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Abstract 

Blurring and noise are an essential characteristic of a medical image on the imaging system. This study shows the 
characteristics of blurring and noise of a medical image using a digital phantom. A square-shaped digital phantom was 
produced with pixels that consist of black and white. The line profile was selected on a binary digital image. An image 
with noise added was generated and a corresponding line profile was also drawn. The degree of noise was increased 
using the gaussian noise value. The blurring images obtained by applying gaussian blur to a digital phantom was 
produced similarities to real images. Also, the degree of blurring was increased using the gaussian blur value. As noise 
increased, the standard deviation of pixels inside and background the object also increased. However, the boundary of 
the object was retained. As image blurring increased, the boundary of the object was not clearly distinguished. However, 
the standard deviation of pixels inside and background the object was retained. When extreme noise and blurring are 
increased, the resulting images are different. For adding noise, the shape is visually maintained. However, the blurred 
image does not maintain a square shape. Therefore, it is shown that blurring due to movement of object cannot maintain 
original form. In the image processing method, the reduction of noise is achieved through blur processing. The noise 
was reduced through blur processing in the image with noise. The degree of noise decreased, but the ambiguity of the 
boundary increased.  
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1. Introduction

Imaging systems of medical area employ the spatial resolution in order to discrimination various small objects [1-3]. 
The spatial resolution depends on the pixels which are composed of rows and columns. The pixel is the value for the 
size of image divided by the matrix. The two-dimensional (2D) image is composed of the several pixels [4,5].  

The degradation of 2D image is produced by the intrinsic factors of the imaging system. In particular, noise which is 
unwanted signal from object can be easily observed in medical images [6]. It can be defined as a standard deviation of 
the object. Such a noise effect can generate the obscurity of a pixel in the object inside and outside. To eliminate the 
ambiguity of object identification, various noise reduction techniques have been proposed. 

Image blurring can also be created due to object motion and imperfections of medical imaging systems [7]. For instance, 
an object represented by one pixel moves, it is misrepresented by a plurality of pixels. Also, the boundary of the pixel 
value is also unclear. When image blurring occurs, it becomes difficult to distinguish objects. In particular, the spatial 
resolution rapidly decreases. However, the comprehensive visualization of characteristics for image blurring and noise 
are not well described. 

In this study, we show the characteristics of blurring and noise of a medical image using a digital phantom. 
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2. Material and methods 

2.1. Digital phantom image  

For this study, A square-shaped digital phantom was produced with pixels that consist of black and white, 0 and 255 
intensities. The image has a 512 × 512 matrix, shown in figure 1(a). The corresponding line profile was selected on a 
binary digital image, shown in figure 1(b).  

 

Figure 1 A square-shaped digital phantom and the corresponding line profile 

2.2. The effects of noise  

An image with noise added was generated and a corresponding line profile was also drawn, shown in figure 2. The 
degree of noise was increased using the gaussian noise value. A Gaussian noise with a standard deviation of 20, 40, and 
60 was applied on the digital image. The gray dotted line shows the line profile. 

 

Figure 2 An image with noise added and a corresponding line profile 

2.3. The effects of blurring  

The blurring images obtained by applying gaussian blur to a digital phantom was produced similarities to real images, 
shown in figure 3. Also, the degree of blurring was increased using the gaussian blur value. A Gaussian blur with a sigma 
radius of 4, 8, and 12 was applied on the digital image. The gray dotted line shows the line profile. 

 

Figure 3 The blurring images and a corresponding line profile 
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3. Results and discussion 

As noise increased, the standard deviation of pixels inside and background the object also increased. However, the 
boundary of the object was retained. As image blurring increased, the boundary of the object was not clearly 
distinguished. However, the standard deviation of pixels inside and background the object was retained (Figure 4). 

 

Figure 4 Comparison of noise-added profiles with blurring applied profiles 

A Gaussian noise with a standard deviation of 200 and a Gaussian blur with a sigma radius of 50 was applied on the 
digital image (figure 5). When extreme noise and blurring are increased, the resulting images are different. For adding 
noise, the shape is visually maintained. However, the blurred image does not maintain a square shape. Therefore, it is 
shown that blurring due to movement of object cannot maintain original form. 

 

Figure 5 Extremely noise and blurring added image 

In the image processing method, the reduction of noise is achieved through blur processing. The noise was reduced 
through blur processing in the image with noise. The degree of noise decreased, but the ambiguity of the boundary 
increased (figure 6). The signal size was reduced due to the blur effect applied to the noise, and the background noise 
was increased. The noise removal resulted in an increase in ambiguity on the boundary and a decrease in signal-to-
noise ratio. 

 

Figure 6 Noise reduction using Gaussian blur 
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4. Conclusion 

This study demonstrates the characteristics of blurring and noise of a medical image using a digital phantom. It may be 
possible to education for blurring and noise evaluation using digital phantom.  
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