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Abstract: Paper describe influence of additive noise on unwrapping process. Noisy 2D-data, an image, is very hard to unwrap, 
mainly for low S/N ratio. By denoising, we can achieve a significant better result. Paper give us a global overview and shows basic 
dependencies between noise and unwrapped data quality. 
 
INTRODUCTION 

2D unwrapping is mathematical fundamental 
discipline with use in many technical areas like radio 
interferometry surface scanning, imaging by nuclear 
magnetic resonation and others. 

There are two basic tasks in 2D unwrapping. First is 
to find algorithm for successful image unwrapping with 
residuals. [1]. Second is noise robustness of that 
algorithm and noise influence in phase images and 
possible denoising operations [2]. 

This article shows noise influence in phase images for 
unwrapping Describe basic dependencies and possible 
solutions for improve noise immunity. All examples are 
programmed in Matlab environment [3]. 

1 RESIDUAL THEOREM 
Presence of phase step with magnitude over π in 2D 

or in multidimensional unwrapping is called residual. 
These steps are not possible unwrap id direct way through 
that steps. One of solutions is sidetracking residual area, 
this method is called path following, [1]. Method can not 
be successful in case where no path without residual 
exists, which is shown of Fig. 1,. Unwrapped image, as 
shown on Fig. 2 differs from original. Generally, planes 
area has the same shape, they differs in magnitude. 
Magnitude difference is step value , where k is 
whole number. This equivocation can not be successfully 
solved and all algorithms falls. In that example is clear to 
see difficulties in 2D unwrapping. 
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Fig.1:  Original image. 
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Fig.2:  Unw pped image 
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2 NOISE IN WRAPED DATA 
original image with no 

s  submitted to wrapping 
and

g images is only r noise magnitude 
of rade re

On Fig. 3 and Fig. 4 is shown 
noi e. If this free of noise image is

 consequently unwrapping procedure, no difference 
occurs. Fig. 5 to Fig 10 shows unwrapped results for 
different magnitude δ of additional uniform noise. For 
good visual checking of noise influence, row unwrapping 
was chose. 

With noise magnitude of π / 4δ = , no residual occur, 
and resultin  noised. Fo

π / 2δ = , nine residual deg st of lines (no other 
path was finding). The last example with πδ = shows 
tota aded image. Image with so high noise must be 
denoised before it is submitted to unwrapping

lly degr
.  
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Fig.3:  Original image, 3D view. 
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Fig.5:  Unwrapped imag , 3D view. e, π / 4δ =
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Fig.6:  Unwrapped im , 2D view. age, π / 4δ =
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Fig.4:  Original image, 2D view. 

Fig.7:  Unwrapped imag , 3D view. e, π / 2δ =
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Fig.8:  Unwrapped imag , 2D view. e, π / 2δ =
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Fig.9:  Unwrapped im ga e, πδ = , 3D view. 
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Fig.10:  Unwrapped image, πδ = , 2D view. 

3 C
Paper shows noise influence on 2D unwrapping. For 
h n image, denoising techniques are 

ceptable result. Wavelet denoising 
see

, J. Wiley & Sons, N.Y.     1998. 
 V. Ginori: Wavelet based methods 

o noise ratio in phase images, 

04. 

OWLEDGMENTS 

xperimental Electrical 
ngineering, 

ch Republic 

artin Kunc 
Brno University f Tech

ept. of Theoretical and Experimental Electrical 
ngineering, 

, 612 00 Brno, Czech Republic 

ONCLUSION 

hig  value of noise i
necessary to obtain ac

ms to be suitable, but with chance of edge blurring by 
smoothing effect. Smoothing effect help to unwrapping 
algorithm, but can be undesired, for example in medical 
imaging. 
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