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ABSTRACT

In this thesis, we modify the Charged Fluid Model (CFM) to perform the
segmentation of brain magnetic resonance (MR) images. We propose two new stopping
forces for the CFM agorithm. Conceptually, the CFM is a simulation of charged fluid,
which is like a liquid flowing through and around different obstacles. We divide the
process into two steps. First, the CFM flows within the propagating interface until a
specified electrostatic equilibrium is achieved. The second step is to evolve the
propagating interface based on several image features. Those two procedures are
repeated until the propagating front resides on the boundary of objects being segmented.
We used this new model for brain MR image segmentation and conducted experiments
using a large number of image volumes. The results showed that the new stopping
forces can effectively improve the CFM algorithm to segment noisy images as well as

real brain MR images.

Keywords : Charged Fluid Model (CFM), image segmentation, deformable model,

magnetic resonance image
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AP ERE - BT KBRS T A aehgnd £ ik A £ (Image

Gradient Potential) :
VG, (m,n) I (m, n)|
D@ (M, | 14
(M) = (14)
Be A5 5% BAAR BHP AT AL 5 AR || RIAHPERY 5
B E o om BT FAgER £ X3 3 Sl BEMS o BF > AV E RS

ATy SN

=Vod

img img
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FREF S RAPEER e gf Ay FEF 2] A T RS R G R
PO R kA [22][28] o H P - B kG AR E R R AT S
TREBF U g Sk e A F g [20][21] 0 4 A e e

TheF S RERAR T A S
pxy) =2 aS(r-r) (15)

HOooqfen=(x, ) AR AT REE o hning o S() EF TR HRE Y 4
R AT D DA F] S o AR TS R T A HAE[20] 0 AR
PIBSE A58 F15 5 F e ? B0 {2[21][24] :
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1 re
S = ep(-")

1 1
= ——exp-—[(x=%)* +(y-¥)’]
2r 2

BEANPT R R ﬁsz:&&(Taylor Series) * %A i & 38 (Dipole Term)# %t
(Truncate) = 1T e $2 2h(Nearest Grid Point » NGP) = % [23][27] > & p >t (15)5;¢ # &
7 & E B ;% (Multipole Expansion) » i&—?i&é‘; et Bhenit Ao k1T i B S e

(2127 :

S(X_Xg! y— yg)
P Y) =D D 0] = (% = %)X S, (X~ X5, Y= ¥)
T = Ye) XS, (X =Xy, Y V)

B (X, Y,) b BT A B B o b fs o @ % ¥ A £ A ST D AP AR R

P, Y) =Y S(X=Xy, Y= Y,)
g . (17)
X{Quer (%51 ¥g) +%[D(Xg+1) —D(Xy4) + D(Yg.1) — D(y, )1}

B Quep b IEE

QNGP = z a

ieg
A D(&,) 5 BB

D) =2a(5-¢)
ieg
B T (L7)7 KRBT OE  JT G E AR NT B ART § B0 e 95
TEHE -
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A2l enfz > AP L2t E T Q(m,n) endt sz id = ¥ i # (Discrete Fourier Fransform »
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1 — 27um —27vn
QuY) === > > Q(mmxexp — " ey — (19
m*=n m=0 n=0 m n

2o L el A & & mohfon—fhehk B o 2% 0 #(16)8 &~ (15)8 ¢ 5 ¥
HHEr &2 e Few B3 pfrQz Bt 1& = # 38 (Fourier Domain) # ei1f
e FRANOFY 0 T U@H p @ E 2 ER Y W e Bil o T e

F10 o B S N2 O Q2 [ enh 4 o

B fé o B~ @ enig & 2 B4 (Inverse Fourier Transform) » # 7 BEX 7 = d © 2+
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GiEER AR DIFR > 1T - BHES RS G SF e s BiRET
SRR G SR - B R e Mo AARA - B BT HREL Y i
PRI AR R B A b B B e d i AR P S 1 (True) o B A
oS ek 3RpE L O (False) o b S (v cniife? - ATHRAE S F A 2 Bk EALK S
1(True) - te i oA 4 2 bg%éfw BE@pRhe PR AR 13X

