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Introduction

Measurement of magnetic field distribution of the
basic magnet is rather frequent measurement in Nuclear
Magnetic Resonance (NMR). It can be useful for
maintenance of the NMR scanner as well as for
measurement of quantities calculated from magnetic field
[1,2].

Methods of static magnetic field distribution are
based on phase of NMR data measurement frequently.
NMR datais set of complex numbers and their phases are
directly proportiona to static magnetic field
inhomogeneity. Nevertheless calculating phases of
complex numbers periodicity of the exponential function
of imaginary variable must be considered. The periodicity
iswithin 2z and can distort result of the measurement. The
distortion can be removed using an appropriate
unwrapping algorithm [3-5]. Sometimes unwrapping is not
appropriate or result of measurement must be absolute
(magnetic field distribution AB =0 corresponds to B, of

the scanner). Therefore severa NMR sequences were
developed shortening the echo time and eliminating the
phase distortion in such manner [6-8].

The presented approach is different. The NMR signal
from the gradient-echo (GE) sequence is double acquired
with different echo times and after the Fourier transform
ratio of the both data for each voxel is performed. The
distortion due to phase periodicity was removed similarly
to sequences shortening the echo time. The experiments
revealed that also further distortion due to magnetic field
background and gradients influence was removed.

Several methods were published using double
acquisition but the purpose of it was different or acquired
data were processed in different manner [5, 9]. The way of
calculation was direct subtraction of the measured images
arguments [9] thus the solving problems of unwrapping
were limited. The absolute results of inhomogeneities
measurement can be acquired by methods based on
spectral line of water investigation [9-13]. They are not
wrapped and do not include inhomogeneities of RF coils
into the whole result. They are nevertheless much more
time consuming. That's why methods based on phase

processing are still interesting. The described method can
be utilized for phase and inhomogeneity measurement on
amost every NMR scanner.

Theory and results

Our method has been tested on the NMR data
generated by the 0.1 Tesla experimental whole-body NMR
imager TMR-96. This device is controlled by S.M.I.S.
console (Surrey Medica Imaging Systems Limited,
Guildford, UK).
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Fig. 1. Arrangement of the experiment

In our NMR scan experiments acircular plastic vessel
(diameter of 110 mm) filled with 0.1 % solution of CuSO,
in distillated water (applied for relaxation time shortening)
was used (Fig. 1). Measuring parameters. GE sequence
(program sequence supplied by SMIS), eight averages,
TE; =15ms, TE, =16ms or TE, = 20ms, repetition time
TR=300 ms, transversal dicethickness= 5 mm.

Measurement using GE sequence yielded set of
complex numbers, the phases of which are proportional to
basic magnetic field inhomogeneity and echo time.
Measurement by gradient-echo method was repeated two
times with different echo times TE. Subsequently, ratio of
the both measured and Fourier transformed results were
computed and the basic magnetic field from its phase
inhomogeneity was calculated. A term of data matrix
obtained by gradient-echo sequence measurement and
subsequent Fourier transform can be described by



| = pexp(-iy ABTE) =l o +ilim, (1)

where p — proton density, y — the gyromagnetic ratio,
AB — average inhomogeneity of the basic magnetic field
within a voxel, TE — the echo time of the gradient echo
sequence and i = J-1. Influence of measuring gradient
was omitted.

Phase can be calculated as an argument of the
complex data

D =arg(l). 2

The exponential function of imaginary variable is
periodic, for only one period depicted, the condition must
be valid

-1 <-yABTE< . (3)

If inhomogeneity is higher or echo time longer the
periodicity distorts the result. The distortion can be
excluded by shortening the echo time but thisis limited by
the parameters of the signal sampling. For almost arbitrary
shortening the echo time, the following procedure can be
used.

In the first step the sample is scanned with the echo
time TE;. After the Fourier transform, the following
values of data are obtained

Iy = prexp(—i y ABTEy) = lyre +i lgjm. (@)

Subsequently the same sample is scanned in the
second step with longer echo time TE, and Fourier

transformed values of data are given by
l2 = poexp(—iy ABTEp) =l ppe +i | im. (5)

Ratio of the both values is calculated using the third
form of the expression:
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For the whole span of the phase the following
condition must be achieved:

—ﬁSarg(I—l)Sn , (8)
l2
or
—ﬁSarg(Il—z)Sn . 9)
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This can be easily fulfilled for the difference of the
both echo times can be made very short.

Magnetic field distribution or inhomogeneity (in
ppm) related to the working magnetic field of the scanner
is calculated as:

arg(i)lo6
AB = 2 (10)
27 f, (TE, - TEy)
or
arg((2)10°
L [ppm], (11)

B=
27 fo (TE; —TE,)

where f, isworking frequency of the scanner.

