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Nonuniformity Correction Scheme Based on 3-dimensional Visualization of MRI Images
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ABSTRACT

Human body signals collected by the MRI system are very weak, such that they may be easily affected by either external noise or system
instability while being imaged. Therefore, this paper analyzes the nonuniformity caused by a design of the RF receiving coil in a
low-magnetic-field MRI system, and proposes an efficient method to improve the image uniformity. In this paper, a method for acquiring 3D
bias volume data by using phantom data among various methods for correcting such nonuniformity in MRI image is proposed, such that it is
possible to correct various-sized images. It is shown by simulations that images obtained by various imaging methods can be effectively

corrected using single bias data.
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Table. 1 Parameters for obtaining phantom image

1.

TR TE |FA Plane | average | thickness | FOV #slices
{ms) {ms) | (degree) (mm} (mm)
SE 972 28 90 Axial | 1 8 200 26
FSE | 1105 88 90 Axial |2 200 26
GE | 1293 35 s Axial | 1 8 200 26
TR : repetition time {ms). TE: echo time (ms). FA: flip angle (degree)

Plane: axial'sagittalicoronal, Thickness : S| (mm)

FOV: field of view (i), #slice : slive “H=-
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Table. 2 TR change protocol (Axial 3 Slices)

TR TE | FA | Thick | Avg | FOV | Plane | #slice
SE 3007500:300:1000 28 90 1 1 150 | Axial |3
FSE 2000/2500/3000/3500 88 90 1 1 150 | Axial |3
GE 300/500°800-1000 35 25 1 1 150 | Axial |3

Z 3 FA g5} Z2&F (Axial 3 Slices)
Table. 3 FA change protocol (Axial 3 Slices)

TR TE | FA Thick | Avg | FOV | Plane | #slice

SE 500 28 15730/45/60/75/90
15/30745/60/75/90 1 1 150 Axial | 3

sa0ass07s90 |1 [ Tiso | axia |3

150 Axial 3

FSE | 2500 | 88
[ [s00 [35

E 4 FA H3 TEEZ (Sagittal 1 Slice)
Table. 4 FA change protocol {(Sagittal 1 Slice)

TR TE | FA Thick | Ave | FOV | Plane #slice
SE 500 25 15/30/45:60:75/90 1 1 150 Sagittal 1
FSE 2500 | 88 15/30/45/60/75/90 1 1 150 Sagittal 1
GE 500 35 15/30/45/60/75/90 1 1 150 Sagittal 1

E 5 FA #i3l =2 £Z (Coronal 1 Slice)
Table. 5 FA change protocol (Coronal 1 Slice)

TR TE | FA Thick | Avg | FOV | Plane #slice

SE 500 25 15/30/45/60/75/90
FSE 2500 | 88 15/30/45/60/25/90

GE 500 35 15/30/45/60/75/90

1 150 | Coronal
1 150 | Coronal
1 150 | Coromal

951



FRAGHREALS =2 A A48 A4E

321 TR ¥3}o] wp& =4 43
I 4= TR ¥3lo 1} B¢
g Axtoln] 7 Ay HE 4
oA H3E Fo ZA3 Aot}
TR ¥ 3o n} & B7 94 k|
A9 slice HHES ¥ AP E 4 H3}eFo] A

4 qlth

o )

0@ mi Jo Lo
£ ey

=2 r?‘; 1%

o

o Ty g
we rlo B £ o

oo fo

T sE ! GE !

BT 20
sl o aen 2 18es

13 95 ~sitet

, —Wsiel

5 - psiied 5 - e sired

¢ 0 8 1080 1 e 4 1300

Tepetition ene(TR| ims) Repetition Time ) (me}

FSE

13 b rredBh gy 0g
—site)

W AP It 93
21
PR e e e B

Usuntiormityu)

s}

W02 250 320 3880
Hepetition Teme(TR} ims)

d% 4. TRES| w2 27e4d #H3} (Axial 3 slices)
Fig. 4 Nonuniformity variation due to TR change

