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PET/CT &_+%+ F? Firag B PP B8 e+ %4 2 2 (PET, positron
emission tomography)#£ % *&%7k i& 8 (CT, computed tomography) » + Pﬁf-ﬁﬁzf#%ﬁ E
AR oo B TRk B @ % en 18F-FDG PET/CT 12 18F-FDG (2-
[Fluorine-18]fluoro-2-deoxy-D-glucose) i® 5 £ il (tracer) ¥ * *t % f@ gm0

Ter o g o

A P F0EPET/CT ¥ e & (W 39500 3 > 2 0 7 1§l e qpk R E
ROI(region of interest)? % Ft L 722 » 2 8B F T 7 # 3N SHH =
T R* o N E o4r 3T wPET/CT T4 £ 79 ¢ 3 17 =i 3 750 20 =% (HCC,
hepatocellular carcinoma) F L o #-55 % 22 £ & 4 1 & B enff i (50 > & W95
R B (sensitivity)£ # 2 [+ (septicity)» %] 5 89. 82%% 99.89% » @ "Ffg F L et i
BEFBR ML L 84.36%2 99.8T% - &2 4 1 A Bvh > acp B 5 86.61% > FR 45
99.88% c A< A k- B RIS DZ > THEFERER- BT GE DS

%7 % ¥e(CAD, computer-aided diagnosis) e

B 4E3e - A 2] ~ PET/CT ~ "% ~ HCC



Automatic liver segmentation at PET/CT

student : Han-Szu Chang Advisor : Yu-Tai Chaing

Institute of Biomedical Engineering

National Chiao Tung University

ABSTRACT

PET/CT is newly developing technology in nuclear medicine. It combined
PET(positron emission tomography) images and CT(computed tomography)
images, which can provide functional and anatomical information to medical
doctor. Now, most widely used 18-F-FDG PET/CT use 2-[Fluorine-18]fluoro-2-
deoxy-D-glucose as tracer, it is well known by the value of diagnosis and

staging in many kinds of caners.

This search tries to provide an automatic liver segmentation system in
PET/CT, which can help medical doctor to choose ROI (region of interest).
The system can be used for diagnosis and assessment; the result also can
use 1n advance research. We analysis 37 PET/CT data sets, include 17 sets
of normal liver and 20 sets of HCC(hepatocellular carcinoma) cases. Compare
with manually segmentation, sensitivity and septicity in normal data sets
are 89.82% and 99.89%, 84.36% and 99.87% in HCC cases. Totally are 86.61%

and 99. 88%.

Keywords: Liver Segmentation, PET/CT, HCC, Hepatocellular Carcinoma
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PET/CT Aig# # B enp+ FH@HHM p o e JuLR* A FFI v  H5g
+ %7k 2 % (positron emission tomography, PET)£ € *&%7k & # (computed
tomography, CT)# f&ig B Hibre T P %A S 27 AT DM A SEE T R 123 F
FERSFRREI P TAREF DA R NRE DS B ONRE R S

5 R SRR S R

B0 L GRS e & 3 B MR A b A BA PR REPR S 0§ B

f"iéa#'}’t’é\ %‘J C” jC—L;'; I,g? UZ” v jg’ﬂf 5 ?‘é% ) Ji_E_] _i;__ }f:‘i"; o };_T_p 5 N %’;JJ? V]
ﬁ%%&gﬁ%?é}ggd -3k i;iﬂ:—lig,‘rhii%_ P&gﬂ:ﬂ;;ppé;]a& ) il ‘/bm}gq‘_pﬁé,\ l],¢, Z 1y A

L KBRS Y B 4§ PR 0 T gk T s g (e

(second opinions) * 1 ¥ §&h ngFFF A R I I B S A A ]

Bk wp B 1L STEEA 3 YRIAs e UK B R T TR g B R 1 PET/CT 2

SR B RS Blo g kAR R AT e 2 TR REE - T L B A bl
ol B4 2 97k 5L(CAD, computer-aided diagnosis) & = [1,2] ~ M B E

[3] ~ "¥5g k8 4% B % (volume rendering) °

TR EL B SR BT 0 R EFIREBRAMN TR E R AN
B2 A o B AT K8 C 410 3 7R 1 0 @ 0T 2 OB 1 P W 3 AR A R
Flerd 4, ?[4]°‘$ pr2 vk B Al C AL € i3 9 imie 4% (HCC, hepatocellular
carcinoma f{ - FR) 0 R AN BRI DF L FE - FANL 52 tEn o t[b] e

BEAR TSR HATEH B BAFR 5 R AT o P om Tl B H 4 K e R E T

\4-

M 35 SRR R - % AL



P g IR UTOF F R e 3= 40 T %A 2 B (3-phase CT) (B 1) ~ #7124

% ¥=i% B2 (Nuclear Magnetic Resonance Imaging, MRI)¥ 4z & (ultrasound, US) -
PAZE A * ik (screening) m Z R TR B R EPREBERIENT Y kw2 P
%7(6] - PET/CT P w35 % B % kLU > & H el 0 K Tk » 1T Rikjbr
7 #dphEor PET/CT § 0l sh## cnip @[6]) 23h 2 hF iF¢ ¢ 3 0 ¥V FRE TR L
K TR R AT T P B RREA BTSRRI T ML X e 1 PET/CT * ot