Result of the measurement is a matrix of values
which can be depicted as an image. Magnetic field
distribution of the experimentar NMR  scanner
(fo=4.45MHz) with purposely caused inhomogeneity
using the 1% order shim coil correcting inhomogeneity in x-
direction was measured and is depicted in Fig. 2(a). The
program package Mathematica (Wolfram Research Inc.,
Champaign, IL) was used for the data processing and the
figures creating. The echo time TE; =15ms was used for

the first measurement. The same sample measurement with
TE, =16ms is depicted in Fig. 2(b). It is evident that the

difference between the both figures is not significant
though there are differences not only in number of 27
periods but also in gradients of the measured distributions.
Effect of wrapping is apparent in the both Fig. 2(a) and
2(b). To acquire the absolute values of the measured
magnetic field the whole measured span within the sample
must be depicted in one period. It can be easily fulfilled
with the procedure described above. Fig. 2(c) shows the
magnetic field distribution measured by the described
method. The improvement in suppressing the distortion
due to wrapping is evident. The whole measured span of
magnetic field is within one period and the measured
values can be considered as absolute ( AB = 0 corresponds
to B, of the scanner). Nevertheless not only distortion due

to periodicity was removed. Direction of the magnetic field
gradient in Fig. 2(c) is consonant with the x-axis while
directions of gradients in Fig. 2(a) and (b) is different and
depending on echo time. The effect is more apparent in
Fig. 3. where the same magnetic field distribution
measured a TE;=15ms (a) is compared with

measurement at TE, =20ms (b). The echo times
difference TE, —-TE; =5ms is too long to depict the

measured magnetic field distribution within the sample in
one period.
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Fig. 2. Magnetic field distribution of the experimental scanner
with apparent artefacts due to periodicity (8) for TE; =15ms, (b)
for TE, =16ms . Resulting magnetic field distribution measured
by the proposed method (c). The magnetic field distribution was
caused by the 1% order shim coil, correcting inhomogeneities in

x-direction. The original matrices were reduced to the points of
the sample

(b)

The image can be processed by an appropriate
unwrapping algorithm but it is not obvious which point
AB=0 corresponds to B, of the scanner. To avoid

similar distortions caused by wrapping and measuring
gradient influence the static magnetic field distribution or
phase should be measured with double acquisition and
ratio processing the measured data.

Conclusion

The presented method allows removing distortions due to
periodicity of the phase and due to measuring method and
environment. Although the method isnot the only sole it
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Fig. 3. The same magnetic field distribution measured with
different echo times: (a) again TE; =15ms; (b) TE, = 20ms.
The difference between gradients in the both images is apparent.
The resulting magnetic field distribution (c). The difference
TE, - TE; =5ms is too long to depict the field within the

samplein one period

has some advantages. It can be simply implemented on
almost every NMR scanner without writing a new program
sequence and the results of the magnetic field distribution
measurement are absolute. The measured static magnetic
field distribution can be used for shim coils setting or for
magnetic susceptibility mapping or as a base for other
dimensions calculation.

Acknowledgment

The research was sponsored by the Grant Agency of
the Slovak Academy of Sciences, grant number 2/0142/08.



References 7. Sekihara K., Matsui S., Kohno H. NMR Imaging for
Magnets with Large Nonuniformities // |EEE Transactions

