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Xof T 2D G MR P 1) BEAME R Po , 7RSS [H] A7 FEMNAN 3 SR A A T 1 A (B MNAS 1-DA2:
I )45 5 BE 3 s B SR R — DN Tx—Rx A A -

[0012] 2. IE N4k T W3R il il v o IR AN I FE A MG 2 S AT AR AN SRR
IR AT LA A RSB B (1) AT IBAME 2R (FIMNAN 12 ][] S A4 o A — AN B B At o
(i) 1S B T B A Tx—Rx A FEXT IMNAN I8 BEAS TH ) e /D & AT R 1A &0 H 5 AR
B, o T ZMNAME A [B] A CRE R 3R 7R N xan) B — AN, 2 0 F R 1 S0 3T AR
BERE 2 1) P2 B 8] 43 8 2R o X T e R IR 2 SRR T IS, BAT = P IR (1) Z 008
B (CAAPHIHLAER) 5 Q1) EEAGTE GET— i 5 B AHSC  ARAECE L THEY) 5 (111) IRIERL
1E 5, FRFE T W AR T DLIRAS AN Tx—Rx A B P 2 AR i v o ZEXL BT S £ %
XY AE TR B AL ER 2 0 S R ERAFMNA B 46 1 BEAE (AR R w) o« 7ERT BR 2, ikl & v =
(Vx, vz) B IR SCHTR I —FEFH u3R1S o 1 000, 28 T A8 O R 2 35 ) S 2, MN X 2 A R R B A B
BT MNANTx—Rx F FEAL AT 1o ARBT LA J2: , u= Av o IR G, vidB Rt 3047 B/ 3 i) &4 EAu
THE .

[0013] 3. BN AIARA A T BB R A TF, T2 R 2 R EE i 1) 7 Sk o 3T i O TR
R 5, " [ 0T LI B S AR B B R s 0 HLAE K B S AN R VP T 87 Sk 70 4w, JF L
EATHE s s B AR SR DA R 1 AT AL

Bf (E135E BA

[0014] 75 WY FY Wiy ks A AN HC AL ¥ B B RIS 102528 T S 0 T 40 ) R o A2 RO
SR, Hor

[0015] [ la b 7R 1 AESEBLA A B K R R v R B R 4R LT P IR R S A AT (1
PR AR (B AN A 1 EEREAT) K

[0016] B 2af2bIE 7 1 F T TR AR R A B A MR A B A I A 1R S A o ) e LA
B IAH LK T T Tx—Rx fig 50T TR A2 )45 540

[0017] &I 3a A3 b2 o FH €0 2 A 1Y J5i0 s B350 445 1) ) a8 4 O MR 40 AR i B 114 2 8 vt ]
AL 5

[0018]  da.4bMldclElrR 1 FTHUASE IR 73 I (AR AT 70 ) 88 B 20 5l g fi AT S8 9
I N B EE ok 70 A 9 A T TLART AR D P AR
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[0019]  E]5afI5bE 7R T AT 78 = AN AS R B2 AR B I Al v H A O A 1) = 1 82 B i S I
FRITTEE S AFDT A P I8 P 3 o B (1) 5 B ) 2

[0020]  |¥|6a—6d /& R4 A B R L ivE G, OB OR 1 7E (a) 323 (peak systole) &b (b)
[ Rk (post—systolic down stoke) &5 M AL, () 1 (dicrotic wave) WEAE AL FT (d)
HIHP (dicrotic wave) HIZE WAL, I IK 73 BOARAL H (R AR Bh BT AT R
6eE 2 L WIATE th o 1 AERKS) EE AR A B

[0021] K| Ta-TdE7ZR T 1E (a) T (peak systole) &b (b) T a5 BT (post—
systolic jet front) B|ik1CATLIRESHT . (¢) I (dicrotic wave) WEEALAN (d) i )5
BHR AT (post—dicrotic jet front) B 1CAGE R , 78 A 50 % 1CAJmCo PR 4% (1) 30
BIK 73 g A A T B P AN A i U A4 AT A DX 3 1 2 TR s ) B 22 5% T I T e £E 22 35 )
AE R SR T AE KN A AR A

[0022] &K[8afISbIE /R~ T 7E (a) T3 (systole) Z Jifl (b) HEIHK (dicrotic wave) Z JGfE
{8 R A ) 5050 bk 33 W88 31 P A4S TR A [X A ) 2 TR e RS B ) 22 57, T I 8 e Y
7N T IR AR AE K B JE A o R A IS 7R AN 22 357 B o (18 A R B R ]

[0023] &9aFI9biE i~ T AEF P (peak systole) FIETHIY (dicrotic wave) WEAEH) HAH]
50 %6 B 7 1) 73 I A4 AGE r 1R A4 P B DX 43, G mp AR IR T) 4 B 0 7E B 9 ¢ v (1 PR A 22 35 8y 43
g M9 I9e R 1 7E (d) FI (systole) Al (e) HIHP (dicrotic wave) B SBIT
LCAWN BE [ FAG I XI5, I OF 7R 1R ICAE A, T LCA A R 1R T sy 35 R 326 U 8 A2k P TP A SR A
AR ) 22 3 I A A ) AT B 1) 5

[0024] K102 HAEAR VPR LG 1 R4 HnEE

[0025] P 11afil1bxt T (a) AR AT (b) 7E1CARI N 1 Ak H A 50 % fR Lo PR 2 1 A 2
BNk B, FE T (peak systole) ARFRIFHIVPIAYSE KA 5

[0026]  &]12 (b1) %212 (b4) &M AR A B () Loty e, HAAN BARRI Y B i T 20 s
THE (@) FP% (peak systole) . (b) Bk (post—systolic down stoke) HIZE AL, (c) EIH
B (dicrotic wave) WEAHALAN (d) HEIHPE (dicrotic wave) 45 AL BRI BN 73 b AR AR
IR ARSI TR BT 3 A

[0027]  [&13 (c1) £13 (c4) MR A B i L it G ], HAX AR 7R T 7E (a) 23 (peak
systole) - (b) FEHIk (post—systolic down stoke) iIZEH AL, (¢) EIHP (dicrotic wave)
e AEL AR A (d) B3 (dicrotic wave) 45 AALZE (@ RSB K 73 e AR (AR B0 1) T
JSCRIH B B

BRSHES R

[0028]  FHAT A BH 11 ) S B A R AR (VP 1) 0265 1 13 B R AE B 10 o 3 A3 L P
17088 (1) BlRAE  (2) ML T AR ) & A v (BFE S —BY B 2 7 RS —F
BRI I B3R A AT (3) ZhA T AL .

[0029] 7 SR ELHE RAR , 8 75 450 B BB B 1048 5 7 78 AT 3 k8 1) 9 A B A vy 40, 34
HHORE A AR B TR (B, XLV A K o BE B0 LL Bl 2 R — R R B A R
R 75 ST O 1 LN R FEOG T R 2 26 10 | S R 5 A I AE RN 2 JR AR b . B BB B 1048
PAAS ] P B2 VA0 i % A 20 ZE 3 S S 40 38 LIS & A7 70 B R BT B R AR B 2P

10
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XA F& DO TR A B i A T 2

[0030] A~ e A () HS o Az 2 P 1) B ) 30 o5 B2 30 (R LA R e 0 JED v, A RS
A S0/ELFE IR A AL % 14 28 14w o B/ INBCOR 5 ol FEL 2% 1) 0 HH A 72 FH T 20 L B K SR A P
1612 16k H SR A o B> SR AT FEL B 1) B HH SO AEE AL AR A v g 1 8T Ab 28 R s, —
T PR AR A - FEL B ) B HH A E FL g 20 P 3

[0031]  f/IN 3R Ia] AR T FL BE 2290 AT P A - EEALFRBY B, B (1) B — it B A8 R A2 fh
THRIE A AT (1) JET f /s Z e bl ) S 2~ a) 1) & 3 B fh T XA A A H )G
B E A 58 filAl T 52 o AR B vE e i B 24 v, OV T AAL T vE A A Y, AE o 2 TE
RO GRS I BT R CINGTR) 2 BT S AR AR R B0 AR A -5 A2 Pt R I i
B B B A AL B R /INFH IR o R ) 7 1) s T IRAR 7 Th) o 3% 5 S A4 ) S AR
FEMT . [8) B 24 55 LS 22K/ NATT ) B R AR A — S e SR WoR AR BE A2 o AT ARAL
TH T8 P 7~ B T 1IN [R) 8 e B B R AR I AR A B A o XA R 78 VAR5 B 78 I AR BLE (1)
B e I o FL i 24 1K) B HH 2 VP T I 45 26

[0032]  #dRtE

[0033] VP10 a R4 5L 11 [ 6 R 5 AP AT B A J (B #2241 FEHAT) 1)
3 H i Laflros , 2R (Tx) b, MAS - bk o A LR A5 3 BUe s B A
7] E4) I 26 1 2 o 3K 2 it A T B AT DA TP TR) B SR A s b, 7E 0 Rx) LN
AN BRI AT PR G A A B AR R 1 52 4 R ~F- T bk b A AT o [F] —
ANk 7 B AL FEMNAN Tx—Rx A A