B B SR ST (7 o

B 1:=ApR sk @ (a) A LSRR P oo x 3 P AR

(b)id S AE B AL 15 e Pidp > o b 1L F PR s B IR % R () # 7 dn P AT A
B OFP IR 8 1R TR 0 N BT washout o g BTSRRI
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2.1 T sk B8

1972 # Godfrey N. Hounsfieldzz: d) % - 3n% HEE O U 2P
(Computed Tomography, CT) - i+ & _#8° Tﬁ%? PR i LR o e g TRy
YR ERORIEAHE S ¥ v 1917 & #F R Johann Radon #7% £ 32 % > # & 0 - B
Mo PR T RSP 2. E P %k @ ¢ * Il<HRadon transform e
23 4h #5428 7 Allan M. Cormack € 37 Riz BiEL » P #HP @ * 2 F & B
w2 X RPGREEZNFHOR I 0 B RprZE NS - BT GEE RIS

Cormack fr Hounsfield f @ "6 %74 i B iiren prid & it % 5 1979 & ez b f: F &

TrT R GNP A H - BhPFMITF I A R AR hx RGP R ETFHA
ez MG k3 DT RS A TR BER T B - 47 HREH - RIE . MR
BEPERTIHERET - - AR LR, H 0180 AR RS B & RN
PrUAd LY SHRITES - B g A e B> 8, slice) (B 2) - #

S LT RE RN AR B R R R B AR o R

ot

A G RIRUTRE SR AH PR T TR R BEY R MERA ) R

TGS R Y B S b T FRR PRI .



X-ray tube /7 X-ray tube \

Detector

Circular Detector

B2 7 St 2)8 52 s a(L) T kg E

bolp #dk B 15 PR E 2 S 26 BT LT sk S A B hgdE P

WIS EERY Y ahdE 2 2 £ R % gk PR E 2 (filtered back projection) %

et

i

i

&
'

reco

2% > F g4 (2d Fourier transform) £ o &5 - B & R P+ 7 L EE - B -

Fo PR ETRPFE 2B R S R - Benfii ¢ E sk
THEY - aE - R kiidE > 3% ¢ w2 ¢ 232 (Central Slice Theorem)#-
Wik FiRA R |o|(ramp filter) » M RFEFFHRPTFT @FTn 2> @
TEZ SR E G ‘f«fﬁ«ﬁ»”ta‘»x SR BRI ET G F RN L HREOEE S N oS
(ART, algebra reconstruction technique) &t # (interactive

nstruction) » e igd 2 292 GnFE Ef - o P AT BB SNTREF o



2.2 1

44
R
K]
s

&+ s ¥7k i B2 (Positron Emission Tomography, PET)Z# # k282 18F-FDG
(2-[Fluorine-18]fluoro-2-deoxy-D-glucose) /¥ 5 if g2 » £ %8> 18F-FDG € i& {7 i

+ % % (positron emission/ 8 decay) i gt i JPIRE P b EL K 2 o

B¢ ¢ 724 L ¢ F (neutron, n)E# & & F + (proton, p)§ B+ PALAE
FHPIES P T A RAE R PORAE  FREAL LI RR RI P 0
FFpHERLS? Fne F 4T (DR 3) -

p=n+t+ B8+ v (1)

et positron
e~ electron
v neutrino

7Y gamma/photon
(511keV)

Bl3:rF%F(L)EI LT ()T LR -

(F# %k : http://en. wikipedia. org/wiki/Electron%E2%80%93positron_annihilation)



2.2.23 & v

LFEFERNIF 27 AT FIPNEFAHARFTERIMRAPF X FHLI RS
(et) e RN hr + ¢ -y F+ 2313 & 2 3 & (annihilation) » 2 5 K € A 2
Bl J4an 3@ 33§45 B5llkeV ehFaik+ > 50 BE3 &2 180 &
gk 2 e HEF(RI2-2) 0 T F 8 B R AR RS BApF kT kG B i

%Vfuo
2.2.3 1 % Kl B E

TR A A BRI UK ERF L EBRAARES 3 BURELSS R
P DI - R BRIBEHRO6I 122 H2 P hd BREF FLELF i s(H
4)o #-Tp A5 RIR Y LA £ R DRI R P UT A B4 eh 32 Bl (sinogram) ©
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2. 2.4 i B

poavent + %7k ¢ # % 1 18F-FDG (2-[Fluorine-18]fluoro-2-deoxy- D-glucose)
T A HeM - 18F -FDG &~ BH F gt p R i ¥ - BI F Ad 8170 3 %
e 18-F Bk (F5)e AP chim=e ¢ #-18F - FDG 4§ 17— 4 eny § ks it » % p o
Flt LAY B4l nlmre € B 5 0 18F -FDG o e 18F -FDG 4+ > % = B & ¥ A >
Pt Y 2 LR 18F - FDG &l F R RF 4 B EZ BT REOBEEY > 13 F
e 18F ¢ %> £ 5 (180) > W'l it h LT F MRS F i BHEr o LR |8F

