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Abstract : This paper presents a quantitative analysis method for fall in sick times of the cerebral infarction patients using
three types of magnetic resonance image, which play an important role in deciding method of medical treatment. For this
object, image characteristics obtained by three radiographic methods of MRI and their relation were analyzed by means of
cbject centered hierarchical planning method. This methode presents an approach to the knowledge based processes for image
interpretation and analysis. To compare three type of MRI, a multiple warping algorithm and affine transform method
performed for image matching. Then each fall in sick times level of cerebral infarction was quantified and pseudo-color
adping performed by comparing gray level value one another according to previously obtained hand maid data. The result of
this study was compared to a medical doctors decision.
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Table 1. Mean and standard deviation of gray values
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FLAIR 38.3 (4.9) 123.7 (6.6) 118.1 (7.2)
T2 40.4 (7.4) 129.7 (6.1) 123.1 (5.1)

Q3 ok 7rel Fio] olFoAA BT,
Webd @ 7h 29 MReR B34 Ay FReE @A
g

J. Biomed. Eng. Res: Vol. 24, No. 2, 2003



=

b

o

64

[ed

L e

1712

K3

o 200

Gray valu
3
Gray value

2t AI71E FLAIROIAM S gray value

2t Al7| T20ll A2 gray value

Gray value

a7 5. Al 7HXI MRI #571HollA{2] ZF A7 gray value (a)

EPI, (b) FLAIR, (c) T2
Fig. 5. Gray values of each fall in sick times in three radiographic methods of MRI (a) EPI,

(b) FLAIR, and (c) T2

2t AI7|E EPIRFT29] gray value2| X}

250

200

g8 B

g

150

Gray value
Gray value

100

Z} Al7|8 EPISt FLAIR®S| gray value?f &}

Z} M71E FLAIRSH T22| gray valueQ| %t

Gray value

(a) (b)

a3 6. A 7EXI MRI #d7[HolM 2] gray value2| Xt (a) EPISI T2, (b) EPI?} FLAIR,
Fig. 6. Gray value difference in three types of MR! (a) EPI and T2,

ez ME

A3 A7l 2 B8l e %A
= 25 2k
B ATNE 234, B4, oFA

E 2. 3N 2949 Al7|H MRl EF
Table 2. MRI CharacteristicsARACTERISTICS OF EACH FALL
IN SICK TIMES OF THE CEREBRAL INFARCTION

=34 34 org4
EPI © © o}

FLAIR x O ®
T2 x 0 [ ]

Legend ©O: ofF & UEd, O E UEH, @ o= L
x: HEHR| 94

LIEHE,

ol g5 3| Al : #2494, A23F, 2003

(c)

(¢) FLAIR% T2
(b) EPI and FLAIR, and (c) FLAIR and T2

2 F TY AV, Y FHe ot FLAIR, T2, EPL Al 714
oz B39 A4ES B 2B AR 7 G 3
oA el 2@ £ 39 1Y 6% 2o,

a9 59AE 3 49 MR dAwe= "1*37] 47,

Tgod 4 Z}?j zﬂ aﬁr FLAIRQ} EP],
FLAIR®} T27Fe] gray value? #ol7F 2% 69 (a), (b)9}
Zol Zt AR 24 E oJF eS¢ 5 Uk 1
Y FLAIRS T2 948 22 a7i¢ IAE 7HHu e w
Wo| EPI= T2 2 FLAIR 949 =7, 4 957 Az o
27] & 7t FAE e HEA 2o Hsd ¢
A getd diste a7t YElA "k aseg =Zrlel 3
g 2 437 42 & MR 949 A&3 matching A3
AEe] a2 FHs YL A F G4 4] 87
Huot,