[0034]  {ifi FHVP 1 Z&A4L , vl 22 (1) A48 v] B 15 B ) SR A A 3 SR AT i 8 ~F T B R S 1T AR 43 745
Gy » Fe i 2 ~F T B A S A0 A DR B A A R O 448 s TR 5 AR N 3 6 o WBR B
IRZG, R, DURGERT, AR JE RN, 25 5aM, “F-T-{E it 22 (00 68 75 R A% RN ) 5500 P 1A 1)
MFFHKEES”, kT s R AR MR 61 1EEE 24k , (2009) ,56:489-506
(Montaldo G,Tanter M,Bercoff J,Benech N,Fink M., “Coherent plane-wave
compounding for very high frame rate ultrasonography and transient
elastography”,1EEE Trans.Ultrason.Ferroelec.Freq.Contr., (2009) ,56:489-506) , H
TEICHE BAR TIN AN LafIr o , K57 DAL SEAR ST S8 11— ZELMA 6 P B AR 5 £ ok o =
A o FEAHAR AR S 2 18], A 55 (Tx) FR) AR 61 5 (D, REOGS T B8 45 2 1R V2 0 1 310 %438 £ JE) A
978 A DA 7 o A5 S A bk b A B BOMAS AR R 5 B0 o X N U SR AR T R AT DA 2
Z2 4% S FH B e SRR G T B K T A R L i B SR (JE R RSN, 2013, B3 B AT
(1) — R X A0 F R I AN Tx A PG 5 Yt A ) 2 AT DAl i T e /N el & J SR i
L METT R E R G0 B AT v X T A BAMANTx A AN K v 52 A Fore (1) T
B FRAR AR R AR WU (Fone) (B, — 4L 5 AT DA LA HEBAT I3 22) SERR 55T fere/Mo BT
FE 5 B Fore UL M AEKH2 () VG P 5 DRI R BT A B2 B AR R L/ , fonaiih AT LLIZE B
AR AL 7S VS

[0035] X T-AE25 7€ Tx M B N BRI A5, — AN G 1 1 B8 A i 22 T 7
PR A BT HE R A 2 1 240 M4 BB 25 10 ZR A5 488 T8 S0 bk o [0 38 (AAEHL 2R s S5 (1) 38%) 1)
FH BRI B F T 547 ™ A= o A Lhrb B, Nt E AN [ (0 2050 (Rx) e 5 FEE TR 1o ot )
ARG A BB R A R B R A da ik R AT DA R AT o A ok T 8 DA SE) ik

11
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HPRAT B AR BSOS IR B o 5. W TBYS, & 1KH, SRACH, “FE T-GPURJ R & il 25 -
A AL AR AT T R A B PRI SE BT, 50 T A L Bk L AR NI 22 P Al 1EEE 52 4%
(2011) ,58:1698-1705 (Yiu BYS,Tsang 1KH,Yu ACH, “GPU-based beam former:fast
realization of synthetic aperture imaging and plane wave compounding” ,1EEE
Trans.Ultrason.Ferroelec.Freq.Contr., (2011) ,58:1698-1705) , HAE L4 B A 5| N\ . i@
W EAMAS R B Tx A B, 3R A A i ot B Tx R BEX FOMNANH & F H (LIE 1h)
13 2 A Rx A B2 32 22 8 E i XM S A RO AR v 1) S AR Al oF AT R A2 008 i it
HHE MNAS, T A M) o e/ I S A5 T AR B & VR N ] DAt — 2 3898, JF B
S BRI A ) E A AT BLRER AT CRABAE T SO i i8) .

[0036] Ty 'y WS INAE MLy BH A b B BE I 1) AR AL , P TR S A SRR & A 9 BT A MN
ANTx—Rx M BN AT 2k AnE lah FroR) o XA #Esg it b 5 3% SCHDH, 14 it 5 WN, 2
R A USSRV T AR, B R, A2 BRI, (2000) (Evans DH,McDicken
WN.Doppler Ultrasound:Physics,Instrumentation and Signal Processing.2nd
Ed.New York:Wiley, (2000)) (Z CTHATEIGAR BEAA TIN) rhp 8 i BRRAE T bkl 22 25 4 e 7
G P SAAT IR I [ R AE AR ] o XA, FERE MR AR AL BAL , BAMNA (A Tx—Rx M SRR — )
TAAR 1) B A T AT IR AR A T R AR () M T (B X T I s A, i (1) SRAE 2R ]
H 2T Foaq (B, — 2 Tx Bk P A4 1) B AI2E) |, Foa S5 T fere/M, GI7E DUR SR T, B IE IR %
G, /A IHETT, 5% 35 LD, 22 B8 JRF , 55 paM, AT, B PRE 525 2 8 iR - e fit se B L im 4
PE R Tl R AR AR = X | EEE 224, (2011) ,58:134-147 (Bercoff J,Montaldo
G,Loupas T,Savery D,Meziere F,Fink M,Tanter M., “Ultrafast compound Doppler

imaging:providing full blood flow characterization” ,1EEE
Trans.Ultrason.Ferroelec.Freq.Contr., (2011) ,58:134-147) (HLAE LA IEAL T N) Th 4
IR A o T 1 R VR AE B PR (R 43 2 ks 8 28, FLAET200a) SLHH 2Fpre/ME5 HH o £E 75 EE5E
e R A5 ST 1) VB 225 A0 R A8 T 38 B B R ML R P A O T Tx M I B R AR R DN 5
[FIAE IS A2 AT FH S s P £ SRS 35 2 A K G ABIR R R A JHG 2 K A8 I R PR o e 2%
FH ik (R ARS 2% FRzmax 5eo/2fpre (352 SCHTAIIE Ll (Evans and McDicken) ,2000, |
e EI D g

[0037] Ak (Al & ATl

[0038]  FEREAMZ I [H] B %], AR B BIVP1 7 VAL B A 15 25 Aor B A 25 T AR B2 4 ¥ MNAS
P 7] e A 7 PR AT SR 3] = AG T

[0039]  VPIh fRyifd 1) & Al vH ik X TR MG = A B AL Bk B T I Tx—Rx 1 JE T
(I AH S AL I [R5 5 T HEAT o 12 (a) R T8 T it AR 1R & (vx [t] 5 ve [t]) TAEREA T
Rx A AT b B BRAT 1 2 38 DI R Am AL A T o s/ — T4l S8 S e P L 2 A A% il
T {van (] VB REIRH AT HAT o 2 (b) B -5 T 8m AN Tx M JE N SEn R A, 1E AR 1) 43
ARG VI B AR AIE B0 5 1 0 B A SCTH L (B S A AL R B i i 0 R A 4
il T PZE MR S v 55D T 1 0 A B AL IR AR X SR A AR 7 A 2

[0040] 4 2a 7 » HIUE B 25 B0TEAT MY AR B IBEARE i 506 S vty S B B A P 1) i A 1=
A AN 55 B 1K) 2H 2R ] B B BT 5 (0015 5 IR BCST o B i, A 32 S ) AR B B B AT
(1) ZEMNANJE I 5 ) A v (R B — A 1) TR DU P2 B TR A3 28 A £ 148 76 A 11 P B 32 rh

12
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AT 580 (1) 2T S5A R Tx—Rx A R AT 2 FEIMNAN S 28 AR 2 A 1 1) B /N — e Ul & 1) i ] -
M 1a) 5] 27 B A v AE /s — e m] E Al vH 2822 (B 10 i) kAT o B A~ b R B B HoA
BRAERRAE T SO R

[0041] Dy Y MR 45 7 R — BRI (R Am A A v LA T HE g ) St 5, — A
= JEEE TR WA 8 SilE v R Z sort Hh DA S bt b 38 A AN SR IR RIS I TR) S A4 AL 2b
iR A2 SRR A B TS IV B0 A 1 SR SR v SRAN [F) 1S [ s 20 b F ~F 25345 5 i i
TG T IX AN BRI TR R 48 B 1 (B2 5 IO BRI [R] g v ) 4 e fE i 38 A 1 e
W b S SR TR B RS- A 2R 4 5 FH R — B i J B A SR AR SR AE A T 45 36
WS L B e 5] AR B ST (Bvans) 2010, HAEIX B AR 5N o A T E T I A4 X 35A6:
DN AR B AR B InE G, B[R] 0SP48 3 5 B8 S AR I 3RS Wi e B AR
5 P 100 AT b U 55 o IR AT T e R 3 ] B MO 12 T 1 BT 8 6 AE ) S BRI ] 42 17 7
FU A D P e 1) R 221 ek S i ST () A0 28 MRS S A v IR S AR A JIMNAS Tx—Rx £ X0 1)
MR,

[0042]  FEAHTHA IR ST, BT B o AL 3R SRS A S AT LA T Uk Pt TR) A3 22 Ak o e A4 1) 2%
T8 50, N T BB AE AR B B Tx—Rx 5 6 6 I 381 60 I 220 & F J AA o S SR A TS I
ZIALEATS 1 BN TH) 58 & A TR T FIUE BT , 15 I 1) S 2 S A v B A S TR 15058
% (BP, iAoy AR 384 5 % (A LY AR Hh 1) R 38 an FEABE ISR B2 D) o IR, R TR
IR AE 5 AR B R Ja B 45 77, AH A g 2ea 2 FH 2 07 328 3 1R P e TR) A3 Al vt B DA% B 44
17— e H A SFIE R R P BE 2 R A I ] BEIRTRAE OB o DLIX, FE8H , Sosm 6 S ARK
“FH T L Y0 P A T 4 R B AR JTVET O Tk A L Bk AR AT A 22 45 1 ) TEEE 7 4l
(1997) ,44:1332-1342 (Lai X,Torp H,Kristoffersen K, “An extended autocorrelation
method for estimation of blood velocity” ,l1EEE
Trans.Ultrason.Ferroelec.Freq.Contr., (1997) ,44:1332-1342) , H-7EiX B AR B4R T N o
TXAN A RS NS B (1) AR A T 1 B A5 VR A R e ik A% 48 B R R AR R o VE B, RN IE
WA A2 BRESAEAS T [B) S Ah T ) AT MNAS A B B AT

