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What we'll cover

Homogeneity OVERVIEW
« An introduction to the main METHODS of measuring B, homogeneity

« Step-by-step PROCEDURES for B, homogeneity measurement on
different vendor platforms (1-2 methods per vendor)

« RESOURCES for more information about theory and implementation of

different B, homogeneity testing methods
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B, inhomogeneity (AB,)

« Measure of static magnetic field strength uniformity

- Influenced by * Influences
> Magnet design & manufacturing > Chemical shift techniques: fat

> External ferromagnetic structures L pUEERlel (SP”;' SPAlR)
> Shim compensation > Spectroscopy techniques

S > Geometric distortion
> Phantom or patient in magnet , , ,
> Signal uniformity

> Banding artifacts
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B, inhomogeneity (AB,)

« Measure of static magnetic
field strength uniformity

> Variation over a specified volume
(DSV)

> Expressed in ppm or Hz

> RMS measurement of B,

inhomogeneity is volume-
averaged

> Peak-to-peak requires a spatial
measurement of variations

Lorentzian function

Fourier Transform

- METHODS PROCEDURES BY VENDOR RESOURCES
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Transceiver Hardware Settings 1
Spectral peak e e (R S
(cF) 7% c (RiiR) S
function I

Z ‘”— _u_l 2016 Hz X ke
Notes
+ quick and simple
- no spatial information ABy ;s (DD = Ij\/IMIZIHM Uiz

| v (7=) X Bo(T)

* Global measure: B, s only, not By ,,
« DSV determined by phantom y = 42.56 MHz/T
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Phase difference & phase map
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Phase difference & phase map

Notes | —
+ can perform in 3D (or 3 orthogonal planes)
+ includes spatial information

- phase image accessibility

- phase wraps
- analysis on scanner can be difficult

* BO,rms or BO,pp
« DSV determined by ROI (user-selectable

within phantom) | 120
. | | anel Phase Change
« Asingle phase map can also be used to - s from
estimate upper bound of AB, e s i S it |
2= 2360 B0°/ 360° = 0.22 cycle

0.22 cycle x 200 Hz / cycle = 44 Hz
44 Hz /127.7 MHz = 0.34 PPM (g)

Phase Change from Ato C = 527° => 1.14 PPM
Phase Change from Ato C = => PPM

ACR 2015 MRI Quality Control Manual

OVERVIEW - PROCEDURES BY VENDOR RESOURCES
slide 8/31




Field map

- If available, this is a straightforward vendor-provided capability
- 3D map acquired or created from 2D maps

« Comparable results to phase difference mapping

Field Terms

|Field Term Value
Value | Min | Max | Unit
}

|Bpp | 1.600{ 0.000]

OVERVIEW - PROCEDURES BY VENDOR RESOURCES
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Chen HH, Boykin RD, Clarke GD, Gao JHT, Roby JW.
Med Phys 2006 33(11)

Bandwidth difference

BW1 X BWZ X (xl - xz)
¥Boy X FOV x (BW, — BW,)

AB = 1.16 ppm @ 19 cm Diameter AB, (ppm) =

@

(BW in Hz)

Notes

+ accessible on all platforms

- many acquisitions & measurements
for 3D evaluation

assumes proper gradient calibration

Frequency

B)

BW, =6 Hz/pixel BW, = 160 Hz/pixel DSV determined by phantom or

ACR 2015 MRI Quality Control Manual internal markers
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Procedures by vendor

 Step-by-step instructions/button-ology

- Variation by software version, but this should provide a solid
starting point

 Talk to vendor field engineer if you need guidance on your specific
system

OVERVIEW METHODS _ RESOURCES W
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GE: LV shim procedure

 Accessible field map function: Large Volume (LV) shim
« Phantom: 45 cm diameter LV shim phantom*
 Coil: body cail

Calibration=>Calibration tools=>LV shim

->"“Click here to start this tool”
2> Test

—=>Scan

*no matter the phantom or procedure,
let it rest a few minutes so fluid can settle

OVERVIEW METHODS _ RESOURCES
: slide 12/31




GE: LV shim results o

DSV rms result spec

i NN R
i o
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GE: Other options

