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E T 8BERIKSNES AR UBERE T EZMRSE

AR G
[0001] A< I Kl P B AR AL BHATUS, 5 S o 0 B — Tl 0 75 [ 8 S U5 5 IR 2237
MALHITREM RS

B

[0002] AR H kP s Rl (Acoustic Radiation Force Impulse Imaging,ARFI) &2
) FH 22 4 T AR 0 [ P 1R 28 A6 88 75 B ™ AR I PR RS 0, AT AR AL 2R R DX 0™ AR AN T
FE T RGN 1) £ 45 1) BY D87 » 581 FH 68 5 108 BR B A sk /N2 AT IE BRI F TSR BT )
T B 1) A PR T R, e i AR P 58U A ARV pR B D) A R o i B 2 2R I S P A R — e
R B AR AR o 12 B ST ) I B AR B AR N FH T L A I L S K IR B B2
W B AR R VT 7 A IR AR T I .

[0003] SR FEHE ST kv s A5 0 & 21 23 8 A, AEAEAH AR ) P IGER 75 B A (R 15
Z AL ZR AR BT 5 R P45 5 AR e 1) 2B 3R, 38 5 AN 1] B8 I 104 5 RT3 15 5 20 R A
JeL SR 65, 5 AT FH I B A OB 8, L REAS BN N TE 5 207 KA o] S 50035 1 I (1)
FEIR, Ty /N T AN SR JE D P I TR) B 2R 350 4 4k g%, SR I R A 2R o B 4 Bk
TR RKIRZE . N T RYVRZEB R, (1) Cespedes 257 1995 SE4E H, HEATME 5 I3k
HAHIC G » $ 2 FAH O R EIARORAR S A7 B WA ORAE mi S LT W e (3L 3 A s AT il
VLA, P A8 R P T 4 B AR KA R B, 3R — 7 B B WU A B 1K), BRI
AE 5 IR IS TR) G 3R, R 1T 12 77 925 75 B REAT Y e U6 A, oF B K H KT — 4
KA TRV R 8 A TR BEAS T 5 (2D F Cabot £ 1981 448 HA (¥, 45 T A5 ) AR SC R U 52
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[0004]  EET ik, A LA XTI fl S AU B oF SEASORAR, 52 M v ) e, S A — b
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[oo10]  AHAZTHE IR, THEPTIA B bR B EAHAL

[0011]  AHRTALAE Al S0 BR, F FH P AH A7 v H 5045 2 U 5 R R AR X2

[0012] 7RI —ANSEjifs b, 76 Pl i 4 0 SR T, I
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PEL
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WA R I AR 43 BT 5
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[0034]  FEILH—N SRl b, P i BURIASE B AR A7 o SRR R O 67 A2 i SRR R R HT o
T AL PR S IR 50 — A% s B0 5 BT 2 — A% pR B block 0 A0 AE B AT 250k
1, 5> block ) thread %k 73 BUE 5, Frid 7 BUAS VR0 R AR A R F: 19 71040 i O
W2, BRUD A #1453,

[0035] il it 75 B ST AR 5 (K AL RS A R T VR AN AR G, A B ot e 75 [ S A
o T RO IR (5 5, ORI AR iy TV SR, S 5 5 AR R g e —
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TS, o TSR, ORGERE T VRS TR, S TR, BRI TEAR.
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BIAXLHEAR
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BEAEHES
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B VAR B x4y, oo Xt iy A6 U n Ao B DA B 2, ey, »o 2.t ey, ] atjb =
(x,+jy) X (z;Hje) +oo+ (x,1jy,) X (z,7jcy

[0049]  JDR 108, AHALTFRP IR, tF8H% H br B AU AHAL

[0050]  HAKI), HAREEKAH AL @ = arctan(b/ a) .

[0051] DU 110, AHXT AL RS AL B0 B, R AZARLL VA5 2P WS = (R AR X AL

[0052]  ELAKH, FHIXALRE HITHRE AN
[0053]

¢
d=—
4?£f@

[0054]  Jrpr, d HAHXALAS, ¢ AHE 7S s, £ A S RIS, @ A AHAL

[0055] b dR I T 75 AR S AU 5 B A 2R RS A B 32, s Bt 40 68 7 [ 8 SR AU —
WREG W0 AT S T ORIy 1 VR, TH RIS 5 A X AL e i — IR
BHAIAER, AFHATZ DRSS, il T 5OP R, AT TS 50, B 7k
SN TR R, KRR 7RI R, $g i T B AR, HE AR AR

[0056] Gl 2 fror, Ry oy — AN S tAe) A 3 T8 S RLR S A G 5 A 2 B 15 B T VR IR
FEE o AR H A — S b, (2 WP R AT, IR

[0057] DU 202, 43 MR, W8 75 [R1EEN SIUE 5 7 2 A R AR

[0058]  ELAAR], K 8 75 (M8 S A0S 42 (0 Il SR AL B 53 A N /B8 A e, A 20040 B
KA rowX col, Fant & row W (N TR 77 17)), B col AICHR GREETTIRD.

