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ARTICLE INFO ABSTRACT

Keywords: In the UK, the Institute of Physics and Engineering in Medicine (IPEM) provides guidance to Medical Physics
MRI departments on appropriate Quality Control (QC) tests to evaluate MRI scanners used in routine clinical practice.
QC The method recommended for the rigorous annual assessment of the SNR produced by RF coils uses a sequence

giahty Control and regions of interest (ROIs) recommended by IPEM, and calculates SNR through a subtraction calculation

Quality assurance (IPEM recommended Method). This method was compared to alternative methods proposed by NessAiver at the
SNR 2019 American Association of Physicists in Medicine meeting in their talk on RF coil testing. Comparisons were
completed for sequences and regions of interest (ROIs) recommended by IPEM and NessAiver. Testing was
performed at 1.5 T using the scanner’s integrated body coil and at 3.0 T using a peripheral Head/Neck coil.
Calculation of SNR using the mean of the background noise, assessed using the NessAiver recommended
sequence and ROIs (NessAiver Noise-Average Method), typically offered the lowest variability in SNR results.
Additionally, the SNR results produced by the IPEM Recommended Method were less repeatable than those from
the NessAiver Noise-Average Method (p<0.001). Furthermore, the significance level to which a simulated
reduction in SNR could be detected using the IPEM Recommended Method (p<0.001) was less than with the
NessAiver Noise-Average Method (p>0.0031). Finally, when comparing the test duration of each method, use of
the NessAiver Noise-Average Method results in a 90% reduction in acquisition time per SNR result, when compared
to the IPEM Recommended Method.

Signal-to-Noise Ratio
RF Coil
Medical Physics

about the spatial origin of the MR signal to be determined, and this in-
formation can be used to reduce acquisition times through parallel im-
aging methods. In recent years the number of surface coils used has
increased, with Siemens now offering a 64 channel head coil commer-

1. Introduction

For the majority of MRI in clinical practice, the transmitted Radio
Frequency (RF) pulse is produced by a birdcage or transverse electro-

magnetic (TEM) coil, such as the integrated body coil, which is capable
of producing a sufficiently homogeneous transmit field. In order to in-
crease the received signal from the region of interest (ROI), peripheral
RF coils are employed. These coils are generally receive only; consisting
of multiple, surface, receive coil elements, which possess a high sensi-
tivity, but low penetration depth. This means that, for routine clinical
assessments, multiple peripheral RF coils are required, optimised for
different anatomies, designed to place the surface coils close to the
anatomy of interest.

Using multiple small surface coils also allows some information

cially[1]. With so many elements in coils, it is possible for a multi
element failure to go unnoticed in routine in vivo imaging[2]. It is
therefore important that the responses from individual coil elements are
interrogated, to confirm the RF coils are functioning as expected and to
determine any needs for corrective actions such that equipment meets
the expected standards.

1.1. Current RF Coil Testing Guidance

In the UK, the Institute of Physics and Engineering in Medicine

Abbreviations: BW, Bandwidth; CE, Combined Element; IE, Individual Element; IPEM, Institute of Physics and Engineering in Medicine; MRI, Magnetic Resonance
Imaging; NEMA, National Electrical Manufacturers Association; PE, Phase Encodings; QC, Quality Control; RF, Radio Frequency; ROI, Region of Interest; SD,
Standard Deviation; SNR, Signal-to-Noise Ratio; SoS, Sum of Squares; SW, Slice Width; TE, Echo Time; TEM, Transverse Electromagnetic; TR, Repetition Time.
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(IPEM) provides guidance to Medical Physics departments on appro-
priate Quality Control (QC) tests to evaluate MRI scanners used in
routine clinical practice. This guidance is outlined in IPEM Report 112
[3]. The most common way of assessing the performance of RF coils is
through assessment of the signal to noise ratio (SNR) from the images
they produce of uniform phantoms, and this will be the focus of this
study. With regards to routine SNR QC, current IPEM guidelines
recommend the following:

e Daily/Weekly SNR tests, using the “background” SNR analysis
method|3]. Testing should cycle through the available coils, with a
particular focus on the more regularly used coils. Results should be
compared to those gathered at acceptance.

e Annually, all coils should be tested, especially those not regularly
tested in daily/weekly QC. Testing should be performed using the
NEMA subtraction SNR analysis method[4], and results should be
compared to those gathered at acceptance.

