R=&

MRI i 5 ORFEE =KLk BB 7 L T Z L
SN
R LERFEEF@HE LT
E L& I HEMMHED O BHEIN TS

AR, X # CT 2 MRI OB & MfOERIC
F-oT, INOLOLHMBBRY L5 ZRITAER
By, ZHEs & L0ARFERYI 2 V—
VaVBIUEBROFMIBICOERLLD
WORABEINTWAS. LI L, EBEOER
ICB\WTC, Flxid, MMOTRO RIS

SIiE, BEOWRBGD b OHERNZ L V1T -
TWBT, TEEOFERC, BRIIKEL T
WHEDPERTHS. CNHONEOBEMLZ
TV, WO DH TEEBER T 5 &HBRD
bNAH. TOFRTHERC, ERMER (2T
BACEER & E.5) D= i BB LA
RO OLNS. TEBMEBO=RITIR B B
HIZkWT, RAEEL L0, EHBRKS
TS O/ s H IEREIC, »ORhER X o8
T5TETHS. LrL, BEH MRIB®RICE
FhAMZERMARE LcBEIciE, Ozo
L OPEHLTGIRTH 5, (WL L IBE ST

b DRSBTS A, AR
BRBEER THAHFEOEMMN D, Hu’ﬂff«lﬂdﬁathd)
BEMLIZEELRETH 5.

COMBEEBRT A0, BV T BV T 4
JU & (mathematical morphological filtering ,
LIF, MF) #DU~Y, $HJESE (region grow-
ing, LAF, RG) EZEOFik%w A7k B R

% /=, % & clumsy painter (LT, CP)
YIRS FEE RV CRERO BB T
VY ALERED LEZRTGNDOBEAZRAT
% 7-8. CP 1T clumsy painter & /T % 5
V7 V— P EHEBRORBEBEI TSI LT
MF i e IR ORI DR E R E < 1T
STEMTELEVWSIRREZL-TED, B
IC, otk & OEETHHEICL, CPED
BRI EHE LML TWAY.

FIZ, RS T ICREERIC CP 5%
HHTE 5~ﬁmﬁﬁﬁﬁﬂ@ﬁﬂ§, MRI &
DREFBHROEA, BIUFV I/ V—DEH
T BIGHIC LS/ HFEOBAIC L DS
EomE%N- 7.

X F o

XKD CP i B3 /- =kt T B
£, mEE L > mEUABO TS U— 1
(Fig. 1) %, BAOBEBROWIBICH > TBE S
¥, OB ERD S & CRLEROMR %
M+ 52FETHS (Fig.2). 7IVITU XL
(TR EDERRES & R ERBHRE & FHEN S =D DR
BAOERINS. =¥, HEG%EIEZBET
—fEfbL L, WICFBNC LY CP #EALERAD
EEOMBICEET 5. WIBERBWICB VT

*—"J)— K brain MR image, automatic extraction of interested region, clumsy painter method, brain paren-

chyma
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Fig. 1. Digital shapes of CP templates in two
dimensional CP method

CP template can optionally choose the size as
the form which is approximate to the round
trip.

_.-brain image

---CP template

uninterested region

@ extraction

--extracted parenchyma

Fig. 2. Schematic diagram of brain parenchy-
ma extraction process

It presents binary value, and the CP template is
placed for the optional point in area of interest
in respect of the image of the cerebral parenchy-
ma. Next, by moving the CP template in area of
interest above, the contour is searched. In mak-
ing the point on the contour to be a start point,
by the transfer rule, the contour is tracked.

CP BRLEROmE £ TRE T 5. wIhE
PR © CP BB OB IEALIE Fig. 310”4 &
DICHIBEAEZHE L LTEEVICE 2 bh
5.

REFHE

TERFETIIAMBGC LI, BOZICHH A
ToNnLHOT, MEFERAMBR TR, =
RITCANC R B A A LA, F7z, RiEE LT
EBROMEL 2T S BE N DY, b2 HRHMEIC

preceding
dicection

Fig. 3. Translation rule for decision of the
preceding direction of CP template in two
dimensional CP method

By preceding left side for the running direction
before 1 step by the transfer rule in the 8 vicini-
ty, the running direction of the CP template
chooses it.

