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Characterization for Ultrasonic Harmonic of Tissue
Based on Nakagami Distribution
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Abstract; The relationship between the nonlinear coefficient and parameter values of Nakagami distribution from the
envelopes of fundamental and second harmonic signals are investigated to obtain more accurate nonlinear quantitative charac-
teristics of tissue. The envelopes of fundamental and second harmonic signals are separated from the whole echoed RF sig-
nals using Butterworth high-pass filter. Then the Nakagami distribution parameters of the envelope signals are calculated and
compared. The simulation results show that for different values of the nonlinear coefficients, the values of distribution param-
eters of the fundamental envelope signals are aliasing. On the contrary ,the parameter values of second harmonic are mutually
separating , especially for the nonlinear coefficients ranged from 3 to 6. In vitro experiments ,compared with fat tissue, the rel-
ative differences of Nakagami parameter  and w of the fundamental envelope signals for liver and brain tissue are 7.3% ,
0.03% and 2.0% ,4. 3% ,respectively ; however the relative differences of 2™ harmonic envelope signals are 8. 3% ,19. 4%
and 7. 0% ,34. 0% ,respectively. The results of vitro experiments verify the effectiveness and correctness of the simulation
results. In conclusion,the parameter values of Nakagami distribution for the second harmonic envelope signals from different
degrees of nonlinearity in tissue are significantly different. According to this, we can quantitatively analyze the nonlinear
characteristics of biological tissue.

Key words: Nakagami distribution ; nonlinearity ; ultrasonic harmonic signal ;tissue characteristics

Wk H #1:2017-01-04 ; f& 5] H #1:2017-06-16 ; 5 (R4 . 25 4%
AW H  EHEK EREER 4 (No. 61561049, No. 81771928)



1640 WO % R 2018 4
1 glé :JL 2u-1 < M 2
= S = gt e <A) ()

B RGE ST (B ) A [l 90 05 1 1) R/ N4 S
SRS PSS o AL AT 2 7 PR A I el 5 A AR
BEHAL " AL R RS B
F) 8 EREe I DER 4 é 9 N T el O R S R C
GUELRIMERES I A AR AE . AR A 222 i B/A
(FRRNER KL B) RELLREBL )™ A (AR LR M A 2438 1 R
N ESHEESTRELNES R R e B R R
(9L B B AR RS AR AL

AR P AR B RE 8 X A= W) 20 U B4 30 £
ST BRI, P SO S A i AR5 R,
Wi PR o 114 7 P 12 W (4 — b SRS Al 5 0 1) 5
WL 3 A5 o Y L SR A
GUIHAS RIS [0l 5 5 i B2 BEAT G20, BRI LY
AR S 00 ) 2 2 IS e B R 2 ) 25 S

X [ A 2% 15 5 HEA T ST 20 T AR Y
A : Rayleigh 7043 (K I3 A RT3 A V% 22 K I3 A
Nakagami 5373 % . J v, Nakagami ¢ 31452 78 [ H ey
AP0 M AR B A [ A 2% £ S
PEGE o3BT B PR A eh 32 B

AR EERIR GO [ 3 A5 5 B S o L 2 A
SR YGOSR 7 1 Nakagami 73 A 24054k
LME AR 8] B X 0 56 AR G CREANUIS i 75
BURKAL RS TF LT AR Rl ALk v R BT 05 B
S HRIF R T PR B4 15 5 19 Nakagami 73
ATZH SR IE X R JRCAF I AR Sk R RO A I 22
SN RN =Rk 4 ST B R S8, i — P ik
T E R A,

2 FERIRE

2.1 HMRYUB
LIS S R R R A 2 ) — A A S 5
BB 1R P A A I 7 AR AR R M RO Y R
JIN, T ELREAE X 68 75 I 76 A ) 41 20 A5 4 B A 1 i
TR AR AR A RS i S AR e I R AT R R S
AR SR BA T FTAHET
B _po[dP aP
X:% g]po =2Copo[$]s,0 (1)
Horbr ey BN V-0, PO R R, p I 1Y 2%
JE . po BRIV 8% B2, B AR S” Ron e Ak 7,
“07 RIS EARME R B AL MES B B/A Z 1]
xR R AT R N
B=1+B/2A (2)
2.2 Nakagami 4 7p1& Y
Xof TR A [ A28 15 5 o, Nakagami #55 fR 48 48 73
i e AR

Ho r( o) 2N %, o 2 RESE R s
RETR AR AL w SRR R 1, S WA M 2 AR 38 43 A ith £k
IR A 1L
Nakagami #EEIZH w F u ﬂ@ﬂ?fﬁl‘l‘ﬁm :
w=E(x") (4)
E x2 2
KR BT )

