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ABSTRACT 

Baseline estimation is a key parameter to calculate 

phase. The accuracy of baseline estimat ion has a direct 

impact on the final relat ive and absolute height accuracy 

in InSAR processing. This paper presents an improved 

baseline estimation method using an external DEM 

based FFT, which can be used in different terrain areas 

and deformation areas to  obtain a relative good baseline 

estimation result.  

1.1. Introduction 

Space-borne Interferometric Synthetic Aperture 

Radar (InSAR) is being used as one of the innovative 

techniques for very accurate dig ital elevation model 

(DEM) generation. Interferometric phase, which 

includes ground phase, terrain  phase, deformation phase, 

atmosphere phase and other phases, is the key to InSAR 

data processing. Moreover, in the processing, baseline 

estimation is a key parameter to calculate the ground 

phase, because the accuracy of the baseline estimation 

has a direct impact on the final relative and absolute 

height accuracy in InSAR processing. Normally, to 

obtain the DEM accuracy of InSAR at the metre level, 

the baseline estimate accuracy is required  to achieve at 

least centimetre level.  

       Baseline estimation methods [1][2] can be grouped 

into the following categories: 1) baseline estimation 

using the Doppler equation, the distance equation and 

the earth ellipsoid equation; 2) the use of a precise orbit 

or registration ru le; 3) using ground control points or a 

DEM; 4) assessment of the frequency of interference 

fringes in the ground plane. Prev ious studies have 

shown that baseline estimat ion based on the frequency 

of interference fringes requires the least information, but 

the accuracy is also the lowest. Baseline estimation 

using a precise orbit is completely dependent on the 

orbit, but a precise orbit is often difficult to obtain. 

Baseline estimation methods using Control points 

require a very large number of control points to 

guarantee a high enough baseline estimation accuracy. 

However, similar to the control points method, a DEM 

is probably the best choice to obtain the higher baseline 

estimation accuracy, because many global DEMs are 

now being produced and available from spaceborne EO 

sensors, such as from SAR (SRTM, TerraSAR-X, 

TanDEM-X), stereo-photogrammetric (ASTER, SPOT, 

PRISM and IRS-3P) and lidar (ICESat).  This paper 

presents an improved external DEM based FFT baseline 

estimation method. 

2. Principles  

The typical geometry of InSAR taken from [2] is 

shown in the figure 1 below. 

 
Figure 1. Typical geometry of INSAR 

 
Figure 2. Two points p, p1 on ground in the radar co-

ordinate system 

         As shown in Figure 1 above, A1 represents the 

first satellite image acquisition antenna position, A2 is 

the second satellite antenna position, the distance 

between  A1 and A2 is the baseline, α represents the 
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horizontal baseline angle, H represents the radar 

satellite’s fly ing height, θ represents the line of sight 

viewing angle, R1 represents the distance between P 

and A1, R2 represents the distance between P and A2, 

ΔR represents slant difference between R2 and R1, h 

represents P’s elevation.  

          According to the FFT method [3][6], a certain 

slant range [rmin, rmax] is selected to perform the Fourier 

transform of the interferogram, the fringe frequency 

range is [kmin, kmax]. These equations are used to get 

baseline parameters B and ɑ. The equations of the FFT 

frequency method of interference fringes are shown in 

(1) - (3) below: 

 

dr

d
k


                        (1) 

 

  sinB By

 cosB Bx








                 (2) 

 

22

2

)(

4
)(

hr

h
rg

r

h
rf







                        (3) 

 































max

min

max

min

maxmax

minmin

k

k

)(

)(

)()(

)()(

y

x

B

B

rf

rf

rgrf

rgrf      (4) 

 

Although the FFT method is very fast and has high 

accuracy, it should normally be applied in a flat area. 

