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ABSTRACT 
 
Medical images contain information about vital organic 
tissues inside of human body and are widely used for 
diagnoses of disease or for surgical purposes. Due to vital 
rule of image reconstruction in medical sciences the 
corresponding algorithms with better efficiency and 
higher speed is desirable. Most algorithms in image 
reconstruction are operated on frequency domain such as 
filtered back projection. In this paper, a Kalman filter 
technique which is operated in time domain is introduced 
for reconstruction of CT medical images. Results 
indicated that as the number of projection increases in 
both normal collected ray sum and the collected ray sum 
corrupted by noise the quality of reconstructed image 
becomes better in terms of contrast and transparency. It is 
also seen that as the number of projection increases the 
error index decreases. 

 
Index Terms— Noise, blurring, image 

reconstruction, Kalman filter. 

 

1. INTRODUCTION 
 
Medical imaging is set of techniques used to create 
images of human body which is widely used for clinical 
purposes. There are different techniques for producing 
medical images such as magnetic resonance imaging 
(MRI), x-ray computed tomography and ultrasound. The 
application of medical images is widely used in diagnoses 
of disease such as tumors, surgical purposes and etc. 
Image reconstruction or iterative reconstruction is a 
process that is used to reconstruct 2-D and/or 3-D images 
from the projection of an object. The goal of image 
reconstruction is to retrieve back the information that has 
been lost or destroyed during imaging process itself. 
Image data can also be lost during imaging process when 
the data have been corrupted by noise or in case of 
blurring which is known as an option for undesirable 
images. 

Medical imaging reconstruction systems improve 
every day, however the aim of all of this development is 
to suppression noise and makes images with better 
resolution and contrast. Noise is a random variation of 

contrast and brightness of image.  Noise can also be 
produced by sensors and detectors itself or in some cases 
can be produced by scanners or digital cameras [1-3]. 
Noise of image can be considered as an undesirable part 
of image that makes pixel transparency and recognition 
difficult.  

There are many different algorithms for image 
reconstruction area but one of the famous algorithms is 
known as filtered back projection which is operated in 
frequency domain [4, 5]. This method is utilized the 
advantages of Fourier slice theorem [6] and it implies that 
slice of the two dimensional Fourier transform of the 
image correspond to the Fourier transform of one 
dimensional projection. In the presence of noise, 
reconstructed image by filtered back projection algorithm 
is not given satisfactory results [7], However the 
requirement for Fourier transform of one dimensional 
projections make the algorithm not so efficient.  

Parallel to the work presented here other authors 
applied Kalman filter for reconstruction set of random 
discrete field images [8]. In the case of image 
enhancement Kalman filter is applied for image 
restoration [9-11]. In this work, we introduce a technique 
for reconstruction of medical images in time domain 
using Kalman filter operation to avoid Fourier transform 
of projection data. The Kalman filter applies for 
reconstruction task takes the image as a model and the 
artificial time as an independent variable. In this 
technique in order to estimate each state, the previous 
state has to be used as well as the projection data of the 
estimated state, therefore all the projection data may not 
be used in advance. This technique utilizes X-ray scan 
geometry in order to collect the projection data known as 
ray sum. Then, the ray sums are used to build a linear 
observation model with an additive noise that comes from 
the sensors. The purposed method is applied to more than 
fifty medical images. The projection data are captured 
from tomography scanner of X-ray source, rotating 
around each medical image. The results have been 
measured based on noise reduction ability of 
corresponding algorithms.  

The remainder of this paper is organized in the 
following format. In section 2 the proposed method i.e. 
Kalman filter with the initial conditions of filter operation 
will be introduced. In section 3 the experimental results 
of image reconstruction will be presented. Finally, section 
4 concludes the paper. 
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Figure 1. Illustration of projection of X-rays source from 
image I by angle �. 

 

 

Figure 2. Representation of physical meaning of ray sum 
collection. 

 
2. PROPOSED METHOD 

 
In this section the Kalman filter is introduced for medical 
image reconstruction. The medical image considered is 
two dimensions  � = �� ×  �� , for our proposed method 
the image is represented in one dimensional array 
as � = {��, ��, … , ��}�  by concatenating the rows of 
image. The prior knowledge of the image is given by:  

 

 The mean value of R dimensional image 
as � ̅ = ��. 

 The covariance matrix of image �� =
�[ (� − ��)(� − ��)�] with dimension equal 
to � × � 

These two fundamental values are the main parameters 
for Kalman filter operation. These are actually the initial 
conditions of Kalman filter. 

It is supposed that the data collection task is done 
sequentially from projection to projection with � = �� ×

�� as an artificial time scale. Where  �� is the number of 

projection and �� is the permanent number of ray sums 
which are collected in each corresponding projection. 
However, capturing the ray sums of the image depends 
on the geometry of tomography scanning device as 
explained in Figure 1. 

The collected ray sum also depends on the intensity of 
respected X-ray which is passed through pixels and 
affected by corresponding pixels. This procedure is 
shown in Figure 2. The related expression of X-ray is 
defined as [12]. 

 

���
= ���

�� ∑ ��∆��
���                            (1) 

 
Where ���

is output X-ray, ���
 is input X-ray to the 

image, �� is pixel value and ∆� is dimension of pixels. 
The value of ∑ ��∆��

���  defines the ray sum. After all ray 
sums are collected, the linear observation model is 
formulated as. 
 

�(�) = �(�)� + �(�)                            (2) 
 

where �(�) is observed ray sum and H is (1 ×
�) dimensional observation matrix, and �(�) is Gaussian 
noise with zero mean and unity variance with the 
following properties. 
 