[0043]  f/h e E it H AL

[0044]  — HMNAME ][] 4502 (R A% 4 MBI Tx—Rox A BE Oty Tt 5 98 44 [ 2 40 2l 1) A6 00 g
Ay BT 2 A R 22 3 WA B DR R ERAS o WL B S 5 R XBE /R (Dunmire) S5 A SCRK
FOM B AR 5] O\ XA RAT S5 AH 24 TSR 7 PR AL I o8 R4t , HH SMNAN S 884 (R, 72— A4
A5 I 8] oy 2] &b ok T AT Tx—Rx A 568 8 330 28 A% Al o) A FAE B N DL SR Mg PR AN R S0 &
(R, Sy e SRR [ SR JE) o AR HE , AK ) Eov = (ve, ve) T BLE T B/ 3 A kAt vt
SR X A QB R A R A0 A A B A 45 SRR U A 1) 2 A v R A AE T 45 08 I N e B 30 7 iR
Z2 e/ R 3 S ALK o T AE B AT 1 W 75 R R A N R D0 55 R Y A R 1) & 2 )
T3S RER RN 7 78 P R EN & 1K) o UAHEL , — B0 il vh R Re TS 28 m] AR EF (30 5]
HIF JE R /R (Ekroll) 2 A 201 34F ) SCHAAN - 3 4% r (Kripfeans) % A 20064F ) 3
#R)

[0045]  fEdg /)N 3l EvHE AT, vl BUs S FEEAMN X 1 EAE A Eu (HAME 2 R
FEAE AL ) BEAT R s S v

[0046]  f/IN S A ) S At v 45 T LA st 78 Horh 24 Tx-Rx A AR SRR L &

13



CN 106456118 A w Bg B 11/23 7

6 348 o 1) T A JRE T3 9 A AR A8 SRR 2 3 B il T DR B — O 3 IR e R VA% B
Kripfgans) 5 A20065F 19 3CHR , FE/RFLHL (Tortol1) Z5 A 20065 L 20104 (K SCHREL L JE AT
/R (Bkrol1) 2 A 20135 1) SCHR , X 28 SRl A8 B SCrh 31 T HAE X AR I A2 R
ATMNAST xR F P B 2L B (R D0 R 5 BB Tx ) A1 5 AT BA RIS A 0w HL BB n R ) A1 5
A AR O Py B, BT EHT 01 T 5 5 AN sl AU AR S 0w P 6 T AR AL 9 10
P 8 2R DR A ) o DA 22 305 38075 R R A2 AT IR g JEE G 254, DA 2R/ A A
iz s PR RIER [ SR RES & wniE T

veos(Bm—o)+veos(py=0) ; ,
. fo> (1)

[0047] Dy =

[0048]  Hirbcos2 s, Fort 8 A5 O AR o DL XSIE /R (Dunmire) 58 A 20004 1 SCHK 5 1% SCHR
£ EorHh 5l I BAEIX EEAR GIN AR 2 f5, (AD HRR I e m] D
TE RPN T B (i)ﬁf—ﬁ%l?%? [cos (A-B) =cos (A) cos (B) +sin (A) sin (B) ] s # (i 1) Hh
a] AT [ 38 & 0 2 v =veos (@) PL fzvi=vsin (@) . W8 1KH, 2BYS, TACH, “FHT4&
EE?U%EE@B/JB&/J\Q%mE/ﬁfﬁiﬁifr%ﬁ , IEEEE 2 W8 SCHE , (2009) ,1387-1390 (Tsang
1KH,Yiu BYS,Yu ACH, “A least-squares vector flow estimator for synthetic
aperture imaging” ,Proc.lEEE Ultrason.Symp., (2009) ,1387-1390) , H.AFixX B 4 244k 5|

AR LTS RN (AL , FTBAERAS T 31§ 238 ) 7 R B o
[0049] Vg (CQS@m + COS-‘Pn) + vy (Slnem + Sll’l([)n) = ?_0_ 7; - (2)

[0050]  yRiAA[A) S A v 2% TR IEIE B (A2) BIMNAN IR RTE AT FRAL R 58 R4 M >R i (A2)
WA R B v M v, Q3 I 5 AN A O Tx—Rx ff RS AT AT — A DU R R, XA T
TR 24000 T 45 € KA m Ev= (vx, v2) Tuu?ﬂﬁ/ﬁ%ﬂ“
Cousd voony si@ ssime e oo g
[0051] Awwsa s |
Lons® veospy sindy s BT g |
[0052] R ADN £ BERFRERE CRZNMNX 2) , ufE Sy il Eﬁmsﬁ_(jﬁd‘ﬁMNXl) EELNT
Y5 B I Tx—Rx PN, unn SR _E 25T 230 (A2) A FM B0, 0y = CoPrn/Te) o
[0053]  HR 4k e A S5 EE , A% B J 0 40 2 T R (3) AR KT v T LA JEE Ak AR Dy 10 % 5 v A
I MRS : — Bl W RR A B /D I T REIREITT % WABRRUTK, WiRspkwe, “HTE 5
Kb BB TV SR, b S ] AR KT, (2000) (Moon TK,Stirling WC,
“Mathematical Methods and Algorithms for Signal Processing” ,Upper Saddle
River:Prentice-Hall, (2000)) , H 7Eix B 4 5k 51 N o [RIHG, X -T-REANMN X LI 248 19 &
u(EEI/\TZ'KE/Jf/FJﬁzfﬁ@fEWEE) vi] LUl I AT T B AR G AT

[0054] ¥

[0055]  Hirp EARTRRAEFER: B HAE, Sk (AT &) TATELRMEARE T AT SN, R REREAR
Pyt 5ERE  DLAB JRTK, BRReARWC, “F T 5 AL BRIV B0 7 v AT, b Sy« A 35 17K
1, (2000) Moon TK,Stirling WC, “Mathematical Methods and Algorithms for Signal
Processing” ,Upper Saddle River:Prentice-Hall, (2000)) , H.AFixX B3Rk 5| N\ VEE,
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DWIAERE (AT A) TATSE R FA 2 X MNPRE S AR R R (BT xR A G (R FFAHIAD) o DRI, 4
[ () PR 0 R B AT N T AR AR R A7 B AR AR 4R H 52, X TR (4) s i ae s —3fe
2%, 45 R AR | Z A5 AT DA A 2 e T A 2 A B BT Rm E /M E L
(B AE ABAF RV AL, TR (D) FERFMB R A7 B LA S AERE MR I A I 2 A A 34T
[0056]  ZASPIARALISFE

[0057]  {ifi AR 4 A A& BT v 5 Bp 3, VA 1) 45 Bt /] DA AW ZE Ever ™ A2, AT I8 B &
1 SEBAE PRI 6 TKAME I (B SRALE P W2 v 55T foaa/K [RI S fore/ MK) ] o 9 7AE T
XLy AR ) EAG T B ATE G, T — PR I SR AT AL 5V e 1 32 AT AL AL TE R
PR AL 1 1 BT R B AA VNG SK) 122 50 s A5 S AR B8 0 £ 4 A AR5 S 4 K 82 8 5 3k 3R/
(72 A2 21 AT 3 1) e RABL B 2B AH IS o 3 SR B 7 1) S s D A4 () 77 T o 3K 8 45 B A4 () 57
B 15 B 55 DA 5 A6 /N7 ) B AR AL — 58 S R H AR R A2 o IR AT AR A
T8 Y2 7 T 15 I R) U8 3 B B R4 B0 KB AR B Ao XA b 7 B AR5 B DL -5 BASE 2 4 Ak
BHAR PR BE ) AR 77 278 B I ARFIE () B I IR o WFRRY , SELY , B /RAL, K#SC, FL
AWKE, “BIE =l AE B-flow) BR” , IEEER /5 4 B SR, W%, 2 2845, 10 H22-25,
12 : 1EEE; (2000) , 1469-147200, VL K MG H L, AN UWS, S5 D, FEAH, I i
B —— P ) SEI 2-D IR AR AR, 9% T 75 Bk v A4 R 22 45 /1) () 1 EEE 2741 (2006)
53:289-299 (Chiao RY,Mo LY,Hall AL ,Miller SC,Thomenius KE, “B-mode blood flow
(B-flow) imaging” , In:Proceedings, 1EEE Ultrasonics Symposium,San Juan,Puerto
Rico,22-250ctober.New York:1EEE; (2000) ,p.1469-1472;and Lovstakken L,Bjaerum
S,Martens D,Torp H, “Blood flow imaging—A new real-time,2-D flow imaging
technique” , 1EEE Trans Ultrason Ferroelectr Freq Control (2006) ,53:289-299) ,ii
T M I FRATT R U AR T VA TE S ) 22 U5 1A AR sh A K B TR R R SR ok A 7E 8 A R
A B T T U B R AT AR SR e AR AN

