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Abstract

Abstract

There is a growing interest in quantifying tissue susceptibility in magnetic
resonance imaging. Magnetic susceptibility is an intrinsic tissue property that can be
used to provide impressive image contrast and reflects tissue composition much more
closely than phase. Different tissues have different magnetic susceptibility, such as
calcium and iron-laden tissue and so on. Nowadays, susceptibility has been used to
diagnosis sickle cell disease, aplastic anemia, thalassemia, hemochromatosis and
Parkinson’s disease.

Quantitative susceptibility mapping (QSM) consists of three steps. The first step
is to unwrap the wrapped phase, the second step is to remove the background field and
the last step is to generate susceptibility maps from tissue field. However, the zeros in
the dipole kernel makes the calculation of the magnetic susceptibility from the tissue
field to be an ill-posed problem. The noise and error arising from detecting the local
field in the region adjacent to the conical surface can be amplified in the estimated
susceptibility map.

Recently, Bayesian regularization approaches have been utilized to enable
accurate quantitative susceptibility mapping, such as L, norm gradient minimization
and L, norm gradient minimization. In addition, edge weights derived from the
magnitude image are often employed to protect certain gradient. But the prior
information may blur structure and introduce erroneous contrast information, due to the
incomplete consistencies between the magnitude gradient and the gradient of the true
susceptibility map. In this work, the L, norm gradient minimization is used to
reconstruct susceptibility map. The proposed method takes advantage of the ideal
sparse representation of spatial variation in susceptibility maps. The use of L, norm
allows us to yield high quality image and prevent penalizing salient edges without edge
weighting. Since the L, minimization is an NP-hard problem, a special alternating
optimization strategy by introducing an auxiliary variable is adopted to solve the

problem and it only takes 1-2 minutes to reconstruct the whole 3D susceptibility data.
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The numerical phantom experiments confirm that the L, norm gradient minimization
can accurately measure susceptibility and has better performance than L; norm gradient
minimization in terms of edge-preserving. The in-vivo experiments confirm the
superior performance of the proposed method in terms of edge-preserving. In addition,
the in-vivo experiments also demonstrate that inaccurate weighting matrix blur the
structure of susceptibility map.

Key word: quantitative susceptibility mapping; ill-posed problem; L, norm gradient

minimization; NP-hard problem; alternating optimization
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1.1 fIREGRFMENXN

HEILIR 18 (Magnetic Resonance Imaging, MRI) 2RI T JE T AEwI
W ARG SEE @ RGN —F R BR R, &5 HEERK Paul
C. Lauterbur F 1971 4E#2H . W45, Lauterbur 7 Nature EA% 75—
ARG IS R . BAVENITE, PR T R T AL, XHR T
AR — A A T HIE A%, 7F B VeI s LA v . iR R A T
AR R K TR P S T AR AR, SIS AR IR AT T P T2 B
#|T 1975 4, Richard Ernst %8 A$&H TAHGLGRAD A gntty, i8I bl (8 5L
AR o 4 MR IR, KORGREL T U TR F R T ILAE MRT B 78 (1 LA

MRT {5 585 IR e S BEARIAIE R, B A MR BA% 7 Kk 2 I IR 18
5 BT, FAE B T B e A0 (e P T B A 5o Bl PR v & TR A
(RIS FIAR AL AL BREE AR FI A, Duyn 55 N RIMTER = 0 R/ T, MR AE4
P R LE R RS L CONRD,  EL A AR 5 AN B R 38 A o oAl — LB 50t 35 B
FABLAE— Sk & B E B X (A Bk, B BesiRtsE mixt ™™, i
b, FRRLAE BIEA EEAOB T T1 8% 12 B S

EARAAT AR IR AE AT DA B AR A, (HR AT U BRI B AT AR R 50
Rrtts BREG A AN SN J LTS5 467 5% AR A AR AL AR B L BEXT 2 24 o1
SENE T, BEERHERAR RIAREIT IR R, X 2H 2 TR S IR ) o A E
YT O R A TIRIRE = R E, 21 YT 52 P O iU
J R AL ZeflfE & o, BIE B REAG 2 AR (Quantitative Susceptibility
Mapping, QSM). WAL WLLHZAMIEARHE, NRMWHLEARFE PR,
T3 R A 256 1) 22 S 2 S R AR T P AR Ak, S L AR AL S A, e o 4 4 P 2
NGRS A B AT, SRR T (RIS
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44, A MR ol B R R AR IR PR En] IR BN £ &
L FRONT B J2 A5 B R . SRR R AE MR P A BR 25 ARSI M 2L Z kTR
DLR AR o3 A LEFRAE R T, AT LME A — AN SRR B gbah, x40
FOERCYE IS A g A 2 O AT E , PTLMS W AR RRAG L™, BT 25080 ™, 3
R MAE ", € YU AE AN G AAE AR . TEIX SR R IR T
QSM FERF A0 FEAMI RN H] A5 21 1 PR -

HIF A MRT 485 RS 21055 HAMREAARAL, JEAE B B0 R 5
6, PUEEATIE T 20 MR BE AT RN R AL B . QSM RE =D IR, HoR
XHARGLEEAT il S Se A B . H AN Ak, W BRARALZE SR I B L A AR B 1o IR,
AR AR R RSN R A 5, SHLIMORFEGE N F3T0K,
R 22 i 15 53 R BRI 20 TR A e S AL R o H RT3 R BREORIEAN
AR T R P S X S 32 M 52 38 A S5 PR AR O B EEABOR, T R B 7 X 4k
MBS TR AN ERNBER. &Ja, WAL T R0 R S
WRBERE AN BERIBE . O ML BRI IE N S — R A I S ),
AL PR3  (IFSR 2 BRSO R R B I i AN HE R P . (R SR MR I fEL T R AE
SRR U A2 AR AR AR SR 2R K 2 () B PR 2 oK, B T 2 JE R B8 R B2
IR R B MR (R R AR E A R R 22 () AT AR T AN U
FFHUAF AN B e o WAL AR AN I T T — SRR RS BRI 2SR, WL 21 (%
W& CHi) A K 23 [ R SR T AL R I N RAER 2. DL, A2 AR
HIIRA) S TR AL MR IR {E R B —FE R A . AR TR X Rt
HER =PRI KERIRAWTIT, Rl 2w SR I I .

1.2 EASFRITR

R AL B RO T R R A T A IR E A Y, MR Oy
EURIRR S VAT . XL T R SR AL B I BB AR, RN T 3 4k
SO E, BEAAE AR AR . B F] 2003 4, EEEI/RZ M Rares
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