[0050] DU 204, %% # b B, W4 AR HCHE H B 1KY RE T 1R B 75 (BB SR AU o e e A AT A
Fo

[0060]  #&#Hu IR i R AL HE 2% (Graphics Process Unit, GPU) SR EE — N AZ BRI EL
HEAT JE TR, 55— P AZ R ) block BN R A RE AT L, 55— WA BT thread BN
FEFER 55

[oo61]  EAA&[1), KM GPU LAk B vh, ff L 725 460 R 4ef B - 30 35 46 44 . CUDA (CPU+GPU)
[¥) CUFFT FEBR%] cuf ftExecC2C. X T AT 5 1AL R FH P9 7% B 20 kernel _1 SEF. CPU
42 Central Processing Unit, J7 JeAbFH2S

[0062]  %5— PRZ BB T : DcufftExecC2C GEAEH);2)kernel 1 ;3)cufftExecC2C
CHAZ D

[0063]  ZE—WNHIZ ALY blocks Z & threads ZUEAH A, 33K blocks=dim3 (input—>rows) ;
threads=dim3 (input—>cols) , input—>rows &R HFEHKITTEL, input—>cols B BR A I AL
[0064] DU 206, X 43 5 B, ¥ BT KA AT 15 5 AR T o R FEIEAT 73 B, 49 3193 B i
AR B

[0065]  HLAKIKS, 7EURFEJT In] b Bt (R A 15 5 iR 4 PAe ol R AT 4 B Horr, Tk
& O TR 77 28

[o066] DU 208, FRAUZ IR, X AH AR IG5, $0F BV 7 BT 508 Be b AT — IR m %
[RIRRARIE S, 133 H R 248

[0067]  FELAAR], XF IS [R) 77 [n] _EAHAR PG 5, B B2 T3 1m) L RE Y 1R 73 B 1 508 B gk
AT — IR AR R AE 5, 19 2 H AR R 2L
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[ooe8]  LUE 210, FHAT vHR AU, TH % B R 2 EUIAHAT o

[o0o69] LIk, H br R AL 1IAH e = arctan(b/ a) .

[0070]  JDR 212, XA B AL P IR, B HZAR AL vH AT 2P E 5 (8] AR AL
[0071] DU 214, Za XA RE AL AP R, 1 22 A0 A0 S R AH A5 % 43 BEA T IR 1) 77 1] £
20, 15 B4 H

[0072]  ELAKMY, # B IR 204 22 212 WIATEIRE J7 1) b SRR 43 B V00 Bk AR
PRI 2 ) ARG 75 o it ] 253 BIAH S B R0 B R SF 24 (row—1) X Win_Num, H:, Win_
Num 24 73 B 14

[0073]  FE—ANSEHt g vb, BURI D 3R A AT v S50 BRAAE XA Al 4500 B8R FH b P Ak 2
#% (Graphics Process Unit, GPU) SEHRHIEE — WAZBREGTHE %588 — WZBRELE block %%
BB BE AT B 1, B block [ thread U0k 4 B & A4, %40 B A D 20E iz 83
FEf PSS o S 2 2, R UGB, Fn 1 1530,

00741 H & K, % — W #% K % % B ComputeDisp. 43 B % 1 % WinNum=
(InputWidth-WindowHW)/Step+1, H.i, WindowHW S & (156 &, 25K & Step, InputWidth 4
HARFEFERISEL

[0075] 8 W% ERZL ComputeDisp Wit HF block ) thread (RIZRFEE0 25 T B 1
0 WinNum, BEANE AL H (rows—1) /> block SEHR, K4 block vH&E —ZAHER K WS
G RIS o PRI N AZ BR B R R TR -

[0076] N REIEEFEEL ComputeDisp<<<blocks, threads>>> (), HH1,blocks=dim3 (
rows—1) ; threads=dim3 (WinNum) , H:H1, <<, >>> f& CUDA TBVERT S, KR GPU $0AT A% 7 22
JA BN R FEE AE A 7 X KRR BB block #i, 78 1 A4~ block HLHI JLRFEEL >>>
input A—PMEERRA, > RARWE K — P IuE. KRHZA block M thread HIFATAL
B, R T AL B,