~ FDG fREp A T R AR EBHER o — a LT R tE M im

- L AN N qusfg BB HEimve > PSP 4 0 & § =z 18F - FIG
fohl AR ERBRAE -

OH OH
H‘a O HO O
) S HO OH
OH OH

B15: 5 582 18F-FDG c4 + 1

2.3 PR # 4 L

R E 1500 %0 & PR E G 2.5% REMY B PR S B RS L
duf it B bt:aﬁwa TERALHMY FF IR M eyt e f FRHEE AR
ek, L w h Ui (emulsification) ® i f* 759k o 37587 4 24 (detoxification)
BB Gt i i RESIE R AR RS T LT ) R Bl o R

v (glycogen) #07) 2% G Bk 1 & 4 1 0 2 e b % (triglycerides) 50 2 i



PR Tkl BEG MY B B o AR G TSR S Y et 9 R

(albumin) ~ *3 %9 (lipoprotein) ~ % f&s% .« ]+ &2 9%% (heparin)[7] o

SRER Y A MRS o RET L RIRRIET 2 R hn Rle o oa T R F AR

#

N

>

L

T &E‘%W%imm (B T)° f8d b o "G RE alin SR HE S

2

Nk
— —é,?la—r =, &j = ;g )gjgpg.-é,,?.];fug? , T S ﬂnjgé,ﬁ——é,u—rgg—‘ °
SFRE R X d 3785 5% (hepatic artery)m kehz § o 0 b PFy B05FF 2 5% (portal
vein)d i L ¥ kakF wF 7 & ek o Mgk Bl d % (hepatic vein) s
SRR S R 3 T s # AR (IVC, inferior vena cava) 0 @ PR IR~ IFERR 21

(hepatic duct) ¢ — 42443+ (porta hepatis) % ! (Bl 6) °

Right lobe A Bl | oft lobe

Falciform ligament

Ligamentum teres hepatis
(left umbilicalvein)

Gallbladder
Gallbladder
Quadrate lobe

Ligamentum teres hepatis
(left umbilical vein)

Porta hepatis (portal vein,
hepatic artery, and hepatic duct)

Ligamentum venosum
(ductus venosus)

Inferior vena cava
Caudate lobe

B 6 FRDfE3| L om BILT]






2.4 Rifs Fen™ 2

¥ ifm Bl (segmentation) #— 1@ i s 5 7 F ihigd ® &> T ws ek 2 &

AR LA R kR E AR L AL BRI T A B RS T R o A B A kg
- RPN G E T T R B e o A B RR R p B8 e

S R s T T SRS T or R U

% IR ehP o BF B 2 o od 55 B (intensity)ehd a4 Ad# D 2 @
frdp it o % - FFEE Y U R R R g kA B &7 fLz 5 B h#H s
2] (edge-based segmentation)e ¥ — &% & /2 B E.02 % & 5 A # s 2 (region-based
segmentation) » #*#f 2 2 A 45— EIFAL TR DB R BB ST RS 0 P
P RBEE RSB MG L E A b BRI T OIS S kR

Loy o A% LB L P T ERESL o
2.4.1 g

BRAAPFEC BEXP G BB REP 2ot ed s ARG I(x,y) ) F 8
FROGFRAVARZA AL PEHE > PEFGFT IR T PHEET - B
f(x, y)>T ehiz - Bh(x, y)F % #~ %8 8 (object point) x 2 & # & B(background

point)[8] o &~ B {s e 7 £ T 4o T (2) ¢

1 % fxy)>T

g(X’Y)z{o::;f(x,y)ST(2)

10



BT E - B * R Gend BepF o bk RN T AL R R (global
thresholding) - # T & ¥ 2tH 2@ ¢ & H » FFFFRIHT £ P (variable
thresholding) % ThE € 5 T3 @ B ift 22 P > ¥ L5 % ¥ P (regional

thresholding) -

242 %F =&

%3 2k (region growing) %% & & R B T AN R A BRE L [+ a%
BoAA>EF 8- » "5 (seeding points) ; K@ - 5 B & 7L T & g
LR R AR AR G e B BT AR RS Y T AT DR § TERTR

FHRF L EHF EDE BRI ARIALOTE RGP RA TR R ES

il kg A I Z(W8) o it Agniuipr > p gL e 54k
THFRASES DR ARLFRT S ¥ DR eny P Ao A A0
T>4 T>6 starting
416|354 416|354 416 3|5 4
517|885 5171885 517 18|85
6| /]|9]|8|6 6| /79|86 6|7 9|86
31919711 31919711 31919171
912|641 912|641 912 6|41

B8 wEEsE 2 TH o (F)adde il v & S424n8(v d 9)-

B¢ HRELZEEALDEF (Z)FPHEEASNEE > (P ) FHEEL DR E -
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2.4.3 &