1.2. Calculating SNR

The most accurate method of calculating SNR from MR image data is
to calculate the SNR of each pixel individually using Equation 1. This
method requires a large number of images to be acquired to form a
representative average. Calculated across these acquisitions, pu(x,y) is
the average signal of the pixel and o(x,y) is the standard deviation (SD)
of the pixel. This method is limited in the fact that MR acquisitions take a
long time and calculation of SNR pixel by pixel is a laborious process. It
is consequently not practical in a clinical setting where scanner time is in
high demand.

SNR(x,y) = Z(’”) o))

To reduce the time required to perform SNR QC, IPEM recommends the
“Subtraction” or “Background SD” SNR calculation methods. These rely
on different methods of estimating the noise in an image.

1.2.1. Subtraction Calculation

For the subtraction SNR calculation method, two magnitude images
are acquired, from which a further image is generated by subtracting
one of the acquired images from the other. The noise in signal-producing
regions of the subtracted image is expected to follow a Gaussian distri-
bution (with a variance twice that of an single image). SNR is calculated
through Equation 2, where p, is the mean pixel intensity in one of the
phantom images and oy, is the SD in the subtracted image. NEMA
recommends calculating y, and o4, across a single large ROI, enclosing
at least 75% of the area of the image of the signal-producing volume of
the phantom, and avoiding edge effects (A in Figure) [4].
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1.2.2. Background SD Calculation

In contrast to the previous methods described, to perform a back-
ground SD calculation, only one magnitude image is required. The signal
in the background of a single element coil image follows a Rayleigh
distribution, meaning the SD of the signal in the image background is
theoretically proportional to the noise[5]. This allows SNR to be
calculated through Equation 3. A correction factor is employed in the
calculation to correct for the non-Gaussian noise distribution (f,). For
single element images this correction factor is equal to 0.66[5]. For
multi-element images, Constantinides et al.[6] have derived correction
factors for sum of squares (SoS) combinations of individual element
images. IPEM recommends calculating o4 (the SD in the image back-
ground) by averaging across several ROIs outside the phantom region.
The example ROIs[7] given in IPEM Report 112 for background noise
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(reproduced as B in Figure) are not fixed. It is noted that they “could be
any shape as long as they encompass a sufficient area to obtain a good
estimation of the noise distribution and avoid regions of image
artefacts”[3].

SNRy, =20 ®

1.2.3. Background Mean Calculation

In their presentation at the 2019 American Association of Physicists
in Medicine Meeting, and their subsequent report on the topic[8],
NessAiver suggests an alternative equation for calculating SNR (Equa-
tion 4), with the noise in the image estimated using y;,, equal to the
average intensity of the pixels in the background of the magnitude
image. To correct for the non-Gaussian nature of the noise distribution, a
different correction factor (f,) is required, equal to 1.25 for single
element images. Constantinides et al.[6] have also derived correction
factors for sum of squares (SoS) combinations of individual element
images.

SNR, :% @

NessAiver also suggests that different ROIs should be used compared to
those given by IPEM (Figure); ROIs should cover as much of the phan-
tom/air regions as possible, while avoiding edge effects.

1.3. Image Acquisition

For assessments of SNR, current IPEM guidelines recommend
acquiring a Spin Echo (SE) image using the sequence parameters defined
in Table 1, this generates a high SNR T2-weighted image. In contrast,
NessAiver suggests using a lower SNR SE sequence (see Table 1). The
motivation for acquiring a lower SNR sequence, considering the back-
ground mean calculation method, is that the intensity of the in-air pixels
will be higher than the IPEM recommended sequence, and therefore
estimations of the noise should theoretically improve. However, it has
been noted that the use of exceptionally low SNR images may not be
optimal when using a fixed-point formula for SNR[10]. It is also known
that images produced in MRI have integer pixel values, as such, with a
very high SNR image, a large proportion of the air pixels are often
truncated (or rounded) to a limited number of values (i.e. 0, 1 and 2),
making it very difficult to get a good estimate of the true variance of the
Rayleigh distribution[8]. Furthermore, high SNR images will lead to
more pronounced Gibbs-ringing, which may dominate “true” noise
around the phantom periphery.

