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Outline 
Annual ACR Testing Overview 
Standard Testing Details 
Magnetic Field Homogeneity 
SNR Coil Testing 
MR Site Safety 
 
Note: discussion only covers use of large phantom. 
 
Caveat: Currently, I work solely with GE, Philips 
machines. 



What is the point of testing? 
Quality Control – testing to ensure that images are 
satisfactory. 
Satisfactory = Acceptable for clinical usage/diagnosis. 
“Meet a standard.” ≠ “Excellence in quality.” 
Also, wish to maintain quality over time. 
 
We should all strive towards excellence, but … 
we surely don’t want images that are incapable of showing 
pathology. 
 
Ultimately, want to detect what is wrong before we get to 
that stage, and we want to ensure that problems get fixed. 



Annual ACR Testing (pre-2015) 
Weekly QC (technologist): 
	
Table Positioning, Setup and 

 Scanning   
Center (Central) Frequency  
Transmitter Gain or Attenuation 
Geometric Accuracy 
High-Contrast Spatial  
Low-Contrast Detectability  
Artifact Evaluation  
Hardcopy (Film) QC (if applicable)  
Visual Checklist   

Annual QC (MP): 
	
Percent Signal Ghosting (PSG) Image 
Intensity Uniformity (PIU) 
Magnetic Field Homogeneity 
Slice Position Accuracy  
Slice Thickness Accuracy 
Radiofrequency Coil Checks (SNR for 
all coils used clinically)  
Soft Copy (Monitor) QC (Luminance, 

 uniformity and SMTE)   
  





Annual ACR 
Testing (2015+) 

								Tests																				Weekly								Annual														
	 					QC(tech)					Eval(MP)		

Repeat	of	weekly	stuff	à	use	
the	site	head	coil.	
	
E.g.,	we	scan	more	than	50%	
of	brain	paGents	using	our	32-
channel	head	coil,	so	we	use	
that.	
	
If	you	can’t	test	it,	then	why	
are	you	using	it?		 



Beginning of Manual 



ACR Large Phantom Protocol 
Sagittal Localizer: 1 slices, SE, TR=200ms, 
TE=20ms, FOV=25cm, slice thickness=2mm, 
matrix=256x256, NEX=1 
 
 
ACR T1: axial, 11 slices, SE, TR=500ms, TE=20ms, 
FOV=25cm, slice thickness=5mm, slice gap=5mm, 
matrix=256x256, NEX=1 
 
ACR Dual-Echo T2: axial, 11 slices, GRE, 
TR=500ms, TE=20/80ms, FOV=25cm, slice 
thickness=5mm, slice gap=5mm, matrix=256x256, 
NEX=1 
 



Placement of the Phantom 

If you spend a decent 
amount of time getting 
it straight, then 
sagittal and axial 
prescriptions work 
well. 
 
Scan, then check low 
contrast detectability 
quickly to see if you’re 
spot on. 



ACR Large Phantom and Testing 
 
 
 
 
 
 
 
Function of slice: 
#1) Slice thickness and position, geometric accuracy, high contrast 
resolution  
#5) Geometric accuracy (x,y)  
#7) Percent image uniformity (PIU), Percent signal ghosting (PSG)  
#8-11) Low contrast object detectability (LCD), 
#11) Slice position 

Images from 
Ed Jackson 



Table Positioning Test 
Method: 
•  Place the phantom in the head coil as per weekly 

testing (landmark superior grid edge). Send to 
isocenter, and verify alignment with three-plane 
localizer. 

•  Perform the ACR sagittal localizer. 
•  With a cursor on the scanner, confirm that superior 

edge of grid should be at S0.0±5.0. 

Issues: laser alignment, 
phantom alignment. 



Center Frequency 
Method: set up T1 scan. 
Prescan will determine center 
frequency. 
Check vs. action limit. 
 
If there are issues, make sure 
to confirm with weekly QC 
(mandatory anyway…but this 
is your first check).  