A T AZH ALE o] &8 R A o] A7[E MRI AFH £ @ A+ 65

18 7. FLAIR g4 a7 8. T2 g4 a3 9. FLAIRS} T2¢2| xlo| g4t
Fig. 7. FLAIR image Fig. 8. T2 image Fig. 9. Difference image between T2
and FLAIR

o 10, o FAEE a3 11, 59| x| ™ a3 12. =o] &
Fig. 10. Edge detection of the brain Fig. 11. Spatial information of the brain Fig. 12. Extraction of the brain

Sh dHo| =& A A9 £&

FAE el &8s T 49E HEer] Y5t FLAIR HAe e T Wi F FA ZHoge 18 19
T2 GAlA Uehte 545 olgsdT FATR T AN/ 7E vgoz 4% 992 94 WA 3904
o AAe e HHF Yo EAFEZ FAZNAN T 49 Fxo F4 ZH2 2HE ojF (focus relaxation)dte] ¥4
vhe EBeEsh] Ysixe H’#T" o] &3t B} HF5} S ZZ8H ARA-F (false true, FT)E €01 £T& 27}
25 E 253 + 9t} FLAIRE fast IR sequenced] 7Rz
Ay vlHow Zolo) AT E AAT] Y3t widlo
& _ 1% A HRFele) ded ﬂjo} I A 1™ HE 3. Ga7h ZH A7 AN 2Llof thgt gray value %fe
ILg 73 o] YEhdTh T20lAME HEade AEvt a9 8 W7 9 FEHA
3} Ze)l 71 AstA depdth whebA FLAIRSE T2 @49 Table 3. Mean and standard deviation obtained by
afo’ QdAbS Falw 28 99} Zo] vehd £ it o]#3 F manually of gray value differnce between three types
oo EXS o83 TAZ o gt THE 2239 of MRI in region of fall in sick times of the cerebral
S% 108 2t E AESuA s FE 1y 9% ol Infaretion
FLAIRSH T2 94 Aol 7ain o #&% 99483 x4 2 o2
(region growing)2 3 F X ¥ gray folu_e% EPI - FLAIR | 201.5 (8.0) 114.0 (8.6) 70.7 (8.7)
2B ste] T d9e] Hx FRE 39 117 Zo] F&3}

o). 28T o] A4S olgsle] g (29 L Ty 9gAe EPI - T2 | 1995 (8.5) 108.3 (8.9) 65.7 (7.6)
FEsA FLAR-T2 | 3.6 2.4  6.1(59 65 (5.9

J. Biomed. Eng. Res: Vol. 24, No. 2, 2003



66 : 5]. %1- - A

agl 13, zfel EP F4ad 14, =29 EPI HAIZE

Fig. 13. Original echo planar image(EPI).Fig. 14. Spatial

information of brain in EPI

FLAIRS} T2 ﬁ*‘«] 1}01
2 2UA% 99 98 59
2 54 Jgoz FEe 9

EPI2t T2 ¥ FLAIR ¥4 Alo|2] S& Mg

gutzlo & EPI= n£o0g #FY9HE 29 1339 2 A
ovAx HAM A M F83F FFelttd). 1
Rt ARz & vehtA g Fgo] B2 @HE A
Ya Jgot. z28jeg EPIY AAZXA FHE HET] U
e gt 9 4=E AAs7] 8 Laplacian of Gaussian
A&t 18z AA G 9
2EDHAA FAHE 2EaWY 13 vEFG 23 WES

F o] & EHAR sto 2 7R WHAA F
2xdoz YelgEs AAE Fold F EPIY X 9L o
slele] YAARE T 149} °] et

T2¢ FLAIR gAtdlA 28 T EPIE Ao vlast
7] st 42 AR *}%OPQ'}‘:}. B4 AelE 49
742 @aelFEo] AMEHn gloy B dAFdAE mesh-war-
ping 2328&3 affine transform& 243t EPIS} T2 ¥
EPI¢} FLAIR 974zte] 44 A4S FAsiiich

o]-g 7% % WA EPIst T2 2 EPISH FLAIR 7+e) 934
Age st 2 G AXNAHRE o] &t 9 HAFTIH
& F39d. GAEY (upsampling)®l ZHZ AW
(pixel interpolation) #Ao] &7HmE ¥ AFo|ME Fan-
t's AAZY (resampling) ¢1HEE F3ste] T29 FLAIR
7o) 9 AL FPsigon, £3 A= 1Y 159 Ak