[0077] 4l 3 Frow, A — AN S tiAs) b 3k T 75 [ SHIE 5 A RN R il R G 45 1)
HE B o 255 T8 75 [ SE 5 AR A R G, AR st 310 Rl Bk 320 4
FIRLHE 330 AHALTHEAEHL 340 RUAHATALH Al AR B 350, Hor

[0078]  FE AR 310, FH T4 ot i 88 75 A8 S AU o S i M AT 15 5

[0079]  ELAKMY, L HASTHL 310 0 I T K HE by il 88 75 (1R SN AE 5 SR FH A B A 4 1
AT RENE S

[0080] K ZrAsiER 320, I T Bl (K i AT 15 5 R4 T o PRI AT 43 B, 19 3153 B s [
[0081] B4R, Pl i LS nI AR YR f 2 e -

[0082]  FRFNALER 330, H T RIAHER I PAMIIE T, B AT 3 B B 1500 Bl AT — IR % 11
FREH, 133 B bR 2 25

[0083]  HLAKI, Sk Xt A 24 B db AT 52 B0rH 3, AR A9 21 16 I e, 15381 — &
HOU B atjb, B H AR 22

[o084]  AHATHEALLR 340, I FiH 5% B AR R EUAHA .

[0085]  ELIAIH, Hbr&E EKAH{T ¢ = arctan(b/ a) »
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[0086]1  AHXS AL fl SEABEH 350, F TR FHAZAE A7 vH SEAS 2P UE 5 1) B ARXT A7 %%
[o087]  HLAAH, #AMI BRI AR -
[0088]

d=—5—gp

An f

[0089]  H:rr, d MAHXIA e, ¢ Al 7R Id, £ 4B S R AR, @ O AHAL

[0090] L3RI 75 (I3 B A0 5 (R L RS A R R G » 0 St (1) 75 (BI85 —
PN I RS 5, AR R o T VP S, VS 5 A B TR 8 ik — R B
EEEIAR], ANTHATZANBRREHE, Fk T E PR, BEATFTE S 0, Rl T
O VAN = = Py NN S A = A1 = = S S = /T 2 [

[0001] 41 4 Frow, A —A> st b 28 1588 75 [R13 SHE 5 AR B i B R G 451
HE Pl o 12 T 75 [P AU S AR AL R G, B T B HE R A B 310, Rl 43 A b
320 FRAFIAELHE 330 AHAL THELABTEL 340 FUAHXT A7 £ AL 350, I A0 45 73 st e 360 Fli4
SR AR 370,

[0092] %4 MLt 360 FH 144588 75 (Rl 015 5 40 B2 AN B A e . BRI, H 8 75 ]
W ST 5 Fe N ) SR AL E 73 0 N AN A I, TR 55 KN R row X eol, KRty
row WUEAR (TR 77 10D, WA col ATtz GRAETT D,

[0003] % HuAR HL 310 I FH TR B A H5ds 0 B2e 1) ol V8 75 M8 S M5 5 e o fe il
155 . ZEEHAE L 310 S H o B AL B8 SEBR A 55— N A% _R BGEAT AL B, 1255 — P A% pR 5
[ block AR FERE AT EL, 1256 — WA R EUR) thread E0C4 2R FERE (5148

[0094]  ZEI /A5 320 38 FH T LEIR FE U7 o) L By (gt BT 1 5 AR U8 T8 o 0 K P R AT
oy B A3 3057 BU AR B

[0095]  ZFUFIREHE 330 38 0T B[R] 77 1) b AH 4B AT PRI 5, B iR 7 I b % 1) 4 B
& O 8RBT — IR e AR RS 5, 45 2 H bR B 2.

[0096]  AHXS A F Al AR B 350 18 H FAEIR 77 1) b BB 4 B 0 Bk HEAH AR
M 2 TR AR KA

[0097]  ZZEXAL AL FAEEL 370 24 22 N B0 FE R I AE RS B 43 T R AT B R) 7 1
[ 20m, 1 BN B o BRI, 48X oAl AR B 370 FHFAEIS W) 7 1) 04 2 AN Ed 4k
R R AR RS A% 3 AT e ) 77 ) 0 00, 43 BN 4 X F5

[0098]  7E— NS, iZFURISEEL 330 AHAL TF AR 340 FIAH XA B £ BAR e 350 K
FH R B AL P28 SER IR — P AZ BT 5 51288 — W AZ U block Ok B0 JEFE AT 44
W 1, BN block ) thread 3k 7> B & VB, 123 B & VR0 i 5000 AE M i 2080 5 % 1 5
FEz 2=, BRUB R, B L 19310,

