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Extraction of infrared anomaly regions on building facades based
on local background contrast

Zheng Liu"*
1. China Institute of Building Standard Design & Research Co., Ltd., Beijing 100048, China

Abstract: Non-uniform backgrounds caused by solar irradiation, material differences and component boundaries can lead to
false detections and oversegmentation in infrared images of building facades. A training-free method based on local background
contrast and dual-threshold connectivity is proposed to extract infrared anomaly regions. Each image is robustly normalised
using its 2nd and 98th percentiles. A large-window local mean estimates the slowly varying background, which is subtracted
from the normalised response. High and low thresholds identify strong-response cores and weak-response candidates,
respectively. Candidate regions connected to the cores through 8-neighbour connectivity are retained, and small isolated regions
are removed. Parameters are selected on the official validation split of the Building Facade RGB-IR Benchmark Dataset and
remain fixed during testing. On 193 test images, the method achieves a precision of 14.11%, a recall of 46.51%, an F1 score of
21.65% and an intersection over union (IoU) of 12.14%. F1 and IoU exceed those of K-means by 6.21 and 3.78 percentage
points, respectively, and those of Otsu by 8.21 and 4.94 percentage points. On images without annotated defects, the mean
proportion of extracted anomaly pixels decreases from 22.21% for K-means to 14.19%. These results show that local
background contrast reduces large-area false detections and produces more spatially concentrated anomaly regions. However,
recall is lower and the complete-miss rate is higher than those of both comparison methods, indicating a trade-off between
background false-positive suppression and anomaly coverage.
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Fig. 1 Schematic of local anomaly response and non-uniform facade background
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Fig. 2 Workflow of the method based on local background contrast and dual-threshold connectivity
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Fig. 3 Processing steps for local background contrast and dual-threshold connectivity
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Table 1 Comparison of response polarities on the validation set

i . 77 [ Precision/% Recall/% F1/% 1oU/%
1EH] 11.29 44.33 18.00 9.89
17 2.87 12.27 4.66 2.38
XL 6.91 56.61 1231 6.56
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Fig. 4 Parameter sensitivity analysis on the validation set
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Table 3 Comparison of K-means cluster counts on the validation set
K Precision/% Recall/% F1/% IoU/%
2 5.86 68.72 10.81 5.71
3 7.12 61.13 12.76 6.82
4 7.75 48.54 13.36 7.16
5 7.71 34.71 12.62 6.73
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Table 4 Overall results on 193 test images
WaRrS Precision/% Recall/% F1/% ToU/%
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Table 5 Stratified results for defect-positive and defect-negative images
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Fig. 5 Comparison of infrared anomaly region extraction results on building facades
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  I  ( p ) = B  ( p ) + A  ( p ) + n  ( p )


  I  ( p ) -   I  ref  =   [ B  ( p ) -   I  ref ] + A  ( p ) + n  ( p )


  H  ( p ) = clip  [   I  ( p ) -   P 2   P  98 -   P 2 + ε , 0, 1 ]


   B ^  ( p ) =   1   |  Ω B  ( p ) |   ∑  q ∈  Ω B  ( p )    ∑   


  C  ( p ) = H  ( p ) -   B ^  ( p )


   C +  ( p ) = max  [ C  ( p ) , 0 ]


   M L  ( p ) =   [  C +  ( p ) >   T L ]


   M H  ( p ) =   [  C +  ( p ) >   T H ]


  M =   F   A  min  [  R 8  (  M L ,   M H ) ]


  Precision =    TP  TP + FP


  Recall =    TP  TP + FN


  F1 =    2 × Precision × Recall  Precision + Recall


  IoU =    TP  TP + FP + FN

