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Abstract 
 
Introduction 
Signal intensity uniformity in a magnetic resonance (MR) image indicates how well the MR imaging (MRI) 

system represents an object. One of the major sources of image non-uniformity in high-field MRI scanners is 

inhomogeneity of radio-frequency coil. The aim of this study was to investigate non-uniformity in head, head 

and neck, and body coils and compare the obtained results to determine the best clinical coil for future 

clinical application.  

Materials and Methods 

A phantom was designed to investigate the non-uniformity of coils. All evaluations were carried out using a 

1.5 T clinical MRI scanner. T1-weighted inversion recovery sequence (linear phase encoding) and turbo fast 

low angle shot (TurboFLASH) images were used to find non-uniformity in the clinical coils. For testing the 

uniformity of coils, signal intensity profiles in parts of the coronal image of phantom were measured over X 

and Y axes.  

Results 
The results showed that body coil was the most uniform coil of all; in addition, the head and neck coil was 

more uniform than the head coil. The results also indicated that signal-to-noise ratio (SNR) of the head and 

neck coil was higher than the head and body coils. Moreover, SNR of the head coil was higher than that of 

the body coil. 
Conclusion 

In order to accurately find or apply an image signal intensity for measuring organ blood flow or perfusion, 

coil non-uniformity corrections are required. 
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1. Introduction 
Signal intensity (SI) uniformity in a magnetic 

resonance (MR) image indicates how well the 

MR imaging (MRI) system represents an object. 

Numerous sources can cause non-uniformity in 

MR intensity including receiver filter, 

incomplete gradient eddy current compensation, 

radio frequency (RF) standing-wave effects, 

non-uniform static field and gradient, size and 

shape of image planes, and patient’s anatomy 

and position.Non-uniformity changes pixel 

intensity of one object at different positions of 

the coil and hence modifies the contrast between 

normal tissues and lesions. It also interferes with 

image post-processing (e.g., tissue segmentation, 

functional MRI, volume quantification, and MR 

angiography) [1-4].  

There are two common methods for correcting 

MRI intensity. The first method, called the 

prospective method, involves the generation of a 

correction matrix from images of a uniform flood 

phantom. The second (retrospective method) uses 

digital filtering to remove low-frequency 

components with non-uniformity [1, 5].  

In addition, Hou described three main different 

models (low-frequency, hypersurface, and 

statistical models) and summarized other 

techniques to correct intensity inhomogeneity, 

based on different principles [6]. Goto et al. 

investigated non-parametric non-uniform 

intensity normalization in reduced system 

dependency, using an atlas-based method [7]. 

For correcting coil non-uniformity, we used a 

method similar to uniform flood phantom or 

prospective method, in consistence with 

previous studies [8-14].  

The vials (25) in the phantom with constant 

concentration (1.20 mmol/L) were placed in 

exactly the same positions of the vials (25) with 

different concentrations (0 -19.77 mmol/L) for 

measurement of coil non-uniformity. The non-

uniformity of the coil was calculated from the SI 

of the each vial with constant concentration, and 

it was normalized to give a correction factor. For 

calculating the corrected SI for different 

concentrations, the SI of each vial was 

multiplied by its correction. However, 

attempting to explain these correction methods is 

beyond the scope of this study. 

In summary, one of the major sources of image 

non-uniformity in high-field MRI scanners is RF 

coil inhomogeneity. Therefore, for measuring 

the precise image SI, the response of RF coils 

should be uniform. The aim of this study was to 

investigate non-uniformity in head, head and 

neck, and body coils and compare the obtained 

results to determine the best uniform coil for 

future application. 

 

2. Materials and Methods 
2.1. Phantom 

A phantom was designed to investigate the 

non-uniformity of different coils and assess the 

relationship between SI and constant 

concentration of vials, similar to previous 

studies [8-11, 13-15].  

The shape of the phantom was  approximately 

cubic and it was made of Perspex. Its length, 

width, and height were 20, 18, and 20 cm, 

respectively. 

We investigated the use of adding 1% NaCl to 

the water inside the phantom to better simulate 

water in tissues [16]; however, no difference 

was found in image quality, compared to using 

tap water only. Therefore, NaCl was not added 

to the phantom during subsequent 

experiments, and the phantom was only filled 

with water. 

For testing the uniformity of coils, SI profiles 

in parts of the coronal image of the phantom, 

which did not contain vials (with only normal 

water between the vials), were measured; 

ideally these should all give the same constant 

value were measured over X and Y axes. The 

profiles were obtained from the mean of 10 

acquisitions to improve signal-to-noise ratio 

(SNR). 

 

2.2. Image acquisition 

The phantom was positioned within the head, 

head and neck, and body coils. All evaluations 

were carried out, using a 1.5 T clinical MRI 

scanner (Vision, Siemens Medical, Erlangen, 

Germany). T1-weighted inversion recovery 

sequence (linear phase encoding) [9] and turbo 
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fast low angle shot (TurboFLASH) images 

were used to evaluate the non-uniformity of 

the coils. In addition, magnetization 

preparation with a non-selective inversion 

pulse was performed.  

TurboFLASH imaging parameters were as 

follows: matrix size= 64×64, interpolated to 

128×128; time for one FLASH line= 8.5 ms; 

echo time [TE]= 4 ms; effective inversion time 

[TI] = 1400 ms; pixel size = 2×2 mm; slice 

thickness = 10 mm; and flip angle= 15º.  

Each imaging process was repeated 10 times 

by the MRI scanner with a slice thickness of 

10 mm and a flip angle of 15º.  