3 X

3.1 ffEX®E

D7 L2 i) CREANULS P 8 {80 D g 2 —
ANARLNER A 5 AT & Gl i B A U S A R
(05 B, 7 A 5 5 555 088 D8 s o 1) 7 [ S
S

Butterworth 7% i 1§ {5 7 7 75 (0] 35 175 5 22 3 Al
SROYES A HoA i R T R o

1
H(p,v) =—————5,, n=12- (6)

DO
T+ [D(,u,,v)]

Hep D(u,v) = (0 +0) " G5 B8R, Dy Rk kA
o, v NIRRT AS B B L SR(E D< D, 1K
SO BN SR R, R AE D > D, A AR 4 ) 4
PR EE.

f2545 5 0 FH Hilbert 25 46 56F 18] 36 549 155 518 fige 38
BRAS. SRR B 5 5 f(x) PEAT Hilbert 253" .

=L [ A (M
T R L AR5
2(6) =f(1) + () (8
20) ORI S: 155 /() 1o 10
AQ) = V() +F (1) (9)

NES R el R WP IDE (5463 Y gib] i
TRMEAFIELIE R (B =3 ~8, LKA 1) K idht
RUERE(S ~ 15 A/ KN 2) 30 Y 2 SIS A

F -y E s A



07 W B - HGUR A B PE R Nakagami 7345 GETHRHIEBTSE 1641

B R 1T 51 9 2 i . CREANUIS {jf LR
ARHCRD 35 0 5 W AR o3 14 A [l N S S, R R
K1 8 B 1) Butterworth 15 38 918 {5 iy A0 HEAT 31 95 A —
VI LY, 00 Hilbert AR 46064 7 81, AR HLAS A 1Y
QLEAE T e 70 BT R BOR —UG Bf 415 5 1Y
Nakagami 7} i 28 o Ml . B SHEET 30 WA HIT
BRI XT X IOL P B (L o v 22 T 6.
®1 FEIBSH

e BE
7 1540m/s
H M 2 5MHz
R 40mm
=1 6mm
P e ] 12.5um
P O R B 214 pm
[T 128
O Y TR 64
RS IE S5 W R B 2

3.2 BERALAXE

B R LS80 R F N2 K Ultrasonix BE¥7 28 /) 42 7
i) SonixTouch 7 5 45 %I it B B AF 4 1O HE 2 1 R AL
A2 S RNG ER = R g U AT IR 3R R
A5 5 v 5L 18 U 2 43 2% {5 5 1) Nakagami 3 7 2
B B SonixTouch i 7 2 48 e BEWFFT ST 1938 I
AT BRI BB, O SR E R D AR R
5MHz, RAFEN % Fy AOMHz, G UE i #4519 8% 1k 450 2% Oy
30MHz, U S PR A 2em, 75 3k 1540m/s 5 {15 Oy
L14-5W/60 B4 8 75 8 3k, BE T B0k 128, BEIG H
55 R 300 wm , 0 FECHECH 64, & 5T IE 3445 5 1 JE
MECH 2.

S BT PR A Ay {8 BRE 1847 A 100 B B8 I U7 JHE 0
SR AL AT R R R B B 6.5.4.7 K
4.0 A GURE R VI EDR K TE N T x Tem® 77 Bk, JE
JERTF 2em. i B 20 2R A [ 8 fE B 48 1 &
b = FHR 75 R A 700 0 A 0 o T, O Sk B R AR
AL B AL AT, ] 2 () T AR 414043 1
F 10 LARAEA I . P 2(b) 5 7 0 45 3 iR ok
T2, 4 RE G508 647 Hilbert A5 345 80 45 (555, H
AT R RN 550 46 3745 B R K115, I B HE & o
PEHAS [ 3550 43 B X 38, 3R BOGE I A1 2% {75 5 32647 Nak-
agami 5} S KU 1T, 3 H B =R 4 213/ I A0 45 1
1y Nakagami 43 77 2 50 o 1w 09 43 A e ¥ 11 75 4k
FLHE.