[0058] VP 1 o 27 4 AL 1) o1 s AR A () Bhas vE G it 1 e EIRAR AT AL AL . 7E1E]3 (a)
Hh AR b ) — AR 28 SEAR AR T8 AR SR R R AE AR X I AR TR L G T Re &
)AL TR 1)) o 5 o 43 S A R R 8 8 A T K/ N o I3 (b) S 77 e Tkt 1)
p= ki o AL D IR 2 ATICEE ST 5 € IR N A=

[0059]  VPIA[ARAL M S BN A B PR T 15 TAEE R R o & ok, Wil 3a s , fEIE A U6
I, B b AR AR RO B RS R JF eI B B BSR4 Y
NGBl T, N T ST T WU AN R AR AL B, W 3b R BTR , = AN D SR T AT
(i) 208 Tk 43 3ot A PR RS2 KD b 1) — {00 e it 22 5ot ) ek ) CEDD, £vpn BRABIRR) < [) A Sfei v 5738 &
2-DAi A% (i) BT B RIS (R s i 3] B AR A v ) e B (AR 3R) BB (K it oo £
PSR E A (111) 7ESEHT T AL B AL 7 T A WA I E ) ) R PR A X A AR S o
5 EAETE s b 1) FES AT LRSS 4 A 25 i A TR B (P = 7 (i
FERENLED) , IF L Ja B BhAS PTG P 0 5 6 R 58 s FE 8 A B R 4 B A R T 63
(YR8 ) A 220 ) ] A o) 70 EE B P46 o W22 30 55 AR T, M KRS, A v /R PR, 5 e FH, B
M, I AR B T A R LA S IR AR TR T EALE T 2 18 45, 2010529 1807
1829 (mcloughlin T,Laramee RS,Peikert R,Post FH,Chen M, “Over two decades of

integration—based,geometric flow visualization”,Computer Graphics Forum 2010;
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29:1807-1829) oL, Ay 1 MBI AU B A , 5 o it il 4 b (3 FH ) SR 7 3
SRS AR o o, SO B A 1) BT (R A BT AR X S5k (it 18 ) 18] g B m
RS KR B, AT R T45 2 BUE M BE &M R 2 5 2 FON LR X 380 19— W8
PRA BT o 75 W, 3B AL SR AR A A S 5 i o BT A Al

[0060]  BE{FANIZHL

[0061]  iZVPIA M C 2 fE I — R0y 1 WF7C B KK B TESRE s B o1 6 SE B, iz B 7 6 e
VPR SR LI B B B e A 1 R S AR R AR XA P B 2 R E & R4, £
SonixTouchfiff L AL FT 2% (NEF R AFIHIRHE HE L4 B 75 528, Ul trasonix /A &) HIHT Stk
4 B AT R S B R AR TR, I e O I8 4T 0 2Bk (PRAIS B/ R La
) AR B s v S T AR L14-6 4 MR 21 (Ul trasonix 2y w)) 42 HIAE TAEHge# . Mok
CCP, XACH, B FIKN, FBYS, & 1KH, FTELB, B[ L IRRZ, 3K, T S 38 75 8 5 ¥ ik
FUI) 22 JIE AT EOR & AR R G, O Tl kL AR 4% 5 (¥ 1 EEE 27441, (2012)
59:243-253 (Cheung CCP,Yu ACH,Salimi N,Yiu BYS,Tsang 1KH,Kirby B,Azar RZ,

Dickie K, “Multi—-channel pre—beamform data acquisition system for research on

advanced ultrasound imaging methods”,1EEE Trans Ultrason Ferroelectr Freq
Control, (2012) 59:243-253) , HAEIX AR TN .

[0062] XN 7S i ST AE A TS 77 330 SR A P AR 2 B AE = b i AL & (ASTS-01, B ik
(Onda) 2 7)) 7K Wr 2% (HMB-0500 , 32 [ IR 48 AV 5% Je 4E /R Fa ik (Onda) 4 7)) 3845 .24
DAV AR G AR, FRATTA S48 84504 7 A2 — DB R 0 . 72MPa iRy WA 57 (f2 -2
JEOK IR FEAL) o oF FRAT 45 5 Bk v S50, IXAN FE 36 R20 . 320K WL AR %L, 0. 16W/ em® ) 2% [7)
WG A Fof (700 389 (0 B8 55, M 2TW / om™ 14 2 [P WAEL b ) e P00 52 AR e A 1R B 52 9 it Ak e
TAE) o XL 7 58 4 A2 38 [E il S 2 e 3 ey iR Y 22 A R BE N o WK B FA , i 7= AR
PR BRI AR T B e AR RN ) AR A BT A BERE (2007) 93:176-191 (Duck
FA, “Medical and non-medical protection standards for ultrasound and
infrasound” ,Prog Biophys Mol Bio (2007)93:176-191) .

[0063]  HAT=ATxHAE (107,07, +10%) M="Rx & (-107,0°,+10°) [ [H E G v+ 4514
C2 S (BRI, M=3,N=3,MN=9) o Jy | SEIIXFfr &5 44) , {6 1 I B¢ Jk b e B 1 04T TEXO
BAFF R T RA (Ul trasonix /) HIAH IR DhBE T B SUAXAN ™ AE H A B4 T v A 28 A 1)
S8 71300 T S P T AESF 65 R A o 58 ) SR ) ik v =[] 38 B AR B B0 n R 1 b A ) — B
It HL R B T I R BRSO SRR

[0064]  Z1.VP1H)SL38SEILAE I 24
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Ak 14

Tx/Rx @8 4945 128
L 7] 18] 2B 0.3048 mm

() BF & . e
TR R RAIE RS 40MHz
TR RS BN AL R
ARG IR F 5MHz

[0065]

[0066]

[0067]

()3 4E X &

() R A A%,

(@ i 4B 4 2

(d)VPI =T ALK

K20 BRI LB

Tx ko 3548 i 1)

R & 5 RF
AR R AR

TR AR

e R R B4 B )

BT R A AR AR R ok 254 A
gk BRIt A

FRAEP KA

BF Rl

YA —AY, 2% S AR A 9
AT A E it it sE o
HHEoHR

FRARHL A

A5t BB
IR A A

Ak s B AT E

17

3/ (06us)
10kHz
3.33kHz

Zem

ls

3-TMKz
FRE

200 x 380 &
0.1 x0.lmm
0.05

128 H A

8 A
4161ps

4%

30 i

40dB
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e 18
ESAEGECRGE &y 128
o Foik o 43 4 Bt (] 3IAEH (0429 ps)

Mok E A 10kHz

Tx-Rx 1B % # J& -10° , 0° . +10°

AR AL
MEAE N O RE 6ml/s
Hic o ) H o & 1.2Hz

[0069]  —AN3TX.3Rx[WVPTEE 4 LI o 1M B, X T BEANTx—Rx A1 FEXT , £E VA4 A v JH 18] it
AT — 3T RAE  VPTHE AL 5543 FE AR AR A () 39050 K 7 A A AL ) e 350 2 B SE R A B 2.
o XL JE WA 1 T LA 54, PR O EATT A B TRAR 3h 2 N 22 U5 1a) (8 1 ELBE I [) 2 25 A8 b
F) o AR A2 5 T 3R & S B W I ) 2 O 4 36 ) YR VLTt o K S A4 A5 P 14 %6 2R FH PT 4m A F
R ERPEGERAR IR AR LR, B2 X T 4 20 30 ik o AR 2 A 3 3
(peak systole) ALFRIFHIVPT: 11 (a) & f@ BRI IR, 11 (b) 2 ZE B TCARI A I 4850 % i
O PR 7B B KA o X 2R T TE B PR 2 Ao B A A A A T R VP TR 2 491 o £E B (peak
systole) ALHI 4 R R o FEBKE RG0S , VPLHE BB T IR 1) F IR & k12
FENKE R A RIE LT , VPTE B 98ty 7E8 78 B 40 tH W A i 5 it FE B AR 7 Vi 0 45
fHH 977 22 6 430 RAE TCABR HP F) 25 ) BB BRI

[0070]  7E4% BS 21 R AL B 438 31 f o b PR 2% 2 5, 25 b B U AT A AL ME AR A VP T
RIRE AT o 1 20, 9 7 $R i T A 1 B A R el e 182 S R A (B AR s ZEPIAE R
L) #ff fiMatlab (R2012a;Mathworks 2 &, 4948 %, B ¥ i 2 M, 5 [H (R2012a;
Mathworks,Natick,MA,USA)) & HIBIEEANEE F AT R & e BdE . 5, kB T =1 Rx A
JEE P S SR M98 AR Al 22 T4 a0 7 T 55 N 20 LLAE G SCik 7R AT SCHR 51 A I B a5
F 757 AR BIN) 38z 1) AT v 5 5 kA R TR AL 3 83 7T (GPU) $MAT o T, TR ANGTX-
590 GPU (NVidiaZyw), 88 sohihn , MRAEFIE , 38 [E) 1 BE 548 F T ax 44 UG A8 DA sk
73 ik ) 7 SUHEAT AL 3 G B 5, FH T 36 s AR B0 SE WA S T, B AE T-BY'S, & TKH, AXACH, “J
TGPURIB R A B « A LA AR MY [ e 5255 () PROsk SETR L 50 Tk 75 Lk i A AT 22 4%
HIFTEEE2E R, (2011) ,58:1698-1705 (Yiu BYS,Tsang IKH,Yu ACH, “GPU-based beam
former:fast realization of synthetic aperture imaging and plane wave
compounding” , IEEE Trans.Ultrason.Ferroelectr.Freq.Contl., (2011) ,58:1698-1705)
B R V) — A o LA, R B (BA R AR e A R ph ek e S2 8 A I TR 2, LR 1d i) 2
4 B 5 B A AE BB 2 A B AR AE O Tx—Rx A B2 43 0l S S AT o 5 1]
SAG IR HoAth T iR (355 IR A /N 3 UL 5) SR8 Ja fEMat Tab T AT o 45 i () ot
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FH I HR B JE A PRAT o i » VP TR A A A FH A R BH A 00 ) s T RRAG B R 3R Ld
TS HERAANTE S VR AT VPT BG4 b AR5 Bk 8 15 £ S BIE UER
i TR0 1, 3 R i B R R AT EE A 9N Tx—R x £8 JBE o T 5 T 8 4 e s A o %) 2 )
H TR