 

2.3. Image analysis 

Data were transferred from the MRI scanner to 

a Unix workstation. An image processing 

software, called Interactive Data Language 

(IDL, Research Systems, Inc.), was used for 

data processing. [17] 

Computer programs were written to 

automatically find: 1) the mean of 10 

acquisitions to increase SNR; 2) the mean SI 

of ten pixels over X and Y axes; and 3) SI 

profiles at the region of interest across the X 

and Y axes for different coils. These programs 

could be run from either a Unix workstation or 

a personal computer. 

 

3. Results  
Uniformity was obtained at different coil 

positions across X and Y axes. SI was measured 

where there was just normal water between 

vials; ideally, these vials should all have the 

same constant value. 

Figure 1 shows the top, middle, and bottom 

positions of head, head and neck, and body coils 

and demonstrates the profiles at these positions 

across the X-axis.  

Mean SI profiles of ten pixels in the head, head 

and neck, and body coils on top of the phantom 

across the X-axis are shown in figure 2. SI was 

obtained where there was normal water between 

the vials. In addition, figures 3 and 4 show the 

mean SI profile of ten pixels across the X-axis in 

the bottom and middle of the phantom for three 

different coils. 

 

Figure 1. The position of the top, middle, and bottom of 

the head coil across the X-axis in coronal T1-weighted 

imaging of the phantom; SI was obtained at these 

positions. 

  

Figure 2. Uniformity of the head, head and neck, and 

body coils for top of the phantom across the X-axis; the 

mean SI was obtained from ten pixels across the X-axis. 

The lines in figure 5 show the SI profiles of the 

head, head and neck, and body coils across the 

Y-axis on the left, middle, and right of the 

phantom. In addition, figures 6, 7, and 8 show 

the mean SI of ten pixels across the Y-axis on 

the left, middle, and right of the phantom, 

respectively. 
 



Non-uniformity of the Clinical Coils in MRI 

Iran J Med Phys., Vol. 11, No. 4, Autumn 2014 325 

 
Figure 3. Uniformity of the head, head and neck, and 

body coils for the bottom of the phantom across the X-

axis; mean SI was obtained from ten pixels across the 

X-axis.  

  
Figure 4. Uniformity of the head, head and neck, and 

body coils for the middle of the phantom, across the X-

axis; mean SI was obtained from ten pixels across the 

X-axis. 

 

In general, SNR is the ratio of the amplitude of 

the signal received to the average amplitude of 

the noise [10]. SNRs, obtained from 81 pixels in 

the middle of the phantom, were 80.27, 94.48, 

and 50.13 for the head, head and neck, and body 

coils, respectively. 
 

 

 
Figure 5. The lines show the position of the head, head 

and neck, and body coils, where SI is plotted on the left, 

middle, and right of Y-axis from coronal T1-weighted 

imaging of the phantom. 

 

  
Figure 6. Mean SI was obtained from ten pixels across 

the Y-axis for the left of the head, head and neck, and 

body coils; the dip SI in the figure is related to different 

parts of the inside and outside phantom (from bottom to 

the top). 
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Figure 7. Mean SI was obtained from ten pixels across 

the Y-axis for the middle of the head, head and neck, 

and body coils; the dip SI in the figure is related to 

different parts of the inside and outside phantom (from 

bottom to the top). 

 

  
Figure 8. Mean SI was obtained from ten pixels across 

the Y-axis for the right of the head, head and neck, and 

body coils; the dip SI in the figure is related to different 

parts of the inside and outside phantom (from bottom to 

the top). 

 

4. Discussion 
Pixel intensity in MRI is a function of proton 

density, relaxation times, and sequence timing 

parameters. It is also a function of pixel 

position in the image due to the effects of coil 

non-uniformity [1-4]. It is impossible to 

compare pixel intensity either qualitatively or 

quantitatively if the coil is not uniform.  

Many studies have been performed using 

different techniques for the correction of SI in 

case of coil non-uniformity [5-8, 12-14]. 

However, to the best of our knowledge, no 

previous studies have shown which clinical 

coil has the highest uniformity for measuring 

SI (without any non-uniformity corrections). 

The aim of this study was to introduce the 

most uniform FR clinical coil for measuring 

SI, without any corrections.  

The SI across X and Y axes of the three coils 

is presented in figures 2, 3, and 4.  

The results show that head and head and neck 

coils are slightly uniform, compared to body 

coil, across the X axis at the top and bottom of 

the phantom (see figures 2 and 3). The dips SI 

in figures are due to different part of the inside 

and outside phantom (from left to the right). 

Figure 4 indicates that the head and body coils 

are more uniform than the head and neck coil 

across the X axis in the middle of the phantom. 

According to the results, the body coil is more 

uniform than the other two coils across the Y-

axis on the left of the phantom (see figure 6).  

In addition, the results showed that the body 

coil is more uniform than the head and head 

and neck coils across the Y-axis in the middle 

and on the right of the phantom (see figures 7 

and 8). The dips SI in the figures are due to 

different parts of the inside and outside 

phantom (from bottom to the top). The 

differences in SI profiles across X and Y axes 

between the three coils are due to the non-

uniformity of the coils. 

 

5. Conclusion 
In generally, the results show that the body 

coil is the most uniform and the head and neck 

coil is more uniform than the head coil. In 

addition, the results showed that the SNR of 

the head and neck coil is higher than that of 

the head and body coils. Also, the SNR of the 

head coil is higher than that of the body coil. 

In conclusion, to find or apply a precise image 

SI for measuring flow or perfusion, coil non-

uniformity corrections are required. 
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