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Abstract

By now, it is still lack of guidance conclusion on texture features selection and image modalities
optimization for the computer-aided diagnosis of hepatic fibrosis. Based on the extraction of tex-
ture features from large amount of MRI and CT images, lack of research exists on computer-aided
diagnosis of hepatic fibrosis on medical images, this paper is to study the optimization of comput-
er-aided diagnosis program of hepatic fibrosis, we can not only conclude options on Regions of In-
terest of hepatic MRI and CT images, but also get optimal selection of medical image features using
SVM algorithm classifier; we find that the optimal experiment performance is equilibrium phase
and 20 x 20 pixels size of ROI; the optimal number of features is confirmed from 3 to 7. The
weighted values of 15 features for computer aided diagnosis of hepatic fibrosis in hepatic MRI and
CT images are calculated and ranked; the hepatic MRI images reflect the degree of liver fibrosis is
better than CT images; the distribution of effective features in liver MRI images is more concen-
trated than that in liver CT images.
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SUHRAE & NS MG TS R 1 —ME, B XTSRRI R AE AT A 1] HFAESR
IR SO bl —Fp s dfe, RV IE 3d AR 46 1) 7 2 P 4 2 ) 3R s 4 A B RE AR 2= 8] [ 2] SUERAE S MG K
FERI A, BRI — MO BB IRFAE(3]. EAEK, 1 2 [ N 4538 R UG 0 SCERRAE ST 3% &
G HEAT A 9T o 0 B R 5 S [4) 56 T 2 I 75 RS R H 1 F FH SO 5 3 A 6 B (TECM) EA T 2 4
WAL /M 777, ESEHH Canny 5152 SO A 2, IF1H L ILAE SR RE ORAE 7 K IRRE s M AR (5]
%M H Man junath BS #2077, XHHE CT EMGHHTSORFFEMAZIRARIEI, MR REF: H. S.
Sheshadri [6]55i8 -Gt it i ik T H R SOAFAEAE, #7705 X BIZSASSCERHIE,  MTTIR 28 Hh g 0 2L s 20
IR R E A KIEA . D. Jirak Z58[ 718 H —B AL Z B SCRFREAEXT S MR T2 BT 70 A, S8 1 5 B
AN IE 5 FF2HZR R IX 23 ; Jafar. i Khouzani [8]45 F] MRI 45 (/N SCH AR HE AT 1E % 5599 3 T 41 A3k AT (X
5y, RV ZAEMERE R, A BT ARG W 28 K. Sho ji SE[91%F 70 41 J [ 24 it /N 45 15§ He
SR, R S 455 (1 o0 ERE K T RSS9 Taleb-Ahmed 2510170 407 ) LT AR B4 50 #r BSR4
HRFAE, 25 SRS 0 LM A 1) MG S R R il 4 B U o AN R . T S idE— 25 5 & bt
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2.1. SEREARIETIRER

2.1.1. EEEEMR

AR YRS BT R FH (0 25 27 B A S Eh ) V0 B R K A 5 — P IR R B U BER 4R, A E CT B
& 2009 5 6 H~2011 4 3 ARSI iR AR B2 mE) 218 A, FFIE MRI EG 42 2011 4 2 A~2012
3 AN RNER AR RIS C R 5 BB L i R B oA SR A A 5838 0 R 22 1 2 TR Vs Ao AR 8 TG
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HEAYEACA ARG . MRI A1 CT B EHEHAR 7 AP0 Sk, # KA A 13] [14].
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P15 R B AE A5 JE 0 X IR A R R [X 4R (ROT) . ROT PRI B 1 TBC R 2 AR 5 B, AT 78 SRk Y 10
AN X, AP ERTIESE R 1E B 3 A ROL (FFAEW M. FFART. A5 &R 1A fERFIEA
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FIFH T+ F AU Bhi2 B 2 88 0 QUSRS AE AR B A Liver cirrhosis 4.8 [15] [16]% MRI -1 & sh 751
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A EXCEL SCHHARAT
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e R EERR, HEAM RGN 528 D%, 8RR B b A R RS, U RrE
BHEGTHE, LIEAEGIEER R RS,