# B (gradient) &% kEFH R gh- 1 L > B R AR £ Bk g Bt
BE A G AT IR e R EX ) AT E - BIFV T T &

1"9’&(3)

of
Vf = [gﬂ l_jﬁ‘ (3)

oy

TR - B ES o EAFEF L RT Y XS Hp A BRI E 1 3x3 + )
g X ¢ 35 e (4)(5) :

gx=g_£=(z7+28+z9)—(zl++22+z3) (4)

—a—fz(23+z6+z9)—(zl++z4+z7) (H)

gy — ay
21 |74 |77
Z2 |75 | 78
Z3 | 726 | 79

He gl Biii@* g § Prewitt operators £ Sobel operator - F Bl = #2358 7 &_
Prewitt filter «7§ i% o ix Sobel filter F] 5 # it chgedrdrask a L 2§ » # ik

Bhaad o i 206)(7)

12



gy = g—i = (27 + 228 + 29) — (z1 + +222 + z3) (6)

gy = %(zg + 226 + 29) — (21 + +2z4 + z7) (T)

BROELEE€FTE3E B> a9 <] (magnitude) B iF M(x, y)(8) :

M(x,y) = \ gx* + gyz (8)

BT e TS b R > F T SR E R RIT(9)(R9)

M(x,y) = |gx| + |gy| (9

B 9:Sobel filter s % (£ )& R B iT v #(2)
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2.4.4 Active contour model

Active contour model * ¥ #£ Snakes » #_M Kass &2 A Witkin & 1988 # #4% !
e g plen= 2 [9] > piF €22 2 - B £ S #(energy function) » ¥ i

W Eg R ki # ehkc| 1 (energy-minimizing) (B 10) -

W

B 10 : Snakes 4= 4> E(F) &2 % % (&%)

& 22 J et B (gradient)4p B > F

’

N TR B 2 Br A ik B g

\4
=
=
oo
el

- I’F" ;IJ /J‘ Rk

I Bl ff”%}?l‘ﬂkﬁ’ B 1g\;§ %czz L

WARRARM o IR BRART R g @ PRt B0 e i & S Bieh Wk Ao (10) ¢
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qnake J Esnake( V(S)) dS'

= fo E(V(5)) + Eimage(¥(5))

+ Ec(V(s)) ds a0

B¢ Bt % F 0% 4o chconstraint forces » &R ok &4 £ (Bwee) 49 0 7

Y oLl > -
ESEL

=k

o

= »

Eine = (a(s)[vy()]* + B(s)Ivss(5)]7)/2 (an

P\%‘Ké‘éiiiégﬁﬁ”f"‘abk’/o’gjﬁ“?i‘ TLEAEE 0 AR R EEY
T e R Ly (11) o PR R I A B2 TR £ ATR 0 H AR ERAX
ITa BARM > LI N A BREREER cnSd AR R 0 i BRART AL B AR o

Eimagc e wlineEline + wedgeEedge + wtermEtcrm (12)

21

Emage TJ“ %\» lmage force ’ _}i v

S

@i £ ¢ line function, edge function £

termination function 3B =i £ € 2%t - BRE2) o # P A N %
58 R 0 Wie e f BRI S4B F ik R (light line) 2t 5 2 (dark 1ine) ; B

gR* PR KFE - FFE ¥ ¢ * Marr-Hildreth Theory ¥ ¢ LoG(Laplacian of a
Gaussian)(13) :

- _ 25
Bugge = —|Go # VI |5

15



% 14 eh termination function B|E_* % & 35 B2 i 37 A ME ch gh(14) -

00
on,
0’C/on?
dC/on
C,,C: - 2C,,C.C, + C,.C?
(C2 4 C2)3!2
x y

term

(14)

C(x, y) B 2k g O=tan ' (Cy/C) % # B h4& B > n=(cosb,sinh)
—HirwE o n Ao nLEicE e FRBIKAAPRERCFRGaRE -

TR B DG R 0 B R B R e ST N
A4 2 % o Snake ficA] # * PF U AR AR B (ROD) T * #h B BbE J1 e ek 5 Bg 0 49
P i B RN RS AR i BT ack] B Bk vhi o i Bk ErERiR

P IECE
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YR RRHZ

i R C BOTRA LA R R S AR B FHEMEESIE kR

AR A& ARLeT BI(E 1D ¢

PET/CT
mean filter
thresholding

-

opening and closing

N

connected component

-

region growth

@

'd )

morphological operation

_ J
( =N
final result
| J

B 11 : pfs i sFmA 2] chim A2 )
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1 5 ki a2

Aig * (FE kA5 Windows T 64-bits: %%k 5 Qt 4.7.4° T £ 42§ 37
w PET/CT 4L £ ¢ ¢ 2 17 2 ¥ W79 E 20 255 T4 B ijdp #2011 &

472 2012 & 11 * B - T 5%k @ B anfai7 & 5 512%012 voxels » & + %74 @ ¥

Wi

128%128 voxelse T "o %1k B 1t & %] (¥ 3%3%3 0= Yamean filter £2 3%3¢h= M filter o
+ ¥R B2 1j i@ * B 1T AR3EAT (nearest neighbor interpolation) %+ % 512%512

voxels & # 5%5 - @ mean filter o

Ry

TR R - Hox-ray B SE I 0 E R Y x-ray RREARRARD APRE o T

Y

95?:

