
RESEARCH OF MULTI-BASELINE INSAR ELEVATION INVERSION BASED ON 

MLHE METHOD 
 

 

Hua Fenfena,b, Zhang Jixianb, Huang Guomanb 
 

a
School of Environmental Science and Spatial Informatics, China University of Mining and Technology Xuzhou, 

China, bthree@tom.com 
b
Institute of Photogrammetry and Remote Sensing Chinese Academy of Surveying and Mapping,  Beijing, China 

 

 

KEY WORDS: Multi-Baseline InSAR; Maximum Likelihood Height Estimate; Probability Density Function; Phase error 

 

 

ABSTRACT: 

 

In this paper, we studied on Maximum Likelihood Height Estimate (MLHE) method to invert elevation using Multi-Baseline 

InSAR (MB-InSAR) Data. Then a set of simulated data were adopted to do the experiment to illustrate its availability. Meanwhile, 

this paper also presents the advantages and disadvantages of this approach with analysis of the influence of phase, baseline and 

range error on elevation inversion, as well as the following attention. 

 

1. INTRODUCTION 

InSAR technology makes it possible for topographic 

mapping by using phase information recorded by SAR data 

to obtain terrain 3D information. Based on this, 

Multi-Baseline InSAR (MB-InSAR) introduces coherent 

coefficient as the interferometric phase index and uses 

multiple interferograms to invert elevation, which not only 

avoids the task of phase unwrapping, but considerably 

reduces the influence of noise. Therefore, this paper studied 

on Maximum Likelihood Height Estimate (MLHE) method 

to invert elevation using MB-InSAR Data and presents some 

important conclusions. 

 

2. MLHE METHOD 

Elevation inversion based on MLHE method makes the best 

of the phase and amplitude information in SAR images 

without the assumption that the phase difference between 

adjacent pixels must be less than π. So, this method has 

better adaptability and high precision. 
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Fig 1. MB-InSAR geometry model 

 
Fig 2. PDF of different coherence coefficients 0.8, 0.6, 0.4 

 

As shown in Fig 1,   ,   ,   , …… ,    are SAR 

platforms position, and   ,   ,   ,……,    represents 

the distance between SAR sensors and target P. Any two of 

n+1 SAR images can form an interferogram. If we assume 

   as master image, the theoretical interferometric phase in 

the interferogram can be expressed by (1). 

 

𝜙ℎ(𝑖) = 〈
4𝜋

𝜆
(𝑅 − 𝑅𝑖)〉 𝜋   (1) 

 

Where   is radar wavelength, 〈 〉   is the remainder after 

dividing   . In actual operation, (1) can be written as 

follows. 

 

𝜙ℎ(𝑖) = 〈g(𝑅 , 𝐵𝑖⃗⃗  ⃗, ℎ)〉 𝜋   (2) 

 

The probability density function describes the relation of 

measured phase and theorical phase. 
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𝑓(𝜙(𝑖)|𝜙ℎ(𝑖)) =
1

 𝜋

1 − |𝛾| 

1 − |𝛾| 𝑐𝑜𝑠 (𝜙(𝑖) − 𝜙ℎ(𝑖))
 

× {1 +
|𝛾|𝑐𝑜𝑠(𝜙(𝑖)−𝜙ℎ(𝑖))𝑐𝑜𝑠

−1[−|𝛾|𝑐𝑜𝑠(𝜙(𝑖)−𝜙ℎ(𝑖))]

√ −|𝛾|2𝑐𝑜𝑠2(𝜙(𝑖)−𝜙ℎ(𝑖))

}  (3) 

𝜙 ∈ (−𝜋, 𝜋] 

 

Where   is coherence coefficient. Considering the 

relationship between interferometric phase and elevation, we 

can obtain the probability density function of elevation 

shown in Fig 2 from (2) and (3). 

 

𝑓(𝜙(𝑖)|ℎ) =
1

 𝜋

1 − |𝛾| 

1 − |𝛾| 𝑐𝑜𝑠 (𝜙(𝑖) − 𝑔(𝑅 , 𝐵𝑖⃗⃗  ⃗, ℎ))
 

× {1 +
|𝛾|𝑐𝑜𝑠(𝜙(𝑖)−𝑔(𝑅0,𝐵𝑖⃗⃗  ⃗,ℎ))𝑐𝑜𝑠

−1[−|𝛾|𝑐𝑜𝑠(𝜙(𝑖)−𝑔(𝑅0,𝐵𝑖⃗⃗  ⃗,ℎ))]

√ −|𝛾|2𝑐𝑜𝑠2(𝜙(𝑖)−𝑔(𝑅0,𝐵𝑖⃗⃗  ⃗,ℎ))

} (4) 

 

Elevation inverted by MLHE method corresponds to 

elevation obtained when (4) is in maximum value, that is the 

maximum likelihood solution of target P’s elevation. 

 

ℎ̂𝑀𝐿 = 𝑎𝑟𝑔 𝑚𝑎𝑥ℎ 𝑓(𝜙(𝑖)|ℎ)    (5) 

 

Due to the interferometric phase is a remainder with integer 

ambiguities, the likelihood function has multiple peak 

positon as shown in Fig 2 corresponding to infinite ℎ̂𝑀𝐿. 