BRE BN BN n, JEHE A B RHE S Al B3RS — NS I K, I N
ANRRAIE & A 205 1 g B SO -

Cl+C:+C +-+Cl=2"~1 (2-1)

H1702-1) AT AFB B3R 3 P S i SR BE DY OQ2") e ARSRE — IR T 15 MAFKEIEE S
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Figure 1. Flow chart of diagnostic classification
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AR £ 2 A0 7™ 55 R P R0 Rl 0 N AT Lo N IE R 4L R AR ditbdl, S AF 4L A RIBTREAL A . 3R
399 A MRI AT CT BURRHE ARG AT DUL G BUR R AR 20 D400, Sk, &k, P g4
W1, R BROE EUR ROT ST A] DK FR B MG R IE R AR BRI 4 16 x 16 2R 4 20 x 20 14 R4 FH 32
x 32 {8 % . MRI & CT BIUGHFIEESE A/ AN — R n AT IR A R HEE A4
AN I 2 (B4 6 AH 73RSkl . B — 45 KSLIGERR G ik 15 NIRRT A 463
32767 FhAS[F P RRAE S 20 A AR IR E R 0 B2 BN BEAT 4328, 73 B2 R A SVM 432648, 7 Kl 2 R H
B 23R 1F 15 MHEER—MAA R KU ZE, Bkt —H 5K RIH 32,767 KMz S 15
ANRRAIE B (1) &N A0 L

A UR S 112 W S AR HOR F B 5K TSR ) AR B2 A R S R AT AR MATLAB #3347
ik, ARSI FOE A IR R A Intel /) Xeon E5506 V0% CPU, WTE 4GB, #AFHEIRFEAE RGN
Windows 7 #1858 T ) MATLAB2009 Wt A . B — o0 N & — 4153 000 P B RERT £ 420 7341 .

3. SKIEHIRA T RSt
3.1. ROI R~H%EB

BEXE RO RST HUIEBUIT AT, #E47 L ROT RO 70 A 73 85856, AEHU St th L rh 4R B 45—
TeA B RSLRRA B e i HE I R P, (n) » VHERE— 0 6 L0 RSB i e R AT AME A N
LTSI ) foe e T IR R

1 6
PMA:gZPmax (n) (3_1)
n=1

gt MRI AT CT B4 ROT 4 H AT BUG 3 AR 2 25 % 0 e K e s P HER R a0 1 .

Table 1. (a) The highest average accurate rate distribution of classification experiment with MRI liver images; (b) The high-
est average accurate rate distribution of classification experiment with CT liver images

% 1. (2) MRI T BEElG 0 KW B S FERE S (b) CT FFBREIG D XL &S FEEREI 6

(a)
T~ ROIRSF
T~ 16 x 16 5% 20 x 20 1§ 3% 32x 328K FHE
3 AR T~
S 0.737321 0.767807 0.731241 0.745457
el 0.753355 0.793026 0.743026 0.763136
liglie ] 0.783513 0.808377 0.743513 0.778468
T 0.805325 0.835021 0.792134 0.810827
SEASE 0.769878 0.801058 0.752479
(b)
o ROIRS
T~ 16 x 16 15K 20 x 20 53K 32x32 4% P
3 AR T~
S 0.729167 0.741667 0.729167 0.733333
el 0.766667 0.762155 0.75 0.759607
liglie ] 0.766667 0.783333 0.75 0.766667
T 0.796296 0.816667 0.766667 0.79321
SEHE 0.764699 0.775955 0.748958
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B8 T, @A & RO RA 20 x 20 BB WU Ak .
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A SCHRAES WA 4R 3 T B2 2 R RO BT AT 4R AL RE 12 W 5 ZLk BUB BE RO IE B2 & A4 RIS B2 W U
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3.2.1. BRFHEEM B