In both cases, it is vital that images are acquired in a consistent
manner, both in terms of acquisition parameters and positioning, in
order to ensure consistent SNR results. Greater repeatability allows for
tighter action levels to be defined and consequently coil defects are more
likely to be discovered.

It is also important to acquire images with as little post processing as
possible and the application of filters must be carefully controlled[2]. In
particular, geometric distortion filters should not be applied, as they are
known to result in local resampling of both the signal and noise regions,

Table 1

Recommended sequence acquisition parameters by IPEM[3] (a.) and NessAiver
[8] (b.), with regards to: repetition time (TR), echo time (TE), slice width (SW)
and phase encodings (PE).

Sequence TR TE SW (mm) PE Duration
(ms) (ms)
a. IPEM 1000 30 5 256 4 min. 15
sec.
b. NessAiver 200 20 ~1.2 (smallest 256 51 sec.
possible)
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which will affect the distribution of pixel intensities and hence the
variance[8]. Similarly, the application of acquisition techniques for
multi-channel surface coil arrays, such as parallel imaging and certain
reconstruction filters, can influence the statistical distribution of image
noise; leading to inaccurate estimations of the true local noise level for
methods assessing the image background[11]. Since they are of benefit
to in vivo imaging, the removal of filters may not be straightforward for
all scanner models and may require more information than is provided
in the manuals[8]. Combined element (CE) images should also be
generated using a SoS combination of the individual element (IE) im-
ages, because scanner adaptive reconstruction algorithms can signifi-
cantly reduce background noise levels[12].

Considering the parameters outlined in Table 1, the sequence rec-
ommended by NessAiver takes 20% of the time to acquire compared to
the IPEM recommended sequence. Additionally, if SNR can be accu-
rately characterised through analysis of the noise from the image
background, only one acquisition is required. This means that switching
from the IPEM recommended sequence and SNRy,;, (Equation 2), to the
NessAiver recommended sequence and assessment using SNRg, (Equa-
tion 3) or SNRg, (Equation 4) could lead to a 90% reduction in acqui-
sition time for the SNR analysis of each RF coil.

2. Methods

Testing was performed, comparing different SNR evaluation
methods to the method recommended by IPEM for rigorous annual RF
coil SNR QC testing (IPEM recommended Method).

Individual coil element images were acquired using the parameters
recommended by IPEM and NessAiver (see Table 1) and a delayed
reconstruction. Acquisitions used the same bandwidth (BW) on each
scanner regardless of method, such that the only sequence parameters
which varied between the acquisitions were the TE, TR and SW. For both
the IPEM and NessAiver sequences “dynamic” acquisitions were per-
formed; producing two sets of images with five seconds between ac-
quisitions. This was specified to prevent image pixel scaling affecting
subtraction calculations between sequential images. Multiple repeats
were acquired for each sequence, using a protocol that alternated be-
tween the IPEM and NessAiver recommended sequences.

Images were acquired on two scanners, in two different receive coil
arrangements, in order to simulate naturally “high”(er) and “low”(er)
SNR setups:

e High SNR - 3.0 T Philips Elition X with a dS HeadNeck 3.0T coil
loaded as for manufacturer QC (Fig. b). In total 38 acquisitions of
each sequence were performed, with the coil unloaded and reloaded
10 times across these repeats.

e Low SNR - 1.5 T Siemens Avanto Fit with no peripheral coils and the
integrated body coil loaded as for manufacturer QC (Fig. a). In total
48 acquisitions of each sequence were performed, with the coil
unloaded and reloaded 5 times across these repeats.

Coil arrangements were chosen such that transverse images of the
phantoms in each arrangement were the same shape and had similar
proportions of phantom and background ROI areas.

SNR was calculated for all sets of images, via the three methods
outlined in section 1.2, using both the IPEM and NessAiver recom-
mended ROIs. As such, for each dynamic acquisition, 10 SNR results are
calculated for each individual element image pair (see Table 2).