3. Improved Method 

        In order to study the phase relationship between 

any two points on the ground, the co-ordinate system 

shown in Figure 2 is used. SAR image coordinate 

system in [4] includes “quick t ime”  in the τ axis 

direction, “slow time” for the t-axis direction, assuming 

that the antenna along the t direction is the flight 

direction. Moreover, in  the space Cartesian coordinate 

system, considering two points P(0,0,0) and P1 (a, r, z), 

αa is the azimuth angle o f slope, αr is the range slope of 

slope. The complex interferogram frequency vector 

[4],[5] can be represented like this in equation (5), and 

Interferometric phase with the range and azimuth 

frequency  is shown in (6) and (7) separately. 
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Because the parallel baseline can  be obtained directly 

from the SAR image distance to offset registration 

[5][6],  the fo llowing d iscussion focuses on the 

estimated perpendicular baseline. To the range 

frequency, when αr is 0, Equation (6) can be changed to 

a new flat  range fringe frequency shown in equation (8). 

It is then straightforward to obtain the perpendicular 

baseline shown in formula (9) 
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When the ground is pointing up or down, phase Δφ(t, τ ) 

contains two types of phase, flat phase and topographic 

phase, thus Δfr includes flat  frequency Δfr -flat and 

terrain frequency Δfr-topo.  

       If the terrain phase can be removed from the total 

phase, flat phase is all that remains. Then the FFT 

algorithm can be used to get an accurate baseline. More 

importantly, the residual phase by using a DEM, like the 

flat phase (after removing the flat phase and terrain 

phase) can also be used to get the residual baseline by 

using the FFT algorithm.  Based on this idea, an 

improved DEM based FFT baseline estimation method 

shown in Fig.3 is created. Firstly, the in itial baseline and 

interferometric phase diagram by using master and slave 

image will use the initial baseline as the first iteration. 

Then, by subtracting the ideal phase diagram (generated 

from a coarse DEM simulat ion and the initial baseline 

with the track error) from the first interferometric phase 

diagram, residual errors will be ext racted. In addit ion, 

the residual baseline is estimated from the residual 

fringe using the spatial frequency (FFT and Least 

squares method) method, and this is added to the initial 

baseline to do a further iteration to obtain a more 

accurate estimate of the baseline. If the residual phase 

includes extraord inary deformation phase, imaging 

analysis, like gradient ,etc., in range pixel line is used to 

avoid using the FFT algorithm in these deformed areas  

and the Least squares method is also used with the FFT 

method in the range pixel line to get a more accurate 

residual baseline.   

 
                  Figure 3. Steps of our method                                

4. Experimental results and analysis  

         The test data used are two Envisat ASAR 

ascending scenes (16/11/2003 and 25/01/2004), 



 

External DEMs used include SRTM3 and ASTER 

GDEM v2 and precise orbit data from ESA over Bam, 

Iran. We assume that the numbers in ESA's precise orbit 

are the true value for the track. After many iterations of 

the method, the perpendicular baseline error is 0.0457m 

and the parallel baseline error is 0.0550m, which is 

better than the traditional Method.  

 
Figure 4. Range pixels for Least square and FFT in the 

second residual phase 

 
Figure 5.   Phase power spectrum  of  the rectangle in 

fig 4 

 
Figure 6. Interferogram of the method 

 
Figure 7. Interferogram of  precise orbit 

         In our method, to avoid using the deformation 

phase in the FFT calcu lation, the range pixels (red 

rectangle shown in Fig4) need be selected wisely by any 

automated image analysis method. Fig 5 shows how to 

get the frequency of the phase interferogram of the 

rectangle area in Fig  4. Comparing the method’s 

interferogram in Fig. 6 with the precise orbit  method’s 

interferogram in Fig 7, the method is more or less the 

same as the precise orbit method, which indicates that 

the method appears applicable to InSAR processing. 

 

5. Conclusions & future work 

        It is demonstrated that the baseline estimation 

accuracy can be improved by using an external DEM in 

some complex terrain areas . However, this method also 

has some shortcomings, like the phase caused by 

atmosphere, which requires to be solved in the future. In 

addition, external DEMs (TanDEM-X) with different 

resolution should be used, compared and assessed for 

baseline estimat ion to determine which  DEM can be 

used in InSAR data processing in different areas. 
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