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Abstract: The geometry and basic parameters of Interferometric Synthetic Aperture 

Radar (InSAR) geophysics system are addressed In the present work. Equations of pixel height 

and displacement evaluation are derived. Interferogram and differential interferogram are 

generated based on a surface model and SAR measurements. Results of numerical experiments 

are provided. 

1. Introduction - principles of SAR interferometry 

Synthetic Aperture Radar (SAR) is a coherent microwave imaging system able to provide 

data all weather, day and night, guaranteeing global coverage. SAR interferometry is based on 

processing two or more complex valued SAR images obtained from different SAR positions [1-

4]. InSAR is of geophysical meaning in topography evaluation of slopes, surface deformations 

(volcanoes, earthquakes, ice fields), glacier studies, vegetation growth, etc. The estimation of 

topographic height with essential accuracy is performed by the interferometric distance 

difference measured based on two SAR echoes from the same surface. Changes in topography 

(displacement), precise to a fraction of a radar wavelength, can be evaluated by differential 

interferogram generated by three or more successive complex SAR images [5, 6]. The main 

goal of the work is to describe multi pass In-SAR geometry and derive mathematical 

expressions for current distances between SAR’s positions and individual pixels, and principal 

InSAR parameters: topographic height, and topographic displacement. The rest of the paper is 

organized as follow. InSAR geometry and kinematics is analytically described in section 2, 3-

D. Equations of relief measurements are derived in section 3. Equations of relief displacement 

are provided in section 4. Modeling of SAR interferogram generation based on distance 

measurements is discussed in section 5. Results of numerical experiment are presented in 

section 6. Conclusion remarks are made in section 7. 
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 Fig. 1. Interferometric SAR geometry 
2. InSAR geometry and kinematics 

Assume a three-pass SAR system viewing three-dimensional (3-D) surface presented by 

discrete resolution elements, pixels. Each pixel is defined by the third coordinate 
),( ijijij yxz
 in 

3-D coordinate system Oxyz . Let A, B, and C, are SAR positions of imaging (Fig. 1). Between 

every SAR, 
32

3 C
 In-SAR baselines can be drawn. The main geometric SAR characteristic is 

the time dependent distance vector from the SAR system at the n-th pass in the p-th moment 

to each pixel of the surface, defined in the coordinate system Oxyz , i.e. 

ij
nn

ij pp RRR  )()( ,      (1) where n = 1  3 is the number of SAR passes, and p
nn Tpp ..)( 0 VRR   is the distance vector at the n-th SAR pass in the p‐th moment, n0R is the initial distance vector at the n-th SAR pass, ijR is the distance vector of the ij - th pixel. 

3. InSAR	relief	measurements	The distances to ij -th pixel from SAR at m-th and n-th pass (m ≠ n) in the moment of imaging can be defined by the cosines theorem, i.e. 
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where mnB  is the modulus of the baseline vector, ij
m  is the look angle, mn  is a priory known tilt angle, the angle between baseline vector and plane	Oxy. The look angle ij

m  and height 
ijz of the ij-th pixel on the surface with respect to the m-th SAR position in the moment of imaging can be written as 



184 
 
 

m
ijmn

n
ijmn

m
ij

mnij
m

B

B

R

RR

2
arcsin

222


  ,      (3) 
ij

mm
ij

m
ij hz  cosR .      (4) 

The distance difference m
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4. InSAR	measurements	of	relief	displacement	Consider a three pass SAR interferometry (Fig. 1). Let A and B be the two positions of imaging which can be defined by two passes of the same spaceborne SAR in different time (two pass interferometry). The third position C is defined by third pass of the spaceborne SAR. The surface displacement ijz , due to, for instance, an earthquake could derive from two SAR interferograms built before and after the seismic impact. The temporal baseline, the time scale over which the displacement is measured, must be following the dynamics of the geophysical phenomenon. Short time baseline is applied for monitoring fast surface changes. Long temporal baseline is used for monitoring slow geophysics phenomena (subsidence). The interferometry phase before event is derived from complex images acquired by A and B SAR positions in the moment of imaging, while the interferometry phase after event is derived from complex images acquired by A and C SAR positions in the moment of imaging. The distances 21 , ijij RR , 3
ijR  and 3d

ijR  after standard manipulations are written as [7] 
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where 21 , ijij RR  and 3
ijR  are the slant ranges from A, B and C positions of SAR system to the observed pixel in the moment of imaging before the surface displacement and 3d

ijR  are the slant range from C SAR position to the observed pixel after ijz  surface displacement. 
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Given SAR wavelength , the phase differences proportional to range differences related to a particular pixel before and after displacement in the moment of imaging can be written as  
)(4 21AB
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Neglecting the term 12 2/)( ijRz in (7), (8) can be rewritten as 
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The displacement ijz  is extracted from the differential interferometric phase difference 

ABAC
dd  . Considering 1/ 1

2 ijRB , then ijijz 
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For surface displacement ijz  can be written 
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5. InSAR modeling of geophysical measurements 
Consider 3-pass InSAR geometry (Fig.1). The vector distances from the SAR positions to 

each ij -th pixel from the region of interest are ijij RRR  SS
, where C,B,AS   denotes the 

SAR position in the moment of imaging,  Tzyx SSS
S ,,R denotes the SAR vector position, 

 Tijijijij zyx ,,R denotes the ij -th pixel vector position. Coordinates of SAR positions in the 
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moment of imaging are as follows: for a master SAR position A, Ax , Ay , Az ; for a slave SAR 

position B, Bx , By , Bz ; for a slave SAR position C, Cx , Cy , Cz .  

