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A. Degradation process

! We assumed the following degradation process 
of which a example in Fig.2.



  

!(a)・・・original image

!(b)・・・location shifted image

!(c)・・・downscaled

!(d)・・・noised add

!(e)・・・position normalized 
image 



  

A. Degradation process

! Image degradation is caused by a Point Spread 
Function (PSF).

! In this paper, we pushed the PSF so as to 
satisfy following conditions.

! f(p,q) represents the PSF value at vertical and 
horizontal coordinates p and q.



  

A. Degradation process

! To associate above degradation process with 
the PSF, we prepared non-degraded image 
which is directly scaled down from original 
image to the normalized size (5!10 pixcel).

! In general, we can never solve the degradation 
process.

! So we attempt approximation of the PSF as 
parameters of MA model in the next chapter.
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B. Learning data structure

! In previous section, we introduce classification 
based on the Gaussian process.

! This approach is memory based method, so all 
sample data are used for predicting the class of 
test data.

!It takes a long times if enormous training data 
exist.

! Therefore, we should extract representative 
data points from training data.



  

B. Learning data structure

! We decide to analyze data structures through 
clustering based on variational Bayes 
framework.

! Assuming data structures as mixtures of the 
Gaussians formulation and estimation 
parameters of each Gaussian, we get 
information about data structures.

! There are many advantages in variational 
Bayes inference, e.g. the estimated parameters 
don’t fall into local solution.



  

B. Learning data structure

! As we adopt this approach for pretreatment of 
classification, we extract representative data 
points of each numbers by turns.

! In practice, we ignore the correlations of data 
vector because we thought that standard 
Gaussians include too many parameters to 
explain our datasets. 

! For that reason, we used the following limited 
mixture of the Gaussians



  

! where { !0 , m0 , "0 , W0 , #0 } are 
hyperparameters, respectively.

!And we set {z} as latent parameters of {x}.

!We estimate πk,μk, αk ( for all k ) and {z} 
alternately

!We regard μk as representative data points and 
use {μk} for training data of each number.
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C. Identification of MA model

! In this section, we introduce how to apply MA 
model identification for degraded images. 
Simply we define MA model as following forms.

! where s(i,j), r(i,j) are pixel value of the image 
which are subtracted to turn their means to 0, 
{d(i,j)} are the parameters of MA model and the 
notation (i,j) shows the position of the image. 

! s(i,j) indicates pixel of observed image and r(i,j) 
indicates pixel of original image.



  

C. Identification of MA model

! In time-series analysis, many methods, such as 
the correlation analysis based, may be used to 
estimate parameters of the MA model by 
assuming that objected signals are stationary, 
i.e.

!In this case, we get more than L!L equations by 
  shifting position in e.q. (15).



  

C. Identification of MA model

! Our assumption is more complex than A1. In 
our problem, we regard signals as non-
stationary, i.e.

!In this case, correlation analysis based 
methods are no longer available to determine 
parameters because we can’t get enough 
equations.



  

C. Identification of MA model

! Therefore we adopt the method based on the 
gradient algorithm. Here, let us introduce new 
notations



  

C. Identification of MA model

! Using these notations, we get the following 
equation

! where e(a,b) indicates error value.



  

C. Identification of MA model

! By shifting position, these notations are 
expressed as



  

C. Identification of MA model

! where e(a,b) = [e(a-L,b-L),・・・, e(a+L,b+L)] and 
we assume N >> L. Summarizing e.q. (20) and 
(21), we get (25)



  

C. Identification of MA model

! We estimate !(t) by minimizing the cost function 
J(!) whose form is a quadratic criterion function,



  

C. Identification of MA model

! using the following gradient decent method.

! where !(t) is the step size of iterative. Here, !(t) 
must be determined to guarantee the 
convergence of ". We determine !(t) by the 
following equation.
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