A program (SNR stab_analysis) was written in Python 3.8[14], to
semi-automate the calculation of SNR values via each method. A flow-
chart of the code’s function can be seen in Fig. 3. CE images are
generated using a sum of squares (SoS) combination of the individual
images. The NessAiver recommended ROIs were produced using the
skimage[15] watershed algorithm. The user is asked to visually confirm
that the phantom mask accurately delineates the periphery of the
phantom. Then, in order to avoid image artefacts around the periphery
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Table 2
SNR results produced from each dynamic acquisition (two images).
Result Description ROIs Calculation ~ SNR Results per
Dynamic
Acquisition
SNRy, IPEM ROIs IPEM (Fig. 1a) eqn. 2 1
SNR,p NessAiver NessAiver ( eqn. 2 1
ROIs Fig. 1b)
SNRg, IPEM ROIs IPEM (Fig. 1a) eqn. 3 2
SNRg, NessAiver ROIs NessAiver ( eqn. 3 2
Fig. 1b)
SNRg, IPEM ROIs IPEM (Fig. 1a) eqn. 4 2
SNRp, NessAiver ROIs NessAiver ( eqn. 4 2
Fig. 1b)

of the phantom, the phantom ROI (A in Fig. 1b) is generated by con-
tracting the phantom mask by 4 pixels and the air ROI (B in Fig. 1b) is
generated by expanding the phantom mask by 5 pixels and inverting it.
This is the same method for generating the ROIs as recommended in
NessAiver’s report[8]. Standardisation in the selection of ROIs using
masking thresholds, should reduce errors due to incorrect positioning
and eliminate the need for manual intervention (thereby reducing
operator burden)[16].

In contrast to the NessAiver method, the IPEM recommended ROIs
are of fixed size: The size of the phantom ROI (A in Fig. 1a) corresponds
to 75% of the phantom area in the image, matching the NEMA specifi-
cation[4]. Meanwhile, the air ROIs (B in Fig. 1a) have a radius equal to
1/12 of the matrix dimensions, with the aim to reproduce the single
image ROI placement in IPEM Report 112 Fig. 3.3[7]. The air ROIs are
defined in fixed locations, and the location of the phantom ROI is based
on the centre of mass of the generated phantom mask. SNR stab_analysis
then performs the calculations in Table 2, before outputting the results
to Excel.

In order to compare the variability in SNR results across different
evaluation methods and coil elements, SNR results were normalised by
dividing them by the average SNR result across all repeats for the
evaluation method. The SD of the normalised SNR results was then
calculated for each set of repeats, with the normalised standard devia-
tion offering a measure of the variability in the SNR results.

For each SNR result, the percentage deviation from the mean SNR
result for each set of repeats was also calculated. An F-Test was then
performed on this data, in order to establish the significance level to
which it could be said that the variance in normalised SNR calculated
through one method is greater than another.

In order to simulate a reduction in SNR, identical sequences to those
in Table 1 were acquired with the SW reduced by ~10%: 4.5 mm for the
IPEM sequence and 1.1 mm for the NessAiver sequence. Five acquisi-
tions of each sequence were acquired on both scanner setups and SNR
calculated through each method. Using a single tailed Welch’s t-test, the
results from the reduced SW acquisitions were then compared to the
standard acquisitions; in order to determine the significance level to
which each method was able to detect a reduction in SNR.

3. Results

Tables 3 to 6 report the SD in the normalised SNR results for each
combination of calculation method, ROI type, and sequence, for CE and
IE images, from the 3.0 T and 1.5 T scanners. Standard deviations are
reported as a percentage of the mean SNR across all repeats.

Fig. 4 depicts the variability in SNR results across all coil elements
comparing three methods of measuring SNR: Using the IPEM Recom-
mended Method. Using the NessAiver recommended sequence and ROIs,
and the SNRg, calculation (NessAiver Noise-SD Method). And using the
NessAiver recommended sequence and ROIs, and the SNRg, calculation
(NessAiver Noise-Average Method).

Tables 7 to 10 report the single tailed F-test[17] results for equality
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Key

Phantom ROI (A)

Air ROI (B)

Phantom Not Used [

Air Not Used

Fig. 1. Regions of interest used for SNR calculation ROIs recommended by (a) IPEM[7,9] and (b) NessAiver[8]. A defines the “phantom ROI” and B defines the “air
ROI”. The Key (c) is the same for both (a) and (b). The phantom ROI in (a) should cover 75% of the image of the signal-producing volume of the phantom[4]. For
subtraction calculations, only the phantom ROI (A) is used from each method (a) and (b).