AR TS W SE B Herh,  SEa0F4 B ROT R SH e BORT BG4 AR B A7 — 4 Rl 4%, T LLKI 4y
12 AN TT . AN B TTHER BT 4 DAL G 2 R (2 Sses, AN T IE 6
o228, KT LUK 15 NGRS SRR R I — . X T MRI BE A CT EUR AR &
B FEHAT 72 oS8 o 1 ST BB R B A B AR L, 7R R G vt i AR B o A 20 43 S B0 3R
P B FRRAE AN A 10 B A R AE S G0 ok, idh: B (k) (k=1,2,3,---,15), W1 R (1) FExr1E
— A SIS (K A8 AN 1 ANRE RIS IR 10 B3 o0 RHE R 3. 0 B GETH e 72 A4y 2K h 5 B I
P (k) (k=1,2,3,---,15) 1. & X P, (k) VE TN EURRAE & Hum i Febnite, an B, (1) Favk 72
ARSI oy KA AN 1 ANRRIE RIS SRS 0 B 2 FHER R I M, B mRR 0 K BEmA 1
AMEHIE R 308 50 KRR ISETF . P, (k) BV

I{na(k):;—ZZme(k) (k=1,2,3,15) (3-2)

MR B-2) T LA 5 gE i MRI AT CT BB IEREAN SO 1 2 15 19 P, (k) 18, BEILEEIE 2.
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Figure 2. The curve of the number of MRI and CT images features optimal selecting
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Table 2. The optimal selection of the number of MRI and CT images features

% 2. MRI 71 CT ElfRBOFHEE MR LR
PEELAN 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
MRIFEf& 063 068 070 071 071 072 071 071 070 0.68 067 065 062 059 0.54
CT E& 069 074 076 076 077 076 076 0.75 074 0.73 0.71 0.70 068 0.65 0.61

H1 15 2 AF AR AR IE MRI AT CT B i e 3 28 7 AMRRAEE A 9 70 S48 N ISR 13 12 W SO B
Lo Bn R ) BB AR AL A Hd D it 2 38 17 R 38 0 A5 Bk Z TC il A 2K R BT 2T 4L R E 5 23
XK, WREREER I EN L2, B0 RS mANICRE B2 T KE, Bt
RS WA AR R

3.2.2. BRFHEREAMNK

NI EAAR TR AHE R A S R AR B0, AT R IR EURRHE R LA 1AL
W, @I Grit19 3] MRI EUERFIE & 7r FE 5000 45 R S 5ME 1 =0.5663 , B kbriiZ 0=0.0802, CT
FUGRRAIE B 7y S S B0 45 A I 10 =0.5382, SVEHRIEZ 0 =0.0757 , X540 %% MRI Al CT 5%
E5 P A 73 S50 45 R AT Kolmogorov-Smirnov £ 4[20], 3 MRI M1 CT EHEHRHIE & T A 73 RSk b
BRI ORMIELS S G, iEh: P~N(u.0”), Wl 3 B,

H1F MRI R CT EURFFHERALE 50 2S00 45 A SR B = RIL B 10°, A TH BG4 E
QRFAE B0 7 S0 R R AL, XA 28 S B0 5 SO AT R AN T BE SE LAY o DR UL 7E 005 e i
P AR 75 E AT AL A A B AT IR, T MO B E AR 2 4L A s i il o LR 2 #[21],
il 52 OB SR AU £ 6T 43 SRS 6 (R B S L TR I TR

T 5 T B TR IR R A A I SR, AR 1] 2 B, AT 5 ZEHER 0 SR 7y SR 1T 10%
IRFAE B 20 & BT 238 1 2 SRR RS, DRI 2H R IX B2 A5 PR AIE B0 R ME A 2R A B2 e LA LU K A A
MR EA AR % A