RPN G AR B R E A%%wfii—%ﬁﬁwﬁgéommﬁ’W&
i%ﬁgﬂﬁéﬁﬁwﬁwaﬁ; PN BEEE B EEAF FREE L 1(True) > Bl

;u%ri.%gwu:; d PR F T IR o I P GEH L ’fif‘u? ol @R
S é#qﬁ;“"—x];xg\—%ﬁfm‘bﬁ,w4.@;,,,§ﬂm—% Bk L A— AR
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AR g Rl AU R AR FORR] 0 @ T e § BRE R TER Lt
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% & k- B x4 (Effective Potential) @y, > H d (958 fr(14) 58 ihdy, fr

D4 (Mm,n) = cDeIe(m n)—®,. .(m,n)
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TR B G AR R TR 0§ okt BB, BT L RE S
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Eeff = Eele+ﬁE|mg Vo, =V, Vci)de (21)
HP o #HRT RS g i (I)e.e ’ Ee,e 2T H J s BT O, rﬂﬁ A
BRABF BESELY RAFRGR A HFeon Tt & &g 8 bR

R BRYN Y hE, ¢ e o B EIAMAET U AP £ & bl R oo
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a=[1(xy)-c]+[1(xy)-c] (22)

O I(Y) RIS AR RS R ¢ s GBI E 4T

c, = average(l ) insidecurve, if(x, y) insidecurve,
c, = average(l ) outside curve, otherwise.

ETIHEE GPREERERR Y > NG mETR R - §d BB PSR DAL
B (Gray Matter) % it & < i & % % 4k (Cerebrospina Fluid » CSF) - F]pt »
EHFE RSN PUR R AR R A e - B KRR S i E Sk
I:img [31] :

2(' min hl)

Fing =512 @3

max
B h,, i®Hse& kM E > B(Cumulative Histogram)® - ik 11 B 11 2060 4
o hy 5 RE RIS o i R R R S B, A B R T R e

S A B %k 0 B3 Ao
hl:(lmax_hZ%)Th-l_hZ%
He T id¥8 brphme 2@y 285 050

B L 2 Ly P14 B 15 & 08 300 6P 58 B B X ffodo] B0 m J0F S5 L
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Imin = MAX(h’Z%’MIN(hM | (0)1 I (1)!1| (dl)))
| e = MIN(heey,, MAX(hy, , 1(0), 1 (D), -+, 1(d,)))

Ho |(N) 2 40F 54 BLenB s B o Dy, 5 0 SN B s B e il dfed, Bl A

S E T |y fo | P AT SRR (] 7) 0 B AP L% ¢ d=d,=12 R H
(o W AL BRE (BT RINREE » | L shiE T 2 (White Matter » WM)

IR > g’ lg\ﬁg}iﬁx‘\ [E) Imm Jq‘:}’gxﬁ‘”hé\"?ﬁ:féaﬁwmﬁ lg\ﬁg}iﬁj‘ (R

1 max

(a) (b)
B 7 1% @7 4 B[31]

B fs o B P AT O E Sl » QDN BT R

Eeff = aEel + I:ingimg (24)
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B it 4 5 FoSd ()N E A BB Sl § 0 R RITEIE R
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AEF R EREFTR Y DT GRS F L # Pentium(R) Dua-Core T4200 @
2.00GHz 2. CPU ~ 4GB 3z a4 & 45 §* 32 =~ Windows 7 ¥ % i st i B i B 4 2
#7 % JAVAIDK 16.0 -

a—
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ZBFE flcE B Y 5 100% 0 AxET 100% T R L B ARBEIT I AR S 0 By
M KGR KA TERADAER > EFZHEf 1 B4 E > v AARERIT
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42 FEE%
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# & (McConnell Brain Imaging Centre - BIC)# i 2 $1 2% % 4= ¥ it § “1& i
[32] o d W HBE T F AHELEUE LARR PHRRN P EFHRET 2 &
AT R E G AR RIS o AR R gL TR R Rl 8RR A