(a)

(b)

Fig. 2. Loading strategies used to simulate naturally “low”(er) and “high”(er) SNR setups: (a) Low SNR, no peripheral coils and the integrated body coil loaded as for
manufacturer QC using three phantoms (Kugel D240, Kugel D165, and Philips Phantom Plastic Bottle-2) in the assigned holder (pictured away from isocentre), and
(b) high SNR, dS HeadNeck 3.0T coil loaded as for manufacturer QC using a 3000cc phantom bottle containing Spectrasyn 4[13] in the assigned holder (pictured

without top of coil, and away from isocentre).

of two variances, when comparing three methods of SNR measurement:
Using the IPEM Recommended method. Using the NessAiver recom-
mended sequence and ROIs, and the SNRp, calculation (NessAiver
Noise-SD Method). And using the NessAiver recommended sequence and
ROIs, and the SNRp, calculation (NessAiver Noise-Average Method).

Tables 11 and 12 report the single tailed Welch’s t-test results
assessing each method’s ability to detect a reduction in SNR.

4. Discussion
4.1. Limitations

Evaluations of IE images from elements away from isocentre,

towards the neck on the HeadNeck coil arrangement on the 3.0 T,
resulted in a higher SD than expected for routine examination. This is
believed to be as a result of the very low signal present in the images,
which may be a consequence of the receiving coil being far from the
excited slice.. Typically, for routine examination of Head and Head/
Neck coils (and other long coils), the department scrutinises coronal
images, which puts the excited slice close to as many coil elements as
possible, including the peripheral elements. Furthermore, where no
single plane adequately samples all coil elements, NessAiver also rec-
ommends that additional acquisitions should take place across multiple
planes as necessary[8]. However, for the purpose of this investigation,
transverse images were acquired on the HeadNeck coil at isocentre in
order to produce similar images from the 1.5 T and 3.0 T arrangements.
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SNR_stab_config.ini 1

Key:

Produced by
SNR_stab_analysis

Requires creation/
setting up by user

Direction of data flow

SNR_stab_analysis.py

initialise_analysis

initialise_masks

calculate_results

export_to_excel

DICOM images to be
analysed

DICOM images of
interest in archive
(sorted)

Results Spreadsheet

Fig. 3. SNR stab_analysis architecture.

Table 3
SD in normalised SNR through different calculation methods for CE images from
the 1.5 T scanner. The IPEM Recommended Method is highlighted in bold.

Table 6
SD in normalised SNR through different calculation methods for IE images from
the 3.0 T scanner. The IPEM Recommended Method is highlighted in bold.

Sequence ROI SD (%) Sequence ROI SD (%)
SNRsup SNRg, SNRg, SNRgyp SNRg, SNRg,
(Eqn. 2) (Eqn. 3) (Eqn. 4) (Eqn. 2) (Eqn. 3) (Eqn. 4)
IPEM (Table 1a) IPEM (Fig. 1a) 4.94 6.39 1.00 IPEM (Table 1a) IPEM (Fig. 1a) 7.29 6.80 6.96
IPEM (Table 1a) NessAiver (Fig. 1b) 4.98 6.05 0.971 IPEM (Table 1a) NessAiver (Fig. 1b) 7.25 7.12 8.16
NessAiver (Table 1b) IPEM (Fig. 1a) 3.77 5.56 1.04 NessAiver (Table 1b) IPEM (Fig. 1a) 4.72 5.76 5.88
NessAiver (Table 1b) NessAiver (Fig. 1b) 3.65 5.48 1.05 NessAiver (Table 1b) NessAiver (Fig. 1b) 4.47 5.44 5.47

Table 4
SD in normalised SNR through different calculation methods for CE images from
the 3.0 T scanner. The IPEM Recommended Method is highlighted in bold.

Sequence ROI SD (%)
SNRgub SNRg, SNRg,
(Eqn. 2) (Eqn. 3) (Eqn. 4)
IPEM (Table 1a) IPEM (Fig. 1a) 7.33 1.47 0.551
IPEM (Table 1a) NessAiver (Fig. 1b) 8.28 5.46 2.65
NessAiver (Table 1b) IPEM (Fig. 1a) 1.24 1.03 0.849
NessAiver (Table 1b) NessAiver (Fig. 1b) 1.20 0.709 0.718

Table 5
SD in normalised SNR through different calculation methods for IE images from
the 1.5 T scanner. The IPEM Recommended Method is highlighted in bold.

