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Abstract 

Recent developments have made available free software tools that would expedite local 

quality assurance (QA) in MR imaging, incorporating nationally established methodology. 

Several free software packages for DICOM image analysis have been reviewed, specifically 

considering the availability of the analysis tools that are required to analyse MRI QA images, 

based on methodology described in the UK national guidance provided by the Institute of 

Physics and Engineering in Medicine (IPEM). 

IQWorks emerged as the most suitable software. Key advantages are provided by its analysis 

tree functionality which facilitates user-implementation (without the need for further 

programming) of automated or partially automated analysis schemes incorporating the IPEM 

methodology.  Aspects of the analysis tree include automated ROI positioning relative to the 

position of a detected edge, and production of results as PDF reports. Results are presented 

here specifically for the analysis of SNR although the techniques employed are applicable to 

more general image quality parameters. 

Results were produced using images from actual scanners (various models), and compared 

with those obtained from other sources including propriety manufacturer’s software and 

other image analysis software. 

The use of analysis trees in IQWorks was found to provide faster image analysis which is 

automated without relying on manual placement. 

The conclusion was made that software tools which have recently become freely available, 

expedite development of local MRI QA incorporating nationally established methodology. 

 

Introduction 

In the UK quality assurance (QA) for MRI is less established than it is for other imaging 

modalities. A survey of MRI QA programmes across 24 hospitals has been performed by 

Koller et al where 19 undertook some form of QA. The survey responses also showed a 
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considerable variation in the frequency and range of tests undertaken [1]. MR QA is mostly 

concerned with image quality which is performed by acquiring images of phantoms which are 

analysed by software tools. For any Quality Control (QC) programme it is important find a 

balance between adequate assessment of system performance and ensuring that the equipment 

is taken out of clinical use for the least amount of time possible. The aim of this study is to 

produce a QC analysis scheme for MRI which can be performed by the local user with 

minimal input and can be adjusted without the need for further programming. This study has 

set out to build an analysis scheme for each recommended test; however, this paper will focus 

on signal-to-noise ratio (SNR) employing the background method and in some cases the 

subtraction method [2]. 

A review of freely available DICOM viewing software was undertaken to determine the best 

candidate with the criteria being: the availability of the essential software tools for image 

analysis such as a region of interest (ROI), distance measurement and pixel profile tools and 

also the ability to construct a flexible analysis scheme that does not require additional 

programming. 

Both IQWorks [3] [4] and Image J [5] are equipped with the essential tools required for image 

analysis. Image J offered extended capability through the use of plugins that could be created, 

however, these required knowledge of programming in Java. IQWorks on the other hand 

offers the capability of creating an analysis scheme through building an ‘analysis tree’ which 

consists of a sequence of analysis tools applied to the image where each individual analysis 

tool is referred to as a module. An analysis tree can be saved and re run later and may consist 

of the following: 

 The ability to detect the edge of the test object or features within the object through the 

use of the edge detect module. 

 A sequence of analysis modules such as ROI or distance measurement which can be 

positioned either relative to a detected object or another analysis module.  

 Formulae can be implemented through the use of the simple math tool which can perform 

mathematical operations on results of analysis modules. 

 A report is produced in PDF format displaying results and selectable DICOM header 

information. Pass and fail criteria can be set for each test. 
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Materials and Methods 

Images have been acquired from 14 different scanners including those manufactured by 

General Electric (GE), Philips and Siemens. Eleven of the scanners operated at a magnetic 

field strength of 1.5T, two scanners at 3T and one scanner at 0.35T. From each scanner 

images were acquired with the Eurospin flood field object TO1, apart from the 3T scanners 

where a test object filled with oil was used instead. Images were acquired using a spin echo 

pulse sequence with scan parameters suggested by IPEM [6]. These were: an echo time of 

30ms, a repetition time of 1000ms, flip angle of 90, field of view of 250mm x 250mm, a 

matrix size of 256 by 256 pixels, slice thickness of 5mm and signal averaging from 1 

acquisition. 

An IQWorks analysis tree (figure 1) was created to measure SNR using the background 

method. The signal value is taken as the average of the mean pixel value (MPV) from 5 small 

ROI’s positioned at the center and near the north, east, south and west edges of the object. 

The noise value is taken as the average standard deviation (SD) of 4 ROI’s in the background 

region. SNR is then calculated as the ratio of the mean signal value to the mean noise value 

multiplied by 0.66. The 0.66 factor is used to correct for the standard deviation which is 

necessary since the image is a magnitude reconstructed one that results in the background 

noise following a Rayleigh distribution. For comparison results from some of the scanners 

have been obtained following the subtraction method where the 0.66 factor is replaced by √2 

and noise values are taken from the subtracted image in the same location as the signal values. 

