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Abstract — Sound data used in modern bioimaging 
techniques such as MRIs require high clarity in addition to 
fast processing methods for raw data. However, many 
image processing techniques suffer from artifacts caused by 
inefficient filtering. In this study, computer simulations 
were developed to find filters with more efficient noise 
rejection and better image resolution. Fourier 
transformations were performed on MRI data from a 
human brain using simulations of various low-pass filters 
(LPFs) such as square, Gaussian, and round to determine 
which LPFs offer the clearest image with the most efficient 
audio. Based on advantages of different LPFs, a new filter 
with different capabilities and benefits was proposed. 

I. INTRODUCTION 

     An MRI operates by scanning a body with coils to detect 
waves that are released from the subject’s hydrogen atoms. The 
resulting images produced by MRI are accurate and clear, and 
an abundant amount of frequency data is obtained from the 
MRI process; however, not all of the frequency information is 
needed to determine the final image [1]. 
     Often, the transformation from the raw data (K-space) to 
image data requires a large amount of time due to fact that the 
inverse Fourier transformation (IFT) used to transform data 
takes every frequency point to determine the final output 
image [2]. However, if an efficient filtering function is 
employed to filter out unnecessary information, the resulting 
filtered data reduces the input used to determine output 
images while increasing clarity [3]. Filters such as a square 
function can be applied to the full K-space to reduce frequency 
domain, thus reducing processing time (Fig. 1). This study 
proposes to find a more efficient low-pass filter in order to 
increase image resolution while decreasing time required to 
produce the image. 

 
Figure 1: Multiplication of K-space on an MxN matrix using a 
square function causes reduction in frequency domain. 

II. METHODS 

K-space was constructed from an MRI image of the human 
brain using MATLAB software. In this experiment, 12 different 
K-spaces were obtained from 12 corresponding MRI coils. They 
were then transformed to 12 human brain images using IFT. 
Finally, a comprehensive brain MRI image was obtained by 
taking a Root Mean Square (the square root of the arithmetic 
mean of the squares of frequency data) of the 12 MRI images. 

Square, Gaussian, and circle filter functions were tested and 
examined to compare image quality. The Gaussian and circle 
filters’ wider width over the frequency domain can include 
more high frequency points, thus giving the image clearer 

edges along with reducing size. However, in addition to the 
desired reduction in K-space, many filters had the unwanted 
effect of smoothing out definition. For this reason, we 
experimented with several modified filters, reducing the high-
frequency cutoffs in each case to filter noise. From this, a filter 
function was proposed (1), where width is determined by 
frequency domain and n is variable, providing advantages 
over classical filter functions by allowing the domain to be 
adjusted by n. 
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As the exponent n changes, this filter function changes shape 
as shown (Fig. 2). After experimentation, we chose an optimal 
value of n = 6, having least wavy normalized response. 

Figure 2: Proposed filter function with graphs and corresponding 
MRI image for various n values: n = 1 (left), n = 3 (center), and n = 6 
(right). 

III. RESULTS AND DISCUSSION 
 

The proposed filter function is an estimated 20-30% more 
efficient than classical filters, saving around 6-9 minutes on a 
30-minute processing time, for example. The best efficiency 
occurred when the exponent n in the proposed filter function 
(1) was between 2 and 10, but a new algorithm is needed to 
find the exact number. This example shows how organized 
programming and proficiency using basic software can create 
2D visualizations of MRI images and could also be used to 
create 3D MRI images to observe inner volumes. Using this 
technique could aid scientists and medical practitioners in 
efficiently examining data from MRIs and similar technology. 
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