2 9o EPIS T2 % EPI® FLAIR 7o) %54 3
S 98y affine transform& AHE3I%th Affine trans-
formol@ &4 3|, A, olFH} 1E9 S EFgh

r-{n

o) 28}8] A A24, A2E, 2003

a3 15. Mesh-warping #2| &1}
3 16. Affine transform %<} Z1}
Fig. 15. Result of mesh-warping
Fig. 16. Result of affine transform

Mesh-warpinge 7129 A2 2ZE @lel tiste] warping
A FPa AT Fol o™tk Tk Y s
garel Fejrt Aolrt ¢ AS 72 AR Wyl dojd
ol &Aool & 4 gtk 1ejy & ATt AHEE 4
ox) A4 277 OE B 72 AR ZHolg M=
B2 affine transforme F3HeH, F9 AFds 19
163 2t} oz ANEYL £59 FF=E nHsd bili-
near interpolationd ARSI Affine transform mesh-
warping®l Az A9 Zpojrt LAlsA] kgt

EPI2t T2 ¥ FLAIR AlO|e] Hzts}

e oox 4y rf

o
=
=

Fl

2FA, B34, kA Y lclﬁ*ﬁ 5k —8— 1419} o
3 do2 AdEs AZE ol&sta HAA
HoE AFE EPIY OICEJ%‘OHH gray value 110~1407}
A 71goA AE7 7FF F5% g JAXE dAs >
A Bous A&y A&" $98 T2, FLAIRS M|
wate] AF3 ARG FHSFT B AT Add WEe
2 7t A7 7 9t gray valued] Aol HEFH} R
FAUAES ¢ 23 E 49 2o] A=A
2 AFA zﬂf&f‘& J o= s—i! =4 xh%(i HE H}

4. Motz 2y EE HEE Azt ZF A7|d HAM 29 gray
value A9 Ho 4 X
Table 4. Obtained mean and standard deviation of gray
value difference between three types of MR in region
of fall in sick times of the cerabral infarction using

proposed algorothm

=54 =4 o=
EPI-FLAIR 199.8 (7.56) 115.3 (8.0) 70.9 (6.8}
EPI-T2 197.7 (6.9) 110.2 (6.4) 67.8 (7.2)
FLAIR-T2 5.9 (4.4) 7.8 (6.2) 5.8 (4.3)




AA TA ASH AL o8 {73 3

E 5. HeHE dHom mgE Zotet MEe|e| mchnle| Hiw
Table 5. Comparsion of result proposed apgorithm to
doctor’s diagnosis

=2M7] FH7) org47|
o0 100% . 83%
ZPI-FLAIR (12/12) 88% 29/33) oo
92% 82% 73%
EPI- T2 (11/12) (27/33) (22/30)

b AR FREHA @tk 28y EPIt T2 ¥ EPIS}
FLAIR 44 ol A7IEE 78] gdsiA HUrh uet
A EPIS} T2 9 EPI®} FLAIR 947+9] gray value®] o]
# AR AL 2esto pseudo-color® WEFAQLTE

WA dFe Byes FYE Ane I¥ 179 2oy
A7 Fefe] Gt QjEEE HAMY A7)7F HEEEE
AETH 4 A7 A 7R 9 8 22 4Fso HE A
A7 & ZAlste] HdEoe AW APFdE vud Age
359 Zrh a3 E ATdA AEE W34 A7)d EP
o} T2, EPI9} FLAIR 79 gray value #o] @3 o Zgeo
Labed @o] 29 189 1@ 199149k 2e] A7t gleg
o dsith