Phase difference

H: T Frea. FOV: [ 380
Add Task » n[m Fov: (20010

| Prep %
hickness:| 5.0

spacng[ 5.0

. Auto Prescan
Marual Prescan
Start Looping

Prep Scan Download

i SWIt Setup Params
Auto Prescan :

| fng) Advance to Scan
Display CVs

Manual Prescan

Spectral peak in manual pre-scan S —- - o [

EEr=rv—min T ——— Bandwidth difference

Hardware Bisplay CVs
JEL
Transmit r T
CV Names
5 crrass o T T
1 ICFLxres |7 GV Name rhreetd

|ChemSatPulse i
{CompositeRMS_method i i |"'
{DB_Buffer X srad Itk
{DB_Buffer ¥ 1

Transmit Gain {DB_ChemShift current Vaiie 't | 3

B_Chemical Shift i A

Center Frec iDB_shift_ratio i
{DBgrad_flag [ Minmum ;
DD _delay Labuttadar

( | - f Maximum : 2147483647
{FTGau { !
‘FTGecholbw i Comment;: Recon image contral
| {FTGfov
— G v>
i e W= 788 L= \39
-~ | 165 N

CV rhrcctrl = 3 for magnitude and phase
(31 for magnitude, phase, real, imaginary)
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Siemens: Phantom shim check procedure

 Accessible field map function: Phantom shim check
« Requires a service password which is typically easily obtained

« Phantom: 24 cm homogenous sphere
» Coil: Body e e e

Evalyation Scroll System Add-On Options Help
Eile Browser...
1] Adustments
SAR Information...

Stimulation jnfo...
Auto Expose

2> Hit “Go”

"
£
]
3
|

Quality Assurance->Phantom Shim Check

OVERVIEW METHODS _ RESOURCES
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Siemens: Phantom shim check results

= Report - Windows Internet Explorer

!EE DEVILY AEY CRPITY UAle. Z4-UBC-2U19
Report Files Sarvice Ky Expiry Date: 24-Dec-2013 I toos | et | Hep | it | Details
| Siteinfo
QA Step
Baiot Applcatioms Treester EdR Quius Protscol Wiw msgs Tool Bvelsion Sool ETTCIEI eI o e e N | Parameter
g'.lw'_i-*'i- - arTirmnt e s e
5

£ Sanmens Mod Serge Softwans . Windows inomst Explornes

Report Files
BB Service Software - siemens Expert

Value
| Min | Max |Unit

Startup Process

Remate Diagnostics

System
Management

Third Party SW

OVERVIEW METHODS RESOURCES
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Siemens: Other options

et e e e ————————— - [ = | i e
Subtract Series 3 from Series 5

Spectral peak (newer systems)

BW difference is generally accessible

TA 2:12 PM: IS0 Voxel size: 1.0x1.0x50 mm Rel. SNR: 1.00 se

"y

Exchange

vy

e

D4 Q 1002075 12:20.01 PM

« After localizer, while setting up
BW1 X BWZ X (x1 - xz)

AB, (ppm) = another protocol, | By by
° Y X By X FOV X (BW, — BW,) System->Adjustments->Confirm Narey, T
frequency adjustment , S e AR | cwesspeve
BW in Hz - multiply Hz/pixel by number * After pre-scan begins, spectrum e K resultpel sy
of pixels in FE direction displayed ;

*  FWHM displayed or estimate by
moving vertical line

OVERVIEW METHODS RESOURCES
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Philips: Shim check procedure

« Accessible field map function: Shim check
* Phantom: 40 cm disk
« Coil: Body

Phantom studies - MISC

Run as is. Example 1.5T
parameters below

Philips | @& Hospital | Gther 01

Sequence FFE
TR 400 ms
TE 16 ms

FA 30°
45 cm

OVERVIEW METHODS _ RESOURCES
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Philips: Shim check results

PHILIPS

« Each B>W transition is 1.0ppm. (1 full cycle is 1.0 ppm)
« Count number N of B>W transitions, AB,,, = N X 1.0ppm

* Re-position phantom and run in 3 planes

OVERVIEW METHODS _ RESOURCES
‘ slide 19/31



Philips: Other options

BW difference

« Older systems display fat-water shift in
pixels instead of bandwidth/pixel

« Calculate Hz/pixel:

MHz
Spectral peak Hz  3.5ppm Xy (=) X Bo(T)
woscie | peser || pixel fat — water shift (pix)

Show rkd
show lots

Chadaly
Foia ok B e e

Phase difference map
« Phase images can be reconstructed also
by selecting M (magnitude) and P (phase)
e s on Postproc>Images on the exam card.
e « Use image algebra in viewing environment
to subtract