�[�(�)�(�)] = �
�(�)         

0                

�� � = �

 ��ℎ������.
                (3)� 

 
�(�) is correlation matrix of respected noise [8]. The 
Kalman filter method [13] is then applied to reduce the 
value of error correlation matrix defined as 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

�[�� − ��(� + 1)� �� − ��(� + 1)�
�

]             (4) 

 
The Kalman filter consists of three different equations 
which are known as Kalman gain, Riccati equation and 
one step predictor respectively. These are the main 
structure of Kalman filter. 
The Kalman gain function is defined as 
 
�(� + 1) = �(�)��(� + 1) [�(� + 1)�(�)��(� + 1) +
                       �(� + 1)]��                                                    (5) 
 
The Kalman gain depends on error covariance matrix not 
the projection data. It can also be calculated together with 
error covariance matrix in advance.  

The Riccati equation for � × � dimension error 
covariance matrix is defined as: 

 
�(� + 1) = �(�) − �(� + 1)�(� + 1)�(�)       (6) 

 
The initial condition for equation (6) is given by 
covariance matrix of original image and similarly it does 
not depend on projection data. The final structure of 
Kalman filter is one step predictor which has the main 
function of reconstruction task. 
 
��(� + 1) = ��(�) + �(� + 1)��(� + 1) − �(� + 1)��(�)�  (7) 

 
The initial condition of equation (7) is given by mean 

value of original image. The term  ��(� + 1) −

�(� + 1)��(�)] is known as innovation process [13] 
which implies the difference between real measurement 
and its linear prediction. The Kalman gain with the (R × 
1) dimension forming the estimation increments [8]. 
However in order to investigate convergence property of 
reconstruction algorithm we introduce error index [8] 



 

 
Figure 4. Plot Diagram of error index versus number of 

Projections.  

(a) 

(b) 

(c) 
Figure 3. Graphical representation for one projection of (a) 
Ray sum without noise (b) Generated noise power (c) Ray 
sum corrupted by noise. 

Table 1. Error index values for different projections, a) Error 
Index without noise b) Error index with noise. 
 
Projection 5 20 35 45 60 
a) Error index  0.1526 0.0024 0.0002 0.0002 0.0002 
b) Error index  0.2257 0.0779 0.0378 0.0252 0.0144 

 

which is defined as, 
 

�(�) = �� �(�). (����)��                       (8) 
 
This index term implies the total variance of the 
reconstruction error relative to original image. 
 

3. EXPERIMENTAL RESULTS 
 
In order to investigate the ability of reconstruction 
algorithm, an image is chosen from directory of 
MATLAB version 2010. The dimension of image is R = 
40 × 40 , with the mean value of �� =  0.1165. The 
covariance matrix of size (� × �) is given as an initial 
statistical knowledge for filter operation. The data 
acquisition system is considered to be tomography system 
and it consists of two dimensional scan geometry using a 
fan beam source. Detecting Sensors are positioned in a 
semi circle with source in the center. The Distance from 
source to the center of image is considered to be d, which 
is approximately equal to five times of one dimension of 
image. The data acquisition is done sequentially from 
projection to projection, by considering � = �� × ��   as 

an artificial time scale. Where �� is the number of 

projection and �� is the number of ray sum collected in 
each projection interval. So if we have 80 projections and 
in each projection 40 ray sum collected, the 
corresponding time scale is � = 80 × 40. Figure 3 shows 
the ray sum for one corresponding projection, the noise 
power and the ray sum corrupted by noise.  

The performance of Kalman filter algorithm is 
evaluated by variation of error index equation (8) which 
indicates the degree of convergence of error correlation 
of reconstruction image relative to the error correlation of 
original image. It is obvious from Figure 4 that error 
index of normal projections decline and approaching to 
zero steady state fast compared to the noisy projection. It 
is clear that the noise strongly affects the speed of 
convergence to the lower level. However the result of 
error index for reconstruction method is indicated in 
Table 1. The result of image reconstruction for 5, 20, 35 
projections without influence of noise is shown in Figure 
5. It is clear from Figure 5 as the number of projection is 
increased the quality of reconstructed image becomes 
better in terms of contrast and transparency. However, 
when the observed data is corrupted with noise, the best 
reconstruction result achieved in the higher level of 
projections number compared to the previous case. Figure 
6 shows the resultant reconstruction images from noisy 
projections. The comparison between the surface plot of 
original image and the reconstructed image is shown in 
Figure 7. 



 
(a)                 (b)                     (c) 

 
(d) 

Figure 5. a) Original image, and result of reconstruction 
using b) 5 projection c) 20 projection d) 35 projection. 
 

 
(a)         (b)                     (c) 

 
                  (d)                   (e)                     (f) 
 
Figure 6. a) Original image and results of  reconstruction 
from noisy projection using  b) 5 projection c) 20 projection 
d) 35 projection e) 45 projection f) 60 projection  
 

 (a) 

 
(b) 

 
Figure 7. Surface Realization of a) original image b) 
reconstructed image from noisy projections using 60 
projections. 

4. CONCLUSION 
 
The goal of presented work is to introduce a new method 
for reconstructing medical images in time domain using a 
Kalman filter approach. The tomography data acquisition 
system employ set of noisy observed data which obtained 
during each projection in order to estimate the resulting 
image. The initial condition for filter operation is mean 
value vector and covariance matrix which are considered 
as primitive knowledge of image. The advantages of 
proposed method are, in each reconstruction steps only 
the respected projections require for operation so all 
projection should not be known in advance, secondly the 
reconstructed approach is perform in time domain so 
transforming the projection data to frequency domain are 
not required. It is observed that as the projection 
increases in both normal ray sum and the ray sum 
corrupted by noise the quality of reconstructed image 
becomes better in terms of contrast and transparency. It is 
also seen that as the number of projection increases the 
error index decreases. 
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