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Abstract: To comprehensively assess the potential of integrating unmanned aerial vehicle (UAV) remote
sensing and multi-temporal parameters fusion in predicting winter wheat yield in the past, the RGB and
multi-spectral data from UAVs spanning seven critical growth stages of winter wheat were collected. From
these data, spectral and morphological parameters were directly exiracted. Five machine learning
algorithms were then employed to compare and evaluate the yield prediction performance at each
individual growth stage. Subsequently, an in-depth analysis was conducted, based on the identified
optimal parameter combinations, to examine the relationships between various growth stages and the
accuracy of yield predictions. The results revealed that both individual growth stages and their
combinations significantly impacted the prediction of winter wheat yield. Among the single growth stages,
the filling and flowering stages achieved the highest prediction accuracy, followed by the heading,
booting,, maturity, jointing, and tillering stages. When considering multiple growth stages, the prediction
accuracy was progressively increased from dual-stage to tri-stage and quad-stage combinations. However,
balancing the marginal gains in accuracy against factors such as data acquisition and processing costs, as
well as computational resources, the tri-stage combination of “jointing + heading + filling” emerged as
the most cost-effective solution. In terms of the five machine learning algorithms employed, the overall
prediction accuracy ranked from the highest to the lowest was as follows; BPNN, RF, SVM, XGBoost,
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and SMR. Notably, while the optimal combinations of spectral and morphological parameters identified

through the SHAP method varied across growth stages, they consistently enhanced the yield prediction

accuracy for all stages excepted the jointing stage.

The research result can provide valuable

methodological insights and technical references for the precise prediction of winter wheat yield per unit

area in the past.

Key words: winter wheat; prediction of yield per unit area; UAV remote sensing; machine learning;

multi-temporal parameters; SHAP
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Fig.1 Layout map of experimental area
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AP BCES BE (H90) , A 1% [a) b , 3t 20 4
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FHP T AFE EL ( Plant area index , PAT)

s AR ( Projected leaf area, PLA)
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Tab.2 Comparison of yield prediction for winter wheat

at various growth stages using different algorithms

RMSE/  NRMSE/  MAE/
AEH HiE R B .
(kgrm™") % (kgem™")
SMR 0.417 0.158 18. 88 0.131
SVM 0.504 0.151 19. 84 0.122
SYEER RF 0. 496 0.143 16. 88 0.114
XGBoost 0.452 0. 149 17. 96 0.119
BPNN 0.541 0.147 14. 85 0.114
SMR 0.558 0.142 16. 55 0.108
SVM 0. 663 0.119 16.13 0.093
WAH RF 0.730 0.118 11.68 0. 089
XGBoost 0. 604 0.139 14. 43 0. 106
BPNN 0.758 0.103 13.53 0.075
SMR 0.628 0.137 13.69 0.105
SVM 0.753 0.103 11. 69 0.083
ZERE RF 0.774 0. 095 11.12 0.070
XGBoost 0.733 0.106 13. 64 0.073
BPNN 0.787 0. 091 11. 69 0.070
SMR 0.716 0.104 10. 32 0.075
SVM 0.721 0.102 11.58 0.079
Y RF 0.777 0.095 9. 66 0.070
XGBoost 0.703 0.109 11.09 0. 086
BPNN 0. 801 0. 094 12.42 0.074
SMR 0.731 0.107 13. 85 0. 081
SVM 0. 750 0. 101 11.79 0.077
FFEH RF 0. 806 0. 092 10.43 0. 063
XGBoost 0.759 0. 100 10. 15 0.074
BPNN 0.814 0. 092 10. 43 0. 065
SMR 0. 709 0.113 11.54 0. 085
SVM 0.764 0.101 12.05 0.075
W RF 0. 805 0. 090 11.91 0. 065
XGBoost 0.771 0. 098 11.52 0.073
BPNN 0.812 0. 092 10. 91 0.070
SMR 0.597 0.133 13.26 0.103
SVM 0.671 0.123 13.93 0. 096
MY RF 0. 740 0. 106 12. 02 0.079
XGBoost 0. 687 0.116 13.20 0.088
BPNN 0.788 0. 096 12.43 0. 068
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Fig.3 Selection of dominant parameters at various growth stages based on SHAP
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