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ABSTRACT: InSAR is becoming is a promising method for Digital Terrain Model generation. In this tech-
nique, two images are acquired for the same scene. The radar image is complex, it contains  the amplitude and
the phase information. The phase corresponding to each pixel from the two images is calculated and differen-
tiated, resulting in an interferogram. The calculated phase is wrapped into [- ,  (. To retrieve the DTM of a 
surface area, we must solve the problem of phase unwrapping. The wrapped phase is related directly to the 
height of the surface, hence its importance to be handled carefully. 
We present in this paper the least square algorithm for phase unwrapping, this method is using the FFT. A
couple of airborne radar images acquired by the Aerosensing company (Germany) and the flat earth phase
calculated from a gentle DTM of the test area is used, which is situated in Brasilia. The interferogram calcu-
lated and corrected from flat earth effect is wrapped. Results are presented. The IDL language was used for
programming. 

1 INTRODUCTION 

SAR interferometry is a powerful application tech-
nique developed in recent years to generate a global 
high resolution Digital Terrain Model (DTM). This 
method seems to be less expensive and climate in-
dependent than aerial photography when used for 
DTM production purposes, because the latter de-
pends on weather conditions and cannot operate at 
night.  

In this paper the P-band is used. This wavelength, 
is capable of penetrating the vegetation coverage  

In figure 1 we illustrate the principle of calculat-
ing height from measured phase difference in a sim-
plified diagram.  

Data used in this study, has been provided by the 
private company Aerosensing RadarSysteme
GmbH (Munich, Germany). The data consists of 
two co-registered SLCs images. 

The study area is the Tapajós National Forest in 
Brazilia.

2 PRINCIPLE OF INSAR 

InSAR is a relatively new technique in radar remote 
sensing that allows pairs of radar images to be proc-
essed to form accurate models of height, or digital 
elevation models (DEMs).  

With InSAR a pair of images is acquired by two 
antennae, spatially separated by a distance, referred 
to as the baseline (Gens et al. 1996),. Because the 
two antennae acquire the images from different 
views, the corresponding images do not overlap per-
fectly, hence a co-registration in between is needed, 
before any processing step. 

The two antennae may be mounted on the same 
platform, it is what we call single pass mode or the 
area may be flown at different times by the same an-
tenna, it is then what we call the repeat pass mode. 
The principal of InSAR can be represented by figure 
1.
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Figure 1. Principal of InSAR. 

The difference in range can be given by: 

cos' Brr

While the height h is   

sinrh                                                              (1) 

The measured phase  of the interferogram is ex-
pressed as 

22
'rr                                            (2) 

h is the aircraft altitude 
r is the distance or slant range to the target. 

 is the baseline angle with respect to the hori-
 zontal. 

B: the baseline 
: the wavelength of the microwave 
: the difference in range from the object to the 

 two antenna positions 

If we combine the three equations given above 
(Zebker and Goldstein, 1986), we get 

B
rh

2
cossin 1                                         (3) 

3 THE INTERFEROMETRIC PRODUCT 

The interferogram is defined as the product of the 
complex SAR values of the first image referred to as 
the master image with the complex conjugate of the 
second image referred to us the slave image; i.e. the 
corresponding amplitudes have to be averaged and 
the corresponding phases have to be differentiated at 
each point in the image.  

After the two single-complex images were co-
registered together, the complex interferogram is 
computed according to: 

jeSSSSI ... 21

*

21                                      (4) 

Where 

s1 and s2 are two SLC (single look complex) 

values of the two co-registered images.  

 * stands for the conjugate of a complex vari-

able 

21  is the interferometric phase or 

phase difference. 

To obtain the height information, the interferogram 

must be unwrapped and then geo-coded.  We will 

discuss in the following interfrogram unwrapping 

using the Least squares algorithm. 
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Figure 2. Chain representing the steps of DTM generation us-
ing InSAR 

4 PHASE UNWRAPPING 

One of the major problems encountered in the im-
plementation of the SAR interferometric technique 
is phase unwrapping. In fact the phase is known to 
be modulo 2 . It is called a wrapped phase and has 
to be unwrapped or calculated back to its real values.  