4 HREHR

4.1 IEXELER
BT 30 AT EAHH, 3 2ol g TN R AR

2 JLFUltrasonix RPXFHER AR INRITT . FFEFIfR —F
AN (a) 5 BUGEFE (b)

5 7 9 11 13 15 5 7 9 11 13 15

B R L BN R BE

(@) ()
K3 AR RECR, 3 15 5300 A
5 1 Nakagami B o (a) Mlu(b) I E bR HE2E

RPN B PR L AF 541 Y Nakagami 734 240 0 Fl
(R AL/ v 22 BRI A0 AR R 8. WT LA 0
TR T, Bl B 5 B B 8 O, A TRl i AR Ltk &
B o T SECEERLERG O, 2 W HIU A 25 J3 80K, (o]
WAG 5 I Re R =, R BE o5 53 A 1) 389 5] — B0
T35 AR AR M R B ALK AE 5 1050 28
o Flp FEZR I A B IR SIS, R K 3 L 0
46455 1 Nakagami ZE0TCIL X 43 H 41 2R Lot R AW
255 AR X A B AR LAk R R A T A A

FET 30 T I, B 4 4ol ga T ORTR AR
FRECF UKL 55 X0 B ) Nakagami 240 o Fil u
(R 5L B v 22 BRI A0 S AR R 8. WT LAt %
T UGB RUT , BB T 2% B 3 K A TR R4
PEREN) o A1 SEOBUE AR AER K. R 5506
ZEAF S ARRL, 15 K B TN % (R S B O B
AT S RERINK, UG A 75 B i 245 — S Pk s . {1
T3 — 7 15 U 0 R AN [R) AN ] A 4 Pk 28 55000 1 1
ZHL o 5340 26 Z 18] A7 A6 T B %) 1) By, L il 25 0T
P BAR LM R B K, 23 BORHAE B35 PR R . X T o
S H w, AR R B BUE N 3 ~ 6 I, Al Lk
FRE 537 1 e 22 ) o A7 7 T AT 0 ) B T 2 R e Pk
FEp>6 0f &K TIREHMER. KU YIELIER
BB BUEAE— VL (3<p=<6) I, “UIR A% (E S
1) Nakagami 7317 Z 50 o F 195345 R X BE A5 15 Wi
XAt AR LM R AN 22 57, SR U JE Ltk
FRPEELE. (EREE R LM R BN — 3 K P IR S8
X F AR L M: R RgE S R X 2 B T & AL



1642 C R 2018 4
0.06 %107
—, 0.70, — is / _ o
0.05} 4 0.601 4 * 5 Wi 1 G * e eI
8 3 ' s “t
< .04} = 0.20
> % T < *
i 6 o.soﬁ 8 2 35t shwyw | 2 ;
R 0.03} 7 4 3 - * Z W He vy
= 8 K 040 R ¥ * 0.15
B-0.02 . ﬁ )5 * =
N St N
0.01 030 * * * = 010 * *
L * * * * **** * 4
0 1 1 1 1 1 0.20 1 1 1 1
S 7 9 11 13 15 5 7 9 1113 15 I Y
U R UM U 0 2 4 6 8 10 S0 2 4 6 8 10
(a) (b) B 415 H 4 215

El4  ORREHEZME R BCHEU BT, ORI
255 30 H T A NakagamiZ Al w(a) Fllu(b)

4.2 BHEAALHLER

X B A AT 14T B I 7 AR i = A 2L 20 10
LHREAR 70 ) R I I 0 1 45 15 5 19 Nakagami
ZH o MBS 45 I T B PR S BT 25 2R 7]
LIFE =M BRI S o T #8EA B HUE, A
HiRE, /P REAYE, R 2 RE R 24 o JUH R,
o g s HE AL 10 AIREA o W9 E{E 7390 2 0.272
0.291 J& 0. 271, S iAH EL , IR AR 22 530501 A
7.3% #1 0.03%. w WX E 5 5 R 1.372,1.344
L4310, SR AR L, TR 59 AR 22 53 00 o 2. 0% Fil
4.3%. LU =ML S E 0 Tl p 23 B4
EAS K235, XELAXT 2 2R AR 2 PR e A T B AL RE A

0.32 — — 1.60
* i « J I * B i * S Bl
5 030} e | Lsop ko Koy A
- * w = *
B . i #*
= 028 . 1.40 LA
oy * * *x | B *
B e 2 “ &V
026F . » ¥ g 1.30
024 1 % 1 ﬁvz* % *V\L 1 1 1 120 vvvvvvvvvv
0 2 4 6 8 10 0 2 4 6 8 10
o peiEipill|

a (b)
[#l5 ﬁ%lﬂ%ﬁiﬁ&iﬁﬂ@?ﬁ?ﬂéﬂl%ﬂﬁz&ﬁfﬁ [l AL A
2515 5 [ NakagamiZ 5 o(a) Mlu(b)

Xf ZRZH L 10 ZHAEAS A1 I £ 45 5 5 1) Nakagami
SR o M AT, S5 RN E 6 FiR. i LA H S o
A BA B 1) — B AP AE B 1 40 2k, LS P
RSB R HAP AR SR 10 ZHFEA o 193y
{843 5124 0. 0036 ,0. 0033} 0.0029, 5 g 1 #H LL., JiFF01
ARG 22 54300 8. 3% F119. 4% . w 1Y EME 3 51 K
0. 1798 0. 1672 } 0. 1186, 5 g i AH L&, JH i figi i) AH %F
PSR 7. 0% F1 34. 0%. 8] =4 409 — Uik ik
A5 5 1Y Nakagami Z8URA W% 22 5, P RE IS 4K
U M 2H 2 AR MR PR HEA T B AL EAE.