  

 

Figure 5 - Screenshot of analysis tree applied to a flood field image 



 

European	Medical	Physics	and	Engineering	Conference,	Sofia,	October	18‐20,	2012	
303

Results 

Table 1 compares normalised SNR results between those that were calculated by IQWorks 

analysis tree and those from replicating the same method at the scanner console with manual 

placement of the ROI tool. Normalised SNR values were calculated using the following 

equation where V is the voxel volume in cm3, NSA is the number of averages, NPE is the 

number of phase encoding steps and TR is the repetition time. Bandwidth is in kHz [6]. 
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Table 2 - Comparison of Normalised SNR results between IQWorks analysis tree employing 

background method and following the same method using ROI tool at scanner workstation. 

For a few scanners results have also been acquired following subtraction method. C1, C2 etc. 

are different examples of the same model and similarly coils B1, B2 etc. are different 

examples of the same model of coil 

Manufacturer Model  Field 

Strength 

(T) 

Coil NSNR result 

acquired by 

IQWorks.  

NSNR result 

acquired following 

subtraction method. 

Difference of scanner 

console result compared 

to IQWorks result 

A A 1.5 A1 77  -10% 

A A 1.5 B1 147  -1.1% 

A B 3 B2 220  -11% 

A B 3 C 231 202 -5.9% 

A C1 1.5 A2 79  -5.6% 

A C2  0.35 A3 13  2.5% 

A C2  0.35 D 17  2.0% 

A D 1.5 A4 71  -5.6% 

A D 1.5 B3 87  2.4% 

B E1 1.5 E1 65 62 -6.1% 

B E2 1.5 F1 51  -2.7% 

B E3  3 E2 136 144 -4.2% 

B F 1.5 F2 75  -3.6% 

C G  1.5 G1 253 134 -70% 

C H1 1.5 H1 193  -50% 

C H2 1.5 I1 216 104 -19% 

C I1 1.5 I2 87  -19% 

C I1 1.5 J 59 68 -16% 
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Discussion 

The noise value can be sensitive to the spatial location of the background ROI. Ghost signal 

may be present just outside the object area which will produce an artificially high noise result 

if the background ROI overlaps this area.  

The difference in a result of 10% for the image acquired with the scanner A with coil A1 may 

be due to the difference in the noise value. The noise value that was determined by IQWorks 

was 9.0 compared to 9.7 at the scanner console which suggests that for the latter the 

background ROI may have been placed over an area which contained some ghost signal. The 

cause for the 10% difference in the results for scanner B with coil B2 may be also be caused 

by the difference in noise value which was 6.0 for IQWorks compared to 6.87 for results 

obtained at the scanner console. 

For images acquired with the 0.35T scanner signal was “cut off” in some areas of the field of 

view. For this image the position of the background ROI’s in both the South East and South 

West was altered so that it didn’t overlap the non-signal areas. Also, when measuring SNR at 

the console it may not be obvious that the signal is “cut off” in these areas and there is the 

potential for this area of non-signal to be included in part of the background ROI’s which will 

increase the standard deviation. 

The difference in results seems to vary more for the images acquired with the scanners from 

Manufacturer C. Images acquired with scanners G, H1 and H2 seem to consist of ghost areas 

surrounding the test object followed by very low background noise further out which can be 

made visible on the image by reducing the window level. The background noise value 

determined by IQWorks for the models G, H1 and H2 scanners are 1.7, 2.5 and 2.4 

respectively. These are a lot lower than for the other 1.5T scanners suggesting that some sort 

of signal reduction is located around the edges of the FOV resulting in an inhomogeneous 

distribution of noise in the image. Such a reconstruction filter has been discussed in a study by 

Dietrich et al and they concluded that SNR results acquired from taking the noise in the 

background region will be affected [7]. The signal values within the test object used by 

IQWorks and by the scanner console were compared to rule out inconsistent application of 

scaling factors and were found not to differ significantly. The results obtained using the 

subtraction method are more typical of scanners at 1.5T suggesting that this method is less 

effected by the above mentioned post processing. For the results obtained at the scanner 

console the background ROI may have overlapped some of the ghost area. 
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Conclusions 

For each test an analysis tree has been created. Since building an analysis tree does not 

involve programming they may be altered without such skills and hence are more flexible for 

a wider range of users. The analysis trees allow the tests to be performed by any member of 

staff that can operate the scanner and hence do not require a specialist input from a physicist 

or engineer. PDF reports are produced that display a pass or fail result for each test. If a result 

returns as a pass then the test is complete where a fail result may be used to prompt specialist 

investigation. 

The advantage of IQWorks being open source means that bugs may be more easily reportable 

and more likely to be fixed more quickly. This was evident over the period of the project as 

version 0.6 of IQWorks had a bug which produced an incorrect result for the minimum pixel 

value of an elliptical ROI. This was reported to the program author and was corrected in 

version 0.7. 
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