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Abstract This study proposed a method for optimizing and regularizing building contours step by step to investigate
the irregular problem of building contours extracted by classification in a high-resolution remote sensing image. The
initial building contours were extracted and reconstructed by polygon fitting based on the initial building results
extracted by the image classification and verification. The best fitting circumscribed rectangles consistent with the
building axis inclination were then obtained. Subsequently, the contour lines of the building polygon and their
corresponding best circumscribed rectangular boundaries were divided into equal segments. After which, the
Hausdorff distances between the building polygon and rectangular boundary segments were calculated. Contour
preliminary regularization and optimization were accomplished herein by replacing the building segments, whose
Hausdorff distances were smaller and satisfied with the replacement condition, with the corresponding best-fitting
circumscribed boundary segments. Deep optimization for a complex partial contour not well optimized in the former
step was also explored. The feature corner points on the complex boundary were extracted, matched, sorted, and
removed to keep the best ones based on the Shi—-Tomasi algorithm. Lastly, the remaining points were connected and
reconstructed to optimize the complex local contour. As a result, the edge expression degree accuracy and the

extraction accuracy after the contour optimization were improved. The experimental comparison and analysis results
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of multiple remote sensing images show that this method is not only suitable for the contour optimization of building

results extracted by different classification methods but also effectively improves the edge expression accuracy of

building contours. According to the change of complex building contour details, the proposed hierarchical

optimization method was more accurately adaptive than the reference contour optimization method. It also achieved a

better overall optimization accuracy. In other words, the building edge accuracy and regularity can be effectively

improved, and the true building shape can be more accurately reflected.
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Fig. 1 Extraction results of building based on the classification verification principle. (a) Original remote sensing image

#1; (b) building extraction results by classification of image # 1; (c) original remote sensing image # 2;

(d) building extraction results by classification of image # 2
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Fig. 2 Polygon fitting contour results using different circumscribed rectangles. (a) Polygon fitting result; (b) minimum-

outsourcing rectangle result; (¢) minimum-area circumscribed rectangle result; (d) best-fitting circumscribed rectangle result
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Fig. 4 Schematic diagram of building outline. (a) Outline point diagram; (b) Hausdor{f distance calculation diagram
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Fig. 5 Principle and effect diagram of building contour initial optimization
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Fig. 6 Intermediate results of preliminary optimization of building outline in image # 1. (a) Polygon fitting result;

(b) best-fitting circumscribed rectangle; (c) contour preliminary optimization results; (d) ground truth contours of buildings
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Fig. 7 Diagram of corner regularization. (a) Schematic diagram of the regularization process; (b) optimization flow chart
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Fig. 9 Results of corner elimination by feature analysis. (a) Corner detection result; (b) result of removing

corners after analysis; (c¢) Shi-Tomasi algorithm deep optimization; (d) ground truth contours of buildings

T B M T B ST A S, ok B
Kl 10Ca) (8 10 Cd) A5 g S A S5 (81 4%, F T Shi-

Tomasi 5 % #L % # 5 WY 5 15 2 A9 45 2R [
K 10Co) (B 10D B, SRRk 45 2R L 10(b) |

(c

K10 MBS EERAZERILE . () BIREBGEIR #3; (DR LMWL R; (O WML R
(DRI B E & 45 QWA EE R s (DR AL S

Fig. 10 Results comparison between initial optimization and deep regularization. (a) Original remote sensing image # 3;

(b) preliminary optimization result for image # 3; (c) deep optimization result for image # 3; (d) original remote

sensing image # 4; (e) preliminary optimization result for image #4; (f) deep optimization result for image #4
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Fig. 11 Flow chart of building outline optimization
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Fig. 12 Original remote sensing image. (a) Image #5; (b) image #6; (c) image #7; (d) image &8
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Fig. 13 Result graphs when the coefficient r is different values. (a) Initial result; (b) r=0.8; (¢) r=1.0; (d) r=1.2
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Fig. 15 Optimization results of image # 5 under different image extraction methods. (a) Extraction result 1 by BP neural
network classification verification method; (b) optimized the contour by our method for extraction result 1;
(¢) extraction result 2 by offset shadow classification verification method; (d) optimized the contour by our method

for extraction result 2
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Fig. 16 Optimization results of image # 6 under different image extraction methods. (a) Extraction result 1 by BP neural

o (a) BP MM 470 I IE SR AR 15

network classification verification method; (b) optimized the contour by our method for extraction result 1;
(c) extraction result 2 by offset shadow classification verification method; (d) optimized the contour by our method

for extraction result 2

1 15 T 16 Hp o S0 £ B4 SRS 2 X Lt

Table 1 Comparison between the accuracy of building extraction results showed in Figs. 15-16 unit: %
Image name Result source CM CR F1 OA
Initial result 1 by BP neural network classification verification  71.56 99. 22 83.15 71.16
45 Optimized contour by our method for extraction result 1 85. 20 94.98 89. 83 81.53
0 Initial result 2 by BP neural network classification verification  73.53 98.50 84. 20 72.72
Optimized contour by our method for extraction result 2 94. 08 94. 25 94. 17 88.98
Initial result 1 by BP neural network classification verification — 84. 11 94. 36 88. 94 80. 08
46 Optimized contour by our method for extraction result 1 87.60 94. 37 90. 86 83.25

(&2

Initial result 2 by BP neural network classification verification — 86. 18 96. 48 91. 04 83.5

Optimized contour by our method for extraction result 2 89.19 98. 64 93.68 88.11
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(b) ground truth contour of buildings;
[13];

() contour optimization result of our method

Fig. 17 Comparison of optimized extraction results of image # 7.

(c) extracted initial result by offset shadow verification; (d) optimization result by method in Ref.

(e) reference method optimization result by method in Ref. [26];
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(a) Image #8;

& 18

(b) ground truth contour of buildings;

[13];

Fig. 18 Comparison of optimized extraction results of image # 8.
(¢) extracted initial resuls by offset shadow verification; (d) optimization result by method in Ref.

(e) optimization result by method in Ref. [26]; (f) contour optimization result by our method
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Fig. 19 Comparison of three optimization methods

F 2 ANIF 7 TR S AR AT A 25 RS X b
Table 2 Accuracy of the optimization results of two images by different methods unit: %
Image name Result source CM CR F1 OA

Initial building result 71.49 95.03 81. 60 68.92

Reference result by method in Ref. [13] 77.25 94.01 84. 81 73.63

i Reference result by method in Ref. [26] 88.59 87. 40 87.99 78.56
Result by our method 89. 21 89. 30 89. 25 80. 60

Initial building result 78.16 95. 35 85.90 75.29

Reference result by method in Ref. [13] 89. 06 91. 96 90. 49 82.63

#8 Reference result by method in Ref. [26] 89.55 92.13 90. 83 83. 20
Result by our method 92.23 93.49 92. 86 86. 67
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