Transmitter Attenuation 
Same process as center frequency. 
 
Implications: 
Transmitter gain – body coil issues, 
receiver chain issues. 
 
Newer scanners (split transmit):  
need to record info for both  
channels. 



Geometric Accuracy 
Use both the sagittal localizer and ACR T1 (slice 1,5).  
 
 
 
 
 
•  Adjust level to ½ of mean signal. 
•  Adjust window to mean signal value. 
Pass: End-to-end: 148±2mm (localizer); Diameter:
190±2mm.  
Failures: gradient issues, poor positioning, small BW 



Slice-Position Accuracy 
Method (ACR T1, T2) 
Slices 1 & 11 
•  Magnify to see better. 
•  Use minimal window, 

level set ~ half 
brightness of water. 

•  Measure length of left 
and right bars. 

Pass: difference ≤ 5mm 
Failure: alignment issues 
(try again), table motion 
issues, gradient non-
linearity. 

>0 difference 
(too S) 

<0 difference 
(too I) 



Slice-Thickness Accuracy 
Method (ACR T1 & T2) 
•  Magnify slice 1. 
•  Lower level to see ramps well. 
•  Put two ROIs in ramps and 

calculate means, and average. 
•  Set level to ½ of average, and 

window to minimum. 



Slice-Thickness Accuracy 
Method (ACR T1 & T2) 
•  Measure the length of the ramps 

(do your best for jagged edges). 
 
 
Pass: =5.0±0.7mm 
 
Failure: RF electronics issues 
(distorted pulses, coil), gradient 
calibration issues. 

slice_ thickness = 0.2× (top×btm)
(top+ btm)

⎡

⎣
⎢

⎤

⎦
⎥



High-Contrast Spatial Resolution 
Slice #1 
Pass: Any row (UL) or column  
(LR) with four distinctive holes  
is good.  Need 1mm. 
 
Failure: image filtering is turned on, 
eddy currents, ghosting, 
gradient issues. 

UL 
(4 
holes 
in a 
row) LR 

(4 
holes 
In a 
col) 

✔

✔

✔

✔

✔  ✔ ✔ ✔

✖

✔

✔

✖

✖  ✖  ✖  ✖

✖✔✔ ✔



Low-Contrast Detectability 
Slice 8-11.  Start with 11, then move backwards. 
•  Adjust contrast to see all three disks on a spoke. 
•  Ragged disk=ok; not visible=no spoke. 
•  First missing spoke clockwise = done with counting on this slice. 
Pass: <3T: 9 out of 40; 3T: 37 out of 40 
Failure: poor alignment, poor SNR, ghosting, poor uniformity, coil 
issues, old phantom** 

I’d say this is 8-9 spokes. 



Artifacts 
“Stuff that matters”. 
 
Geometric distortion, ghosting, zippers, gain errors, 
blurring, susceptibility (large bubble?), strong 
truncation (low BW). 
 
Motion: give it a rest before scanning again.  Or, pad 
the phantom better (rattle). 
 
Things that don’t matter: expected truncation, DC 
offset artifacts at edge of FOV 
 



Percent Signal Ghosting (PSG) 
Slice 7 (ACR T1) 
•  One circular signal ROI ~ 200cm2 (~14cm dia) and 

four bounding noise ROIs ~ 10cm2. 
 
 

    PSG≤2.5% to pass. 
                                     Make sure that the noise 

    ROIs are not outside the 
    imaging region.  

Failure: motion, scan instability, gradient issues, 
cable issues – call service person. 

PSG =
(top+ btm)− (left + right)

2× (largeROI )
⎡

⎣
⎢

⎤

⎦
⎥



Image Intensity Uniformity (PIU) 
Why measure uniformity (ACR perspective)? 
“Are the images acceptable for clinical usage/
diagnosis?” 
à Look at images and characterize whether they are 

acceptable (ACR test). 

