, Ministry of Agriculture and Rural Affairs, Nanjing 210014,
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Provincial Agricultural Machinery Technology Promotion Station, Nanjing 211000, China; 4. Key Laboratory of
Modern Agricultural Equipment, Ministry of Agriculture and Rural Affairs, Nanjing 210014, China)

Abstract: To address difficulties and inefficiencies in monitoring duck weight during the routine inspection of cage-raised meat
ducks, this study proposes a precise body weight prediction method utilizing a tree-based machine learning algorithm, aiming
to enhance the stability and accuracy of weight prediction in complex scenarios of large-scale meat duck production. Unilateral
body size and age data were manually collected from meat ducks at Shuyang Xinfeng Future Farm to develop an extreme
gradient boosting model predicting weight. The model integrated morphometric features and chronological age as predictors to
evaluate their respective impacts on body weight estimation. The results indicate a distinct growth trajectory: for ducks 1-13
days, data collection is hindered by their small body size, and weight growth is relatively slow, making this period less critical
for weight prediction modeling. Conversely, ducks aged 14 to 35 days undergo a rapid growth phase, representing a critical
period in the production cycle during which age and unilateral body size serve as pivotal predictors. The Extreme Gradient
Boosting Tree model effectively predicted the weight of meat ducks, achieving an optimal R* of 0.95, a minimum mean
squared error (MSE) of 0. 563 kg*, and a minimum mean absolute error (MAE) of 0. 044 kg. Furthermore, by evaluating
the importance of unilateral body size data of meat ducks, it is concluded that body slant length, as the main parameter of meat
duck development, contributes the most to the model among body size data, accounting for 20. 7% (second only to age) while
tibia length exhibited the weakest correlation, contributing only 4.8%. This study not only deepens the understanding of
machine learning application in meat duck weight prediction but also provides a valuable method for selection and management
in non-contact meat duck weight analysis scenarios. Additionally, it offers technical support for improving model accuracy and
promoting the development of intelligent cage-raised meat duck farming, and provides an effective automated solution for
weight monitoring via inspection robots.
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