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& * Terason 3000 ( Model 3000, Terason, Burlington, MA, USA) 7 * 42§ /&
R BRIFR oIFE 5 ¢ o HE F 2.8 MHz (Model 5C2A, Terason ) =53] 51 (
Curvearray) ;%452f > o 128 B 7|irle = » B Z47R G5 1mm o e f3247
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2.2.142% # ¢ < & i # AL & ( Center frequency down shift, CFDS )

FRA e STRE ) EFATLE  ERLFAD AR S~ $i o
FRELRD RS E Y PR R SRR PR (5 1[18] > a0 3~ 5

FAMREY I fehrRrE  E53dBlom; Bi % fa#kc H = 5 dB/em/MH
al(f)=a,+ P =1) (& 1)

p(z)=p(0)e ™ (X 2)
Zo WA 2:p0)5H ik > HPESRS S p(2)5 FiB 2R A2 SRS -
g 258 @ F g2 R4 > REgFRgE 2 ERB A A
BT R AT AR A W ATE T e ELY 0 R i gle EdAept o i ¥ pEARE
EANRERLBEFRPEDEY A FRDRF > §d KPRk |
R e ip(ded 1) J 3R A A d frlesie & 24550 30 a R e B

Brefunig A2 0 VEINRFOPENE ) T A AT E AL £33 F

Z,-7,

e — A3
Z,+Z, (4 3)

PPN £ L R S R e

S Attenuation coefficient
Material =Padl dB
Z( rayls)

cm - MHz

Fat 1.34% 10° 1.0-2.0

Liver 1.65% 10° 0.6-0.9

Kidney 1.63x 10° 0.8 —-1.0
Muscle 1.71x 10° 3.3
Bone 7.8% 10° 20
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) BEEHEAY 0 A WTE RS RPN SN WE R A FRAS Ak
GRS > BV ORI B REAL G A R o d S 4T 0 F o x() 5w AT
MEL~e() R AZF A S B h(t) 5 R kG R 0 R R w AT AR S L Sl
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5 # e(t) = Power spectral density( PSD ) = & #7235 > % 7 45 3% chg B 052 &2 JELIF
REAGE MG DHFARFEREM G 780 4208 55550 Se(™ £ et) 0
PSD >z 2 iFR o BAQH AMELY d 2 BAEFATle = » @ MAF ST 4 47 > 7 @i
LiFh o B3 F AR AP o BRI AR RIBERARE o g R
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(£
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B8 I ¢ & i # A (Center frequency down shift, CFDS ) 22 % j& = &
el B TR AT E RS S RRAER o
2.2.2 % ¢ E £ 4 =L ( Gray-level co-occurrence matrix, GLCM )£ = 32 3 fixc

i o PR 4 fEz 5 R3] A pk(Gray level )+
oy MR A > Flt A f A (Pixel )R- el % o GLCM 1 * & £ 2 ¥
PFEH(d) ~ A RO)KFE N2 BE E 2 T AR R DRI E o LT - B2AaE
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P ki BAFFEFT RN - Bolde™ » B2 BX G - BIX3 P U FH i 4oF)
2(@) » M RERSTE GG F 2282 ¥ MR #c T8 GLCM g2k 2 i d=1>
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AR g - _Haralick % 0 e A S Bcr o PE T A B g R G AR
RSP SUACEC IR I & S

Pl j|d.0) ¢ pli. j|d.0) 2 EH#AE 1 69 GLCM » f s {5 4 85 31 % 1 52 § 18 ]
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@ (Entropy, ENT) : Bl & A e & A F g1 g » A 4 B2 R ILAF fe e

Frim o AR o AR ARG R D AR 0 RIF 2
ENT:_ZZ[J(I,]|d,9)X]Og{p(I,/’d,@)} ............................. (;\3 9)
i

#1t & (Contrast, CON ) @ #tvt A%+ » RITE ¥R » B far R
S PR g RAR] O RIE 2 -

\71
CON = nx ffp( ,Jlde) ..................................... (% 10)
n=0

i=1 j=1

i+ jl=k

i £ & # & (Inverse Difference Moment, IDM ) : EA% < » RIZ o R
s s AR o Pl E 20 0

IDM =Y o Pisjld,0) oo (% 11)
A '

= p# & # £ (Angular Second Moment, ASM ) : + #iii £ (Energy ) » £_ %
fem #3303 R & 0 BA%L > Blehas #4%353 > RIZRGe § BA% ] > Bl F 2 o

