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Abstract: The layover and shadow phenomenon is serious in urban areas, where the interferometric phase is
complex and disordered and interpretation of an image is difficult. Therefore, it is always a hot and difficult
problem for InSAR processing. SAR image simulation can provide data support for the study of image
processing and understanding methods. However, most existing SAR image simulation methods for construction
areas cannot obtain coherent interferometric SAR image pairs. This article proposes an InSAR simulation
method for buildings. It can simulate complex images, interferograms, and the number of layover components of
the construction areas. In addition, based on the analysis of the phase variation characteristics of the
simulation, a reference determination method for the unwrapped phase in the layover area is proposed. It solves
the problem of discontinuity of the interferometric phase in the construction areas, with which the traditional

method of unwrapping cannot deal effectively. We compared the simulated results using the actual SAR images
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and interferometric phase and verified the correctness of our simulation method. Moreover, we carry out phase

unwrapping and elevation inversion experiments using the simulated and real images and verified the

effectiveness of our phase unwrapping method in applying the InSAR elevation inversion.

Key words: Interferometric Synthetic Aperture Radar (InSAR); Simulation; Elevation inversion; Phase-

unwrapping; Layover
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(a) The optical image for the buildings

(a) EHEYE (b) TerraSAR-XF & (c) TerraSAR-X#fiE4
(b) TerraSAR-X master image

(c) TerraSAR-X slave image

(d) 50 ER RS I D Rt B

(d) The pseudo-color image of the registration result

(e) TR

(e) Interferometric phase
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Fig. 10 The real SAR image pair, interferometric phase, and optical image of the two buildings
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Tab. 1 Parameters of TerraSAR images and simulation

K14 24 A

BH S 1] 43 HE 2 (m) 0.4547

TerraSAR /7 hLIA1 43 H#2E (m) 0.1670

Pl B FEETA(C) 54.52

THEME IR (°) 54.49

B R/NBERS, Fhr) (500, 600)
- EFIANME (m) (0, 500160.3, —356368.6)
st L1 5 (m) (51.52, ~188.1, —238.0)
AR I 75 ALY B 22 9w /ALK T BT BB AT LI 7

AT VEAS B FAR AL I Lo s b B S AR, 15 E
G LA 45 4t 5 L SES AR RIS B A 55 i AR B
P, U, E12(a)Fa i s 5B EG
HRIRBAEE YIS, 0UF TP E R IERTE, FF
B A7 B0 T B AR R AR IX 5T 2 B 11 e R S 44
o dbah, FTEULEAME, BT ESL b @ s
BE DR, AR /AN =T A, TR
BRI i o, T 7 A S8 HH SR TR L AR AT L s
B, R IR AR R B OO A, (X A
TEAI LT 16 2O F BRI
4.2 BEERSHE

A EAR T 2R EH B nE 14 (a) s .

11 ER =LA
Fig. 11 3D model for the buildings
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(a) U7 FLAS 2 MR B2 1R
(a) The amplitude image obtained
by simulation

(b) i KR TFEARAL
(b) The interferometric phase obtained
by simulation

() SCHRIO) A BN T AL
(c¢) The interferometric phase obtained
by Ref. [9]

K 12 @R R EG
Fig. 12 The simulation results of the buildings
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Fig. 13 The pseudo-color image for the registration result of the

simulated and the real images
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(a) The map of the layover contributors number
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(b) Ilustration of the number of layover contributors
K 14 BRI EH 0

Fig. 14 Analysis of the number of layover contributors
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(a) The interferometric phase
of the second building
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(f) The elevation inversion of the second building
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(b) The number of layover contributors
of the second building
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(c¢) The unwrapped phase without
calibration for the layover area
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(e) The unwrapped phase obtained
by Ref. [24]
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(g) The elevation inversion of the buildings
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Fig. 15 The elevation inversion results of the simulated images using our method
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Tab. 2 The elevation inversion results of the buildings
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(a) 435 HH IR 3 IR ER S AR AL
(a) The interferometric phase
of the first isolated building

(d) 4385 H R SR 2R 2R S AR AL
(d) The interferometric phase of
the second isolated building

(b) S LR R B HE A 2
(b) The number of layover contributors
of the first building

(e) AL S
(e) The unwrapped phase of
the second isolated building
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(f) The elevation inversion results
of the buildings
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Fig. 16 The elevation inversion results of the TerraSAR-X InSAR images
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