322FA W3t WE 54 A3}

FA ¥iglol| tt2 Bd® o Wl 242 93
dUE 9] ¥z} slice W3kl uhe} Mals = A
3ttt sagittal, coronal B3 2] Z4 S HAH L
A 02 axial sliceo] M ¢] A A A} 22 W3}
A5k = Q) ATHE 5). A A4 2 2 axial slice ¢+l A 2
E7 9/ Hoh= axial slice7t B3 sagittal, coronal slice

==

B
o ol e

bl

oA Ve Ed Aol A FA H AT
0 « Coronal
55 35 . -
0 59 -
3 5 41796
"; * -
2 0 E & - = n g —.—sr
RS Y 3 .’% R S
H H 195 !
ks 3¢ 1p B8

1310 48 W 5 80
Fip Anglei{FAL Flip Angle(FA)

15 3¢ 45 60 75 90

3%l 5 FA#Stoll w2 sagittal(Zh, coronal(F)
gatel 272H (nonuniformity) &3}
Fig. 5 Nonuniformity of sagittal and coronal due to
FA change

952

AAH P H1E 95 2 5% slicesl ol
% 915} ob el slice®] HTF AT &g vl2h 2T 3717

G Aolo 4 Ae] A Aol & 2

2T el oA
2 F% sliced] N AZ A H& Z A AZG HA A
39 71g7] 2AEge] 7 Fd el we 284 g2
o1

el
e = Aolth (29 6). FAM 8L 2 G4 uhE A
375 71€7]9 ¥EE B3] 94 sagittal G4 A
3o ROIZ AA5te Jogs &0 on A 3o
71€719] Wgs fastAnk 34 An zH G4y Wl
2} FA2] ¥ 3to) o2 low, medium, high Al gt9] 7127)
7P AL HEH o2 WS & Mo (2F7)
QTR M= B HEE gEE 4 gl

At

Mean Ratio

Flig Angle{FA}

O 6. G4 4 g7 d|g Hn
Fig. 6 Comparison of mean ratio

D 30990 e £ 14009 e - A

GE o FSE_
. 15009 - - 5 10029 /)A .
1 £037 2 o .
6050 ! :;,/‘ -
A 1300 |
3000 o
2 . B il
3063 S0 T3 9000 2209 000 ] M

12 2 2 low, medium.huph 21 £2Y) AR B F Qo medum,hn {18 TE)

18900 ~eme - e o £

e SE 2

JC;:: - J’j - R
= / o
P / “ ):
2500 ¢ -

2000 - N

3. erg
2038 4030 6080

11

[

8 T F 2 tow madiummgh A A XY

:;_El 7 oiALtH o| FAH4_9_|.0|| [[_I.% 7|57| Ul
(low, medium, high A& deio| “4;1‘7‘ A
Fig. 7 Comparison of signal slope for FA change
(mean values of low, medium, high signal regions)

A2H o2 W bias do]E = J4Y ] £F L FA
o) dsto] mhe} Jeg wm HFAA o) WsEThe A
&% glon ojeie B U Wk 73 2 ol



7]

xZ

&9 BEUY 2

o

MRI %4/¢9] 3219] 7}A|3HE &

o~

bias H|0JE1 9] 2 AN Z 9} 22 N3 3he] Zpo] F, A 57
T 7)&7)e WMl e A Jelg-S ¢ 4 9

V. HoHEl A&t 2R B 7|Y

o] A8 A= & 5 A% bias
o) ER LFA wel gF S Hon 2 HH o HAGS
A M = ol 3 A& HA3E 4 Qe wiglo] vha
sjojoF grh 7hg hdgh W& Ay 7} FAS) 22o]
bias Hlo]E o] & G &E& F= Fepn g E 2 =9 bias
dielE] & g53t AE3ke Zojy dddoz H4
a7lol e o go] mET B A4 A84 7}
g o7l MM & Bt o] A5 3tE 1 e Al
HP& a7t B ol gt o] 3l WA
T 7FA AtakE @7‘43}1 kf?_dr i R 5}5] bias

dlole&= 9%

4.1 Bias Hjo|E{ &) W3} gl &
B =RdM tFa gl
4R YRR G

olm °3’B‘°ﬂ*1E -

& 992 vagan
HaAEe S5 A
CEELERELE
S LRI

5e

1..

O

=)

2

é

}.