1. SukH.O.,Byungl.L.,TaeS.P.,SooY.L. EungJ. W., on Medical Imaging M1-4. —1985. — P. 193-199.
Min H. Ch., Seo J. K., Kwon O. Magnetic Resonance 8.  Wen H., Jaffer F. A. An in Vivo Automated Shimming
Electrical Impedance Tomography at 3 Tesla Field Strength Method Taking into Account Shim Current Constraints //
/I Magnetic Resonance in Medicine. — 2004. —Vol. 51. — P. Magnetic Resonance in Medicine — 1995. — Vol. 34 — P.
1292-1296. 898-904.
2. Waeis J., Ericsson A., Hemmingsson A. Chemica Shift 9. Schneider E., Glover G. Rapid in Vivo Proton Shimming //
Artifact-Free Microscopy: Spectroscopic Microimaging of Magnetic Resonance in Medicine — 1991. — Vol. 18. - P.
the Human Skin // Magnetic Resonance in Medicine. — 335-347.
1999. —Vol. 41. — P. 904-908. 10. Penar J. Measurement of the Distribution of B; Field in
3. Ghiglia .M' D., Pritt .V' Two-Dimensional _Phase the Presence of Linear Magnetic Field Gradient / Journal
Unwrapping: Theory, Algorithms and Software // Wiley. — of Magnetic Resonance - 1986. — VVol. 70. — P. 456-460.
1998. o 11. WeisJ., FrolloI., Budinsky L. Magnetic field distribution
4. Jenkinson M. Fast, Automated, N-Dimensional Phase- measurement by modified FLASH method // Zeitschrift fiir
Unwrapping Algorithm // Magnetic Resonance in Medicine Naturforschung — 1989, — Vol. 44a — P. 1151-1154.
—2003.-Vol.49.-P.193-197. , 12. Maudsley A. A., Simon H. E., Hilal S. K. Magnetic Field
5. Glover G. H., Schneider E. Three-Point Dixon Technique Measurement by NMR Imaging // J. Phys. E: Sci. Instrum -
for True water / Fat Decomposition with B, Inhomogenei- 1984. —Vol. 17. — P. 216-230.
ty Correction // Magnetic Resonance in Medicine — 1991. — 13. Kawanaka A., Takagi M. Estimation of Static Magnetic
Vol. 18. — P. 371-383. Field and Gradient Fields from NMR Image // J. Phys. E.:
6. Sekihara K., Matsui S, Kohno H. A new method of Sci Instrum —1986. —Vol. 19. —P. 871-875.
measuring static field distribution using modified Fourier
NMR imaging //  J. Phys. E: Sci. Instrum — 1985. — Vol. Submitted for publication 2007 08 17
18. — P. 224-227.

P. Andris, I. Frollo. Elimination of Distortions in Static Magnetic Field Distribution M easurement // Electronics and Electrical
Engineering. — Kaunas: Technologija, 2007. — No. 2(82). — P. 9-12.

A new method for magnetic field distribution measurement distortions elimination using gradient-echo double measurement is
introduced. To exclude phase distortion unwrapping algorithms or methods are used shortening the echo time of the measuring
sequence. In the article the measurement acquisition was double repeated with different echo times and ratio of the both acquired and
Fourier transformed data matrices was performed. The distortion due to phase periodicity was suppressed and also distortion due to
background influence was eliminated. Method is applicable for al NMR scanners and is suitable for magnetic field distribution
measurements. I11. 3, bibl. 13 (in English; summaries in English, Russian and Lithuanian).
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DJIeKTPOHUKA U J1eKTpoTexHuKa. — Kaynac: Texnosorus, 2008. — Ne 2(82). — C. 9-12.

IIpennaraercsd HOBBI METOJ Ul yCTpaHEHMS HCKa)KEHHH H3MEPeHMs PaclpefeNeHUs] MarHUTHOTO MOJIS, MCTOJNb3ys ABOWHOE
U3MEPEHHE OTPAKeHUs TpajueHTa. s ucKimoueHus (pa3oBbIX HCKaXEHUH HCHIONIb3YIOTCS Pa3BOPAYNBAIOLICE AITOPUTMBI MIIM METOBI,
COKpAILAIOLIUEe BPeMsl OTPa)KEHHsI MOCIEA0BATENBHOCTH N3MEpEeHHUH. JlaHHBIE TTOydeHHbIE ITIPH PA3IMYHBIX OTPAKEHHAX 00pabOTaHBI
tpanchopmanueir Gypre. Meron npumenum it Becex ckanepoB NMR u mogxozut st m3MepeHnst pacripefesieHusl MarHUTHOTO ITOJISL.
Wn. 3, 6u6xn. 13 (Ha aHIIIHHCKOM sI13bIKe; pedpepaThl Ha aHTTIMHCKOM, PYCCKOM H JIMTOBCKOM 513.).

P. Andris, |. Frollo. I$kreipiy pasalinimas matuojant statinio magnetinio lauko pasiskirstyma // Elektronikair Elektrotechnika.
—Kaunas: Technologija, 2008. — Nr. 2(82). — P. 9-12.

Pristatytas naujas metodas iskreipiams pasalinti matuojant magnetinio lauko pasiskirstyma. Naudotas dvigubas gradientinio
atspindzio matavimas. Faziniams iskreipiams pasalinti panaudoti specialis metodai, skirti matavimo sekos atspindzio trukmei
sutrumpinti. Duomenys buvo surenkami dviem atvejais, esant skirtingoms atspindzio trukméms. Duomenys apdoroti taikant Furjée
transformacija. Buvo pasalinti iskreipiai dél fazes periodiskumo, taip pat buvo pasalinti iskreipiai, atsirandantys dél fono jtakos. Metoda
gaima taikyti visuose NMR skeneriuose. Jis tinka magnetinio lauko pasiskirstymui matuoti. Il. 3, bibl. 13 (angly kalba; santraukos
angly, rusy ir lietuviy k.).
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