[0071] B 7 VPAEFRATIII VP TH A A A8 B A i) = A v SOVE R AE AR PR, AR bR B SE IR
S FERAT A B 2 SR AR AT iZ R AR = AN RS, KRR E R — P
T s AN B AR B (2 4F06mm) AR EH A (-10°.0°F1+10°) , 3F H &A1k 247
TEAFRIRIEREEAL (1.5, 4F06cm) o 18 S5 EFRAT /G RT TAE (T FI4R201 3419 SCHR, 7T 3C
H L 51 ) BT AR T S IS AR 1 T & AR AR AT FH IR 2 0 B R B A S A SR
ARk et S 7 S gk R H5URT P 43 i &R0 . 24dB/em MHz F11518m/s

[0072]  fAARAE B G502 (AccuF Tow—Q, T 3EE 2 AR A 7 163, % KIE 4, INE K
(AccuFTow—Q,Shelley Medical Imaging,London,ON,Canada)) ,iZ %42 L2, 5mL/sHIi
R M BN AR (Z53€ (Shelley) s % 1037kg/m3, K 23,95 3 106m2/s) (1) 4L (1) 1/f
W Ee 2R 1P 5 =AM QLR TR S35k 2 Ay R 212, 2.4, 4706 . 3(1)
BEAR) AT o AR B AR G A 2 T SO B 9 S 806 X = A Tx s = ANRxES IR TR
£, FF HE s il 2 g 3 VP Timi A 1l & v S i AT A v o 45 SR SR iR ) £ th 2 A
R, T ZAY5R TR, Horp O 2R 4 i 131 .31 i1 6em/s

[0073] M T A vHVPTEEA K SEBR R , X AN BG4 FH A0 A 51 2 IS 3 B ok 4 A AR A5 7Y
(152 AR B A AT AZ - SEBR A, VPTG RSt dd ik SN B BBk 40 e A A 00F 9 1 VP A1 o
K4 () B T B FE AR ] 2% R AR T 6 10 5236 25 B o R A 1 BASE = B A A B 6 7 A o A A
BN AL () W, RS IR B 40K B 15 5 RIE BN BE 2R FE S 10, 1% RE 2R FE 51 105
Pl 1O S IR AR TR B S4B, 7 HLHE AT DUEAT 91 31 1 28N TX/RXIHIE o ‘B AR OK H T 118 1,
P RAE T HASI G TR o e Be 25 (1568 75 S gl it I B NI 20 2342 | iz N 442 5
a3 XTI BEE 1% o ok B T A SIS A 200 AR 22 35k TR A 2 e B NG e B A4, 75 1% 4%
s B A AR B T HLIE L 2R 463 B B H S ook B T H U421 3R R 15
TR B LOFES I LB 326 B T8 T S B R R AR T A8 i I TE I R A T A8 ik
(B (55 o L 44855 R 1O (1) FEL I 1 235480 o IX AN 20 1 5 1045 5 e 2 F 213 oA B 28 30 , 3R
A A 305 B 10 (1 L I 30 4H R B 3 240 o d5 /1> 3 1) S A T B E FEL B 22 7R 34T, IF L 45
T DL S 109 A 207 o 2§26 - 230

[0074] &4 (b) o T R L 0 JLART TR AR S B4 (o) Son T B FEICA BN H1 ik
(1150 % i L P92 2 (1) £80995 40152 1) BB o k8 RS I BT SR 7R ) — 4 o (CCA=3 B Ik ;s ICA=
3N Bk s ECA= 3R 4P 5h i) o

[0075]  yE 3, BBk 43 g L8 B3 53X M AL DR R e AE = AN B G Bk (CCA) WBA
BNk (TCA) MFLA BNk (ECA) ) 1)z 42 Ab B 3 5 A 25 il 1) M8 TLART TR o B A U, e A Rt
FVF=Tx\ =Rx VPIZ5 B ER AT 2 35 (1) 22 77 ) 10 2 [A) IS [ (1) 22 A ) S 3 s 2K g 7710
D A8 IR L8 JUMAT TR 57— MmO B AR AR B0 A5 T 24 S A8 A6 b+ EAR
DL AT RS, AR P TL, Uik & B 15 22 4 i Aok 7 B A5 I 34T 1 350 30 ik o3 A
g E L R E S TR S, 2013 35:898-909, VA IEF2E A, (2010) (Kefayati

S,Poepping TL”Transitional flow analysis in the carotid artery bifurcation by
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proper orthogonal decomposition and particle image velocimetry”
.Med.Eng.Phys.,2013:;35:898-909. ;Poepping et al. (2010))) FlitE ARSI AVE (ki
DA, VA PTL, T R, 2= 4:RN, B IR ZZ IR iDW, “Bk 7 1 3 50 ik 2 A b 1) i i A2 X
[F) o P AR o PR 78 ) B R B B, AR 2 TR 4F 4, 20005 28:415-423 (Steinman DA,
Poepping TL,Tambasco M,Rankin RN,Holdsworth DW, “Flow patterns at the stenosed
carotid bifurcation:effect of concentric versus eccentric stenosis’,
Ann.Biomed.Eng.,2000;28:415-423)) 1) &2 I RF AL . X AME B -5 o I VP TVE B (13
I EL BRI T AN ZE

[0076] YA AS[R] ) S B0 bk 70 AR A AR A e FH T 5636 - (1) 48 BRI 3L JLAT TR (B 4b)
(11) FEICAS RN b L A50 % Lo PR 78 (1) R ) 70 B (Bl de) o AR5 2 F 2R I R
A AA LA B EE BT, I BB A S S Bt R 10 A R ) o R i .
Wb 51 R T AR 20 134 1 TR o AR Ik 3 (B AT 7 2bpm) Bk 2431 (B, 1. 2Hz) Ai5mL/
s (systolic) WiE) 5HaN Ik bk Zh B XL, iZ BNk ik s AR X BL 513 (primary
systolic upstroke) IR HE{#H ) (secondary dicrotic wave) NEFAE (FEZE RS H T E
) o AnAE HoAth AL (T AR 201 35 1 STHR) It e 1 B A — 5, IR Sy AR 2 00 I 7 AR S
R I FLPR b HH B0 AR 52 2% B 7 B A xS mT A VA DR T | Dk TLAT T K v G i 8 25
(A & i) 51 RS AR LS o

[0077]  Faimbr € L5 B Sl i R e ) 0 B i B B R (AccuFTow—Q, T3k 5
BN T LA RIS, INEE K (AccuFTow—Q, Shelley Medical Imaging,lLondon,ON,
Canada) ) 1M BEAT , Z A5 A2 LA SmL /s i I 28 4 1 ML VR A S VRLAR (3K (Shelley) 5 %%
1037kg/m3, K F£3.95 X 106m2/s) HIFELE KGN o e e &5 418 1 T HECCAK Al (FH T AR A
SR AR R 216 . AmmfP) ELAR) , I B R UG # AL TR AT A I S 0B =Tx =
Rx 25 ) T R4 o Jl PR 34852 ity 482 DO e A FHVP T4 1) & v SRR VR Al o o 45 SRl 5 3 e I &
i 2 (B A 31em/ sy O 80E ) FLEL

[0078] "~ — 35, Bk B Ui A4 SL 56 B A8 FH 2 BAR A BAAT o Ui AR ik Bl (BT 7 2bpm ) ik 2 4 22
(R, 1.2Hz) F5mL/sH) 3 (systolic) i Z) 5Bk s S, 1% 303N bk ik 252 28 A
F+3% (primary systolic upstroke) IR FE I (secondary dicrotic wave) NEFE (fEZE
RGNS E X o VPTHL RE RN W e ik A 38 763X P15 8 T R AR 1) B s 20 4 1
A, DU e VPTAE AT AAL 2 ZR AR A B BE J7 o O T8 T LU B, 2238 Sl 4t Je ook 2 3 &k
HAEA AR MR 2 A BAL B B Gh 12 ] (8] S A4 i 72 X Sy BAL T B H