Sequence ROI SD (%)
SNRsup SNRg, SNRg,
(Eqn. 2) (Eqn. 3) (Eqn. 4)
IPEM (Table 1a) IPEM (Fig. 1a) 16.7 14.9 6.89
IPEM (Table 1a) NessAiver (Fig. 1b) 16.7 14.0 6.69
NessAiver (Table 1b) IPEM (Fig. 1a) 14.2 13.6 5.26
NessAiver (Table 1b) NessAiver (Fig. 1b) 14.1 13.1 5.22

In addition, on two occasions, Philips’s SmartSelect system had
determined that a different range of elements (to normal) should be
sampled for the specified image sequence. Specifically, this affected the
ordering of individual coil element images. As such, to ensure the

comparison of the consistency of measurements from elements was
valid, the affected images were removed from the dataset. In total two
acquisitions were affected, corresponding to four images in total (two
using the IPEM recommended sequence and two using the NessAiver
recommended sequence).

It is also acknowledged that the method used to simulate a reduction
in SNR was not representative of a situation where there is a fault in
individual receive channels. Additional study may be necessary, using
simulated or genuine faulty channel images, to understand the extent to
which the methods are able to detect faults in reconstructed CE images.
Nevertheless, it can be assumed that quantitative or qualitative analysis
of individual channel images using either method would be sufficient to
detect receive channel failures.

Finally, it is recognised that the study has a sample size limited to
two models of scanner.

4.2. Comparing Analysis Methods

Calculation of SNR through Equations 2,3 and 4 did not produce
identical values. Additionally, images acquired with the sequence pa-
rameters recommended by IPEM (Table 1a) produced images with a
higher SNR than those acquired with sequence parameters recom-
mended by NessAiver (Table 1b). To allow for comparison, SNR values
were normalised across each ret of repeats.

Setting aside the rationale for a low SNR image in the case of Nes-
sAiver in Section 1.3, when analysing images of phantoms, the value of
SNR is a largely arbitrary quantitative metric by itself; what truly mat-
ters is the ability to detect a change in performance. As such, lower SNR
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Variability in SNR Results When Using Different
Calculation and Acquisition Methods (1.5 T)
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Variability in SNR Results When Using Different
Calculation and Acquisition Methods (3.0 T)
: o
0
++% H IPEM

M Noise Av
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Deviation from mean SNR (%)
°

(b)

Fig. 4. Box and Whisker plots depicting variability in SNR results across all coil elements in the (a) “low”(er) and (b) “high”(er) SNR setups. Three methods of
measuring SNR are compared: IPEM - IPEM Recommended Method: Seq. Table 1(a), ROIs. Fig. 1a, Eqn. 2, n=24 Noise Av - NessAiver Noise-Average Method: Seq.
Table 1(b), ROIs. Fig. 1b, Eqn. 3, n=48 Noise Std - NessAiver Noise-SD Method: Seq. Table 1(b), ROIs. Fig. 1b, Eqn. 4, n=48.

Table 7

F-test assessing the significance level to which the variance in normalised SNR is
greater for “SNR Evaluation Method 1” than “SNR Evaluation Method 2” for CE
images from the 1.5 T scanner. IPEM Recommended Method: Seq. Table 1(a),
ROIs. Fig. 1a, Eqn. 2, n=24 NessAiver Noise-SD Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 3, n=48 NessAiver Noise-Average Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 4, n=48.

Table 10

F-test assessing the significance level to which the variance in normalised SNR is
greater for “SNR Evaluation Method 1” than “SNR Evaluation Method 2" for IE
images from the 3.0 T scanner. IPEM Recommended Method: Seq. Table 1(a),
ROIs. Fig. 1a, Eqn. 2, n=304 NessAiver Noise-SD Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 3, n=608 NessAiver Noise-Average Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 4, n=608.