ASM = ZZ{ O 1) (¢ 12)

40 B S 3c( Correlation ) @ #i it B et (7 22 5 crdp BE 1 > & B A PR BI04 22
r?'rﬂb,fléf)i 7‘1'\;)\ Eéﬁr’}rﬁgl‘&mg o%’.&ié{}iﬁ'ﬁ{’aqfﬁf‘é’]\ ;%ﬂﬁff\!{
RAkT® > PIF 2

IDNCHEPIY

j , TS (¢ 13)
oo

X7y

Correlation =
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I Ae-T i2%(Sum Average, SAV ) T R A B R B AR o BAXK > BLIRRAR
AR o RIE 2

2N,

SAVIX;XP‘H() ............................................................ (7% 14)
i=2
%, e B #c( Sum Variance, SVA ) ~ %, 40% (Sum Entropy ) © i & A pp @ & 1
Kol F A §REMARERS rE R MELFER T R G RSB
IR E o d 20 HEAEY JE | Sum Entropy 0 - A2dE I a8 @B % o

2N,
SVA = 2 (i — Sum Entropy)” x Doy () v (4 15)
2N,
Sum Entropy = — pm ( )Xlog{ )iy ()} ................................. (% 16)

0 B e F 2 ip] £ (Information Measure of Correlation, IMC ) © 3% i & j#%
Fom 2 B engp B (R T RIRauFel) o B4 G b ART > LG P Ap
B RlE#E 05 FA G 2 di bR T o pladt 5 10g,(Ng) o g
Lo ™8 ¢ » HX & HY & & £ P& P e’ (g

HXY:—ZZp(i,j )xlog(p(i,j
HXY, =—ZZ[)( )xl()g{p () P, (])} i (38 18)

HXY, ——ZZp xlog{p ()Xp (])} . (Y 19)

)) e (M 17)

IMC, = B o e e (% 20)

max {HX,HY |

IMC, = (1-exp[~2.0x (HXY, = HXY)])" oo (25 21)
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2.2.3 # g3 (Signal to noise ratio, SNR ) $-#c
d 3P imanz o R AT AL T R R R A T B0 Flet A
T RAEH gL 1% SNR 17 5 Rk RO Rtk 0 B A A 2 mATHR
B9 BrhE 3 A e g o
Flle e il B0 EREAF SHELY > S AUk oo 4
fJé%\,_s__;F\«p\ R T R T‘{%{Eﬂ’-ﬂ- B R REEF T IS A A Fk
Y ;“ﬁ“d PRRH o AT R RED - TR SNREE 2
1.91 > H:gieis % % A S0fikc & I Rayleigh distribution 5 § $c%++ % & + 2 » SNR
<3+ 1.91 > # % % B &8k I post-Rayleigh distribution » # $c5+3 % & *% i< > SNR
3 1.91 0 85 % & S8k IR pre-Rayleigh distribution » 7 5 s F ph w5 ILELE
NN AR B IR AT hR R o SNR 25V 4esV[21] R Fdte sl E 53R
T o oostd 2B E > i F gt sk R B i & SNR %8k o

SNR = E(R) = [E(R)]b e e (3Y22)
std (R) E[R—E(R)]'

2.2.4 Nakagami %
AZH R AL ¢ i % A S0l d5 1 T Nakagami siitficd] e 50

m_ 2m—1
7 Q

[ (- )= U(- )~ %% gamma function 4= unit step function - ¥ 2 % E(- )3
BrenT i@ > REF F4gstdte - £ 4% 7T 5 g 383 8 9 scaling parameter Q

4= Nakagami 4 f# v Nakagami %-#m o

EIR —ER)]
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Nakagami 4-#cm 2754 S8 o F 484t e 3 F B R S -2 o ¢ H 1=
RPN i3 kR IR A2 > 2 D kenmiEs €5 973 F > § miE ]
1> P i E AN g+ ERRSS T mEE® 1 PIALE RN
RS ORARR G Y R A F o mE A LR B ER Y RS o L g

B A A AN AR S o F mEK ORI D 1PF e R

£

F

g d ’%ﬂﬁﬁﬁﬁﬁéﬂﬁﬁ;w%ma%%l’m%m BLEBF R Ve 3 15 -
T J14 # o Nakagami » i f§ 8 cn#icF F 5 o Z ki anddfd > g B P F