Lo THHBRBAKESEZS WS HERS
5. ZZT, BREBICCPEZBATEAS L
SICBBSRHEINRT 5. BARICIE, BIES
HEEBRLEART—ETIER L, CPHORY +
WOBEZRL L5252 kicd5 (Fig. 4).
KRN B S5 RS,

ti(p) =g (p+wi-1+d) Stu(p) —ooeveeeees 1)

72720, pECPOBERER, wi-rld &
i—1[EBOBEHD CP OfE, iz imE
DOBENT I\ TEBIGEIR S W/ B8R R
THAH. T/, gl@) IEa BT AEED
REM, tu) dp TOTFTREE 2 554,
ta(p) (Zp COLBREELE2BEZTHS.

L2 L, BEfedIcs LTl EoES T,
EOBEBICI W T COERAHHINSL Z &
IC72 %, BOFIROBREmE N L T 5EE
TREGRZ—BICRO S T LI ZY T E
ZAbNs. ZIT, BROPEIC Y- T
£, TR & EROBEIC OV TS
LIZF 5. MREBOFTE, HriCiliash Rz
TRERREZCOD S TRk 7o by

199949 B 30 A5 2000 4E 6 A 5 AET

BIRIFERSE T158-8557 HE#iHMAX EH 1-28-1 REBTEAFTHMETFBE TR Mg &
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surface of interested region

in three dimensional method

g }

~
il = o

vector of template

y P
a traj é_ctory

Fig. 4. Schematic representation of a trace of CP template in the edge
of parenchyma

The threshold is given as a map of the vector of CP template in order to
apply the proposal technique for grayscale image.

BEGICHER L, MEBEMEOE, #RChiE:
7x AR AE (gray matter), H'E (white mat-
ter), BERA (fat), PR (CSF) 1o\,

TODE G HEREIZ 200 AT oME L, 5@
OEET—% (A, B,C,D,E) ZLIicEHER
D7 DA Table TH 5. Table 7» 5 T 77
BOFMTa b EESHR LD S CSF OREME
DL 7> TWTC, MEEOREMBMEL -
TWAT ERbhA. TOLDIT, BEHERRS
DREMBRITINCELT 25613, BEERS
BT 5 HEKRTCP DEGBRLE/LLI N
X, BOEREABEONASEEZONS. T
T, BHREREELIE L8 LT, T
g 70 b VEEROT Y TR MR
5. Tobb, TeWRG s /0 b VEERD
P 23 0 O E S A& Fig. 5 O L S ICER
%L T AR OREM G < /&> TV AHEIK
78 CSF T, &< 7x- T\ ARERAKEE & \»
5T rIixA. TITC, ZRktEBEETCP »
BE+ 5L E, CPOEGHOEILLRONS.

Ok, TG OERORE M CP
HNONT MIVOBEH E§ 5 & T, CP BNEE

LEBETHI-CICERD L OEHRELT S
LI s, ThZZ0TEB TLRIETH D,
Bk CP BB 7 A EARETH A IC R 5
b, Bx, “RTEFELT, Bix%CPOER
BREINS. Tirbb, EEROEBEMOZEL
G U CGHEIGEIC CP OB/ Z SR 5T &
BTESH. ¥/, MRIEZICHE T, T2 B
BCTRIMEBETZIROEL L 51 CSF BEFEL
TW5h. ZIT, MEBEAFTH» S CSF K
o TEREMEAR &5 T MR ORER %
BEOKME L R HRER S5 LT, MEH
P TCCP 2BEIRST EDBAREL S, K
DMxEDTOE > ICERLET. ERZHRD 5
ST 7o rvEESR T, RQ@QEL,

gep(p+wi-1+di) Stu(p) oo @

TROKHIIRG) &L, T BREBEORERIC
HH L7 CP BB C & AHiZ R 7.