Rs
w

TABHELESRT UL R Heddpedd AR ARAL 134

RFR 2% 3 H s AR RER 4T

TrosT A @ B F € A# RN L6 3 2 R # (Todinated contrast) » 1% & e +

(s

e b xray S L B R L R E R ER IR AR R
B e o e R Fla B ATZ (angiogenesis)m SRR K MK G 0 F MR G g P
¥ M3k (vasodilation)» Fe 1k ¢ ALER  Tosk b @ R FIe2Z 87 o P oo % ST L ATIFRR D
AR RETR ORI AR LS R RAR ) R AR R TRELT AN
#2(no enhance)p* % 3135 & (hypodense) & % 353 & (isodense) » % = =t i B2 e ¥% 4p
(arterial phase) = 3 3 & (hyperdense) @ # 14 — =t % 828 %% 4p (venous phases) &
(hypodense) o (G bt 7 A AR cnT 08T A 17 M A2 2 Bl BRI H > I e

éﬁk%}iﬁj?vfi‘“}i 3B [10] =8 F A gﬁ./,sﬁiim‘?‘;?_ﬁlm e ,me,g ?}té}%ﬁ.q’

18



?Ta:
B
FSL

4

(B 12) = 3758 Bt st JR % 5 enBf o+ & Al 5f 3 o B A e PG 87k B

LW RPN T AR E B[] -

Intensity Distribution

1100 F
1000
900 -
800 |-
700
600

500 -

Number of pixels

400
300 L
200 -

100

0 . . P | . . " )
0O 20 40 60 80 100 120 140 160 180 200 220 240

Inensity value

B 12 0 i1 54 3 o B R PP R RO e g [11]

Thaawmy i * DPET/CT @8 5 5t + %k g 2973 0 18F - FDG Bg 224

L A B R T R B hE S R A G BA W e R B

B 13: @A CTehE > B et d- 2% (ZF)

ST 0 A AT B (LW, HCC 18)

19
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3.3 P Hi

B 2R

3 m\
\m

RBE S Bl RS e Send B s D AT UK R TR Ap

svvp % s &4 B 5 & (hyperdense) B2 8 5k chsg & 450 110 1 160 1% ¥ -

HPM R G R R TEEE TP MR RERT RN TG E o2 b

BE R s AP Tkl BART R H R n LB R 220 5 AR 03
o B il R L B Rk (W] 15) o

EFETRRRNE D RITRG PRGOS BAE AR R LR e Rt RS
WARERT 0 A LHP L 2RI OKR S PR R R O e B

FARE 2 g &R (hot spot) (B 14) o <%~ T5% ~ #9955 B 7 = {c 18F-FDG
SRR T H T e U R B2 E BN E R R A BFREE 5 NS
R Fehd 2B 2 PEENRIORE - BB R € X DR
BRER AR R ARAERP D Bl LSRR ¥ 90 F 4 en
PP

i (B 16) » #-58 B & 300t Eanifod K 5 9% A 8

B 14 : PET en2 = B F i3 %>t hot spot =1p &g « &
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Bl 15 5@ AT ch "%t @ (2 )E RBIIT (T ot b7 % e iEE 5 132 -

B 16: G aht S8R R (Z)E RBIIFR(EL )b ¢ &% o 5 64 -
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3.4 755 & 2

St e A AT U BT TR B BT A BB R 0 2 KA AR
g & o s BRI 2 B (AND operation) (B 17) » #-#& PET &2 CT b % G554 &)
ffE G R o R P R A RIE - R A B R § G AR
Y OF ST enB R Ao R s TR G A F S o ARPGE T2 By - Mol

(opening) » ¥ #-7 B2 S FHEOEIU g 0 AR 7 - DR ¢ (closing) ™ i #AFHL b

1k 4% (R 18) -

B 17 : PET/CT & 32 tht » 2] & (AND operation). i %

Bl 18 : & B B & R {6 e 2 2 o

HAFRER ]S TR R R R B 4
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3.5 F Mg &

PR 0 B Ae MR S R T TR i B eDich SR TR I € wode 18F - FDG
BpAn ol 9k @9 AR AP FHRZ AP il & uRie I8
% s i & i a2z (connected
component labeling)(15) > %73 n i voxels (i in™ » 4gfe /& & 0(n"2) o FPFR
LRt BRREREFEC ALY 77 B F voxels i i 8 i 5 R o 2 Tl R
HORfEY| BRI B AR S 7 TR X P o s £ (slice)w &

F ¥ slice HE o FAN R AL T 3 AR B 2B > P H2 ;}J'xﬁ; o

while (there is some voxels was not labeled)
Choose voxel from head to toe, from front to rear, from right to left
if (the new voxels does not connect with other components)
label the voxel as new component
if (the new voxel only connects with one component)
add the voxel to that component
if (the new voxel connects with many components{S})
label the voxel as new component {N}
search all voxels in images
if (the voxel is in components {S})

label the voxels as new component {N} (15)
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3.6 B2 &