. « If necessary, reduce TE difference to
After running non-survey scan reduce phase wraps

Examination->Data Monitoring->
FO->Show Latest
Zoom in on half of Y Maximum to estimate FWHM

Field mapping
 SPT tools can be used with a service
dongle

OVERVIEW METHODS _ RESOURCES
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Toshiba/Canon: Phase difference procedure

e Phantom: 30 cm spherical
 Coil: Body
 Protocol: FE_AAS

nt | - JECEE |-E=E i

PAS Semn TH Tims Hode FPlane In.Tech ™ TE N
B | s e an e n TR
| I — o S e e e
: TE e FEfe i1 —— R  FE 2D 50 5.5
TP:R FE_fc skip 00:13 =——- RGRL  FE 2D 5 9
TP:FSE FE_loc w0302 ———— MG FE 20 0w 1.5
1 D FE 0pll  =——— AR FE 28 1B 4 :
;;:-?[E'a FE::.:'P e ol " L3 Image Selector Options
z FE_sps 00127 - WGRL  FE 20 e 45
TP:FFEID = Show Information: Filters:
TPFASE AN r————r— i —
TP:FASE3D u 'e;;l i M Inage | Show Hide
m:::;l* Acquired (TD): e

Run in aXial plane = ‘ | ™ Filmec .: Intermediate: s 4

Sort Rule

h"_ _________ taiiiaty

| <& TimeStamp
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Toshiba/Canon: Phase difference results

® ® ®
X213
PP RRPRR RN ol Bl
EEE R R kXA NN . oo |
S VPVVDVOO VBB oo |
| |y

B0

» Repeatin sagittal and coronal planes

* Field homogeneity (within DSV = ROI diameter) is the absolute max pixel value found in the ROl in any
plane

» Absolute pixel value of 100 corresponds to 1 ppm

OVERVIEW METHODS _ RESOURCES
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Hitachi: Fine magnetic field analysis set-up

« Qasis & Echelon

* Phantom: Bottle 11

« Coil: RAPID body (Oasis) or T/R Body (Echelon)
« Protocol: Fine magnetic field analysis tool

RAPID body coil, laterally
centered, no pads (required
. for valid results)

Align laser with phantom
landmarks, not coil

OVERVIEW METHODS _ RESOURCES w
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Hitachi: Fine magnetic field analysis results

= Fine Magnetic Field Analysis

on:on

= Service Tool & Diagnostic .=

. ' « Hitachi recommends
SRR BERS T | L[] 1 11} n : | service call if >1.0ppm for
: ' ' Shim On and >5.0 ppm for
Shim Off

* ROl placementis
automatic - very sensitive
to lateral positioning!

OVERVIEW METHODS _ RESOURCES
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Hitachi: SHIM procedure

« AIRIS, Altaire
« Phantom: #4 bottle (AIRIS) or D bottle (Altaire)

e Coil: Head Axial: TR= 1850, Multi Slice=15, Presat=0, W=11, L=500, Prescan=ON
Sagittal: TR= 2430, Multi Slice=15, Presat=4, W=11, L=500, Prescan=0ON
Coronal: TR= 2430, Multi Slice=15, Presat=4, W=11, L=500, Prescan=ON
Slice Slice position ROI diameter Calculate AB. .... for each slice:
Number 0.pp
SNR analysis card - ; Airis 2: ABo = 0.114 ppm * Max(Rel.) — Min(Rel.)
place measurement 3 Airis Elite:  ABo = 0.104 ppm * Max(Rel.) — Min(Rel.)
ROIs and record 4 Altaire: ABo = 0.068 ppm * Max(Rel.) — Min(Rel.)
Max and Min for 5
each slice - . .
7 Determine largest AB, ,,, value among all slices from each of
g three planes and compare to specifications:
10 .
11 Airis 2: ABo < 1.5 ppm
12 Airis Elite:  ABo < 1.5 ppm
:i Altaire: ABo < 1.75 ppm
15

OVERVIEW METHODS — RESOURCES
, slide 25/31



Fonar: Field map procedure

IQUID

M IS FILLED WITH LI

e %TOD‘ DROP, KICK, ETC i L
KEEP INPHANTOM FOAMBO!

