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Abstract In this study, a susceptibility weighted image (SWI) showed a wrapped phase and a non-uniformity of the
rapid susceptibility difference. Consequently, the bandwidth limits at low frequency were improved by applying HPF.
From November 2013 to March 2014, a three-dimensional SWI was obtained from patients and compared with the
existing images and HPF phase images. The maximum and minimum signal intensity differences and non-uniformity
were analyzed. As a result, a high pass filter before and after applying the maximum and minimum of the signal
intensity difference was decreased by 274.16% (498.98), and the non-uniformity was decreased by 439.55% (19.83).
After applying the HPF, a comparison with the existing phase images revealed the HPF phase images to have high
signal and image uniformity of the SWI image. A high pass filter method can effectively remove the non-uniformity
and improve the overall image quality.

Key Words : High pass filter, Phase image, K-space, Wrapped phase, Non-uniformity

o] A& 2014 % F R At W AT A el oA 3

*Corresponding Author : Jong-Seok Lee(Wonkwang Health Science Univ,)

Tel: +82-63-840-1234 email: jslee@wu.ac.kr

Received July 22, 2014 Revised September 16, 2014 Accepted November 6, 2014

6702



I BE A G4 FAdE FAS 9 high pass filtero] A&

1. M2 WA 3 GAde] ddETt vold HEEE A&,

7 Fo o] AstE= wAA ko= HAK ¢

MAIEES HAE W A2 28RN 2O H AR E BEH A5RREH 259 5 ¢l oA

£ N%, 5194 HEF] 20~68%, 444U 3~ 74 ¥ YoM 2n& the YA ks a8 5

16004 s Aow deA U] F8485 R 9] gEolu], zsks 2ol o3 e AL FA

1M AT Ao Yehi H2de 84 (refocusing pulse)& AHE-3HA] %= 7 ZE 7|RES
O BAVEAE A5 F e AR FHEEL 7 3ly] wFo|tH16-18].

13}[ ] e A Sl YA ke SAHeE olg] sl EA|Ho] WAEl T QLo % B sl Uths
g5 7] o] offan, Alke] Aol whak wig- § o] oz Bel s 2P oz dAe] HA] 2= vlsw
e PSS AL T F ong 271 A FAAA Fo) Hlm Aok IEFH T S B At AF
1 &7t wi F8skei(s, 4] Al e FadehaL gk hyjo] B g st ol fr =

AEES Tdg FAEE FolA F2 AZIEH A AY Fdste gon, Bl o et nju|s A
% 4H(magnetic resonance image, ©]5} MRl #+% 5] AoltH19-21]. tf=-°] 1A high field) 1|7} A 5=
= 2eoltp]. Y 5AL R IF F4H A7) 31 Y= 2o FAo] H|Fo] B uf 2Fo] =S4E
&) & YA (inhomogeneity)oll 9Jato] FHEAIT F oA E o] o] AR EAJo] glomE AzZhe Hot
S8 AAE HolwA AF Smm olst Al $9& Y= o7 wWozaw 9= Aot 22
Ay o7 Yehdti6,7]. ol & AFelAE W Fir IS AdsheE

= olgsto] mAEE S ] S A3t High Pass Filter(e]8} HPF)E AMgshd A4 943

& Wglol] e 249 Al Y (gradient echo  AZAFE 2Bk oo oFt Pake] HrAAL A
image)o|vt 3xH A5} 24 (susceptibility weighted 4= gloglal= 714 sloll, 92493 4o] HPFE 4430
image)& ol-&sfo gt sfubshd 71Ee] AHRL 2a) gate] FUREE o] AWH 7px7F 9548 G
MRIE 437919t 285909 A8k Aol& Jdstd o F=8 4 9= Wots nAlsax 390
T §lo] mAE™ ] o] Erbssly] whidolthg]. 1
U 2249 Aol Zd e doa FHZRA et

©m[9,10], W77 Kt iﬂ 2 A Wavt @ 2. b

HEAS] &3 ‘Hﬂb B2 & ¥ (partial  volume
effect) 2 15k Heho] 0194—r @do] Qlt}. o]& A

at7] fleto] Holl= 3AH Az dol e
dom, f8Ade] Y= ArH11,12].

32 ARG Y-S F531] YA FEet k-
1Hspace)?] 5ol Faslth &, 3AH Aspdx
AL %7] dlolE(raw data)?) k-space?] T-EHH o
uekd  FAaURe  Zr|E JeEie Z7|9y

(magnitude image)®
image) & & A4

el o3k 9179 d(phase

@ % Qi) 144 MRES 52
dxo] 2717} 349 & HF3BRE 93] Al
TAol agiAwt 32k Aspd s AskE
Zolel ojgk WatE SA 3 of st 94 el A4
o] uj ateH1415] e A3 E 914 A
ol BrdAdel ot AX 9 (wrapped phase)¥,
A8k afolo] oJdt g oz Qlste] AF e 2fo] 7}

o8

6703

AT 2013 11€5-E 2014 39707 3A4¢)
& A B 5&1}68 rJWOE sk

7} 70 =

[¢]

—‘?—@Q’Zﬁ A Fr(low

HPF= #-8-sto] AAT = 3l

=2 T M
o]

=

Apol7k AA =, HAAA

=

frequency)®] $173A1EE
o Fge] HU=E

=
=
= 3T

(b) K-space
image

(a) phase image (c) histogram

[Fig. 1] Conventional phase image and k-space, histogram
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[Fig. 2] High pass filter applied to phase image and
K-space, histogram
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[Fig. 3] Location of the ROI
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[Table 1] Socio-demographical

Category Division Frequency Percentage(%)
. Male 31 4559
Gender Female 37 5141
50 under 16 2353
50-59 19 219
Age 60-69 17 25.00
70-79 11 16.18
80 up 5 7.35
Neurosurgery 18 2647
Department Neurology 46 67.65
The others 4 5.88

HPFe| A4 A5 A AEE 4§ 2 78493 )
A7 10130645683, A4S 227.57+83.98)0]
A A8 F 865LH U S 132246+104.34, 42
SR 1055RHE  folsA  pastn
(p<.05)[Table 2].

[Table 2] Difference in a change of high pass filter in

maximum, minimum signal intensity before
and after application

Category Before HPF After HPF J2)
maximum o

ST (A) 1013.06+55.88 1322.46+104.34 0.000
i 22757:83.98 1035.95:108.85 0.000

SI (B)

The
difference =

785.49+31.56 286.51+54.17 0.000

between

(A-B)

SI: signal intensity
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[Table 3] High pass filter applied to the non-uniformity 33191 ARG} AE A ATAEE YA
of the difference between the before and after )
Aol A7 EvtrdA, 9ol Hg(noise), artifact,

under sampling & thet o=z oF HAH $14,
agla 2pskg zbolof ok o ke AT
4

Category Before HPF After HPF J2)
Non-uniformity 25.67+4.45 584+1.29 0.000
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