gr2(pt+wi-1+di) <gpp (p+wi-1+di) +k

7272 L, g@) B a COEEME, pld CP
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Table. Average Density of Brain Tissues (white matter, gray matter, CSF and fat) in T2-weight-

ed and Proton Density Image

DATA white matter gray matter CSF fat
A T2 image 37.51 59.92 193.24 62.60
PD image 124.82 137.86 110.29 195.04
B T2 image 29.88 55.50 211.53 65.98
PD image 119.31 131.59 104.53 187.77
C T2 image 37.61 64.56 214.29 61.13
PD image 125.64 141.81 111.81 186.52
D T2 image 31.77 60.42 193.45 64.88
PD image 140.45 150.09 112.89 193.91
E T2 image 35.41 54.68 186.11 56.61
PD image 129.06 138.99 110.06 181.27

The density of every tissue (white matter, gray matter, CSF and fat) in Tz-weighted image and
proton density image is displayed in this table. It is respectively and optionally extracted from
the image of these two kind in each 200 points, and those are displayed as the mean value of den-
sity. Image density of CSF in the Tz-weighted image is higher than the level of CSF in the proton
density image, and the level of cerebral parenchyma is low comparatively. It is proven that these
are features of the image of two kinds (T2-weighted image and proton density image) . In this ta-
ble, clinical image as an object is the 5 examples of A, B, C, D and E, and the scale of the density

is displayed as 250 maximum.

TR T AN FPVOESE, wildRE1ITO
CP OHLOBEDME T, diidRiToOR
BHMEE5 2 570Dy FIVTH 5.

ZCTC, tulp) FEBOES, grit T8
FHEDOME p+wi-1+di IZ 1T AEEOERE,
gep 37/ B0 FUEBEBOME p+wi-1+di 1T
TABEBRDOBRIETHS. Tz, kidF—5C

IR, Te@AGg s /u b VEERLED
FEEZERNC U 4 IR K & IR B S 5
BREEDHING A=A ThH 5. k ORHIET
T: 8B & 70 P VEEROESEBO L A
NS APORDBIEPTESL. TIT, E
SER LT VEEROSEROBREMEH
b T BWRGOREME5 &, ZOESELHE
BRREME 127 1Mz THRONhLER LTS
BE(E geo-12 23 (4) ITR T

gpp-12(2) =gpp(a) —gT2(Q) -ooreereereeeeees (4)

%72, EEOL AT A% Fig. 6 1077,
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RO 127 =7 OB 545 MEFIC, PR
PSNDNy 7757 RICHS L, CO5T%
B 7S AEIEIE RS AR & 7x 5 T TR
DHFE > TWABEEZBNA.

CCT, WEBEOGHi%E foo & L, fop OFH
u, BE¥RZEo #FEL, E5E B COMME
T#KRDD. COT Bk BARG)ITLDIE
5.

T:‘u—g.a" k:T_127 ..................... (5)

W7 VT X ADEARN 7 1 —% Fig.
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Surface Model of T2

Graylevel

Surface o PD

Surface of T2 \
<o) LT
< &

Graylevel

Graylevel

The shapes of maps

Fig. 5. Change of map on the boundary between brain tissue and CSF
The boundary between CSF and cerebral parenchyma is depicted as a
result of superimposing brain contours of Tz-weighted image and proton
density image. The form of the map of the CP template change on this
boundary with the transfer, when the CP template moves on the bounda-

ry.
0.035 T T T T T
0030 |- k 4
=
=
0025 - =
g T
% 0020 Background ]
s} except brain parenchyma
é 0.015 Brain parenchyma —{
A
[a)
0.010 ' .
0.005 .
0

150
Gray level t

Fig. 6. Image density histogram of CSF, back
ground, brain parenchyma and background
The density histogram of the image with peak
in density level t=127 is correspondent to gray
level histogram of the background except for
the brain parenchyma, and the density histo-
gram of brain parenchyma shows normal distri-
bution almost.

