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The Influence of Different Flight Altitudes on the Accuracy of Canopy
Temperature Extraction in Drip-Irrigated Cotton during the Flowering
and Boll Stage

Liu Yu!, Ci Baoxia!, Gao Xuesong!, Luo Hongyang!, Zhang Liihuo!, Liu Yang!*, Ma
Fuyul 2
(1 College of Agriculture, Shihezi University / Xinjiang Production and Construction Corps Key Laboratory of
Oasis Eco-Agriculture, Shihezi, Xinjiang, 832003, China;
2 National and Local Joint Engineering Research Center for Modern Agricultural Production Informatization
Management and Application Technology (Xinjiang Production and Construction Corps), Shihezi, Xinjiang,
832003, China)

Abstract: [ Objective ] Canopy temperature serves as a crucial physiological
indicator for assessing crop water stress, playing a pivotal role in precision
agricultural water management. Nevertheless, under complex field conditions, canopy
temperature data obtained by unmanned aerial vehicles (UAVs) at varying flight
altitudes exhibit substantial discrepancies. This study centered on drip-irrigated cotton
during the flowering and boll stage, aiming to explore the influence of flight altitude
on the accuracy of canopy temperature extraction.[ Methods ] Thermal infrared images
of cotton canopies were captured at flight altitudes of 12 m, 20 m, 30 m, 50 m, and 70
m under four water treatment schedules with irrigation intervals of 3 days, 5 days, 7
days, and 12 days during the flowering and boll stage. Three methods were utilized to
extract canopy temperature: (1) the 1% truncation method, which removed the top and
bottom 1% of values from the temperature frequency distribution histogram; (2) the
low-frequency 0.5% truncation method, applicable for altitudes ranging from 12 m to
30 m, which eliminated temperatures below the 0.5th percentile; and (3) the
low-frequency 1% truncation method, suitable for altitudes between 50 m and 70 m,
which excluded temperatures below the 1st percentile. The impact of these different
outlier removal methods on the accuracy of canopy temperature extraction was
systematically analyzed. [Results] The results indicated that the low-frequency 0.5%
truncation method for altitudes between 12 m and 30 m demonstrated the highest
accuracy for low-altitude extraction. The coefficient of determination ( R? ) values of
the fitting models between canopy temperatures and measured temperatures were
0.874 and 0.934, and the root mean square error (RMSE) values were 2.435 and 2.171

for the two experimental years, respectively. For high-altitude extraction, the 1%



truncation method applied at 50 m-70 m altitudes was optimal, yielding R? values of
0.833 and 0.914, and RMSE values of 3.904 and 3.859 over the two years. Moreover,
a flight altitude of 30 m was identified as the most suitable for canopy temperature
extraction, with R? values of 0.863 and 0.720, and RMSE values of 2.424 and 3.664 in
2023 and 2024, respectively. [ Conclusion] This study significantly improved the
accuracy of cotton canopy temperature extraction from UAV thermal infrared imagery
by applying flight-altitude-specific outlier removal methods. The refined temperature
extraction approach not only enhanced data reliability but also provided critical
technical and theoretical support for precise water status monitoring and irrigation
optimization in Xinjiang cotton fields.

Keywords: flight altitude; cotton flowering and boll stage; canopy temperature;

extraction accuracy
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Figure 1 Meteorological Information Diagram of the Experimental Area from 2023 to 2024
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Figure 2 Experimental Plot
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Figure 3 Canopy Temperature Extraction Process
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(a. Grayscale to Image Temperature; b. Image Temperature to Measured Temperature)
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Figure 5 Fitting Diagrams of Different Temperature Exclusion Methods at a Height of 12-30 m from
2023 to 2024
(A. Fitting Diagram of the Measured Temperature and the Image Temperature in 2023; B. Fitting
Diagram of the Measured Temperature and the Image Temperature in 2024
a. Original Extracted Temperature; b. First and Last 1% Exclusion Method; ¢. Low-frequency 0.5%
Exclusion Method)
F 42023-2024 4 12-30 m & )Z B RFAE(E
Table 4 Characteristic Values of the Canopy Temperature at a Height of 12-30 m from 2023 to 2024
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B R 0.079 0.080 0.080 0.081 0.081 0.083
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Figure 6 Verification Diagrams of the Exclusion Methods at a Height of 12-30 m from 2023 to 2024
A Fitting Diagram of the Measured Temperature and the Image Temperature in 2023; B. Fitting
Diagram of the Measured Temperature and the Image Temperature in 2024
a. Original Extracted Temperature; b. First and Last 1% Exclusion Method; ¢. Low-frequency 0.5%
Exclusion Method)
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Figure 7 Fitting Diagrams of Different Temperature Exclusion Methods at a Height of 50-70 m from

2023 to 2024
(A. Fitting Diagram of the Measured Temperature and the Image Temperature in 2023; B. Fitting
Diagram of the Measured Temperature and the Image Temperature in 2024
a. Original Extracted Temperature; b. First and Last 1% Exclusion Method; ¢. Low-frequency 0.5%
Exclusion Method)
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Table 5 Characteristic Values of the Canopy Temperature at a Height of 50-70 m from 2023 to 2024
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Figure 8 Verification Diagrams of the Exclusion Methods at a Height of 50-70 m from 2023 to 2024
(A. Fitting Diagram of the Measured Temperature and the Image Temperature in 2023; B. Fitting
Diagram of the Measured Temperature and the Image Temperature in 2024
a. Original Extracted Temperature; b. First and Last 1% Exclusion Method; c. Low-frequency 0.5%
Exclusion Method)
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Figure 9 Fitting Diagrams of the Measured Temperature and the Image Temperature at Different Flight
Heights in 2023
(a. Diagram at a height of 12 m; b. Diagram at a height of 20 m; c. Diagram at a height of 30 m; d.
Diagram at a height of 50 m; e. Diagram at a height of 70 m)
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Figure 10 Fitting Diagrams of the Measured Temperature and the Image Temperature at Different
Flight Heights in 2024
(a. Diagram at a height of 12 m; b. Diagram at a height of 20 m; c. Diagram at a height of 30 m; d.
Diagram at a height of 50 m; e. Diagram at a height of 70 m)
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Figure 11 Fitting Diagrams of the Model Verification Results in 2023

(a. Diagram at a height of 12 m; b. Diagram at a height of 20 m; c. Diagram at a height of 30 m; d.
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Diagram at a height of 50 m; e. Diagram at a height of 70 m)
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Figure 12 Fitting Diagrams of the Model Verification Results in 2024
(a. Diagram at a height of 12 m; b. Diagram at a height of 20 m; c. Diagram at a height of 30 m; d.



Diagram at a height of 50 m; e. Diagram at a height of 70 m)
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Table 6 Characteristic Table of the Model at Different Heights in 2023
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) AT R2 RMSE UE T R2  RMSE
m

12 y=0.91854x-0.40833  0.709  3.136 y=1.20814x-2.70419 0.855  3.459
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70 y=0.78811x-1.6903 0.687 4904  y=1.55026x-11.39695  0.737 5.321
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