Different question from “Is my machine working 
properly?” 
à Test the machine to see if everything is in working 
order. 
 



ACR Uniformity vs. Equipment Tests 
It is possible for ACR uniformity to pass yet 
equipment is faulty. 
It is possible for ACR uniformity to fail (barely) yet 
equipment is “fine”. 
ACR Uniformity test was specified during the era of 
volume coils. 
“Lack of image intensity uniformity suggests a 
deficiency in the scanner, often a defective volume 
coil or problem with the radiofrequency subsystems.” 
 
Uniformity is not sufficient for equipment check…
and, may not be sufficient for QC, either.  
 



ACR Uniformity (barely, at times) 
Uniformity test with 32-channel coil (3T) -- 32 tests 
with one element turned off (filter on**) 

•  Uniformity failures:  

•  All elements: PIU=89.6% 

•  One missing element: <PIU>N-1=89.6% 

•  sPIU,N-1=0.5% (SEM~0.1%) 

PIUN-1,min=88.0%; PIUN-1,max=90.2% 

Original acceptance testing: PIU ~ 81%. 
** without which, we cannot pass ACR. 

 



ACR Uniformity (barely, at times) 
•  Uniformity test with an 8-channel. 

1 test with one element turned off (symmetry in coil) 

•  All elements: PIU=93.6% 

•  One missing element:  

 PIUN-1=91.5% 

 

 

•  Spatial distribution different, even with filter on. 

 
 



Uniformity and PA Coils 

All elements                                                           7 elements                  



Image Intensity Uniformity (PIU) 
Method (ACR T1 & T2): 
•  One circular signal ROI ~ 200cm2 (~14cm 

dia). 
•  Set window to 1.   
•  Lower lever until image is white. 
•  Raise until a small region of dark pixels is 

visible à use 1cm2 ROI to measure “Min”. 
•  Continue until tiny region remains white à 

use 1cm2 to measure “Max”. 
 
 
Pass: PIU(<3T) >87.5; PIU(=3T)>82% 
Failure: alignment, nature of coil + uniformity 
filter.  

PIU =100× 1− Max −Min
Max +Min

⎡

⎣⎢
⎤

⎦⎥



Monitoring of QC Procedures 
Need to look back at weekly QC and sign off on it. 
In our facility, sometimes we develop “workarounds” that help with 
throughput (but not quality).  So, problems aren’t mentioned. 
Problems: 

 Infrequent QC 
 Failures not getting noticed (are action limits posted?) 

 
Useful advice: 

 Have one/two techs assigned to this. 
 
When issues arise, you need to document this and provide 
comments to the site.  That’s your job. 



Monitoring of QC Procedures 
   Make sure that QC is performed regularly 

Tech brought to our attention that the CF had jumped “significantly”.   
Actually, it was an indication that we hadn’t been keeping track of 
scans. 
•      Whose fault?  Both mine and techs. 



New Stuff: 
MR Site Safety and Annual ACR Testing 



MR Site Safety: Physicist Requirements 
ACR criteria for compliance: 
•  Written polices are present and readily available 

to facility staff. 
•  Written policies are reviewed and updated on a 

regular basis. 
•  Facility has appropriate MR safety warning 

signage and methods of controlled access. 
•  Documentation of regular MR safety training for all 

MR-designated personnel. 



ACR MP Site Safety Checklist 
The following topics must be addressed in written 
site policies: 
Designated	MR	Medical	Director	
Site	Access	RestricGons	(MR	Zones)		
Documented	MR	Safety	EducaGon/Training	for	all	personnel***	
PaGent	and	non	MR	Personnel	Screening		
Pediatric	PaGent	Policy		
Quench	Policy		
Cryogen	Safety	Policy		
AcousGc	Noise	Policy		
Pregnancy	Policy		
Contrast	Agent	Safety	Policy		
SedaGon	Policy		
Thermal	Burns	Policy		
Emergency	Code	Procedures		
Device	and	Object	Screening		
DesignaGon	of	MR	Safe/MR	CondiGonal	status		
Procedures	for	ReporGng	MR	Safety	Incidents	or	Adverse	Incidents		
PaGent	CommunicaGon		
InfecGon	Control	Criteria 



