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Energy Consumption Analysis of Building Window Defects
Based on Infrared Image Processing
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Abstract: The differential pressure method, which combines infrared thermal imaging and image processing
technologies, is used to detect air infiltration of building exterior windows. Infrared images of the exterior
windows of the building were collected using an infrared thermal imager and then processed using infrared
image processing technology. Exterior window defects were detected from abnormal areas in the infrared
images, and the area of the defects was calculated to establish an infrared detection model for exterior
window defects. Based on the indoor and outdoor temperature difference, defect area of the outer window,
and air infiltration amount measured in the experiment, a calculation model was established for the amount
of air infiltration for the building’s outer window. The model was combined with the infrared detection
model for building window defects, to quantitatively analyze the energy consumption caused by the defects.
The results show that the maintenance of exterior window defects can reduce energy consumption of the
exterior window and improve energy savings. For every 1 cm? reduction in the air infiltration area of exterior
windows, 66146 kJ of energy can be saved annually. For each level of airtightness improvement of exterior
windows, 110012 kJ of energy per unit area of exterior windows can be saved annually,
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Seal and pressure regulator section Data acquisition section Data analysis section
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Fig. 1 Schematic diagram of air permeability detection for
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Fig. 2 Infrared image preprocessing results of window
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Fig. 3 Different methods were used to detect the defects of windows
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Table 1 Defect area comparison of windows
Windows Value of experiment/  Roberts/ Sobel/  Prewitt/  Canny/  Log/ Threshold value

cm? cm? cm? cm? cm? cm? segmentation/cm?
C1218(1) 11.20 11.50 14.44 14.40 15.44 7.20 11.52
C1218(2) 10.50 10.95 18.13 17.89 11.73 14.47 11.32
C1218(3) 10.30 11.03 14.22 14.02 10.89 14.76 10.43
C1218(4) 11.10 11.30 14.07 13.82 12.94 7.93 11.21
C1716(1) 9.20 9.30 11.92 11.90 9.32 4.96 9.30
C1716(2) 14.50 15.01 16.79 16.62 14.83 9.57 14.24
C2114(1) 15.80 14.86 25.42 24.88 22.93 23.33 16.87
C2114(2) 11.50 13.80 17.20 17.00 13.80 16.30 13.90
C2418(1) 22.10 24.50 30.92 30.50 36.28 26.65 25.66
C2418(2) 20.90 24.60 31.80 31.40 23.40 26.90 24.60
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Table 2 Summary of errors of each processing method
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Fig. 9 Energy consumption and carbon emissions caused by exterior window defects under various airtight performance indicators
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