SNR Evaluation Method 1 SNR Evaluation Method 2 F-test SNR Evaluation Method 1 SNR Evaluation Method 2 F-test
F P F P
IPEM Recommended NessAiver Noise-SD Method 0.81 0.70 IPEM Recommended NessAiver Noise-SD Method 1.8 <0.001
Method Method
IPEM Recommended NessAiver Noise-Average 22 <0.001 IPEM Recommended NessAiver Noise-Average 1.8 <0.001
Method Method Method Method
NessAiver Noise-SD Method NessAiver Noise-Average 27 <0.001 NessAiver Noise-SD Method NessAiver Noise-Average 0.99 0.55
Method Method

Table 8

F-test assessing the significance level to which the variance in normalised SNR is
greater for “SNR Evaluation Method 1” than “SNR Evaluation Method 2” for CE
images from the 3.0 T scanner. IPEM Recommended Method: Seq. Table 1(a),
ROIs. Fig. 1a, Eqn. 2, n=19 NessAiver Noise-SD Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 3, n=38 NessAiver Noise-Average Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 4, n=38.

SNR Evaluation Method 1 SNR Evaluation Method 2 F-test
F p
IPEM Recommended NessAiver Noise-SD Method 107 <0.001
Method
IPEM Recommended NessAiver Noise-Average 104 <0.001
Method Method
NessAiver Noise-SD Method NessAiver Noise-Average 0.98 0.53
Method

Table 9

F-test assessing the significance level to which the variance in normalised SNR is
greater for “SNR Evaluation Method 1” than “SNR Evaluation Method 2" for IE
images from the 1.5 T scanner. IPEM Recommended Method: Seq. Table 1(a),
ROIs. Fig. 1a, Eqn. 2, n=48 NessAiver Noise-SD Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 3, n=96 NessAiver Noise-Average Method: Seq. Table 1(b), ROIs.
Fig. 1b, Eqn. 4, n=96.

SNR Evaluation Method 1 SNR Evaluation Method 2 F-test

F p
IPEM Recommended Method  NessAiver Noise-SD Method 1.6 0.23
IPEM Recommended Method ~ NessAiver Noise-Average Method 10 <0.001
NessAiver Noise-SD Method NessAiver Noise-Average Method 6.3  <0.001

Table 11

Single tailed Welch’s t-tests, assessing the significance level to which it can be
said that the reduced SW acquisition on the 1.5 T scanner produces lower CE
SNR results. IPEM Recommended Method: Seq. Table 1(a), ROIs. Fig. 1a, Eqn. 2
NessAiver Noise-SD Method: Seq. Table 1(b), ROIs. Fig. 1b, Eqn. 3 NessAiver
Noise-Average Method: Seq. Table 1(b), ROIs. Fig. 1b, Eqn. 4.

SNR Evaluation Method Standard SW Reduced SW Welch’s t-test
M SD M SD t (DF) p

IPEM Recommended 176 8.71 159 8.43 4.14 0.0031
Method (5.9)

NessAiver Noise-SD 387 214 37.1 2.23 1.57 0.073
Method an

NessAiver Noise-Average  39.3  0.418 36.2 0.335 19.6 <0.001
Method 12)

Table 12

Single tailed Welch’s t-tests, assessing the significance level to which it can be
said that the reduced SW acquisition on the 3.0 T scanner produces lower CE
SNR results. IPEM Recommended Method: Seq. Table 1(a), ROIs. Fig. 1a, Eqn. 2
NessAiver Noise-SD Method: Seq. Table 1(b), ROIs. Fig. 1b, Eqn. 3 NessAiver
Noise-Average Method: Seq. Table 1(b), ROIs. Fig. 1b, Eqn. 4.

SNR Evaluation Method Standard SW Reduced SW Welch’s t-test
M SD M SD t (DF) p
IPEM Recommended 236 17.3 233 12.3 1.91 0.045
Method (8.7)
NessAiver Noise-SD 47.4 0340 463 0.164 14.4 <0.001
Method (€38)
NessAiver Noise-Average 107 0.760 102 0.306  32.1 <0.001

Method (38)
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images should not be a problem when the SNR is being used as a quality
control monitor, but should be borne in mind if the SNR is being
compared against values obtained by other means[18]. For this reason,
the normalised SD results provide a useful metric: A more repeatable
measure of assessing SNR means that smaller discrepancies can be
attributed to equipment performance rather than user error, and tighter
action levels can be defined for investigation and rectification.