Nakagami 4 i# # 5 fu it 42 5 & # st et d) o

2.2.5 "% %4t ( Contrast to Noise ratio, CNR)

BERA g AR AR SRR A BN £ & ik FUTTHY - LB R
P X R H AR ETS P T A PREEIRT FRR D B E P AR R S g
Pl L S AT e s ]v}g | 4 jrr@*k o RMFAY M- R IFF L BRI TV SR
SRR R LR S IR S R R L e

BFenBrefemrI ARt Ho R RV R Y 2 BT LT% A FREn
SRR RGBT v F R RIS A8 S8 5 FT 0 24k Contrast to
Noise ratio, CNR ) » 3+ & it 72 5 F5Rer 5L58 B 27 B3 T3 8sg & et (> 4ost

26 o

, ROI Liver
CNR = — e (34 26)

ROI _Kidney
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2.2.6 s+ 2w & 47 (Linear Discriminant Analysis, LDA )

d N RIEEE IO HEN ARABFE 2 g Fr R 2R EE g £
W AL D AR L 47 (Linear Discriminant Analysis, LDA ) #-Fe -
fait i f&ﬁm%&@ Fagp o m NIRRT LA I M AL iyt
FRPFEEN S B2 BFAOREERE o T AL 1% LDA KT IR &
R diieise g - LDAEF B R 2 bomddm (5 8k S8
I MBREF N N R - RERF OB EEPT 1T 2 P EEFEARYL
BMHPAGRIE PR HEZ FnTiaE (e Fagedp) 24p5 258 (F -
HepBMOLE) oA RC RHEEL For AP Rk > T G g e
TH A REELFOL RN Ea iR S sett o ST hiif € I
LDA k#-= B2 R R OREEFPSFEEH I T EATTRATDSEL
LDA-Texture -

2.2.7 #&1’13:};& T4 #cd 2 (Receiver Operating Characteristic Curve, ROC Curve)
ed BREE DL B TR FHE BR R T AR AOR Ty AT H R e
e ag o el b2k &t T( Independent sample t-test )| ¥73 w2 B EFE
ZREM > B EEN A HEDLIME, R LS BHE 2 FEFHEFLR
(p<0.05) RN LS BEHEL PEG BREFLE (p<001) PR LA B
2 BE3EAEABEFLRE (p<0.001l) - & #-~ %5 % 2 ROC curve i 7 4 47 i
“#it3 » ROC curve 2 & & 4% Sensitivity fo 1-Specificity gEsh&gw 1) 4 #5154 h
Sensitivity ¥ Specificity it # » T ¥ =R 21 425 A TR SRS Hiez F oyt
wWlig 4 > 12 ROCcurve 3+ 5 & $dicend 20T 6 # (Area Under Curve, AUC) ~ %z
B (Accuracy) - Sensitivity ~ Specificity » (¥ % =i %423 i 28 S ficeha 4941 4
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LDA-Texture 0.74 70.5 64.3 76.9
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LDA CFDS Slope 52.5 52.5 52.5

# 7 % LDA Texture ~ SNR ~ CNR ~ CFDS Slope4 #& % #c3 4p 3 fie 1 c7 FCM
A Frae 4 0 B¢ Accuracy % 175 CNR1 ¥ SNR e/ & > iF 80% ; Sensitivity &
% 9% CNRL1 2 SNR 12 2 CNRL1 £ LDA Texture » i 72.5% ; Specificity & § 75
CNR1 ¢ CFDS Slope % & » i¥ 88.9% -

“f gzt v 5] LDA Texture #2 CFDS Slope s & » 2 Accuracy ~ S
ensitivity ~ Specificity & 5 52.5% > # /235 I 4p4d & S8t 8L F @ Sl gE
R4 7a0 4 B F 8 M5 ¥ CNR1 £2 CFDS Slope sh & » 827X # Specificity &_#1
4 Sdci@ B F eh o (e B Sensitivity chip 4 804 50.9% 0 #T AFT g 0 #-E 1% FCM
BN AT S B3R S BGEEE R 0 R R4 Sl 0 LR E L W 4
Jriw o