FRE B PP PEBE A B A LS5 R AP PT RS H 8 1 B k]
- Hetesp o RREA LTI - BT NI o - MRS LR E- BALD

(seeding point) k#ti2 & > iz PR H S aBe® 35 A ehR % (74 £ ¥ o 71
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pd
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=1
Pagd
ES
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i
R
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R KA £ TR b R KA P A R B A £ R b SRR B e
AE KA BREGLHRY S §F S HE L ARAFEA o L0 L ER A PR R
R KT RUTR @ B R B Sobel Filter 2 mean filter ¥ & R - B 2%
BAESNEYE o A HRA LY R R MR B A s MRS
110 2 160 # FenT 3o g pid & BHREL > BHREZH T L 200 L@ Z JR ik it

R R

—_

1. T %%k B2 enif 2 R R 2 Sobel filter g% B3 ik o

2. TRUTR B g s B 4 b Sobel filter g% M3t g 4 o

w
-

& 8 iTA%(8- neighbors)*t X > = B voxels 4 & &gl o

Ee AR A L R s F el e A E > WA RS L Rl
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4.1 3t N

BV B R RER P QERP - BEIERIRE O - F LR

AL BT R 0 ¥t B % s 2 (gold standard) e

™ Bk 24 (Y Eick 2 1 | tewhold] 18 3w o 0 siace CTID e i | | waed opevaion | @ 3120312

dovn el 20 L] Fad 2 1 » | ol e ® I fomn ST R — el

: mpon pevh

M20: AP Edo > 27 S8M% > +7 3 RERL S

A EREEPE S APRE - Bz aikE (voxels) § iT- Bz akA s vE A

FTN

A E R b B SRR B hvoxels § 1R E B (TP, true positive) & F % &

¥ 3 chivoxels Pl E_E FE (TN, true negative) o A 1 A & 5975 THE - L p # 4

#

Wi

|

B rvoxels @i BIE(FN, false negative) s m 4 1 A&

i

R
¥ ERE O p e B E AR E B voxels 5 BB E(FP, false positive) o
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v ikt B AT R (se, sensitivity) ~ R . (sp, specificity)F# i & B

(accuracy) » H: 5 28407 [12](16)(@ 21) :

sensitivity = TP/(TP + FN)

specificity = TN/(TN +FP)

_TP+TN
accuracy = /(TP + TN + FP + FN)(16)

e BT U g BT
Wi r ke R EF2 T A3
voxels » (@ FIW BHL %5 3 ) AE AR

ARG B -

REGEKRME . ALK

SR BB BLEREREME-



4.2 53t %

R ME AT B TR B ITEFRLD ¥ 2% 20 2 FH 5 A1 "Fh
SR o 1K FREA BB % > SO B 5 80.81%: BB 125 99.80%  MAEA 5 99. 66% o
bR R PR B ko SR B S 83.92%: B 45 99, 8T%: BAEA & 99.4T% -
FOR % RS B S 86.35% 3 B M5 99.88% : EFEAR 5 99.56Y%

B 17 2§ 25 > 5 12 2.(70.59%) cac g & 2 90% 1 b > 16 (94, 12%) sh i
AR R 85k o FIT ih- TR FER ST T & dhartifact B8 T A F
P s e G e B 20 BR G OFR AR > 5 6 2(30%) At A & 90% e 0 10 e
(50%) et gt A& 2 8b% > 15 2 (Th%) ermg g & % 80%14 b o d B %V IR > A/ AT
FETEER B0 0 B AR ST IR R T B WA B e R TR
SRR ¥ €7 4 27 K (under segmentation) IR % o B E FlE A s A & A
iR SR IR R R B L Y FRERT G AR R A H TR 8 1
GRREE BT E L RRDE B RS MR R R R AT SRR
b T FIR L E & R A BE(hot spot) & Flis g 18 sk A & R4 B(cold
spot) o ¥t B TR ¢ Bl X o (£ 42 2 % embolizasion) & Fl A ops & &
B R e BRI A BT R RIR S f 4 0 Tl
A1)l SR £ T
KRG B LK ERRERT 0L B CT b & s e BI(R) 22) 0 fe g 2 386 7]
artifact #rig = eniE i m "5 A B aag R B o bl4o( B 23) F] £ 0% §29718 = & beam
hardening effect - @ i trfinferpty L7 s (R 24+ ~ 2 4) i

FREFE L A AT AREXFR T~ A (R 24 +7 ~ 27 )
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AHTEETFREMEIH AT Y AR AT AP LY B 00, 88% 0 B i< case

99. 37k L A F 5 1Y 3 BRGNS SORATE TR F R % R AL
¥ #FgR s (23R R| E (PPV, positive predict value)$8.%) & 95% = + (17) » %77 p &4
B Ak TR F ST R E D BTN B S 2 B g RS S

1

(H 25) -

[%] 25 F}: ng'_p*j 4L m’i‘T—”;ﬁA\ ( )bt; o w@ RSP (4 )