The IPEM Recommended Method requires the longest scan time and is
laborious to perform. Moreover, as the method requires comparison
between two phantom images, the potential movement of phantom
contents between acquisitions will introduce unintended variability. To
mitigate this, further time allowances may be required to allow contents
to settle. This concern is not relevant to methods which rely on the
analysis of single images. Since the NEMA subtraction method requires
assessment of a “regularly shaped geometric area”[4], the process of
automatic ROI generation using contracted phantom masks is not suit-
able for irregularly shaped phantom images (such as sagittal images of
the foot phantom). As such, when using this method, phantom and air
ROIs need to be defined for each phantom setup, and small variations in
phantom positioning could have a significant effect on the SNR results;
especially if the ROIs are defined in fixed locations. A more efficient
method would be to switch to the NessAiver Noise-Average Method or
NessAiver Noise-SD Method where ROIs don’t need to be explicitly
defined for every coil setup because the ROIs can be generated
semi-automatically (using a watershed algorithm).

Additionally, either method would only require one image per SNR
result, and when combined with time-saved in the NessAiver sequence,
the methods would provide a 90% overall reduction in sequence dura-
tion: Acquisition time for the IPEM sequence (Table 1a) is five times
greater than for the NessAiver recommended sequence (Table 1b), and
since the subtraction method requires two image repeats per calculation,
acquisition time increases by a further factor of two.

Looking at Tables 3 to 6, assessment of SNR using the NessAiver
Noise-Average Method (Equation 4) typically offered the lowest vari-
ability in SNR results. The method performed consistently well for CE
and IE images on both the 1.5 T and 3.0 T scanner.

Comparing the IPEM Recommended Method to the NessAiver Noise-SD
Method: In all situations, except the CE assessment on the 1.5 T, the IPEM
Recommended Method provided greater variability in SNR results than
the NessAiver Noise-SD Method (p<0.023). For the CE assessment on the
1.5 T, the difference in SD between the two evaluation methods was
small (Table 3) and not significant p<0.05 (P=0.70). The results suggest
that moving from the IPEM Recommended Method to the NessAiver Noise-
SD Method will result in more repeatable SNR results.

Comparing the IPEM Recommended Method to the NessAiver Noise-
Average Method: In all situations, the IPEM Recommended Method pro-
vided greater variability in SNR results than the NessAiver Noise-Average
Method (p<0.001). This suggests that moving from the IPEM Recom-
mended Method to the NessAiver Noise-Average Method will also result in
more repeatable SNR results.

Comparing the NessAiver Noise-SD Method and the NessAiver Noise-
Average Method: The NessAiver Noise-SD Method provided greater vari-
ability in SNR results than the NessAiver Noise-Average Method for both
CE and IE images on the 1.5 T (p<0.001). However, on the 3.0 T, the two
techniques performed similarly, with little change in SD for both IE and
CE images (Tables 4 and 6) where the NessAiver Noise-Average Method
provided greater variability in SNR results, but not to a significant extent
(p>0.53). This suggests that in the majority of situations calculating
SNR using the NessAiver Noise-Average Method will result in more
repeatable SNR results than using the NessAiver Noise-SD Method.

These results are in general agreement with a similar deviation
comparison completed by NessAiver|[8].

Looking at tables 11 and 12, both the IPEM Recommended Method,
and the NessAiver Noise-Average Method were able to detect a simulated
reduction in SNR with p<0.05. However, the significance level to which
a simulated reduction in SNR could be detected using the IPEM
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Recommended Method was less. It is also worth noting that the simulated
reduction in SNR is theoretically less with the NessAiver sequence than
the IPEM sequence. The IPEM sequence SW was reduced by 10% and the
NessAiver sequence SW by 8.3%.

5. Conclusion

Of the SNR evaluation methods tested, this study suggests that
calculating SNR using the NessAiver Noise-Average Method, provided the
most repeatable measure of SNR. The NessAiver Noise-Average Method
was significantly more repeatable and better able to detect a reduction
in SNR than the IPEM Recommended Method. Furthermore, using the
NessAiver Noise-Average Method results in a reduction in acquisition time
of 90%, when compared to the IPEM Recommended Method.

This study suggests that using the NessAiver Noise-Average Method is a
more optimal method of assessing assessing SNR in phantoms for routine
QA than the current IPEM Recommended Method|3].
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