[0099] a7 75 (I3 S A 5 L AR RS AL S 5 VAR R 4R, ] B FH AT A 75 B2 4 A
T 7 [ 3 S AU 5 1A T 2 2 e it 0 1 1he 46 B A VR TR, S RS A S ) R S R
1 UEFR SR 5 9 PE % (quasi-static elastography). A8 75 M B2 (transient
elastography) S5 HARKE 53 M 5 075, 8% B IR & (temperature imaging).
AN AR A% (thermal strain imaging) 25 777,

[0100]  “KHA] matlab A48, v15—41 ARFT ¥ (4 ANFERE P 75 fUIS 18], AT Cabot $2 HE 5T
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I (G AR D HE KL Ts, NHATEAR U, T2 KA 2s sHIZE T Doppler %
TR A v S8, R SC B 1Q 73, T BERZ) 1s, WERHIREPFSCBL 1Q 737, i
i AR 0. 550 RIAAKRMIIEL, T Z KL 0. 5s, HIEAXS T2+ Doppler M A vf
HIBEAE A T S8, AN B 1Q 70 i B, PR T R G A R 26 . ISR AT 2
FIZHEUI R HRAE 10°° 22 107 Ha 2, A RIS TR UL I 2250 7E 107° 22 107 4L
B IEASEE I B XA DAL A T AR M3 A 25 5

[o101]  JbAh, B FR KL REAT (55, AT AE D BR 102 2 Fir 8 0 i AR S S8 70, 453
R AN SR RV B R RE R AR RZ , SR PN B 2P 3R 102 2220 3R 108 43 2K T4
KA (B REG 1ML RS » RITRTAF i DB K B AR S B2 A

[0102]  FLAHSGUH S AR — A ELAR OGN S AL VR A — AL ) 5 ZE I ST Al vk AR — AL
BARRI SE G VIHE R A G- AR RIS SE AL VAT P 8 B A e/ 38 A v A5 A R AR
. Hh,

[0103] VA AL ELAHSCIN SE A T -

Ei (s,(6)s, (1 +7))de
J Sj (s, (1)) dzgi(gd (t+7) dt

lo104] R.(D)=

(1)
[0105]  VA—Ab Wy = Sl v -
J 12 (5,0 =5 ), (¢ + ) =5, ()
[0106] RNCO"(T)=\/ T2 — TVd T2 S (eNd
[, G O=sYd|  (s,0+7)-5,() dr (2)
[o107] i .
[0108] , = (~~1~~)IT/Z s, (0)dt
T (3)
— 1.2
[0109]  $4(7) m(?)f"m&(ﬁr)dt (4)
[0110]  FEVA—AL E ARSI ZE A 15 -
[0111] Ry (1) zir;zsr(f)sd (t+7)dt (5)
[0112]  JREFFS B AHCHT 245 THZ
772 )
01131 Rysc(r)= [ s, (D)sign(s, (t+ o))t (6)
[o114]  Hp .
1 x>0
[0115]  sign(x)=<~1 x<0
0 X = O ( 7 )

[o116] PRl B2z / TR i vh SR A O RS 17 SE P B AT AR IS B [ e 4k
fo = BEAT (o HL M- A2 4, R ILAZ e RS0, v S AU 5 1) LD 300, 5 LD R
10
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T AT A B AR H A i (B B I, A3 B LS BAHR REUE 5, AR W -

[0117] S, = FFT(s,)

[0118] S, = FFT(s,)

[0119]  (8)

[0120] S, =S, * S,

[0121] R, = IFFT(S,,)

[0122] P, s, s, AWNUE S, S, Sy A AT PRI N7 AR 48 f5 10 NATUEUE 5 S, 2
B E DR, « FoR AR5 ILHE, R, &I EE S R AR R, FET (0 2 4,
IFFT A BT Ap 4

[0123]  534b, AILEMENTIE 5 G E A 28 ) T SR I S () 2 11, KRS M, m AL T3 1)
oA, RN 5 AT EAHGIE L TR A

Mi2-1
[0124]  k(g,s)= Z Fm+u,5)F (m+u+q,s+1) {9)

[0125]  K(9) 1, k(q, s) REMKREL v° (n+y, ) SEMBTEIE, r (m+u+q,s+1) LA
MR v~ (ntutg, s+1) SREILHE, s BWUT 5, o A [-M/2,M/2].