2%5—X A, B, C, D E &35, F—FiEE
1 256 x 256 BEFROEG T 116 A5 1 A, —H
F8hits ThH 5. £~ OFEREICH L TT1H
FH (TR=900ms, TE=15ms) & T:58 3
# (TR=8000ms, TE=160ms), LU/
FEE®S (TR=3450ms, TE=15ms) 2%
D, E7 VA AGHEER U TH1mm O
FSVIAN—ZABEERN/ILDTHAS. D
O, BIFAOGIEEE, WITRMOSREE &R
L350, BHEEETY, CPFv TV
— rOY A NI EFEHRY 1lmm TH5 &
HERBLTHEHES L LTWa.

Fh HHAF BE ST B OO 7E 28 & AT

W H RO E % 7 9 5 7- %, manual
(FIEE) THiH LR 2EEL LT, 3A
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BREESE

ick up proton density weighte
{mage and T2 weighted image

Set the size of CP(template)
Set the starting point of CP

Move CP to the ouline of
Dbrain parenchyma

Set the other vector of
template

Decision for the moving condition of
CP using equation (2) and(3)

YES

Move CP to the top of vector

Match to the same moving condition
5 the initial one

Reclaim an extracted region from
(he area by CP trace

Fig. 7. Flow chart of automatic extraction of
interested region
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H LK Eo[ %] LMK Eu[%] %
LTFO XS ICERT 5.

Eo=p(UNS)/p(U) x100
Eu=p(INS)/p(I) x100

T, 1 3BOHER AR T AEROES,
S idHh LR OBEROE S, U IZIERSLE
BAER T AERORS, px) 1T, £EEXIC
BENHEROETHAS. T7bb, TAHL
PR 2T, FERALEER, T, MEREY
B < B ARIC N TOEIRIC &5 8 5w SR O
EE&T, MHENEREE, BEOFER, 2T
i, WEEEICHD A INah - 7 EROE
ETH%5. ZDOEu t Eold, FHLITEBNPE N
138, ERBICHHEATETCNAI EILRA.
RFECTRHRES S LT T REBOA TR
LT, ¥¥H TEo=1.79, Eu=2.44 |[cxt L, %
FFILT, WAREHRE LT T @K, 7ot
VEEGTHER LSS, ¥ TEo=116,
Eu=1.95 & 7 - 7=. Fig. 8 ic3izE X N /- K
FHREMICK G LR 72HIZ, manual IZ &
Lt (@) 2SR LT, #RFBICL S
BEREOD), BEFEICLIHMEEROOZEFN

Fig. 8. The results of manual extraction (a), traditional extraction (b) and proposed extraction

()

It is the photograph which showed the result of extracting the brain region in the three-dimen-
sional display. As a reference figure of the extraction result for the evaluation, figure (a) is
manually image trace region. The result by the traditional extraction technique was shown in
figure (b), and the result by the proposal technique was shown in figure (c). Taking the extrac-
tion result of figure (a) as a right thing, it is contracted with the result, the part in which the ex-
traction region protrudes is displayed in the magenta colour, and the part in which extracted

region part has leaked out is displayed yellowly.
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An Automatic Extraction Algorithm of Three Dimensional Shape of
Brain Parenchyma from MR Images

Takeshi MATOZAKI

Faculty of Industrial Technology, Musashi Institute of Technology
1-28-1 Tamazutsumi, Setagaya-ku, Tokyo 1568-8557

For the simulation of surgical operations, the extraction of the selected region using MR images is
useful. However, this segmentation requires a high level of skill and experience from the techni-
cians. We have developed an unique automatic extraction algorithm for extracting three dimensional
brain parenchyma using MR head images. It is named the “‘three dimensional gray scale clumsy
painter method”’. In this method, a template having the shape of a pseudo-circle, a so called clumsy
painter (CP), moves along the contour of the selected region and extracts the region surrounded by
the contour.

This method has advantages compared with the morphological filtering and the region growing
method. Previously, this method was applied to binary images, but there were some problems in that
the results of the extractions were varied by the value of the threshold level. We introduced gray lev-
el information of images to decide the threshold, and depend upon the change of image density be-
tween the brain parenchyma and CSF. We decided the threshold level by the vector of a map of tem-
plates, and changed the map according to the change of image density. As a result, the over extract-
ed ratio was improved by 36%, and the under extracted ratio was improved by 20%.
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