4 8% 3B 27 FCM s 474t 4+ » FCM1 5 SNR ~ CNR1 -~ LDA Textur
ek 47ir # 5 FCM2 5 SNR ~ CNR1 ~ CFDS Slope @14 474 # 5 FCM3 5 SNR ~
LDA Texture ~ CFDS Slope 4 475t # ; FCM4 % CNR1 ~ LDA Texture ~ CFDS Slo
pe 4 F7ic 4 o % 9P 2 SNR ~ CNR1 ~ LDA Texture ~ CFDS Slope 4 i# %-#ci& {7
FCM e 4730 4 - i 4 8> 7 gz 3] FCM3 7 Accuracy ~ Sensitivity 2_# ¢ &
e 79 A 74 I SNR -~ LDA Texture 2 2 LDA Texture 22 CFD

31



SSlope #5 e te— A2pF » H3 P T 4 T E - gk o @ FCM4 &2 4-FCM > i
@ f8 % #cF & % 1 Accuracy > @ Sensitivity ~ Specificity B] & 3 4 ek & o

% 8~FCM 3 B - ‘e cndfich {74

Accuracy (%) Sensitivity (%) Specificity ( %)

FCM1 78.8 70.0 87.5
FCM2 78.8 87.5 70.0
FCM3 67.5 47.5 87.5
FCM4 80.0 87.5 72.5

% 9~FCM4 B 433 & ch 3 dem 4740 4

Accuracy (%) Sensitivity (%) Specificity ( %)

4-FCM 80.0 72.5 87.5

32



e B

P AT R A RS ALE R AT B s o B AUF L A dr et £2LE
AR FE A o R EROFL > R ERITR 0 A fg 0 AT R
Fomgalgrh g it @028 0 k%2 ARR - Bms RS A
FRDB L pEL - o BRSO §FRAP  TROE SR g AR T FIL R
PRES S FHREFZEER > A ERFLBE S By B AR RE
SRR 0 B AR AR 4§51 R SR R B R RS L RS
M~ 3 AR e 3 wTRAE ﬁ@&ﬁ%fﬁﬂfsiﬁfﬁ AP B ARL T 2R R e
R F ST A AL A e BPFPRFTE I LA AT A
BAT T A TR A A DR B k) 19“11}%% R H Ry IR E
ATy EH X 4%~ SNR ~ CNR ~ CFDS Slope % i £ 75 ¥%3%7 [ e85

Frifo WIS MATFRGITS AH D BERGAR EORTE > SR Ry
ok RTERDBHIEE T 5 SNR R & g iaarA) L i 40t PR R 0 F PRy
RAAEEEN A F A5 0 CNR > I FE R T 5 A A A WEE T FRRE TR IR
Eensiyh s B o @A K P g E Az & 5 CFDS Slope » Jfd @ wiif
g, 0 B PR peTig S L R R R R o

LDA Texture ~ SNR ~ CNR ~ CFDS Slope # 4 47 i¢ # J’M T A BE o TR
*FCM = A T R F 2 RT3 I 7V EI B RAA LY 4 - FCM
SERT oV AE - T Sl ETR 4 > Sl S R £F ok L BT
w4 0 3 0 B ES h % 0 Accuracy ~ Sensitivity ~ Specificity & g5 B < & 0 T
AR R 3B SRR A S EH > RE D BEE RN o iAo A g
#.% SNR ~ LDA Texture 12 2 LDA Texture ¥&2 CFDS Slope #£ e te— 42pF » ¢ & 2
Yreae 4 Fla T o e Hi 8 CNRERME > mi v a2 B84 > 5%

-L,:L

AR RS 4 SUERN B L LA R dan R BE AR A ) B S R
i Slcenii o @ X AT 4B SHR * FCM & 8 3] shidic » 4-FCM (% 5

33



FEREIE IR B A R A0 Fen 4o > Accuracy & 80.0% -~ Sensitivity & 72.5
% ~ Specificity = 87.5% > &M B PR e SRAFET B A MR A AL R IR S R
BEARe BEF AN R OVIRE T L

34



34 b

[1] Day CP, James OF. Steatohepatitis: a tale of two "hits"? Gastroenterology. 1998 Apr;
114(4):842-5.

[2] Anstee QM, McPherson S, Day CP. How big a problem is non-alcoholic fatty liver di
sease? BMJ. 2011 Jul 18;343:d3897.

[3] Lazarus, J.V., Colombo, M., Cortez-Pinto, H. et al. NAFLD — sounding the alarm on
a silent epidemic. Nat Rev Gastroenterol Hepatol 17, 377-379 (2020).