[0079]  VPIf¥ ) & vH B SV R IR A% DA i vk i P SRAZ A 1) A v o AR UIAR i S 38
SRAF IR AH LI 25 R on AE RGP o BB BoR 1 7E 2 S R VAR 8 SE 56 (2. 5mL/ s ZE)
ARAF — BT L TR A T 1) B AR R (VPT) (SRS [Tx] =8k [Rx] 45 44) 199
R BoAf T o 5 (a) SWoR T B AL AEA A AR E (1.5 4-6cm) A A FERY RS (2.4 6mm
B2 3 HARE FAEASE I A JE (-10°.0° . +10°) [ =8 8 b (1 A6 i A4 k) & 11
AN o B 1) S (1) B S B AR 38 5 D A4 T RS IR K /N 2% o 585 1R 81 vy T 2 () B A YE T, A
FAE DAL T 2R 7R o LS (b) =5 (d) o % T3 = ANBKE , 78 1 P9 B AS (7] Sl a7 B 40 1) iy
THH R RN (38 4%) S5ERE (42 FE AL - 25 3 A H 50 ) 7 B P 343K 15 (R 2
ZRSARIEZS) o
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[0080]  IXLGI&|JE i KE 25 5 CCALL R P AT U E I 48 FE 7 B A A (A 5m I/ s[F)1E 5E I %)
(¥ CCAHR [yt A 1) = T 25 o BT 5a b T UL B 0 — 4%, B N I AR 1l 2 (B mT RRAG N s
(V) Bt b T () B8 S AA) 1 A T T R R, RN e —BUh R T AR =R
I £ 52 ) KT (bR B IR T S P B AR 7 1) o FESE I e R 2y (TSR AK T, W fE L. SemiR JE
ab) Az B e pe Ay ORERIKE , W O AE6 emiR JEAL) 1 F 1) 47 B AL I A4 A B Al T AR IR B &
B

[0081] 2 3k = AN JBKE 1 P T (1) 1% U1 1 90 A 38 R /N3 o R I SR T 5 E 0 T 1R 4
CHC I 2 TR - a5 (b) = (d) BTz, KT TR0 « w30 A0 JES 38 JOk A , i -t 1 v o0 5
KN HIN110.4/28.6F115. Lem/s (BEANZET50ME T FIME) A1 5 IR EII A 4
FIA-16.1% -9.1% F1-6. 2% o IX A Z2 i 206 TP Y3 BEAl 1110 5 /2 S, KA R
2 ) i O PR RS BV R RAE D) SEBR VR 5 I L ik 15 78 55— I8 B VE [, 1P
TERE A TE SOKE 0 BT IR AN R BEVE B RSP ME

[0082]  Fp e &5 R o , M5 = AN RS AR AN =AU B (5 #9-10° .0 F+10°) , BT
i 3 BE 25 4 S K (6. 4mmdy 5K B4R s 5ml /sAR B IR ER) “PAT HU A B, VP TR ] LAvHE A b it
SRR A& o VP T SRR a4 8 B 28 1 3 R 1) S B0 0k 43 A JLART TR IR A9 28 SR A4 1 3 3
Jik 43 A5z JUART T2 R B LN AR AR A0 5 10 33— 2D AIE B 6T B 1. 2Hz 35 30 ok ik 2 A 2 1) fik
FRA LM S VPTEE WS TE Yo 2 A 52 11 R 72 ) B[] 7228 £ (R IR AR A5 (S A4 16 P ps I RR BRI 2,
BY 2. Ams [P ) 40 52 22) AEREAE () A (50 %6 fR Lo EREAE) (R4S LT , VP TS B8 v Sl o A i+t
AN EAE IR X IR A AL .

[0083]  {f FHVPIHE A , 7E Mk Bhimt A4 4% &t T 7225 th K P HE BRI 22 777 [ 1) 0 2 i) B i) A2 £
(0 900 A A 2K PR T 1) 350 114 5 2 P ) A A A A ot L 7 2 b pm Jk 2 00 2 F it R 251 0 ik 43+ A% sz
oM, 16 07 T B RSB TR 43 g AR ASE P ) SRR B 2 R A S AR I A il b, 1416 () —6 (d)
e IEWIVPTTE B, R IR 7 RS BN K 43 e AR AR A (R AR 30 B TR AT B s 1 1Y
AN TE] S Rt , RO L6 (a) 22 3¢ (peak systole) HIEL, El6 (b) EonPEHik (post-systolic
down stoke) FIZ5 W, K6 (c) £ HEIH P (dicrotic wave) WEAE , K6 (d) W&o~ 1 H I H
(dicrotic wave) [ 455 K ENTE IR (I AEXT A7 B A AR IETEIES (o) H 57 19 AT T-CCAH AL
ARFRT 1 X 1mm ) RAE AR RIRAT I 221 8 AR o o ARFRVP T2 (Fver) AT [H]JE0H 22 43 il 2 416 £ps
M50fps Cof T =Tx. =Rx{IVPIZE#, 13, 333Hz K] foaef™ 4E) « FEVRENAE R 1K) 22 05 1) [ FN 5
Ti) 1) (49 725 A 3 2 5 M RO HE o TCAB BN Bk R P I AR PR Bl o b v e

[0084]  FRARVPIMIZE (fver) sE£416fps, I H EHLAS0ps (Foaaid 3, 333Hz) [ 22 1] 74 - V8 G
(R IRAR BN A5 5 IR A 55 T S TR0 Hh 3R A3 9 B e &5 R — 80 o AR ASSA, TRLD, “Pe A8 1
IR, AR 122 E R, (2000) 32:347-382 (Berger SA,Jou LD, “Flows in stenotic
vessels” ,Annu.Rev.FIuid Mech., (2000) 32:347-382) .4 At , 7] LA 7S Sy Hi M 22 3, ik &5
(AN 35 43+ H EH VP LY S 0 38 A4 52 A A 77 T (%) I 1) ik v 0 By S BB ) — e S5 a4 Tk o )
Wk Bh[E 22 o 1 H, ZEECAZ B¢ (T 4380, W A& k8 B0 I 2R AL 16 i 1m0 i Ad (B A7 I 1ml i) 78
BNk B JE I S R o S5 ST AR I 1 VPT JiA4s 1) & A -3 Bouf T 44
FJEAEA LT BRI BOR A2 5 i 1 1T — 8 2 AEECAH W) 22 BRI

[0085] VP THE A ri AT B0 ok e A6 {8 B 350 50 Jik 40 52 19 TCAS 3¢ HP A e A 40 30 1) 8
11 5 2 M BH o 3% AN 40 5 0 B2 L6 H R 20 A o BT TR AL ) — 5, B AR VRARAE TCASE ) N
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BEAN ATy SRARFT 9 JZ 00 AR 2 75 B AR BEAN GRBNKIRAL T240) ERmAasE I 1
THIAT N, IR AE60 AL I VP TH Tiim £ A ie sl pr R I — 1 X P AR FL B B R & R T
FEME BT b 8 () o el M, e AN AE k30 o SR A e A HH I

[0086]  VPTHJZZFP T [A] 73 #52 (o T-416 FpsHIFRFRMIZE 92 . 4ms) A R {E 15 5 18 ER
{8 FE 1) 73 B K AR () B0 ik BR AR sf HH BRI AA B0 o« [l 6 S 1 AR I b ok X A B A 1] A2
IRIRAR P B T (BRI A B () Ik 3 L S AH #E bR AE L6 (e) H B 7 (B CCA R ik i 22 % 49
BT ) B — RPVERBEVP I o /£ 32 (peak systole) (K6 (a)) M), AN IKIKIX b i)
PARFERT 175 1) B AR, FERE Pk (post—systolic down stoke) #H (K6 (b)) H, A H1F
IR IHAH ILAE TCASE I X AN P o E Bl Ja 78 7= A2 IR F+ 32 (secondary flow upstroke) (B
6 (c)) METHP; (dicrotic wave) FIHAMEER, 37 Hym AR /e bk zh B BRI 3X A48 o R 9] B is
N AEFETEP (dicrotic wave) W GR% K (secondary down stroke) FEH 2 HI) , JATRB
R (&6 ) .

[0087] Sy 7 3t -— P UE BH VP T AEAE B AT A0 Ak 8 B2 AR MR m A 3 25 77 D () R R, B TSR 7R T AE
TCAZF BN 1 b HAT 50 %6 L P A% 78 1 28 99 390 B0 K 2 0 A A ) K ey 400 1 1) VP T A, 52 [
SRR L (S S 2 BT AR AL B BB SR 1T) e i, B’ 7 B T HA50 % TCAfR O
PEBJ 7 1) 390 50 Jik 4 A A4 A v 1 TP AN 2 i I A AT A0 X 4 (%) 22 ) s (1) 22 5% o i F
VP I AE DY AN 2 4b 8 18T (a) FI (peak systole) s &7 (b) FE PG HHR AT (post—
systolic jet front) RFATCALHES: K7 (c) HEIHY (dicrotic wave) PR FIE 7 (d) EiH
JEEHR AT (post-dicrotic jet front) BiEICAILHGFR - S F W] B FRICLERET (o) 1, %
K17 (e) 2o 1 AECCAH AL T —AMVEEE A ERAETT (1 X InmiR RAFARFR K AN) 1) 2235 840
i VPTR] PLA R R AETCAN 1 (KA D) 4b L5096 i /O PR 7 (1) EE0Ioa 3 30 ik 43 A5 A
A (1) R SR A S IR AR PG PR X 380 S 280 S 6 () AT (Ever: 416 T ps s (] JH0H 2R «
50fps) o PAANFHIGFA XI5 (R U AA P B IR IR T) 3 R B AR 4878 PR AN IBOR B 7 11 o B TR At
7N o

