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Abstract: Radiometric degradation is a general problem in the image recognition considering many 
applications. The aim of image recognition is to produce complete description of the original image from the 
degraded image. The degradation factors include blurring of the image due to various reasons like climatic 
change and temperature, loss of information due to testing and different source of noise like salt and pepper 
noise, defocus of camera and atmospheric turbulence. There are many efforts taken to deblur such images. To 
overcome these problems a special kind of descriptor called blur invariants were introduced. These blur 
invariants were introduced in the wavelet domain which are centrally symmetric to blur. In this paper, image 
recognition is done using these wavelet based blur invariants. Inspite of severe degradation the images are 
accurately registered using Coiflet and Haar wavelet functions and registration is done also using spatial 
domain blur invariants. The proposed method is to compare the spatial domain blur invariants and wavelet 
domain blur invariants to see that which blur invariant descriptor performs best in registering the image. The 
blur invariants have been used in various fields of application such as deblurred photography, remote sensing, 
medical images and forensic science images. 
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Introduction: The imaging conditions are not always 
perfect, particularly in the cases where we have no 
control on the subject. The photos in surveillance and 
the medical images are real-world subjects that are 
not ideally controllable when the images are 
acquired. Environmental situations such as weather 
conditions and long distances between camera and 
subject might also have a negative effect on the 
quality of images. Deteriorations in images are 
generally classified into two types, i.e., geometric 
distortions and radiometric degradations. There are 
many different approaches that are proposed for 
dealing with these kinds of problems. Hu therefore 
proposed descriptors that are invariant to some of 
basic linear geometric distortions. Unlike geometric 
distortions, there are fewer research works carried 
out on radiometric degradations. These blur 
invariants are introduced to images due to the 
movement of the subject, unfocused camera, and 
non-ideal image-capturing environment. The 
commonly used general model for the observed 
signal is Y[n] =Bx[n] +Z[n]  
In this model, Y is the observed image; x and n are 
the actual image and noise, respectively; and B is the 
degradation operator. Blur moment invariants has 
showed its practicality in vast research areas like 
image registration, remote sensing, forgery detection, 
recognition, stereo matching and control point 
extraction. In this paper, wavelet-domain descriptors 
are proposed, which are invariant to centrally 
symmetric blur systems. The advantages of these 
invariants are the different alternatives that exist for 
wavelet functions and the benefit of analyzing signals 
at different scales in the wavelet domain. The idea 
has been developed for 2-D signals, and the effect of 

different types of blur is studied. A simple 
representation of these invariants has been proposed 
for 1-D signals by Makaremi and Ahmadi. 
Furthermore, it is proven that these invariants do not 
have any null space for centrally symmetric signals, 
which is the problem of spatial-domain invariants. 
The degradation perform is given as a linear shift-
invariant system, the relation between ideal image 
f(x, y) and an observed image g(x, y) is given by, 
g(x,y)=f(x,y)*h(x,y)+n(x,y) where h(x, y) is the point 
spread function of the system, n(x,y) is noise and * 
denotes 2D convolution the point spread function 
h(x, y) denotes blur during other degradation are 
captured by the noise term n(x, y).  
In this paper, wavelet domain blur invariants are 
proposed for image registration. The two dimensional 
image registration captured from the same scene at 
different times, viewpoints or sensors is a 
fundamental image processing. The image 
registrations are registered using feature based 
method i.e. wavelet based method. This wavelet 
domain blur invariants are demonstrated are 
discussed.  
The Aim of the Paper: The major aim of this paper 
is to perform template matching using the proposed 
blur invariants. Template Matching shows the 
capability of the invariants to recognize objects in a 
blurred scene. It is showed how the wavelet domain 
blur invariants perform better image registration than 
the spatial domain blur invariants. Coiflet of order 2 
and haar wavelet function is used for the wavelet 
domain blur invariants.  
Blur invariants: Functional, invariant to convolution 
with arbitrary centro symmetric PSF in image analysis 
literature they are often called “blur invariants” 
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because common PSF’s have a character of a low-pass 
filter. Blur invariants were firstly introduced by 
Flusser and Suk. They have been successful in various 
applications like face recognition, on out-of focused 
photographs, template-to-scene matching of satellite 
images, in blurred digit and character recognition, in 
registration of images and in focus/defocus 
quantitative measurement. 
Definitions: Some of the basic definitions are 
reviewed, and complimentary ones are proposed. 
Definition 1: Image is a real discrete function 

 
Definition 2: The ordinary geometric moment of 
order (p+q) of in the spatial domain is defined by 

 

Definition 3: The centroid of signal is 

 

Definition 4: Let functional C: ( ) ×  ×  → R be 
defined as follows: 

· If (p + q) is even then 
 

· If (p + q) is odd then 

 
Then 

 
Definition 5: The central moment of order (p+q) of in 
the spatial domain is defined by 

  

Experiments: In this paper, the performance of the 
proposed invariants is evaluated on three different 
problems. The first experiment is designed to study 
the effect of blur on the proposed invariants. In the 
second experiment, real-world degraded images are 
acquired, and the invariants are used for registration. 
The SDBIs are used here as well for a comparison. 
Haar wavelet function is used is used for registration. 
In the third experiment, a degraded template image is 
acquired, and the invariants are used for registration. 
The SDBIs are used for comparison. 
Experiment I:  In the first experiment, three well-
known images are used: Lena, Barbara and Baboon. 
These photos are degraded using disk filter of radii 5, 
10 and 15. 