0

HU
‘%

S~

>

uL‘L o

ot

o}m Q

)

@ﬂ@qg¢ﬂw
B, =Gradx B, + offset %)

2 3)elA B, = 290l &l §53 A" dlojHE
olul s} B.& 7127] 8 A(Grad)SF S XA 2 Ao 93
774 ¥ biast| o] E] & oJm] i},

42%%%3‘*—@%4?‘& ROI A AW

49 57_1"%_'5 S 2HE GGojy AA JA

FGolM 3 A }%%'%'oﬂﬁel T AR 5L
2 Q1% 2R 3*#% Aol g4 7M5Ad0) 27)

mj o] Y5t J el ROIE A ZA3H= Ao
ﬁ}a‘fﬂ stok, Ag o o] FU B F 9ol v
A3 BAE Bedte Zgel vlar d3ht A
o] 73 §-oll & thFe A S gho] EAska Aol v s vt
& Azl gl Bert folahA] ¥ 397t
Atk
2 =idXe vtgdgs 249 £ € 98 1Y
83 o] S| 2EIRHE 9

a E3le W& A&t th v

o]l ey A odAdel EH%P@ B|2EaH AL 3

o3} 2A9] B2 99

eshold o 2 ROIVIAZ
R =

median fler HE Histogram A4t Threshold A&

{3x3 mask) l

thresholdE 3}, 73l A thr
o|u] A & A5t t}A] median filterZ

median fler 28 RO! mask ©]0]7
ROImask | (1op1s mask)  |* | A4

33 8 sIAEIHo ot 2 22
Fig. 8. Object segmentation using histogram

Histogram2 ©]-& 8} threshold A|AHS- Th&-3} o] o]
Fol ot |A S 2E29 dolE ] ti3le moving
average filterZ A-8-3to] AAHQ) Fo] & el o
o el 2 M &g} o 7] A moving average filteri= 2] (4) 2}
7o) 3 point windowS 2t 3= central moving average & A}

g3,
Pitrea) = (P(1=1)+ P)+ P 1)/3

A @AM P(n-1) & P(n+1) @A A2 F 3 Pn)

o] H/F a& on) 3l
e 92 FEj E 2B dlo|Ef A A v}
Hdd 2 3e Asgte] AF Helgle A WA 2
(modal)®] I AA & UYEhlE S| 2ETH JIAE P
giok. vl Qe A7 FajAH AAE A Qd 2o A
FE A M WA AYAE S HA S A8
a3 e 71€717 AR g ol stE Hi= sl 2Ea
Al 2F 27 7 gh& € (threshold) 2 2 A g}

(" 9).

953



P NG HRENE =T A A4 A4E

First engle (15 deeree)

First Peak

28 9. 28 @t (threshold) A&t
Fig. 9 Computation of threshold

438794 A dugE
7Y 5 UHE v e dAR o] FolA
) 4+9] 3D bias dlol Bl & & =9 318 M A<t
o2 v AAH e e 7FAg
Ao] 5= QB g4te] DICOM HEARE F
FolZ o] g3l A JH L& AV YA S
€1 9] 2D bias H ] E & & 5 g} bias H 0] €] 7}
5EE A= G4E o] 88t ETEE FAHE AT
ROI mask 4] o] €] & A A3} 2-& 3 @) bias ol
o] E] % mask tlo]E] 9] F 50| ¢ =W bias H o] €] &
FHFE A HH3 GA & B3} Bias Hlo] 5 9
H A3 4120 71E9 blas W3 el A3
bias Hlo]E 2] 7] &7 & 2 st= WAl 02 o] Foj x|
oo 2 AR At wheh e WA vl A
A7 71€7] QA F& A L3 bias dlo]H ] A7
T 71€718 243 3 4+ 9 Bias vl o[ B & A4 &t
T3 bias dlo]E] 7} A HA 0] & o] &3t dE G
BAFT BHAo] dusH BgH Gl e
YT E 23t mask tlo]E S o] £t ROI
Mk &4 gt olgd 54 AY9E Ve
AXSZ HUAANA AN A2 AT &
2 eysc R E NS 2qo] 4R
E g FAA Mg e S Yeh =
ghoh, 28 102 bias HlolE1 & =4 & 7}
bias Ho|E & &1 BA L &5 HA