[0126]  fAMTEYRE IS A /RAAFF R B AR 21, A RAARE R B A AR -

[0127]  F(m,t)=r(m,0)*(1/(n1)) (10)
[o128] X (10D A, r " m ) AfE 'S v (m, t) WA RADREAE R, m R SRAE s A AR, t 2 INFTH],
* e IEH .

[0129]  fRHTEIR X NN -

[0130]  F(m,t) = r(m,f)— ji(m,t) (11)

[0131] A4 1 7 AR G2 m] DL S b 3 St 491 77 v A 1) A B sl 2 i R 2l DA
T TN URE PR 8 2 AH S IR R AR 56 il BT AR P Rl A7 At T — VAL AT S EUAF fis A T
W R TP AEPAT I, Al B FE I R & 7 VAR S R . A, BT IR IAE A A TR Dl
it e HifE g 10424k (Read—Only Memory, ROM) 8% Bl HLAF 212 4& (Random Access
Memory, RAM) %,

[0132] DL b Pl St A 3R I8 1 A B JLA st 7y =X, SERAR B8 BAR R4, {H I
ANBE DAL 1 i 2 A A X AR i BH B RINE B T PR e R 2 F HH 1A, X T ARSI ) RN R
K, 7AW A & B A S AT T 5 38 m] DA 25 A8 T A et iIX e 4 8 T A % BH I IR
e PRtk A B TR AR 3 RS DT BRSO B sk A
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HRIR, HEMGRE DRMTEFHRARIL 10
5%

AT, HEMABATESRBRRT O RAR] 04
T8, RESRE O KIBR d

v

BARYR, SABGAMES, FHELERTOR] 06
BHHF— ARG RAEN, 155 845487

!

A4t R, tEZ R kdes 1 108

.

ARHE B SR, ARt R mMES] o
18] 4 A8 %45 45 g

K1
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ARG, FRPEQRHRE T RS AR IES—202 e Y 310
SR, BEANLIEEE RN B [‘ﬂ?}}l%:‘fb 204 l
155k A RATE 5
¢ XAk A4— 320
M B, WEMGRIESRBTAT I REL] l
ok, BESBRToNBER a
v e T
ARk KA AR ia B 175 el l
' Aatait S| %
At R, iz e AR o 210

' :

MBS H R, AR AL ERRARES] o | A s A 350
i8] &4 AR 24 A5 - ey

Y

B ER TR, %% MRIEE AR L 914
AHATH A 6 B4 Rde, BB s 7

K3

K 2
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P T

:

sepape - 310

,

Xk 4— 320

wAgse T 330

'

st AT 340

'

AR A4S Fod— 350
Ak

'

s A AE S A— 370
Ak

4

14



patsnap

ERATROF) ETEFROESMESHEAANBEERENRE
DF(RE)F CN103519848A DF(E)A 2014-01-22
HiFs CN201310514494.0 RiFH 2013-10-25

R EER)AGE) R kit AT R

RF(EFR)AGE) REM R R RART B

HARBEEAR)AGE) PENZRRYISHZARTIR

[FR1% B A EJ!
b9 ES
R~
wx
AR
47
REA EJ:
B
R
B
izt
47

IPCH %S A61B8/08

RIA(F) R

SNEBEEE Espacenet  SIPO

)

ARG R —METERERIMESHARVBEELTENRE,
RE%E, BEATHR RGBSR, HEMBOESERSRES KRN
BHES MoK , REMNENESREMIEOKERITIR ,
BT REORER ; RASR , IESHANES , NS RED
BEBH#T-RERBNRNZE , SREHRER ; AUUHTESR it
BrFRBAREHMMMEG ; ANUBEESR , FAMMRBALTESER
MESEONEN IR, LRETEFDRMESHARUBMLES
& CHEMEEEERFRES —RERANBENES  RANERS 7T
BEE , TEANESHANUBRATFLI —RRNEENAEE , B
PTHEER  BETUHERR , BEREME,

FRIH, HEDERP SAAIAE T RBA R
5%

— 102

!

HHHI, HENEIBATE SRBTEET o KA
ok, FESBE O HIEK d

104

'

e TR, SAAARG A WAE T, BT 94
BEBAT K FARH G BFEE R, 155 B ARE T

106

4

Azt R, i B AR A

108

\ 4

AR E R, ARz BT A NE 5
] B AR AL A ]

— 110



https://share-analytics.zhihuiya.com/view/151f666e-b6f4-49e8-8175-19930906a449
https://worldwide.espacenet.com/patent/search/family/049922450/publication/CN103519848A?q=CN103519848A
http://epub.sipo.gov.cn/tdcdesc.action?strWhere=CN103519848A