   
Barbara                  Lena                 Baboon 
Fig- 1: Original images 

 
                       Images blur at 5 

 
Images blur at 10 

 
Images blur at 15 
Fig- 2: Original and degraded images 
The original and the degraded images are shown in 
Fig 1 and Fig 2. The blur invariants of these images 
are calculated using Daubechies of order 1. From the 
Table: 1 we can see that different subjects of the 
images are distinguishable from each other using the 
blur invariants and the effect of the blur does not 
affect the blur invariants. The small changes observed 
in the blur invariants are because the signals are 
finite extended.         
Table -1: Blur Moment Invariants 
 
Experiment II: In this experiment, the invariants are 
used for image registration. One sharp and two 
degraded photos are taken from an outdoor scene, 
and a part of the sharp image is taken as the template 
for registration in other degraded images. Fig 3 shows 
the source image, where the template is illustrated in 
a window. The out-of-focus images are presented in 

  Spatial 
Domain 

Wavelet 
Domain 
using 
Daubechies 

 
Lena 

Original  -1.6106 -2.5165 

Blur at 5 -1.6080 -2.5124 

Blur at 10 -1.5932 -2.4892 

Blur at 15 -1.5609 -2.4389 

 
Barbara 

Original -1.9830 -3.0984 

Blur at 5 -1.9826 -3.0978 

Blur at 10 -1.9812 -3.0956 

Blur at 15 -1.9788 -3.0919 
 
Baboon 

Original  -6.6614 -9.0407 

Blur at 5 -6.4086 -9.9997 
Blur at 10 -5.8073 -9.0591 

Blur at 15 -5.3073 -8.2777 
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Fig 4. The size of the images is 256×256, and the 
template image is 99×99. For this experiment, the 
wavelet function haar is used. For the sake of 
comparison, spatial-domain blur moment invariants 
are also used. For registration, the similarity measure 
of the template to every section of the image is 
calculated is using 

 

B is the array of calculated invariants, x is the 
template, and y is a section of the target photo. Fig. 3 
shows where the template is registered using the 
WDBIs and SDBIs. The registration done by wavelet 
domain blur invariants is accurate compared to the 
spatial domain blur invariants.From Fig 4 we can see 
that one of the images is not correctly registered 
using the spatial domain blur invariants, whereas 
wavelet domain blur invariants did not cause any 
problem. 

                     
Fig – 3 Source image in registration 
Wavelet Domain                   Spatial Domain 

 
Fig – 4 Registration results with SDBIs and WDBIs. 
Experiment III: In the third experiment template 
matching is done using the blur invariants. A 
template image is taken and degraded using motion 
filter and Gaussian noise. Then the degraded 
template image is then registered on the source 
image.  

      
Fig – 5Original and Degraded template image using 
motion blur and Gaussian 
Fig 5 shows the original template image and the 
degraded template images. For this experiment, the 

wavelet function Coiflet of order of 2 is used and 
moments of orders up to 7 are calculated.          
Wavelet Domain         Spatial Domain 

 

 
Fig – 6 Template matching using WDBI and SDBI 
 
Conclusions: A new set of blur invariant descriptors 
has been proposed in this paper. These descriptors 
have been developed in the wavelet domain. The 
wavelet-domain grants the advantage of different 
alternatives of bases, and analysis at different scales. 
The SDBIs are also proved to be a special case of 
these invariants. To evaluate the performance of the 
invariants three different experiments have been 
carried out. In the first experiment, three images have 
been degraded with disk filter. The invariants 
successfully could put a discrepancy between 
different subjects while showing very negligible 
difference due to the degradations introduced by 
blur. 
In the second experiment, there were photos taken 
such that the scenes have been deteriorated by 
defocus blur. Then, a part of the scene, which has 
been selected from a sharp photo, has been used as 
templates for image registration. Despite the 
presence of severe blurs, registration has been 
perfectly performed. The experiment has been carried 
out with the SDBIs, which failed in one of the 
registration tasks. 
The third experiment has been designed for template 
matching. The template image is degraded with blur 
and noise. Then the template image is registered on 
the source image using the blur invariants. The 
wavelet domain blur invariant performs much better 
than the spatial domain blur invariants. 
There are numerous papers on wavelet bases, each of 
which yields its specific advantages. Finding what 
type of wavelet functions could be the most beneficial 
in blur-invariant extraction in the wavelet domain is a 
major direction for further research on the proposed 
invariants 
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