1 7()‘_#)2
f(x)= ——c 2 0<x<l (3-3)

BE f(x)=0.13K13 MRI EUGRHE 205 B RE A sy, = 0.726 , [FIFERT CT EURHHE R &1
GBI oy = 0.6815 o W By, (feature) < P (feature ) 73 375 75 ZEUfH % H (1) MRI BE AT CT EEARAE
BAHGH 7 RLI MR, A1 2N &1

{PMRI (features) > iy

3-4
P (features) > s ¢4

AR 30(3-4) 708 HH R S8 AR AL 5 PRSI B B 3 M ik 55 15 ANRRAE R0 IF T AU AR 2 20 26
SEIG IR « O 1 RAEAFE S OB IRA T2 N BUETEE N[0, 1111388 C RoRFHEEBEE, #
U1 Cgy 7 ASM IR, 5 Cygy = 0878 15 MRFEE AR RN, X R C gy =1 RSB
BK o BN BUE S AT IR T B0 R R K9 A2 2% 1R 20 (3-3) MR AIE S 2L & [ A6 25 AN RRAE 52 119 23 S S B0
BZEAT RN, BRAF ROHER 2 ENE AR 15 MRAAEE A0 — A B AT 2 A A BB AR . it
MRI BRI R ASM IBLEAE C g, HITHERIEAN

Cysu = Normalized (Y By, (features))

ASM e features (3-5)
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Figure 3. The distribution of classification accurate rate of MRI and CT images features

& 3. MRI 1 CT BG4FEE D LERES

[FFRAETHE CT BRI ASM R THE AN
Cysw = Normalized (Y P (features))
ASM e features (3-6)

Z MR F(3-5)F1(3-6) 73 A TH A A IR SEER A 72 1) 15 AMFFAE B RS, Wik 3 Fiom.

NT RefE B R R B RHIE R B CEAE /A, 1% 3 AT BA4r i Y MRTFFIE RGN CT FFIE B
FRAEREMIAE A, Wl 4 FfE S fis. R4 3 234 MR B AT CT BMGHREH R HRHIE &
WEAEHEART-EAI A 4 Fic. HRAEZ 3 7TLLANE MRI MG CT FEIGAEE E 45 Hb 4K I AE & R ARAE
BT PR 4L FE RS I BUBME S LR i, BEE LU HE B L S ok B P AL SR AL R B R . b Py
TR FE A I8 22 A3 AE AR X = AN UG RHAE B AT AT MRI B CT B #8EA LKA E A, A
F&R A MRI F4#IE 2 CT FAR8 345 1 ik EUGF 22 TR A JH- 2 A R 52 110 A [ A 95 P A5 P 8 A 8 o R A K
g [RGB T UG S B S B T U L B 12 T 2R A FR P B LUK s, 2 MR B ko
£ v P PR SRt R L P SE NSRS BT, R S A K T £ 4 A S SR A B sk ok . 7 BB SUEE
T 2 ) 2R VMR SO ) )5 B PR P SR I SR R AR A i, ORI R SO 5 BB R AT 2 L
FRPE o SX P ANREAE B TR BT X £ SR A0 (0 S0 43 B B A 8 1) 2 S

M 4 AT S HERATIETTLAE 2 15 ANMEGERHER T, AHCHEMAEAE# 0, 0BT P Fi Ik 22
UG P SO AR RPEIRAR, BRSO A A A DG . 7E MRI EG Hb 3 AR 0 75 22 AR R A LU ARG
T A AT AL (A B A Ll v Ut B ZE P AE MIRT MR 5338 X IS0 (R AR AL R AN B &, (B SR X 3 g
(R PR FEAB LB v o T CT MG Hp ) A AN S5 4R RN 3 2F R0 D7 2 #8008 BH I CT MG A JR3 i X 33
(LR BEANAE ] S R A AT LT 4R 2023 55 ANITIE MRI BEAT CT BG4S B & 2 (AL th#F L
AR T 58 BH 7 3% 7 o PR v T T 4 A A A 36 ol P 80 i S 8 B 2 A TN B S o AR IR SIZ 36 SR 13 O F A MIRT
KA CT BURRHE R AL ZH G 1048 S YL 10 20 A B 32 4(a)FI5E 4(b)FIH
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Figure 4. The distribution curve of MRI images features
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Figure 5. The distribution curve of CT images features
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Table 3. (a) Weight value of MRI and CT images features (1); (b) Weight value of MRI and CT images features (2)