After distance measurements from the master SAR position A and slave SAR positions B 
and C, respectively to each ij -th pixel on the surface, and co-registration of so obtained master 
image and slave images the instrumental interferometric phase differences are calculated by 
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- with pixel displacement. 

In order to unwrap the interferometric phases standard algorithms Matlab unwrap function, 
2-D Costantini phase unwrapping based on network programming, and 2D Goldstein branch cut 
phase unwrapping, can be applied. 

6. Numerical experiments 
Consider a geo-tiff file of Dilijan region in Caucasusn, Armenia, located at the geographical 

coordinates: 40° 44' 27" north and 44° 51' 47" east longitude. Consider 2-pass InSAR scenario. 
Coordinates of SAR positions in the moment of imaging: master SAR position A, 0A x m, 

3
A 103.300 y m,

5
A 103z m, slave SAR position B 0B x m, 

3
B 10300y m, 

5
B 103z

m. Wavelength is 0.05 m. Calculated distances from SAR position A and SAR position B to each 
pixel on the surface are illustrated in Fig. 2, (a), (b). interferogram wrapped phases (c) and 
unwrapped phases (d) are presented in Fig. 2, (c), (d). 

         
                              (a)                                  (b)                                  (c)                         (d) 

Fig.2. Distances from SAR position A (a) and SAR position B (b) to each pixel on the surface in pseudo color 
map, interferogram wrapped phases (c) and unwrapped phases (d)  Consider 3-pass interferometric SAR scenario. and a surface before (Fig. 3, a) and after (Fig. 3, b) displacement described by Matlab function peaks. Coordinates of SAR positions in the moment of imaging: master SAR position A, 350A x km, 350A y km, 800A z  km, 
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slave SAR position B 5.351B x km, 350B y km, 800B z km., slave SAR position C 
350C x km, 2.351C y  km, 800Cz m. Wavelength is 0.03 m. 

 (a)                                           (b) Fig. 3. Surface (peaks) before (a), and after (b) displacement 

                     (a)                        (b)                        (c)                           (d)                    (e)                     (g) 
Fig.4. Distances to the surface measured from SAR positions A (a), B (b), and C (c). AB interferogram (d), 

AC interferogram (e) with surface displacement, and differential interferogram AB-AC (g) 
7. Conclusions 

In the present work an InSAR approach has been suggested to model processes of 

interferograms and differential interferograms generation using geo-tiff files and 

measurements of distances from SAR positions to each pixels of the observed surface in the 

moment of imaging. Analytical expressions to calculate pixel heights and pixel displacement 

have been derived. Based on vector description of the InSAR scenario, interferometric and 

differential phase differences have been defined. This approach has been illustrated by results 

of numerical experiments. 
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НЕКОТОРЫЕ ОСОБЕННОСТИ СЕЙСМИЧЕСКОГО РИСКА 

ПОВРЕЖДЕНИЙ ЖИЛЫХ ЗДАНИЙ ГОРОДОВ СЕВЕРНОЙ АРМЕНИИ 

Назаретян С. Н., Арутюнян А.Г., Мугнецян Э.А., Мовсисян Ж.К., Карапетян Г.Р. ”Региональная служба сейсмической защиты” ГНКО МЧС РА, Ереван; Е-mail: snaznssp@mail.ru 
	     	     Спитакское землетрясение 1988г. показало, что сейсмический риск повреждений зданий городов Армении очень высок в основном по двум причинам (Balassanian, Manukian, 1994): а) заниженной оценкой сейсмической опасности практически всей территории республики до 1989г., на основе которой были спроектированы и построены здания государственного сектора; б) крупными ошибками и недостатками, как при проектировании и строительстве, так и при эксплуатации зданий. Они были такого масштаба, что сыграли доминирующую роль в пониженой сейсмостойкости зданий и сооружений. Конечно, имеются и другие причины, способствующие росту сейсмического риска в Армении но в данной статье будет рассмотрен только компонент риска, связанный с уязвимостью жилых зданий.     После Спитакской трагедии были накоплены и анализированы многочисленные данные о разрушениях, как одно-двухэтажных, так и многоэтажных жилых зданий  бывшего государственного сектора. Высокоуязвимыми были каркасные здания, особенно выше 5-и этажей. Среднюю уязвимость имели каменные 4-5-и этажные здания, а сравнительно низкую уязвимость проявили крупнопанельные здания (Трагедия Спитака…,1998; Атабекян и др.,2006,2017; 

Назаретян,2013). Только в г.Ленинакане  вследствие землетрясения были разрушены 75% 9-и этажных каркасных зданий, а остальные 25% зданий получили повреждения 3-5-й степеней. Крупнопанельные 9-и этажные здания получили повреждения 1-2-ой степени (Трагедия Спитака…,1998). Частные здания, в основном, выстояли при 9-и балльных сотрясениях и только в 9-10-й балльной зоне имело место их массовое разрушение. Статистические данные показывают, что число жертв в г.Ленинакане вследствие разрушений 1-2-х этажных частных домов было невелико(около 300 человек), хотя интенсивность землетрясения в среднем составляла 9 баллов. В г.Спитаке жертв в этих зданиях было относительно больше, т.к. балльность составляла 9-10. В г. Кировакане многие каркасные 9-и этажные здания получили повреждения различной степени, но разрушились очень немногие (Трагедия 




