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Fig. 1 High-resolution satellite image of the main production area in the experimental area (Beijing 2 satellite,

spatial resolution: 0.8 m, date of shooting: September 7, 2021, composite band: Red, Green, Blue)
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Fig. 3 Schematic diagram of focus statistical analysis
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Fig. 5 Land surface temperature distribution in major production areas
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Fig. 6 Identification results of heat source range of monofilm image based on various methods (Take D production area as an example )
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Table 3 Pixel count statistics of high temperature candidate area of monopfield image in the study area
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Fig. 7 Superposition diagram of identification results of multi-phase high—temperature candidate areas

(Taking D production area as an example )
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Fig. 9 Cases of pixels identified by various methods falling into the reference range (Take D production area as an example;

Green boundary: reference range; Light blue shade: range of cold and hot spot analysis and identification results )
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Fig. 10 Typical image characteristics and temperature characteristics of heat source device
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Method development for device—level industrial heat source identification
using medium and high—resolution satellite images
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Abstract: This study focuses on the internal thermal field distribution of a single large-scale factory to address the problems of insufficient
refinement and large errors in the existing remote sensing monitoring of industrial heat sources. A device-level industrial heat source
identification method based on medium and high-resolution satellite images is also proposed.

The surface temperature is first obtained based on the dual-channel nonlinear split-window algorithm. Then, several spatial statistical
analysis methods are used to identify candidate high-temperature areas, and the location of high-temperature devices in the plant is
determined by multi-temporal superposition analysis of the identification results. By using high-resolution satellite images, the range of the
high-temperature device is determined, the difference in the accuracy of the recognition results of several methods is compared and
analyzed, and the method with the best recognition effect is ascertained.

(1) Each method has the ability to identify heat source devices. The boundary of the standard deviation grading of temperature, that is,
1.5%, and the focal statistical analysis method is clearer. The accuracy rate and fall rate of the cell point are more than 85%. However, the
omission rate of the general heat source device is also high at more than 50%. Thus, it is suitable for capturing the most important heat
source device in the factory area. The identification results of the cold and hot spot analysis method are relatively stable, but the range is
larger than that of the actual heat source device, and the non-falling rate is 23%. The result is more misidentified pixels, but more heat source
devices can be captured. The identification results of the temperature 1 standard deviation grading method and the clustering and outlier
analysis method are closely aligned. The accuracy rate is about 82%, and the omission rate is within 10%, which is more suitable for
identifying heat source devices in the plant area. (2) Comprehensive analysis of the identification effect of the five methods shows that
cluster and outlier analysis methods have good identification ability, the correct detection rate of identification results is more than 80%, the
overall omission rate is less than 10%, and the identification results of each period can be obtained. This method is less affected by seasonal
changes and is more suitable for identifying general heat source devices in the factory. (3) Judging by the characteristics of high-resolution
satellite images, the heat source device mainly includes production device, circulating water, boiler device, storage warehouse, flare device,
and tank farm. Among them, the production device accounts for about 55%, which is the main heat source device in the factory. The
difference between the average temperature of each type of device and the factory area shows that the production equipment is also the main
high-temperature area.

Medium and high-resolution satellite remote sensing image data sources can effectively monitor the fine-scale heating units of industrial
enterprises. They can provide technical support for environmental protection and management and industrial overcapacity reduction monitoring.
Key words: remote sensing, industrial heat source device, high temperature unit identification, surface temperature, geostatistical analysis
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