Magnetic Field Homogeneity Testing 



Why Test Homogeneity? 
•  Precise spatial encoding requires well-known field 

configuration (usually, homogeneity). 
•  Problems with poor homogeneity: 

 Poor signal uniformity 
 Image distortion 
 Increased wrap 
 Sequence related problems (fat sat, EPI, 

spectroscopy). 
 
Solution: Use GRE-type of sequence to probe T2* 
over field of view. 

   



Homogeneity Methods 
•  Spectral Peak Option 
•  Phase-Difference Map Method 
•  Phase-Map Method 
•  Bandwidth-Difference Option 
•  Also, one may use the service engineer’s recent 

shim report (< 6 mos old for validity). 
•  Vendor details at 

hXp://wikifull.aapm.org/index.php/WGMRQA 
 
•  Survey: How many people are currently using any 

of these? 



Method #1: Spectral Peak 
Excite water within a phantom. 
 
 
 
 
 
Exponential decay à lorentzian after transform 
Spatial variation of inhomogeneities within phantom 
à variation from lorentzian 
Pro: Quick/easy to measure – NO IMAGE! 
Con: details are “averaged” within shape. 
 

S(t) =M0 sin(2πν )e
−t/T 2*

t(sec)	

ν(Hz)	

F(ν ) = A
π

f / 2
(ν −ν0 )

2 + ( f / 2)2
⎛

⎝
⎜

⎞

⎠
⎟

= f



Method #1: Spectral Peak 
Need to use spherical phantom. 
“The phantom should have a spherical volume diameter 
similar to that cited by the manufacturer’s homogeneity” 
•  Big DSV – total system homogeneity. 
•  Small DSV – best homogeneity available. 
•  Peak shape – shim issues (qualitative). 
Put phantom at isocenter of scanner. 

 Placement is very important. x,y(!!!!), and z 
 
 Measure the FWHM of a spectrum:  
				FWHM(ppm)	=	FWHM(Hz)/42.576xB0	(T) 



Method #1: Spectral Peak 
At our institution, we 
measure a variety of sizes 
for one particular scanner. 
•  Captures history. 
•  Captures some 

shimming detail. 
•  Relates our 

measurements to 
instrument specs.  



Method #2: Phase-Difference Mapping 
If field were 
uniform, phase map 
would show 
monochromatic 
value across space. 
Non-uniform phase 
à field differences. 
Pro: see volume 
detail. 
Con: phase 
images? 
 



Method #2: Phase-Difference Mapping 
How to use this for a test? 
Acquire two phase maps at similar TE. 
Change in homogeneity from difference in phase: 

       à  
 
To generalize to full ROI and compare to scanner 
specs, use one of the two: 
  

ΔB0 (x, y, z) =
δφ(x, y, z)

γ
1

TE1 −TE2

⎡

⎣
⎢

⎤

⎦
⎥ ΔB0 (ppm) =

δφ
ΔTE(sec)× 42.58×B0 (T )
⎡

⎣
⎢

⎤

⎦
⎥

δφ(peak − to− peak) =
ROImax − ROImin[ ]
ADCdynamicRange

δφ(rms) = (ROIstdev )
2 (ROImean )

2

ADCdynamicRange

In ROI, make 
measurements: 
 
ROImax = maximum 
pixel value in ROI, 
etc…  



Method #2: Phase-Difference Mapping 
Method: 
Place uniform phantom in center of magnet. 
The size of the phantom should be appropriate for 
the diameter to be assessed, and, in general, the 
larger the better.  A spherical phantom is 
preferable… 
Need to use a gradient echo (need T2*).  2D or 3D. 
Suggested protocol: 
Dual-echo GRE (if available) – avoids rescaling 
TR/TE1/TE2=(300-500/10-15/TE1+2-10)msec, 
FOV=25-40cm, flip=25-40, matrix: 128x128 or 256x256.   