(8]
¢
425

o o
1%

B

AL e ook
A et
o

[\
s

o 2 M

v

4 o 42 [ o
=dr

oot B ool I g
£ & oo o

e
o

4

el
% o

c

to rE 2 B X N of mr ox

o= 3

954

Bias ™oJE] 23
(&7 AR =G)

Bias HolE 233}

2182 Uz wA i__—
G = Giiga K9Gicia
T (e { 4% Adguy ] ROl mask tH0]E}

k=[012 ..n} l £—‘
Gup= 15
on B2 Fusl EIUE 2

e = 0.

A

a3 10. Bias Hlol&f =&t 2ty
Fig. 10 Optimization procedure for bias data

444399 Aol g ROI mask A4

ROI'mask 4] H-9) ol 8 2 38}H= mask vl o€ & 1}
Bl A0 2 ROI 99 tell A 19 ghe kAo 8t
X =09 #E 2=t ROImask A4 R 2 427 9)
A A4 ¥4 3} histogram threshold * ol &) &) A& 5= 9l
oo fed o] Aol = v &g Zejrt 7hs st
e} o g e ASoE QA F3 A2 ROIE HA

A S DRBNEHEOR As) BRAE ZHo|
227H 472 % itk 53 MRI94€ CTS 2o] 9%
9 NEBEG A2l A2 AuF o} 1A Pou
2 59 253 ¥ s Aol e Y50 A4
ol glo] ol 22 & Feshesto] o @ e ¥
gajeh. mheba] 2 =Rl A o]0 A4 ¢ mask do)

& FBANM M FAFAZREE A
A4 9] o) A mask dlolEl & F53HE A

- 3l



MRI B49] 32319) 714 3M 8 B3t A B9 BA 71

2d bias HOIE{

FR-E
bias HOIH +3 ROI mask TAO[E} 24
(G=1.5)

2 AAUEAR0I W)

ROl mean & median &%

High signal intensity A9
(mask data > Mean-sd )

Low signal intensity 48
(mask data { Mean+sd )

: 2¥ ROl mask HOIE ;

32 1. HE ROl mask A g
Fig. 11 Method of Modified ROl mask generation

FAENIFEE 2E 9 Felshe vl golA
G RERR LECEEE EE S R
BASE Aolth ALY L 3 o] & A 2T
A e AL ol Ftel Felagle Fashl H A

EES) BFAYo] 2] wio] Felage] AR

A SRR g 5 Q7] WEolt. F WAS 4T
e AR gel 8 Aol /1 $AT A5g
& 2E o)tk F $AR W 5G] AEHEI e
Fel QA 2E FGo) =AE BB AT

ol g o] V|F o2 A A ROI WH-ojA] Aite
mean 3% T g ol & on F e A H
2 of wpet AT NS FYG S dsleF sttt 1Y
112 4719 A Ve B350y 19 129} 13

& A4 4 AAE ROl maskZ A4 3 o] el o} =4
ROI mask Hlo|E| & v} & A o|c}. 18 o) u] el A
T A%l AAH ] B gid we NEFEs}
$A B G e NERE FFGo] £33 ROI mask 9]0
EH7E A4 ES & & ok

ruSZ rkflr

a2l 12, e ROl mask (=M E ROl A gHHof
ofst MY mask($35))

Fig. 12 Phantom RO! mask (mask by modified ROI
generation method (right))

HE RO 4o
o| 8t mask(ZZhet 7| & walof 2| EF mask(®%))
Fig. 13 Body RO! mask (by modified ROI
generation(middle), by conventional method (right))

a2l 13, 2l&d RO} mask (=

4.5 Bias ] ¢]E1 &} &3

2] (3)ell A bias HlojEl o] W3l HE S AL S T3l
53 diojElo] 95 Hslel w2 71 &7 QA F 13
He) 2 9] At} Grad 32 bias H|0]E| & ¥ 3}A] 7]

=
=
A

£ 7187 82009 ofser AU N5 E] oY

rr

2 2487) A% L0tk e o) F A 2485
W A7 024 W Ehe bios Hlol B A& 5 AT 1
Hu B =R e F 7l 848 SPH R U]