The ability to resolve the 2  ambiguities depends 
on the local terrain slope and phase noise level 
caused by signal decorrelation between the two im-
ages. A number of phase unwrapping algorithms for 
SAR interferograms have been proposed in recent 
years (Ghiglia et al. 1994) (Zebker et al. 1998),. 
However, none of the existing phase unwrapping al-
gorithms give satisfactory results when the inter-
ferogram is noisy. 
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Consider the wrapped function jk  on a discrete 
grid of points. 

integerisk2kjkjk                                 (5) 

Where the indices j and k are the indices in row 
and column. 

We wish to determine the unwrapped phase val-
ues jk at the same grid locations. 

Let us define the wrapping operator W that wraps 
all values of its arguments into the interval (- , ] by 
adding or subtracting an integral number of 2  ra-
dian, from its argument. Hence we have 

W( jk )= jk   (6) 

A key idea is to use a mirror reflection to extend jk

and jk  to periodic functions jk
~  and jk

~
 respec-

tively (Pritt et al. 1994), 

In that case we can apply the Fourier and the co-

sine transformations.  

jk  can also be regarded as a periodic function jk

~

that is defined by the mirror function. 

Now two sets of phase differences are computed. 
Those differences in column( j index ) and those dif-
ferences in row ( i index ). The wrapped phase dif-
ferences are then as follows: 

kjkjkj

y

kj

kjkj

x

kj

,

~~

,1,,

,,1,

  (7) 

They are supposed to be in the (- , ] interval, if 
not then a 2  factor has to added or subtracted as 
necessary to ensure that they lie in the interval. 

Where x and y are the subscripts refer to differ-
ences in the i and k indices, respectively. The func-
tion we are looking for is a function jk  that mini-
mises the following sum (Zebker et al. 1998): 
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Derivation of equation (9) yields  (Pritt et al. 1994), 

ijkjkjkjkjkjkj 1,,1,,1,,1 22   (9) 

Where the periodic function ij  is defined by 
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We can now apply the two-dimensional Fourier 
transform  

4cos2cos2 NnMmPmnmn         (11) 

Where mn  and mnP  ate the two-dimensional Fou-

rier transforms of jk

~
 and jk  respectively ((Pritt et

al. 1994), 

After computation of jk , we integrate the phase 

derivative and get the searched unwrapped phase. 

5 RESULTS 

5.1 Interferogram generation 

In figure 3 we give the SAR image of the test area. 

Figure 3. SLC image of the test area. 

The first output in the generation of a digital terrain 
model is the interferogram (Fig. 4)  

Figure 4. Filtered interferogram related respectively to HHHH. 

The fringes which represent each a 2  phase cy-
cle appear aligned, which indicates that the terrain of 
the study site is gently undulating. 

6 PHASE UNWRAPPING  

The algorithm we are using treats the unwrapping 
problem not locally but globally. If we do a resam-
pling of the original data, let us say to 512x512 we 
drastically reduce the phase noise. The second point 
is about the applied algorithm, it is fast and works 
always, but the results are not always very good, es-
pecially if we do not use a strong phase filtering be-
fore. This effect seems clear from Figure 5.c, what 
we called here error phase map and it represents the 
difference between the original wrapped phase and 
the wrapped unwrapped phase. 
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(a) 

(b) 

(c) 

Figure 5. Unwrapped phase (a) The wrapping of the unwrapped 
phase (b) and error phase map (c). 

7 CONCLUSION 

The results of interferogram phase unwrapping using 
airborne SLC images data acquired in the P-band 
have been presented in this paper. The unwrapping 
phase is not an easy task, whether we use space-
borne or airborne data.  

The algorithm we are applying, i.e. the least 
squares algorithm, treats the unwrapping problem 
not locally but globally, hence if there is an error 
somewhere, it will be spread over the whole output 
result. To avoid such errors a section of the scene 
was cut out from the middle area. 

Phase unwrapping conducted with other algo-
rithms may give better results. 
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