Method #2: Phase-Difference Mapping 
Method: 
Subtract the two images (scanner, or ImageJ).  Need 
to pay attention to regions of phase wrapping. 
 
 
 
  
 
Finding ADCdynamicRange: depends on the vendor. 
Represents the range of pixel intensity values per 2π. 
 

Phase map    Phase difference 

Choose region that avoids 
phase wrapping issues. 
If wrap is near the middle, 
use different TEs.  



Vendor-specific methods for using phase maps to create 
a three-dimensional field map. 
Either uses 2D stack or 3D acquisition. 
GE: LVshim 
Siemens: Phantom Shim. 
Pro: most thorough way to assess  
field homogeneity. 
Con: service measurement (not 
available to all). 
 
 

Method #3: Phase (Field) Mapping 

For details, see 
hXp://wikifull.aapm.org/index.php/WGMRQA 
 



Notes on Phase Mapping Methods 
Pro that is a con: phase maps give detailed info over 
full volume. 
à One slice in through isocenter in three 
orientations is not enough.   



Method #4: Bandwidth 
Poor homogeneity can lead to image distortion. 
FOVFE is connected to spatial encoding via F-E bandwidth (i.e., 
Hz per pixel?). 
Inhomogeneity à spatial scale is off à F-E is not what we 
observe. 
 
By acquiring images at two different receiver bandwidths, we can 
determine the amount of distortion in the F-E direction. 
Chen, et al., Med. Phys. 2006 
 
 
 
d1, d2 = phantom size measured from image. 

  

ΔB0 (ppm) =
(BW1 ×BW2 )× (d1(mm)− d2 (mm))

42.58×B0 (T )×FOVFE (mm)× (BW2 −BW1)
⎡

⎣
⎢

⎤

⎦
⎥



Method #4: Bandwidth 

Pro: can perform this test with no vendor scanner tools available. 
Con: need at least three images (F-E along axial, sagittal, 
coronal).  Not as thorough as phase maps. 
Can use SE or GRE sequences. 

ΔB0 (ppm) =
(BW1 ×BW2 )× (d1(mm)− d2 (mm))

42.58×B0 (T )×FOVFE (mm)× (BW2 −BW1)
⎡

⎣
⎢

⎤

⎦
⎥

d1 d2 



Method #4: Bandwidth 
Method: 
Put spherical phantom at isocenter of scanner. 

 Placement is very important. x,y(!!!!), and z. 
Use phantom with appropriate DSV. 
Gradient echo series: square matrix.  1 slice. 
Acquire two images, each at different BW. 
Do this for F-E along x, y, z. 
Measure across the full DSV of phantom. 
 
 



MRI SNR Coil Tests 



Coil Testing, in General 
Make sure to inspect cables for damage. 
Volume vs. Surface vs. Phased Array 
 -- PIU and SNR need special consideration. 
 
 
 
 
 
 
Uniformity filters (e.g., SCIC) are needed for PA coils 
to pass ACR PIU test, but they hide element failures. 
 



SNR Coil Testing 
Question: how do you test your coils? 
Option #1: ACR recommendations (set action limits) 

 Volume: Single-image SNR method 
 Volume: Dual-image SNR method 
 Surface Coil testing: max, mean SNR 
 Phased-Array Coil testing: single-image SNR 
 Testing all elements 

Option #2: service-type testing (limits set for you) 
Most important: reproducibility (procedures, ROI size/
placement, phantom, documentation) 



SNR Coil Testing 
“For the purpose of this test, flexible coils are 
considered to be surface coils.  For multi-channel 
coils, it is recommened to test individual channel 
elements separately.” 
 