 

ℎ̂𝑀𝐿(𝑖, 𝑗) =
𝜆𝜙

4𝜋𝑑
± 𝑘

𝜆

 𝑑
,          𝑘 = 0,1, ,⋯⋯  (6) 

 

And every interferogram has a likelihood function, then (4) 

and (5) can be written as  

 

𝐹𝑚𝑓(𝛷|ℎ) = ∏ 𝑓(𝜙(𝑖)|ℎ)𝑛
𝑖=     (7) 

ℎ̂𝑀𝐿 = 𝑎𝑟𝑔 𝑚𝑎𝑥ℎ 𝐹𝑚𝑓(𝛷|ℎ)     (8) 

 

   
(a)                (b) 

   
(c)                 (d) 

Fig 3. The likelihood functions in different baseline cases 

and MB-InSAR PDF  (a) short baseline  (b) general 

baseline  (c)long baseline  (d) multiplied result by PDFs 

 

As can be seen from Fig 3, different baseline length 

corresponds to different likelihood function. If we multiply 

PDFs, we can acquire the very peak position in a rational 

elevation interval calculated by external DEM or other ways. 

 

3. RESULTS WITH MB-INSAR DATA 

This paper performs the experiment with the simulation data 

and gets some significant conclusions. Simulation data 

consists of TerraSAR-X system parameter and slant range 

elevation image generated by SRTM. Based on the same 

antenna and baseline position, we can separately get the 

simulation interferograms and elevation images without no 

noises and errors in different baselines (19m, 29m and 37m) 

and by MLHE method. 

 

 
(a) 

 
(b) 
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(c)                  (d) 

  
(e)                 (f) 

Fig 4. Simulation Results  (a) Reference slant-range 

elevation image  (b) Inversion elevation image by MLHE 

method  (c) Simulation interferograms in different 

baselines  (d) Invesion elevation images in different 

baselines  (e) Inversion elevation image by MLHE  (f) 

Reference slant-range elevation image 

 

We focus on part of experimental area, the rectangular 

region shown in Fig 4(a) for convenience's sake. Fig 4(c) 

and Fig 4(d) shows the interferograms and inversion 

elevation images of interested region in different baselines, 

and we can see that with the baseline growth, the 

interference fringe becomes more and more intensive on the 

hillside facing the radar sensor, so more unwrapping area 

appears. However, Fig 4(e) displays perfect inversion 

elevation without blank by MLHE almost the same with 

reference slant-range elevation image in Fig 4(f). 

The following process should calculate statistical error. 

Where M,N separately represents number of rows and 

columns, and we use  ( ,  ) and    ( ,  ) in place of 

inversion and true elevation value, that are known from 

elevation images. 

 

ℎ𝑒𝑟𝑟 = √
 

𝑀×𝑁
∑ ∑ (𝑑𝑒𝑚(𝑚, 𝑛) − ℎ(𝑚, 𝑛))

 𝑀
𝑚= 

𝑁
𝑛=   (9) 

 

INSTRUCTION ERROR INSTRUCTION ERROR 

Reference 

elevation image 

0.00 m 

   

Baseline error 

0.001m 

4.04 m 

   

Single baseline 

with noises 

3.83 m 

   

Baseline error 

0.01m 

156.95 

m    

With no noise 1.1e-6 

m    

Slant range error 

1m 

0.90 m 

   

With noises 17.61 m

    

Slant range error 

10m 

9.00 m 

   

With noises and 

filtered 

12.77 m

    

Slant range error 

100m 

90.04 m

    

 

Table 1. Statistical errors of simulation data 

 

Single baseline condition is the baseline 3 cases, 37m. 

Random noise is the mean of 0rad, the standard deviation of 

0.1rad, distributed in the range [− ,  ]. 

As can be seen from the table, in the case of no the system 

parameter error, no phase noise, the algorithm can obtain 

very high accuracy values of elevation without ground 

control points. The noise had a greater influence on elevation 

accuracy, than the single baseline condition. Effect of phase 

error of the single baseline case is approximately linear, 

multi-baseline case more complex. In the simulation above, 

we assume that the baseline 1 and baseline 2 with no phase 

error, phase error effect on baseline 3 distributed in [− ,  ]. 

the results are as follows:  

 

(a) 

 

 (b)               (c) 

Fig 5. Effect of phase error of elevation in the case of single 

baseline and multi-baseline 

 

In Fig 5(a), when the phase error is within a certain range, 

impact on multi-baseline is much lower than single baseline, 

but beyond a certain range, impact on multi-baseline will be 

mutated to tens even hundreds of times. This is because 

when the phase error being changed, the PDF shifted and the 

maximum of the product of multiple PDFs will transfer from 

one extreme to another extreme, Fig 5 (b)(c). 

Influence of baseline error of elevation inversion is very 

serious. Slant range error of elevation inversion effect of 

approximate constant. 

 

4. CONCLUSIONS 

Multi-baseline interferometric SAR has many advantages 

than single baseline: 1) have a certain ability to resist noise, 

when the noise is small; 2) can estimate altitude value from 

interferometric phase directly, without phase unwrapping 

and ground control point; 3) can handle surface 

discontinuities. 

The experiment found that small baseline error will cause 

the elevation error, or even lead to vertical wavy distribution. 

Therefore system parameters need to be calibrated. 
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