 Accessible field map function
« Phantom: 19 cm soccer ball!
e Coil: 45 inch torso belt coil

qUENCES
: Ikili

F2 | F3 F4

MOTION USING
VERTICAL HORIZONTAL | RAIL-SLAB-/TILT

1 w I
ACR Annual Survey and Accreditation |i
T ST |

Supine

zontal but bed is not

Sinch orso

half r
Tiring 5 h T,

3 15
in the Help menu F

Run these in order

OVERVIEW METHODS RESOURCES
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Fonar: Field map results

TACR ANNLAL 170
14CR ANNUAL-SURYVE v-2021
G5

fcra b CR ANNUAL SURVEY 2021 18.2 - 7

11:28:35 P M
Puian-15- 2021 29 (1

00 SHTR 72 o]
Y 0.0 ARTE 11.2 FA 00000
f 0.0LGW 200 x 20085
o AP I 1 001 007 D
Wit PIams?{ONARDBT

z"f 2054ACR ANMUAL  41i0

FOS1PACR-ANMUAL- SUR’VEY2021

0.0 AYTE 1.2 FA 90

200 x 200GH

« Echo spacing such that phase wraps are 1.0ppm apart
« Center of volume always scaled to middle of greyscale range

OVERVIEW

METHODS

SEQUENCE, PROTOCOL
DESCRIPTOR

OPERATING MODE

RECEIVER COIL
PRE-SCAN CALIBRATIONS
TUNING VARACTORS (V)
TRANSMITTER GAIN
RECEIVER GAIM

CENTER FREQUENCY (Hz}

PHASE OVERSAMPLING RATIO (RFOY)
ACQUISITION MATRIX (f % &)
RECONSTRUCTION MATRIX (f x &)
DISPLAY & STORAGE MATRIX (f % &)

0es 0RF3.7PE; FonanFieldmaps
S55FP-FID GRE: Hz/pix=50 03, BO Sensitivity 1.0 ppm, EF=67% ; FWHM=14 Hz

MNormal

43 inch Tarso

-G

106

Power Amp=30 (default=30)
USSR Ty Ine=(575, -)
25474000

1.000

1024 % 200 (For ACR: Nf =200, Np = 200)
1024 x 200

200 % 200

RESOURCES
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More Resources: AAPM Report 100

AAPM REPORT NO. 100

« Details sources and impacts of poor e%
homogeneity

« QOverview of 3 measurement methods

o Advantages and disadvantages of and Quality Assurance Procedures
h for Magnetic Resonance Imaging Facilities
€acC

« Suggested acceptance criteria for
routine and ultrafast imaging

Acceptance Testing

Report of MR Subcommittee Task Group |

December 2010

https://www.aapm.org/pubs/reports/RPT_100.pdf

OVERVIEW METHODS PROCEDURES BY VENDOR -
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More Resources: ACR MRI QC Manual

« ACR-specific requirements for B,
testing

« General theory behind homogeneity
testing

« Detailed vendor agnostic descriptions
of 4 measurement methods

- Suggested corrective action

OVERVIEW METHODS PROCEDURES BY VENDOR g

AMERICAN COLLEGE OF
RADIODLOGY

QUALITY IS OUR IMAGE

Magnetic Resonance Imaging

QUALITY CONTROL MANUAL

Medical Physicist’s/MRI Scientist’s Section

https://www.acr.org/-/media/ACR/NOINDEX/QC-

Manuals/MR_QCManual.pdf
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More Resources

- Bandwidth difference method: Chen HH, Boykin RD, Clarke GD,

Gao JHT, Roby JW. Routine testing of magnetic field homogeneity on
clinical MRI systems. Med Phys 2006 33(11)

Routine testing of magnetic field homogeneity on clinical MRI systems
Hua-Hsuan Chen, Rex D. Boykin, and Geoffrey D. Clarke®

Department of Ro The University of Texas Health Science Cenfer at San Anionio,
San Antonio, Tex

Jia-Hong T. G: nd John W. Roby Il

Research Imaging Center, University of Texas Health Science Center, San Anfonio, Texas 78284

(Received 28 March 2006; revised 21 July 2006; accepted for publication 11 September 2006;
published 23 October 2006)

OVERVIEW METHODS PROCEDURES BY VENDOR -
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More Resources

« TG325 resources on AAPM website should be live now or soon -
likely under “Publications” on AAPM site

 Interactive poster session:
- Thursday 7/29 3-3:30PM
 Imaging: MRI Physics and QC

- Dependence of B, homogeneity on field strength and phantom size when measured
with four common methods - Travis Salzillo et al

OVERVIEW METHODS PROCEDURES BY VENDOR - W
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