Brhs g 7HA 7187) QA6 )9 BE B g, 4,
Adlgk S ol 83te) YA WE T AL AL
AT &, B F Haat T A4 #E A= A4 1 E
710 71871 RIZHG)HE AHE-3te] BF Aazae B3
Ao 2H 2H5te ZAolth 1Y 14% bias Ho|E| S
HSIA7]7] ¢ AP sts el 2F gk
FALZ 7)&7)7t stshe A Aol el 2 W7 bias
HolE]7 B HAgS FAH o2 NyH oz s}
ZE v

|

(o3

!

n

|

955



A FH RGN =T A A48 A48

3

/
L.
;;
e

E Vmin Vavgs E Vmax

3% 14. Bias Hlole{e| 7|27 #z}
Fig. 14 slope variation in bias data

4.6 bias tl| o] ¥ ¢] 7f 3}

T3] 2D bias Ho|El & B o] £3}7] M=
A3 AA & T3l AEsfof ok A E T W
¥ bias dlo|E & 7| &3 7MHE5E 19 Ve @
25 v P = o] gt o] &-3te] tld G HlolE
g rolE oz M BAo] o] Rzt & =FolA
i bias tlo|E]e] HT S o] 83 Arsle BF FT
e o] 8% A E AEstded BE Jadas o]
43 Atshe FA A g ol A vEY
T AAAJQ AN E AetE BT T+ ATk

V. 4

I

21}

5.1 G2 ol =2 bias o1 B 2 < bias H°1H
SR Er!

2 A7 % 7h&ul shrbeE sy bias HlolE &
o] §3te] o] Fd Hste] ME EF U= WIS H
Zshe Aolth. o] & 93l bias Hlo|E & H 3 A&
THYsorn] 4L T 2 2HE AR 1™
15¢ 4484 42 g5 bias Hlo|HE A3t BA

S ANET A B 2345 Ve

525739 ROIAA ol o A4 24 &
%/\]- B]_E{
e 4480 A A E 44 @ ROl maskE 283
| Tz} object A ROImask & 4 -§¢ 744 & A
ATE 28 Aotk 1Y 16~179] thedt Aol A
& 4= o] A A 7 $-ol object ROIZ 4 &3

956

Ashint $4€ ROIE 248 A5t B4 A2 2

Aol 77ke A2 hehi g 2 4 A9 A4 932
ol 1A gl vh3 A2 1
S AR JqdN 2
#2e 5 Y 9492
16~179] Z2FoA AFAH BHAE £=x]Q U
¥ ROl mask 4§ & 3 97h 438 & 5 2lvh

SE H2ga SHE Y

FSE & B4 | 2F& g4

GE #2 3Y | 2¥d 3¢

J% 15, ol Aol bias CIO[E| AR Al

23 A3 (Axial)

Fig. 15. Correction results by using bias data of
SE, FSE, GE (Axial)

4+ ROl mask | 9= @4 PRER:T
TN ROImask | &= @y SHE Fa

a2l 16, AP A B (25 SE coronal G4H
Fig. 16 Human body correction {wrist SE coronal image)



MRI 949] 32+ 7N 88 53 94 B

oXx
o
o
i

£HE ROImask | 2 AY HNE gy
T ROl mask HE Iy 2FE Iy

o= 17, AN BY (25 GE sagittall G4
Fig. 17 Human body correction {(wrist GE sagittal image)

a9 18~19% £5 (wrist) $A ZY o]9d =
(head) A1 2 Y-S ALE-5He] 9| dlolEl & A AA Y
48 RAS ANS BoF ) Brain Y42 23 o] B
8}7) W) E-ol] 24 © 2 window width/level(WL)& ¥ 73

[o]
F Y B BT go2 A8 B 93
W SEG AL w2 9125t B rold A5t
Q4] Bt olvk BOE g NEY

T =t BA F Gl s gol
o]

!

o W&

£3E ROImask | RIE BA

HM¥E Y | WY JywLEZ)

HH ROI mask HE BYWLHEY) | BFE Y | HYE 4L EY)

a3 18 oA ga 23 (Brain SE sagittal &4
Fig. 18 Human body (Brain SE sagittal &4t

£38 ROImask | HE G4 HYE QY | WY SYWLYZ)