[0088] Mg pkiER BN —A T AVEB BKIRM A, £+ 3L (systolic upstroke) AR, & id
ARSI (L FT k) BT B RT DA AE R A 1 67 BLAL B T A4k o SEBR b ARSI &
TCASER A BRI (B, AR AR A BN 2k 282 15 128 7 HLW 5 27 TCAWA i o 2R J5 ' AE SE VT BN Ik Bk
1) 378 v 3 (TCANKE 753X B4R AR 151 B Abmif 4 A T CARE o [l 5 ll i V1B , S50 77 ) 8 X0 o
TZBE L] (A Hb 5 5E [R) I H A ZAE S AE SR Ui AL T B BT -

[0089]  FEWE7 1, 4 VPTA] RLALIK 3 — A B ZLRFAE 2 BB TCA P i 1) 72 )5 51 (post—
stenotic fTow jet) FIPT/MMIZE F f P MUK RO PR DX IR A7 A o 3K A X e o £ — A7
TH B MKIK X IRCH, T 53— DDAE EAESMBEAMBURL 53 A& T B AR S 25 il 80 1E
N7 BB X AN RIS ML £ A A (U = 5 N, 2000) FURL - B S A (FTvZ:
TEHE RNV, 2013, b3 5] s AT, 22 4:RN, BB /R 2L IR HTGW , “ff FH ik v 22 5 &
R 5 1K) 35 3 K 43 A A 2R b ) L A 2 [ o P AR i o P2 2 A8 A i U AN RO B 1 R L
B EESAAEY S, (2010)36:1125-1134 (Kefayati and poepping 2013;cited
above and Poepping TL,Rankin RN,Holdsworth DW, “Flow patterns in carotid

bifurcation models using pulsed Doppler ultrasound:effect of concentric

vs.eccentric stenosis on turbulence and recirculation” ,Ultrasound Med.Biol.,
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(2010) 36:1125-1134) ) HHIRAFHI &5 R AR TR

[0090]  fniE]7 CH IR 1 kA8 7 BB I DY A AR PRI VP I o B , KIS AR FR X
AT 2 I AR AE b 5E AN R o 0T ZR BNk ERCAL 1T X 35, ey e e 4 71 8 A ok ) J BA - &R 4
R AN 225 o A I, 75 P BE B Ak B 38 A2 FE-A0 A8 X DA [R] — A J& HH P9 T A R i 2R, 3
L& 2 0 R T X 30 5 Ak ) v o P A T 7 AR B KA B U7 3 () A it =5 [ Gt
MER Y EMIRIEAR G I AE TP (peak systole) (E]7 (a0) LA LAEHEIHP (dicrotic
wave) VE{E (BE7 (c) 4b) ) 1A A TR 43 3 FE8% A% Ar B AL W HE IR, 3% i 5 38 3B TE Rl B AN AE
ST TV 58 5 T R 78 467 B 31 T CARY Iz8 3y A1) A% 78 2 i B, R L IR e 4T3 P BE 1 12
WK (7 ) 7)) .

[0091] {3 A8 7 ok Pl MR 2= IIRAR B0 38 R AEAS & — AR B AT 55 o R AL — N HTE TR
(1) i o 77 ZE DI R A, T e SE o ) R AR A 0 D6 2005 S s (1) AR5 58 IR 1 5 Y A4 55 A
J7 1) (BR, i Ads 1a) &) BT B8 H TS TLART TR DR iy ot 9 2 v 6 22 B) A8 ks F0 (L1) AE— SO E
Fish FE T, AR 245 BT ik sl 75 ) AR RS o VP TR 3SR Fl 18 V8 it A o i
2 (A () B

[0092]  MEARRI M JEF , VP T A3 AR LR o 0 35 A4 i) 5 130 IS () 43 3% £4) AT A4 Bl ]
B =N SR 55—, BB 22 A T D 38 AR D B AT v 2 T A B A R A, DA
ST LR (1) R I () 43 #8 2 DA s DR AR Tk 3l DA B e AT AE A A B w1 2 () A2 4k (K1) & 58
L VPIAE FH THRR AR U 2 Tx Z2Rx 2 W A A ZR LA TS [FG R Ar AR DL S A ) )
(Rt el & (E12) s SRR A v PR BE R 72 A4 1a) & 5510 A TR) 51N 0 1 AL (A X 3k
S U AE AT A4 AT /s SR A i B TR B o 55 =, VPT DA 4 i (1) Jo1 st #3420 3))
ASHOTE Y AR ] &, 12 5T AR (40 02 0t 30 ot 5 e A 7 BB P it () B i g 6 44 HH (B 3) L B))
RS YRR TR B S d ik AR A AR 6 s (1) BRI 3 7 T 3 o

[0093]  VPI/ER] MLAL S ZU AR B0 25 J7 1 1 S B 0 s 4k e ok B A 52 d A 2% A (7 T LA
AR P& AT RERY) 135030 ik 2 5 AR R AIF 72 AIE BH (B 4) o £E RGBT LT IR L
VPTANMN BE % v i 3B R K S I 2R 2L Ak (BD6) , B AR T 730 s Bk bk s 76 A 1) 32 F0
R e SRETR 1) 357 20 Jk Bk R 10 38 A T B %) R BT A7 A (B16) o AE B AT50 %6 O TH: 5 % 1) 33
BIK A 52 JUART T AR H, VP T AT AL A4 P4 B8 3 T B33 2 B 3 o Rl b X AN e AR b %
T e A7 B IR s AR SR A B R P02 (7)o i B, e AR 1S8R 0 3EAT BB kR X
R DL R AE TCAN BE BRI SR AR Bl I ) [7) 2 ) W 52 (B T) , 38 R B 78 I TCA 43 12 (1)
O AR (R4 R VE AR 51, 20 134F s AR P 58N, 20 L04F) o AR B 2 8 IRIX P
() I AA P I A 1ok 5 T s R R AR AT AR

[0094]  fENVPIZEREIA ST ZR i Ay HAR AT 1 B2 A8 F1 0 25 5 38, RIS 1 24
T I XA AR BRI 2 IR R 3 B0 bk 43 RS AR A R (R IR AR P Bl i 5 . 18 () A8 (b) WoRs T
TCAI PRANTHOR BIAL L FLE B 1 VP T 2 AR 40 1T 1 B8 770 31X B 7R 7 Rt , DA IR 7
TEF P (systole) ZJGEES (a) MR H) LA L AEE R (dicrotic wave) ZJG7EE8 (b)
HHOUR % 1] A R 43 s A1 3 2 Jk B3R w40 98 A AT B DX 8 1 25 TR U AL - 9 AN [ o 3% TR i 7
ik )y JE 30 F R L FR B 20 B A AE L8 (e) o Pl 1) 22 5 A o, G o 12 22 3 ) A 45 31
TE 32 ik BRI 107 v 0 A28 v 8 (18 () 8 (b) HH FH B EAMEAR 1L A A7 ) P FH 1 X Imm R AL AR
it
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[0095]  FE i B AL O0 T, RO B B A2 , SN kIR DX 38 1 F A0 PR [X I A8 F ik
(post—systolic down stoke) &5 4k (B 8a) ELAEE1H Y (dicrotic wave) 45 3 &b (BI8b)
TR RRAIH, AR X P bRt i — R (AR 2 A T T A% ) R Ik (post-
systolic down stoke) AHIIHAIA], 12 [X JHids 5 5 Bk 4 A~ 350 0 ik 2R DX I8, i AR A AT RE A2 AN
R ) I AR DRl 5 1T AE EE T (dicrotic wave) HI4S WAL , HEAEIA X A AEF2 I 42 11 5 °F
B 1P T B B9 TCAN IR IX s rb tH I o 3% AN IR 5 A8 350 20 Kk 3K (40 30 g 308 A g 3 Ak G DU AH
TN = AHVAE 73 7 M E2) MCRAE ] SR HH 1) 22 35 3 A 1 AR 4 M DT e

[0096]  E9WIR 1 FE50 %6 B A 1 43 g A4 A% o A AR B IX IO I 2 R PR VP T 51 3 43
£ 4, B9 (a) AIE9 (b) 73 Al SR 1 AE T (peak systole) MEHYP (dicrotic wave) I
LI SR 1) 395 50 ok 33K w6 B PR ASE X o T P PR FEDOT IS) 4 A 0 AE L9 (o) R s B A 22 3%
RS, o IX A 22 8 AT M A S i R 3 2 Jk 3K 1) 38 3 S (19 () N9 (b) R F) 2E
T HE) AbFRAT AT 20T TCAPN B2 FAG 2R X I8, 2 1 25 (AN AEL K /N HH AR 23 (systoTe) (B9
(d)) MEHP (dicrotic wave) (K9 (D)) HHIAIZRIF I PAMIVPINIR H 2R N T &F A T
TCA VA B 1) 1 U 3508 AR 326 o 6 42 100 T 1 SRASE A AR 1) 22 35 ) 3 5 o s 7E 9 (F) o

[0097] S T H 25 1 3 B0 ik 43 5, B (50 TP A Ui Ad P47 B X3 ) 25 ) S ] i 7 T SE i A
5] o HVPIAE KB B 3 b AE S0 S KSR AE A DI K /N b e I 2] 32 25 A2 A (K19 () A
9 (b)) » XA ) BSAZ T B SEAT 7E TCAPY B AL 1 Y4 RGO A8 b 2 8 HH ok (B9
(d) 19 () ) el , £ E 3 (systole) BIIHIA ™A 1) ARSI 5 9% K I A& TCAP BE )™
AT KK AR EE IR X IR, T B Y (dicrotic wave) BRI IR 5 AN 7 4 B /NI IR
A FAE IR IX 35, 3X AT B8 DR DA BH T St B0 3 B0 T AR BY ) F35 /N o 3R b R IR AT DA AR
WAL TR I TCA A A [ AT sy 3508 4 ARV S 350 9 &b (FE 22 Ak Wik st 2 it 8 A Jog b4 3] 2 DY A A
=HHY) WERAET 1RSI 2 8 et (B9 () IESE AHL 2N, 0T T3 3 ik Bk B PR X
SN IRRAET] 1 2535 AT 45 R I AS B A 5 9 B T2 T A4 S i X Jae (R SR AT
FERIM ERAHR T (B9 () .