[4] Szczepaniak LS, Nurenberg P, Leonard D, Browning JD, Reingold JS, Grundy S, Ho
bbs HH, Dobbins RL: Magneticresonance spectroscopy to measure hepatic triglyceride ¢
ontent: prevalence of hepatic steatosis in the general population. American journal of phy
siology Endocrinology and metabolism 2005, 288(2):E462-468.

[5] Park SH, Kim PN, Kim KW, Lee SW, Yoon SE, Park SW, Ha HK, Lee MG, Hwang
S, Lee SGet al: Macrovesicular hepatic steatosis in living liver donors: use of CT for qua
ntitative and qualitative assessment. Radiology 2006, 239(1):105-112.

[6] Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Targher G, Lonardo
A. Ultrasonographic fatty liver indicator detects mild steatosis and correlates with metab
olic/histological parameters in various liver diseases. Metabolism. 2017 Jul;72:57-65.

[7] Brunt EM, Janney CG, Di Bisceglie AM, Neuschwander-Tetri BA, Bacon BR. Nonal
coholic steatohepatitis: a proposal for grading and staging the histological lesions. Am J
Gastroenterol. 1999 Sep;94(9):2467-74.

[8] W. C. Yeh, Y. M. Jeng, C. H. Li, P. H. Lee, and P. C. Li. Liver steatosis classification
using high-frequency ultrasound. Ultrasound Med. Biol., 2005:31:599-605.

[9] U. R. Acharya, et al. Data mining framework for fatty liver disease classification in ul

trasound: a hybrid feature extraction paradigm. Med. Phys., 2012:39:4255-4264.

35



[10] R. M. Haralick, K. Shanmugam, and I. Dinstein. Textural features for image Classifi
cation. IEEE Trans. Syst. Man. Cybern., 1973:3:610-621.

[11] Hung, M. Pham, S. Arasteh, B. -. Kuo and T. Coleman, "Image Texture Classificatio
n Using Texture Spectrum and Local Binary Pattern,” 2006 IEEE International Symposiu
m on Geoscience and Remote Sensing, Denver, CO, USA, 2006, pp. 2750-2753.

[12] D. Gaitini, et al. Feasibility study of ultrasonic fatty liver biopsy: texture vs. attenuati
on and backscatter. Ultrasound Med. Biol., 2004:30:1321-1327.

[13] Z. F. Lu, J. A. Zagzebski, and F. T. Lee. Ultrasound backscatter and attenuation in h
uman liver with diffuse disease. Ultrasound Med. Biol., 1999:25:1047-1054.

[14] T. Lin, J. Ophir, and G. Potter. Correlation of ultrasonic attenuation with pathologic
fat and fibrosis in liver disease. Ultrasound Med. Biol., 1988:14:729-734.

[15] T. Lin, J. Ophir, and G. Potter. Correlations of sound speed with tissue constituents i
n normal and diffuse liver disease. Ultrasonic imaging, 1987:9:29-40.

[16] Shankar PM. A general statistical model for ultrasonic backscattering from tissues. |
EEE Trans Ultrason Ferroelectr Freq Control 2000;47:727-736.

[17] Lin YH, Liao YY, Yeh CK, Yang KC, Tsui PH. Ultrasound entropy imaging of nona
Icoholic fatty liver disease: association with metabolic syndrome. Entropy. 2018;20:893.
[18] Fink M, Hottier F, Cardoso J: Ultrasonic signal processing for in vivo attenuation me
asurement: short time Fourier analysis. Ultrasonic Imaging 1983, 5(2):117-135.

[19] Oosterveld B, Thijssen J, Hartman P, Romijn R, Rosenbusch G: Ultrasound attenuati
on and texture analysis of diffuse liver disease: methods and preliminary results. Physics i
n Medicine and Biology 1991, 36(8):1039.

[20] Baldeweck T, Laugier P, Herment A, Berger G: Application of autoregressive spectr
al analysis for ultrasound attenuation estimation: interest in highly attenuating medium. U
Itrasonics, Ferroelectrics and Frequency Control, IEEE Transactions on 1995, 42(1):99-1

10.

36



[21] Tuthill TA, Sperry RH, Parker KJ: Deviations from Rayleigh statistics in ultrasonic s
peckle. Ultrason Imaging 1988, 10(2):81-89.

[22] Ho M-C, Lee Y-H, Jeng Y-M, Chen C-N, Chang K-J, Tsui P-H: Relationship betwee
n ultrasound backscattered statistics and the concentration of fatty droplets in livers: an

animal study. PloS one 2013, 8(5):e63543.

37