5 Zit5RE
S 2 ) i) Bk K ] 9 A5 5 o 0 538 O 00 45 £

(@) ®)
6 fHRR AT 1) = Ah 2 LOALRE AR [l i — 1k
I ALLE S I NakagamiZ B w(a) Flu(b)

HEATERAR ST, A AT REAR AT SRR 1 A LR AR S fi
FH Nakagami B8 % AN [a] F £k P 5 208 7 18] 3 15 5
PR IR — WA I B 48 A5 5 20 A SRR AE R TT 5. 5 L
SRR SS90 25 S B 52, AN [A) AR Lot 4 4L A
[l A5 ZUGE I 2845 5 1) Nakagami ZHUHA
225 I I BE U H R 2H 2 A LRk R A T
FEREAE. Ry (ZH 2L 21 2 A 45 00 110 8 P ik 12 IR 12
AT L (R A 0 T

AN B THE B H AL rE (RE) 29| # A
PR ARLAE RO A, 52 B v e PR 3R A 7S 5 1% 431 58
5HR JEE XOT P TR A 4 ok A rp AR B AR PR RO A B AN
[FRE R 52, Ok — 25 52 ) B A SR BIF 98 4 R %o ot
JETFIRAMFE 2 FA A A D5 [1].

S & 30k

[U] SREG = 2R, X%, 55 B BYE P2 I SCR & 7 15 19 73
BriT]. PEESF £ ,2015,12(8) 144 —47.

[2] 285575, BAR. ARL S 2 UG SO AR B2 222 W
[J]. W 7 2#,2005,24(4) 208 -215.

[3] Michael L Oelze, William D O’ Brien. Quantitative ultra-
sound assessment of breast cancer using a multiparameter
approach[ A ]. IEEE Ultrasonics Symposium [ C]. IEEE,
2007.981 -984.

[4] DAVID P,HRUSKA. Improved Techniques for Statistical
Analysis of the Envelope of Backscattered Ultrasound U-
sing the Homodyned K Distribution[ D ]. USA ; University
of Illinois at Urbana-Champaign,2009.

[5] Shankar P M, Dumane V A,Reid J] M, Genis V, Forsberg

F,Piccoli C W, Goldberg B B. Classification of ultrasonic

B-Mode images of breast masses using Nakagami distribu-

tion[ J]. IEEE Transactions on Ultrasonics, Ferroelectrics

and Frequency Control,2001,48(2) :569 - 580.

Varray F, Basset O, Tortoli P, Cachard C. CREANUIS; A

non-linear radiofrequency ultrasound imaging simulator

[J]. Ultrasound in Med,2013,39(10) ;1915 —1924.

(7] ARTES & RBL, R AR, 4. B2 75 A I B B T

—
@)}
[



07 W AT - AU PR PR Nakagami Jp A SEHAEAEAESE 1643

[M]. b5t BHEEORSCHR i ,2012. 34 -39,

[ 8] Caixinha M, Jesus D A, Velte E, Santos M. J, Santos J B.
Using ultrasound backscattering signals and Nakagami sta-
tistical distribution to assess regional cataract hardness[ J].
IEEE Transactions on Biomedical Engineering, 2014, 61
(12):2921 -2929.

[9] Shankar P M. A general statistical model for ultrasonic
backscattering from tissues[ J]. IEEE Transactions on Ul-

trasonics, Ferroelectrics, and Frequency control, 2000, 47

EZE R
BT 20,1986 4R, I AR TN, Al
e WS T7  A f E A HLL
— E-mail ;993389881 @ q. com
- >
=

(3):727 -736.

[10] A7 5fck, BRI, AT 5. S T ima e B 1) s 0 kR i I 1R
SR TTE BRI T ] M2 ,2011,36(4) :50 - 52.

[11] Ayush D,Parvinder B. Image sharpening by Gaussian and
Butterworth high pass filter[ J]. Biomedical & Pharmacol-
ogy Journal ,2014,7(2) .707 —713.

[12] 3805, 5 A0, 55 S A SR LM 248 B/A
RIFEET]. Blefimd ,1985. 1104 - 1106.

WHSE  J,1965 R4, WMIRHAL HUR,
TR 0, B SR O A S A I R
S TREE.

E-mail ; yfengzhang@ yahoo. com