P ik R A B - ST ST LR B AR R e S § TR

LA FAPRL AT RE h S L} AEBPIFRSH R T RN

—\
e

SR R ] s R SRR A BT P LR BB T

PR T SO NI Te 3 - i W S e AT

¥
o
g
=%
o
f?é:

gk o fIPp Lt AT o p B I TR BT R R RIBATATE R 0 B R

Fpih2hadgs? o
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true true false false sensitivity | specificity | accuracy
positive negative positive negative
(1076)

Normal 1 169,870 6.470540 5,585 11,859 0.9347 0.9991 0.9974
2 152,224 8.851160 1,681 20,812 0.8797 0.9998 0.9975
3 138,392 5.871940 5,270 19,061 0.8789 0.9991 0.9960
4 140,520 5.212190 2,374 16,088 0.8973 0.9995 0.9966
5 91,678 7.100730 13,770 54,136 0.6287 0.9981 0.9906
6 174,682 8.918780 2,049 18,577 0.9039 0.9998 0.9977
7 175,358 8.894220 6,757 15,278 0.9199 0.9992 0.9976
8 165,320 7.104340 27,955 12,052 0.9321 0.9961 0.9945
9 175,554 8.241200 4,168 15,884 0.9170 0.9995 0.9976
10 | 146,155 7.649700 20,224 11,686 0.9260 0.9974 0.9959
11 | 130,103 6.698030 7,697 8,935 0.9357 0.9989 0.9976
12 | 159,726 6.853900 5,422 9,359 0.9446 0.9992 0.9979
13 | 145,627 6.422580 5,990 15,675 0.9028 0.9991 0.9967
14 | 118,818 6.174870 4,809 11,750 0.9100 0.9992 0.9974
15 | 128,603 5.710830 6,233 9,995 0.9279 0.9989 0.9972
16 | 206,160 8.251460 5,810 29,902 0.8733 0.9993 0.9958
17 | 147,439 7.562250 5,064 9,697 0.9383 0.9993 0.9981

sum 2,566,229 121.988720 130,858 290,746 0.8982 0.9989 0.9966

average 150,955 7.175807 7,698 17,103

210 A B SR
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true true false false sensitivity | specificity | accuracy
positive negative positive negative
(1076)

HCC 1 164,833 8.134520 5,228 13,697 0.9233 0.9994 0.9977
2 71,913 7.081800 12,600 12,625 0.8507 0.9982 0.9965
3 207,316 7.573410 6,702 55,983 0.7874 0.9991 0.9920
4 180,327 8.423970 4,367 12,416 0.9356 0.9995 0.9981
5 161,209 7.734720 3,314 45,842 0.7786 0.9996 0.9938
6 317,432 8.730290 6,220 59,007 0.8432 0.9993 0.9928
7 153,341 6.724560 4,510 8,415 0.9480 0.9993 0.9981
8 197,847 8.706890 4,671 7,534 0.9633 0.9995 0.9986
9 160,572 6.832970 43,153 10,540 0.9384 0.9937 0.9924
10 | 200,427 8.704870 1,219 98,387 0.6707 0.9999 0.9889
11 | 81,840 8.118030 8,765 23,016 0.7805 0.9989 0.9961
12 | 137,769 8.333680 5,373 21,065 0.8674 0.9994 0.9969
13 | 236,132 9.677880 1,643 47,836 0.8315 0.9998 0.9950
14 | 97,529 8.566180 2,944 53,012 0.6479 0.9997 0.9936
15 | 213,149 6.018520 9,753 55,833 0.7924 0.9984 0.9896
16 | 178,915 9.285800 4,067 31,637 0.8497 0.9996 0.9962
17 | 145,155 7.544310 5,390 20,452 0.8765 0.9993 0.9967
18 | 173,231 5.882690 60,477 6,206 0.9654 0.9898 0.9891
19 | 136,114 8.508600 2,713 10,698 0.9271 0.9997 0.9985
20 | 221,921 8.911320 9,092 43,058 0.8375 0.9990 0.9943

sum 3,436,972 159.495010 202,201 637,259 0.8436 0.9987 0.9949

average 171,849 7.974751 10,110 31,863

total sum 6,003,201 281.483730 333,059 928,005 0.8661 0.9988 0.9956

2 92 %4)3 g 2 PR R R s B %
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A2 @ (¥ — [ PET/CT ¢ erFup o (0 A B4R > 9716 * g B2 1 &8 §.49
W ¥t enif® % & (intensity) iT F* 1 (thresholding) {$ * 2; 518 &
(morphological operation)+r 14 2 4 » & f B~ (¥ "5 g ¥ % 3¢ (connected component )

(6 BB £ b {sanTiE hfe S S EE T LF RS ] o

hm2 ¥ e ¥ &R PET/CT < M e/ % 38 0 AR T FEA B0 ok o
e FAFEE ST % 3 4 1 B (artifact) i TR B L PEE AL B FlA i SR
PRt e ¥ o - JE ¢ 3 4 IR el LA SR (lesion) i < P g 2 Lt Fa s B 0 &
B ERE5E Y %k (transcatheter arterial embolization )/p%s@mﬂ*}%fﬁﬂi