BT & AR T chAe B dkay o

BAAPABSBD3mMm § ¢ 0% 305k G 0 LRSI 1%~ 3% 5% 7% ~

%62 A B % chg it o
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% 1SBD 3mm ¥ i F A B P Sk

Ke (%) Kg (%) Ks, (%)
pnl 97.30 98.52 98.81
pn3 97.30 98.56 98.77
pn5 97.10 98.37 98.77
pn7 97.12 98.44 98.72
pn9 97.10 98.53 98.60
Avg. + Std. 97.18+£0.09 98.48+ 0.06 98.73+0.07

4ok 1917 > pnl~pn9 & B & 7 f23 1% ~ 9%+ SBD 3mm ¥ i & 0 F 2Rk
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IR R I R ) R S fﬂéﬁ AR LR R i TR
B 20(f)R1 £ 4c %%zaia%ﬂzﬁmgi PR H o d BET G A SR

#2224 3455 IBSR ¥ - R GFHLAERE S § - 2 BT
BTl 48 bids BAEY 0 AP RIS HERREEE TR 2k
oL AuREFER lg\; FLR ehT Fald 2 I L o AP gt et 2 AR e
TR AP E AR ¥ - B GFTREY 0 %5 0708 2 10 s BT f

Bz e E e BN L BRAtfact)RE o A A - BRGFREY 5 %
5 01 A B pka s o o B Ky i 4o AP A 2Rk s § 1§
PO B2 B A T B TR P ¢ 30 R iR 2 R REehe
oo A A A g R - TARASARR O TR - B R AT
Aok B R § A S feraiR A F AP 305 - A A R R 0 A 2 e T
LB i ehd AL R PR 2 FnEr R AR o FI P E G B
S o f FE RS P e R R R TR AR R
ﬁw%‘ws‘zf]ﬁg Wy L o

% 2IBSR % - 2@ TR E G Sl

Ke (%) Ka (%) Ko (%)
Set 1 IBSRO1 96.05 97.64 98.50
Set 1 IBSR02 095.44 97.94 97.58
Set 1 IBSR03 92.91 95.47 97.75
Set 1 IBSR04 02.54 95.21 97.68
Set 1 IBSR05 92.71 98.30 94.53
Set 1 IBSR06 92.27 98.47 93.91
Set 1 IBSRO7 89.86 02.46 08.16
Set 1 IBSR08 88.29 91.90 97.33
Set 1 IBSR09 90.96 93.98 97.52
Set 1 IBSR10 87.06 91.35 96.83

Avg. = Std. 91.81+271 95.27+2.62 96.98+ 1.45
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% 3IBSR ¥ - B TR E IR S8
Ke (%) Kg (%) Ko (%)
Set 2 IBSRO1 83.92 98.88 85.20
Set 2 IBSR02 90.08 94.98 95.59
Set 2 IBSRO3 94.14 98.92 95.27
Set 2 IBSR04 91.58 95.92 96.21
Set 2 IBSR05 93.80 99.26 94.58
Set 2 IBSR06 93.82 98.84 95.05
Set 2 IBSRO7 92.45 97.97 94.63
Set 2 IBSR08 93.80 99.50 94.33
Set 2 IBSR09 92.75 99.56 93.21
Set 2 IBSR10 92.24 99.80 92.45
Set 2 IBSR11 92.25 98.36 94.01
Set 2 IBSR12 91.15 98.15 93.16
Set 2 IBSR13 91.52 98.83 92.79
Set 2 IBSR14 94.25 99.56 94.71
Set 2 IBSR15 92.63 99.80 92.84
Set 2 IBSR16 92.79 99.51 93.32
Set 2 IBSR17 93.32 99.86 93.46
Set 2 IBSR18 95.39 99.32 96.10
Set 2 IBSR19 94.10 99.83 94.28
Set 2 IBSR20 94.80 99.71 95.09
Avg. £ Std. 92.54+2.36 98.83+ 1.26 93.81+2.25
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