4| ROl mask HE SHWLEY) | 2FE Y | 2FE SeMLEZ)

a2 19, 2lM YA 23 (Brain FSE Axial &4h
Fig. 19 Human body (Brain FSE Axial & A

V. 28

2=l AeE MRI 443 NEZE Bd94S B
Aty A3 F AE dlolE § o] &3t A=
S AT A 9] A5dA = g AE
& o] &3t 32k w0l el & T8kl o] & Ff Witk
B0 2 YW 49 bias HolEE TFatTh 4R
Aol oAM= 371 A MR 53 4E ad
bias Ho|H 2 B AT 4 JEE 317) 9 ] bias t]o]E] 9
2 3} i<tell st ATt A A 2L
tf 3 bias doE o] AALEA R BA S 253} 74

< =AU

ik

N2

[1] ZHou, "A review on MR image intensity
inhomogeneity correction,” International Journal of
Biomedical Imaging, Vol. 2006, Article ID 49515, pp.
1 - 11, 2006.

957



S IR FAEE =F X A14Y A4z

[2]L. Axel, J. Costantini, and J. Listerud, "Intensity
correction in surface coil MR imaging,” American
Journal of Roentgenology, Vol. 148, pp. 418 - 420,
1987.

[31M. Tincher, C. R. Meyer, R. Gupta, and D. M.
Williams, “Polynomial modeling and reduction of RF
body coil spatial inhomogeneity in MR1,” IEEE Trans.
Medical Imaging, Vol. 12, No. 2, pp. 361 - 365, Jun.
1993.

[4]P. Narayana, W. Brey, M. Kulkamni, and C.
Sievenpiper, “Compensation for surface coil sensitivity
variation in magnetic resonance imaging,” Magnetic
Resonance Imaging, Vol. 6, pp. 271 - 274, 1988.

[51R. Guillemaud, “Uniformity Correction with
Homomorphic Filtering on Region of Interest,” IEEE
Int. Conference on Image Processing, Vol. 2, pp. 872
- 875, Oct. 1998.

[ 6 1 M. Styner, C. Brechbuhler, G. Szekely, and G. Gerig,
"Parametric estimate of intensity inhomogeneities
applied to MRL,"” IEEE Trans. Medical Imaging, Vol.
19, No. 3, pp.153 - 165, 2000.

[71B. Likar, M. A. Viergever, and F. Pemus,
"Retrospective  correction of MR intensity
inhomogeneity by information minimization,” IEEE
Trans. Medical Imaging, Vol. 20, No. 12, pp. 1398 -
1410, 2001.

[ 81 E. Ardizzone, R. Pirrone, and O. Gambino, “Frequency
Determined Homomorphic ~ Unsharp  Masking
Algorithm on Knee MR Images,” Lecture Notes in
Computer Science, Vol. 3617, 2005.

[9]1D. Wicks, G. Barker, and P. Tofts, “Correction of
intensity nonuniformity in MR images of any
orientation,” Magnetic Resonance Imaging, Vol. 11,
No. 2, pp. 183 - 196, 1993.

[10] E. Haacke, “Magnetic Resonance Imaging: Physical
Principles and Sequence Design,” New York: John
Wiley & Sons Inc., 1999.

[11] DICOM standard (DICOM PS 3 - 2008), National
Electrical Manufacturers Association.

[12]1D. Mitchell, “MRI Principles,” W.B. Saunders
Company, 2004.

958

A&EE (Hyoung~Jin Kim)

1995\ A=t of 333} shA}
2009 AAIT A BAF A4}
1995~200013: A 371

S A7
2001 ~ @ Al: (F)oll o] ole} J o] A}, A AT
2010~ & A: A gk A Abehs} whAlah

KB R Jada AF A, AFH YDA

M4 (Kwang-deok Seo)

19963 KAIST A 7|2 A 238
BHAL

19983 KAIST A7) 2 A& 83

= B A A}

20023 KAIST A7) 9 A =42 8w} vhA}

20021 ~2005d LGAAF el T4 A7

20053~ A AN BAFEHRENTITH 25

M OF: GAEA, FdA Y, A5 dd