Uniformity doesn’t cut it anymore for equipment health survey, so 
try the two-pronged approach for SNR as well (if not using service 
tool): 
•  Global SNR test (quantitative value) 
•  Individual element inspection (qualitativeà quantitative if 

necessary): signal and noise images. 
We need a better way to do this quickly!   
Don’t forget the last part if using service tools.  



SNR Coil Testing & Phantoms 
Usually, coils come with special phantoms. 
If not, use what matches coverage the best 
(ACR phantom is usually not very good for other 
anatomy). 
 
E.g.,  cylinder/sphere à head/shoulder coil 

 bottle à knee coil 
 multiple spheres à breast coils 
 multiple bottles or rectangular tank à anterior 

coils 
Testing Protocol: ACR T1 is a good start.  



SNR Coil Testing (ACR methods) 
Single-image Method: 
 
 
 
 
 
Only one image needed – speed and simplicity. 
Signal: mean in central ROI 
Noise: std dev in outer ROIs. 
ROI tips: maximize signal ROI while keeping it out of non-
uniformity regions (PA coils). 
Don’t choose std dev ROI in truncated region. 
 
 

σ tot = σ 2
i

i
∑

SNRsingle = signal /σ tot



SNR Coil Testing 
Single-image Method (NEMA variant): 
 
 
This is more quantitatively correct, as the noise distribution 
for a single-channel coil is Rician: 
~ Gaussian in areas of high SNR 
~ Rayleigh in areas of low SNR 
 
Whatever method you choose, use the same one 
consistently! 
For QC, what matters is the current value compared to 
action limits, not the absolute quantitative amount. 
 

SNRNEMA = 0.655× signal /σ air



SNR Coil Testing (ACR methods) 
Double-image Method: 
 
 
 
 
 
 
Allows for direct assessment of noise in the same 
ROI.  (why is this good?  Rician…and, for parallel 
imaging QC in future, key). 

Scan two duplicate 
images. 
M = sum of both 
S = difference of both 
 
 

SNRdouble = 2M /σ S



SNR Coil Testing (ACR methods) 
Surface Coils (Max/Mean): 
 
Select image in center plane of phantom. 
Adjust window to see signal variations. 
Small measurement ROI (>1cm2) 
à measure Max signal 
Large measurement ROI (covers much of  
Phantom) 
à Measure mean signal 
Noise ROI outside of phantom 
 
 
 
 

SNR =max,mean /σ noise



Testing Efficiently 
Key rule of thumb:  
Only assess coils that you use! 
Take a survey of the techs to answer this question. 
 
Barely-used coils: put them in the equipment room.  If MP 
is onsite, then survey them before a use. 
 
Example: we have two sets of surface coils, and we have 
two anterior torso coils.  Mark with tape as “spare”, put 
them in storage in case of emergency. 
 
Don’t forget the body transmit, though. 



Testing Efficiently 
What about new coils and putting a coil into service? 
 
Test the coil accordingly as you would at an annual before 
using it (to ensure quality). 
 
At annual renewal time, repeat the testing, and report the 
new coil to ACR. 
 
For taking coils out of service, just note what coils you’re 
using at the time, and drop testing for irrelevant coils. 



Testing Efficiently 
Come up with a site-specific testing sheet for your 
coils. 



Testing Efficiently 
If using system tools for tests, if the coil passes or 
fails, make sure to check the quality of signal and 
noise images.   
 
“Upper limits” on SNR?  Probably a good idea… 
 
E.g., a torso array coil with a spec ~ 180 SNR passed 
with a 100,000 SNR!  Further inspection showed that 
signal was rather low, and the noise was virtually zero.  



Summary 
•  New ACR annual requirements are somewhat 

similar to pre-2015 requirements. 
•  A few new tests and recommendations available 

(table position, homogeneity, SNR). 
•  Weekly stuff needs to be repeated by MP annually. 
•  Annual programmatic safety assessment is now 

going to be an important part of our job for ACR. 



Questions? 