MO L

g £

B ATFANE Al MR H9r1geR A
MR %*&Oﬂ el H A A7 ZE g SRR Aol g
0]%8]-0:] /H :L/H o].:udﬂ.g bl aokx-lg_g i3
S xﬂ‘&ob&k :Lah Aetd W elgAS B

EPI2} T2Al0| 2] gray valuee| £-xtoi Tt A8
ztel vl

Gray value

- N

g 8
Ratio

8

[4,]
o

EA 2 ol2A

— 1994 | 1083 | 657
mmm A T | 1977 | 1102 | 678

—— Raho("’“ 1.009 0.983 0.969

SN

)] \ |
| B4 A7

a3 18. EFILF T2Ab0l9] gray value A2 gz} d|w
Fig. 18. Comparison of result manually to experimental
gray values difference in EPI and T2 images

28 A)71dE MRI R Ao @t AT 67

+= period_infarction

38 17. Msls g2 igoz SF4el A7 7
Fig. 17. Determination of fall in sick time of the cere-
bral infarction according to quantified data

PRagmyde NA% 134 B4 MR 99L
stel ATk ASte WHoE dolx HolsHE uy
29 434 A7) Beel Ae weols) wes v

Ol
e
s

il 1L2i +EEd H’é*%‘gl 17154”011 =
44 s @ ARE AN F F AN 171%&
g gE HAA A7) PR viger dAR A HF

T AEele] kst 80%013e &

2 oo Mookl jo fa fo
o o rlr Lo o fu

EPI2} FLAIRAO[2] gray \aluee| 2xiota)

AEzne| sl

Gray value

| zEM 28 | o2y

J— 016 | 114 | 707 |
mm 2227 | 1008 | 1153 | 70 9 |

_o_Ratio=t | 1000 0989 0997
EREER |

33 19. EPI?t FLAIRALOIS] gray value Ate| Al¥Z D Hi
Fig 19. Comparison of result manually to experimental
gray values difference in EP| and FLAIR images

J. Biomed. Eng. Res:Vol. 24, No. 2, 2003



68 s %4

At A% A3 FLAIRS T2oA #3
A4 229l EPIA #&A37] oH&
E 5 949 Al o3 Z g4
stod M 734 FelrzeAd EAS 44 #EE
ste} =34 o] FEd A&} O
| ’\171‘: TEE £ Uk 2Eu G471 ol FA Ateld
Fol & =z ggton, A7 vlste 4719 olw4
719] gray valuer WHEs} womz QA7 TN, o
o] Mg ZAo) AT H9o eAZ QlEte] T2
BANA ABE7 F2S& ¢ F UA B AFE B8 A
FAA AEe FHAHA ﬁ&% 2 TREY HAH A7)
TR #gd £ v ARHoz APsE NEE AA T
F 9t FF HFA Al v‘i"«] tgs gvgE 4ot
| w3 Ag BEA2H g A& st AL

9.

o

1. R. Bajcsy "Multiresolution elastic matching”, Compu

o|FE3 A 42449, A%, 2003

4%

ter vision Graphics Image processing, vol. 46, pp.
1-21, 1989

. E.A. Ashton, “Segmentation and features extraction

techniques, with applications to biomedical images.”,
Magnetic Resonance in Medicine, vol. 33, No.5, pp.
670-677, 1995

. Leiguang Gong, “Composition of image analysis pro-

cesses through object-centered hierarchical plon-
ning.” IEEE Trans. on pattern analysis and machine
intelligence, vol.17, No. 10, pp. 997-1009, 1995

. G. Subsol, J. P Thirion, "First steps towards auto-

matic building of anatomical atlases”. INRIA, Tech.
Rep. 2216, 1994

. A. Socrensen., "Hyperacute stroke: Evaluation with

combined multisection diffusion-weighted and hemo-
dynamically weighted echo-planar MR imaging.”,
Radiology., vol. 199., pp. 391-401., 1996

. HE. Burdick. “Polynomial warp.”, Digital Imaging,

McGraw-Hill Compony. pp. 145-152



