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3-D reconstruction of building from single high-resolution SAR image
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(1. Key Laboratory of Technology in Geo-spatial Information Processing and Application System,
Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China;
2. Institute of Electronics, Chinese Academy of Sciences, Beijing 100190, China;
3. Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Reconstructions of the 3-D model of buildings from single high-resolution SAR ( Synthetic Aperture Radar)
image were studied. After a detailed analysis on the electromagnetic backscattering model of buildings, the methods on
how to calculate the backscattering coefficient of different reflectivity areas and on how to create a simulated SAR image
from the CAD model of a building was proposed. The outlines and orientations of buildings were extracted using the
double-bounce structures. The building height was estimated based on the iterative simulation and matching. The simula-
ted SAR images are divided into different kinds of scattering areas. The Kullback-Leibler divergence between these areas
was treated as a measurement of the matching degree. The tested height, at which the simulation SAR image obtains the
best matching degree, is taken as the final estimated height. The above methods were evaluated on two real high-resolu-
tion SAR images. The reconstruction results are satisfying and prove the feasibility of 3-D reconstruction of building from
single high resolution SAR image and the validity of the proposed approach.

Key words: high-resolution SAR images ; electromagnetic backscattering of building; SAR image simulation;3-D recon-
struction
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Fig. 1 Different types of backscattering caused by a building.
The numbers represent reflection of electromagnetic wave
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Table 1 3D reconstruction results of building

F5 Km0 SY/m Jrfify/(°) ®E/m o SE/m o fREL
#l 14525 27.38  65.82  10.4 10.0  4.0%
# 146.16  25.90  65.98 10.4 0.0 4.0%
# 146.51  27.27  66.64 9.5 10.0 -5.0%

# 146.73 28.74 65.48 10.4 10.0 4.0%

4.2 5452

0T BT A8 AN R, S 2
T HAJARIZE TR & 5T iU = 73 B SAR []
BT =ZEFH A, J5h SAR BB NIE 13 (a) fir
NS 1A SAR BRI LE, A S E ) SAR
FIG o B vy, A SR A MR SR TR 1 L5 44 1)
P A B U] 2. B by T A SR R T 4
Wit ) R T A R O SR A 58
BN A SO E =S L B R T AR I
HE. S50 rP SR O S AT, by e S i 2
#& SAR MG = 4B G IL 45 (18] 4) wlJ, J Tk
M TAT ALl 355 73 453 5 AT AR TR] B8 D 6 1) A o , T B 7
S L TSR 5 T E AT P, A S
o TOURI i T 855 A 490 5 O BERE SC R T 25 B W oE
l], 0 RT AR 2 SR L AR R L. 16T 13 (b) 45
TN TR B 50 L R 2544 LA A LR
SERT YA E SR RS,

(b) EFWIAL B RIS RIE
.l _alh

1

(a) SEBr R4 HE2ESAR EIE

¥
(©) ERLR= MR
B3 2 B SAR R ISR T S — 4 AL S5

Fig. 13 3D reconstruction experiment of gable-roofed build-
ing from high resolution SAR images
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Table 2 3D reconstruction results of gable-roofed buildings
from high resolution SAR images

F5%  K/m Ji/m  Jrfif/(°) wBE/m SlE/m o REL
#l 93.67 30.76 54.05 33.8 35.0 -3.43%
#2 94.62 30.79 56.93 33.8 35.0 -3.43%
#3 96.21 28.82 56.38 42.8 45.0 -4.89%
# 93.88 26.88 56.84 46.7 45.0 3.78%
# 94.52 28.56 55.01 48.5 45.0 7.78%
# 101.49 30.76 55.01 37.1 35.0 6.00%
#1 102.87 30.52 54.69 32.3 35.0 -7.71%
#8 102.27 30.03 55.00 34.7 35.0 -0.86%
# 102.13 30.52 54.69 36.2 35.0 3.43%
#10 126.37 30.52 55.65 37.1 35.0 6.00%
#11 125.67 30.52 55.65 36.5 35.0 4.29%
5 #hig

SR T R L 2 BER SAR R AT
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