[0098]  fu1 b ST R R B — A, AR IRAR B A 540 B 02 7 P DA 3 5 12 RS B U A R A A TR
BE , DR Ayt B) A4 B sl A7 8% ] DA FH R R HH i A BhZe i 452 o €14 (b) 7R 1 A AEART AT AR A 38
SRR RSB K 4 B G T o B L2 R T A 8] S AR W ) — AR BE sl (b1-b4) o4
DA 376 376 B HH AT 7 91 L 4D v it 2 P 52 Dm0 T s mT AAT 3 S8 AR B s R AR 1 ik s
SIS AW B AH T2 B o 1 iy G T 20K A B b Rl 22 HRBI0ZE o T, 2495 1) 8 S A (]
IR, AT N 2R AR B AR LR T AL A TE

[0099] 13827 T 5129 AH A A4, AH & AR X Pt 0 1A 4% AR Bow , kA
BE A (cl-cd) o A BE AR A 525 T B s EEI 6

[0100] {4y HL AT A 4H (1) of ) 43 % 22 R A 17 &= v B8 73 B0 B A B A, VP T AT A
A FL PP B ZmARBNAS 91 0, B 1 B i BH (%) — #E 48 VP A A 52 350 3 ik 43
IR 2 A, 3K AN F AT A FH s 25 28093 IR K AP R AiE (B 4, B KR P9 22 77 Tl
W BhAS M HL, VPTR] DA FH R AT AL B A BB R ik iR i . G 75 SRS 41 ) (7] 3 9% 232 DL AH
FHUTE L) o ST L B A A ROHIE SEVP T/E B2 2R AR o M B RiS Brin{E .

[0101]  HH T FH VP T4 ik [ A% 4H I 7] 43 3 224050 T 450 FH 596 #0854 SR AR 7 3] (FE L i 7
RGTA T IR AR T AR 5 AT IR kA b 3R 1R ()R AA A5 5 45 SR AN Tk O b & B 9511 . Y
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S K 1) T 7 T 328 15 Bz JB 3 10 () o7 L Ak ) e g A, XA ) e LK e 5 R T AH
PRI S 98 1 SR b 2 A AT BE A4 BEHRAR o DRI I, >4 48 AN [R] 4 18 i B, TS 53
A AR AT LA AT A DA SE SR VP T2 A4 (0 R 22 o AT LA FH A — 55l ) SRS A %% 4 60 8l 5t R
TN S Wk i e At . WaZhao H Mo LYL,Gao SH “U2 b g A8 5 2 (1 LI AR < B8
RIS IR 855 18 6 88 75 et 4 RO IH TERR 224 (2007) ,54:319-331 (Zhao
H,Mo LYL,Gao S, “Barker—coded ultrasound color flow imaging:Theoretical and
practical design considerations” ,IEEE Trans Ultrason Ferroelectr Freq Control
(2007) ,54:319-331) , HAEBEAREAR BN o W] Er el , 3 52 70w LA 51N A 24 34T VP
) 3G R RARAE 57K o WAF AT SR —1R 4 5., BURR IR , K RFL , A1 & 1M, A0 BLPN, 8
PRIE 2 E IR 8”5 201 2TEEE @ /5 8F i 2 v, 48 S8, 788, 10 H7-10, 414 : TEEE;
(2012) ,p.1315-1318 (TrembTay-Darveau C,Williams R,Milot L,Bruce M,Burns PN,
“Ultrafast Doppler imaging of microbubbles”,In Proceedings 20121EEE
Ultrasonics Symposium,Dresden,Germany,7-100ctober.New York:IEEE; (2012) ,
p.1315-1318) .

[0102] Rkt — 0 58 FERIVPIR S5 — A J7 [ 2 B B8 T HOR I S SE IR TR % 8 o A2
B LOR) BB Y, AT T SEIFGPURL IR IR 5 Bl » AH A2 B 4 1 B B AL 2, DR g 4 4 A A1 o
T R 38 A AT S e B AR S R E R 1, T30 R AT S 2R AR R R 1 T TE AN R DA SRR
SEI IR 9 T A RO FEVP TR AE 20T, mT LAAT A e Edhs 1% e (4, AR 24
HE R RS (Peripheral Component Interconnect Express links)) , %@, A X
BEAT S I HICHR A e ) 0 AR A ) S T A A A o WS ZRRE R 2 R P T, A
FHAR B AR BOR A il 2 8 & 2 I g™ 32 B A1 85 12/490, 7805 (2009) , PA K
RIRZE TN R TG 2 R AL /R TEN, “SEI B A PCT e Bl It AU L AL ATSAFT AR i) Open CL
ALFE”, 20 L3TEEEE PRI 2 oy, A A, S v ORI, 7 H21-25, 4127 : IBEE; (2013) (Diagle
RE,Kaczdowski PJ, “High frame rate quantitative Doppler flow imaging using
unfocused transmit beams”,U.S.Patent Application serial number 12/490,780
(2009) ;and Walczak M,Lewandowski M,Zolek N, “Optimization of real-time
ultrasound PCI e data streaming and Open CL processing for SAFT imaging” ,In
proceedings,20131EEE Ultrasonics Symposium,Prague,Czech Republic,21-
25July.New York:IEEE; (2013)) ,i% ~#& #/ELLAR B AA TN

[0103] AT % #idth, VPTIL AT DA Tk 75 0 ) B A 2 o 5 6 75 o Bl B A 2 0o I Y TIOR3 1)
(] & AT AR AL B AR TR £ MR i A4 B8 1) i Ak B B FH DA PR AT e 9Bk~ P A5 s 2 ) &
(IR A 52 RIS FH o D 7 AE R P o Bl B B PP SEIRVP T, VAR ) Sl v B A 75 g it —
A 5E DL R T U AE i 51 AR I FE R L 2 2 2R o 9 2, 2 SRR Tx—Rx A PG () A
FAm B A VI, X2 208 B i 22 B A R I S I E S AL EE U7 AT BLE AT I AN B I,
B i KAUARAL 11 (maximum Tikelihood estimation) Fl H i& N Bk AAE(S t (adaptive—
rank eigen—estimation) o WHLRMIFEEH L ANE WS FEEH, “F77E AR P AH 00 T 8 = %
0 MR A ) B IR AR T, 50 T8 75 L 2k A4 R A3 2 428 i () TEEE 274 (2007) ,54:539—
549 ; MIAACH BFHE/RTERSC, “F 10 LI AR PR B B T S AR Aab B8 7 vk — 55 384 « PR 4
SEAGTT Y 00T 75 A e A RO AT 2R 42 il ) TEEE 2% 3] (2008) ,55:573-587 (Lovstakken L,
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Bjaerum S,Torp H, “Optimal velocity estimation in ultrasound color flow
imaging in presence of clutter’,IEEE Trans.Ultrason.Ferroelec.Freq.Contr.,
(2007) ,54:539-549;and Yu ACH,Cobbold RSC, “Single—ensemble—-based eigen-—
processing methods for color flow imaging—Part I1.The matrix pencil
estimator” ,TEEE Trans.Ultrason.Ferroelec.Freq.Contr., (2008) ,55:573-587) ,H. —
THAE I AR TN

[0104]  VPTH] LA A Jy & AE4G i 75 B TR Al vt B 5970 ) — FoEr B 75 el , 5%
R R 00 IR AR AHEL BRI T AETRAR S BB ZRE A vH e 3 7 207 AR R A2k . B
TVPISE i B AR A, PR IR AN H R AEHE 5 ARy B R 2 AR K S () 5 Ak 50
AR P TR 71 RO A A 40, 7R3 ke Wi, 55 R 235 3 5 i AR =X
CHAAE 2y 3050 ok 7 95 257 FER ) o PR S5 B ) — 8 20 T 94T M 3R 4T) AHEL , VPT AT 8 AT RA4s R HIAE
RVEAG BB bk A A8 1) 7 R R A BE WL J7 7 o T SR 3K Pl PR B A 28 SR AT DA SR, Y
HiT e 75 AEBKCE S Wb B A T 2 B A R AR e

[0105] A B} £ R bR AN AR S v 1 B ) L A4 S i 47 P R 61 o SE B = BRI SC AP R
BRI B ECT B B B 1B S U B K IR 2 2 AR R AR R B ) % B AR 6 T A SR AR S
TG IR o XA ARV N i B AR BRI R B YE T N o
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