B RUTA Y T A B IR R HF 5 & (hyperdensity)sTi. o B AR g BLEF AR T

J

i

1—::

PR o B R B F e ¢ ’“*%s}ﬁs"\i’ﬁ ¥ ¢ & A 2k(hot spot) @ FIt AL ELE T -
ISR RS T A Flime 2 @ik e fc 18F-FDG 0 afifl £ @ a R R ¥
P BB F R RS AL EEREZ DA B IR ER  BRES MR
Foaeom & X3 A ek ] (texture-based segmentation) > A P w4 L F PR
el Bk PRRIFRUE S B AR h IR A < 3R AT T 0 8 B H Y (machine learning)
G kAT A (2] 0 R A RIS B Y e i kR b A A
2[13] 3= % & & * openCV p i 2. Active contour model (Snake) *k x4 2] (B
26) > e E% 7 ek 1% F]R & Snakes KA d B e N jracie Ak Y £ 7R
d o fh3E 9k ok ecd under segmentation: 7 i = gt P e E 3 F constraint forces o
FERBEIRH A TR R B B s B BFye(intercostal muscle)d I %4 (rib) %

e A &Y o F] L R dseh Snake 714 b ehdk Bh o 54 3 st 2 eh Snake £ GVF(Gradient
Vector Flow) Snake[14] - GVF 2 sz i A3+ & external forces 7 ;% » A B35 W Fvie
BRI G Ape R £ % 1R R4 Snake U AR 2 T ac iR B 4

Yo BRen® fo o e H A RV LY GuiE D jE 2 - o
33



B 26 : openCV 2 Snakes »z% (iz) » 22 R A 2]t 2 (%)

VOB ALY A ¢ FaE- L R AR Tl R AP hE R
ek R R R AL BB R o ¥ - BERROT ALY BB E 4
FIFAH < i TR AR 0 e D SR G R NI S A A B
hE LG A RF OF F AR B R A E AR AL HEA TR g A

¥R D BT ML LW E AR o g A e g TR 15] o

SERREhR E I A B B TRE T ‘*%f“%gﬁ*m Tl B RO 0 AR TR B N
MG HFT - BT EF RS o AP E R Ap e HPET/CT T2 2 - 27
ol B4 2 97 % 5L(CAD, computer-aided diagnosis) @ — iR T £ e SNy g AF
RHRBPLET WL LA 7 R E ST b it B B LhFanp & VTR 1)

7

N

YR EET EET SR AR SRR S VS S E RS L

34



[1] Kumar S. S., “Automatic liver and lesion segmentation: a primary step in

diagnosis of liver diseases” , Signal, Image and Video Processing, 7, 163 -

172, 2013

[2] Kumar S.S., ” An automatic computer-aided diagnosis system for liver tumors

on computed tomography images” , Computers and Electrical Engineering, 39,

1516 - 1526, 2013

[3] Jialing Peng , Ye Wang, Dexing Kong, “Liver segmentation with constrained

convex variational model” , Pattern Recognition Letters, 43, 1, 81 - 88, July

2014

[4] w2 agflvisit e, " AR 101 # 4 &5 FlA 47
http://www. mohw. gov. tw/cht/D0S/

[5] w2 4fInm e F, TR W 100 2 /g% 2R3
http://www. hpa. gov. tw/BHPNet/

[6] NCCN, “NCCN Guidelines” , Hepatobiliary Cancers, 2013

[7] BRS Gross Anatomy, seventh edition, 2013

[8] Rafael C. Gonzalez, Digital Image Processing: An adapted version, PEARSON

education Taiwan, Taiwan, 2008
[9] Seong-Jae Lim, “Automatic liver segmentation for volume measurement in CT

Images” , Journal of Visual Communication and Image Representation, Image, 17,

860 - 875, 2006

[10] Michael Kass, “snakes: Active contour models” , International Journal of

Computer Vision, 321-331, 1988

35



[11] Oussema Zayane, “Automatic liver segmentation method in CT images” ,

Canadian journal on image processing & computer Vision, 2, 8, 2011

[12] Mailan Phama, “A Comparison of Texture Models for Automatic Liver

Segmentation” , SPIE Proceedings, 6512, 2007

[13] Haibin Lingl, “Hierarchical, Learning-based Automatic Liver

Segmentation” , Computer Vision and Pattern Recognition, 2008

[14] C. Xu and J.L. Prince, ‘‘Gradient Vector Flow: A New External Force for

Snakes,’’ Proc. IEEE Conf. on Comp. Vis. Patt. Recog. (CVPR), Los Alamitos: Comp.

Soc. Press, pp. 66-71, June 1997

[15] Laszl6 Rusko, Gyorgy Bekes, Gabor Nemeth, Marta Fidrich Fully, “automatic

liver segmentation for contrast-enhance CT images” , 3D Segmentation in The

Clinic: A Grand Challenge, pp. 143-150, 2007

36



	表6_生醫工程研究所論文封面
	表8_生醫工程研究所論文內頁
	目錄
	生醫工程所0156701張思瀚論文