52 3. (a) MRI 1 CT EHS4HEEMEE(1); (b) MRIF1 CT BISHHEEWNEREQ)
(a

FHIE & ASM CNT COR Sov IDM SUM.ve SUM iz SUMznr
MRI 1% 0.644 0.034 0.000 0.070 0.647 0.736 0.006 0.484
CT Bf% 0.164 0.375 0.000 0.347 0.474 0.147 0.253 0.243

(b)

RHIE = ENT DIF 1z DIFgpnr IMC1 IMC2 MGV SD

MRI 1% 0.581 0.026 0.061 0.452 0.007 1.000 0.336

CT K% 0.386 0.399 0.330 0.284 0.163 1.000 0.475
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Table 4. (a) The ranking of MRI liver images features weight value; (b) The ranking of CT liver images features weight
value

% 4. (2) MRI FFBE EIGHHEE N EEHR; (b) CT FFEEGHEENEEHR

L ik BHEAE C
MGV 1 1.000
SUMve 2 0.736
IDM 3 0.647
ASM 4 0.644
ENT 5 0.581
SUMpnr 6 0.484
IMC1 7 0.452

(b)

IR ik BHEAE C
MGV 1 1.000
SD 2 0.475
SD 3 0.474
DIF vz 4 0.399
ENT 5 0.386
CNT 6 0.375
sov 7 0.347

3.3. MRI 1 CT ElRBIISHTSCIE EL B

R4EE 1, LB R MRI BB EAER 3 L CT BRI JeuErfiZe . fdE K 2 g
TR BOIEAGIE B it 28 7T DA 21 MR EHERHE AN SO0 AR Bt 26 B A0 T CT BMEARHE &= Hti il
HHUHh 26 FJ7 . AREEE 3 Fan, MRIFI CT BUGRFE &y 2545 B0 A i 48 v LLIE, MRI EMGARAE &
SIS EE R A AR T CT BMRAFIE &5 2R 45 R . IRk rT LA 24510 A0 T CT B8, MRI B+
AR YEACTE BEAR A B T i I RV, FEEAT TR 4EAG T SRR B2 W e B0 E MRT M EA8 T Pk
CT E1&.

RAE 3.2.2 /N7 MRI EGR CT BIGFHEEH G kg ieh, K MRI BURFHEE LA & 15
TR B T CT BRAHIE AL A RIS T RE - 43 55 MRI BUGAT CT BR 15 NRRIE SR E 3918 pe
FbRiEZE o,

1 15

pe=—>C, (3-7)
155

115

oc =15 2(C - k) (3-8)

2] MRI EEA CT K& 15 MFIEEAR R AR HEZE 758 o (MRI) = 0.333012
0. (CT)=0.225805 , HLEGXFIAMRHEZAEAF o (MRI)> o (CT) o« AGETHE2 5 X AT LATS 3] MRI E5F;
EEBCEAE R RHE R LL B AR, X R CT BHR R4S R AR L BT 3. wT LLHERTH MRI SR & 41
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FHIE R BOR LI 3 & 7 MHERIE N0 K8 M AR IR 12 WO R 3/13 17 MRI AT CT K&
15 MFIEEACEE s LB MR EEAT CT BRI R AR 73 12 Wi s it 45 RAS 2UAIE MR R K12
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