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7 A A
F 79
A7 1
%<3} o|n A (ultrasound imaging)olA el MES A (shadow suppression)S 3k WO Z A,

Ed2FA(transducer)E o]&3sle], dolEe] 2Eloj® X
data)& Ezsh= GA(B0) — A7) HolEe xEej® HXEY
region)& YERNIL, “Jolgt o]n] Z}%(imaging angle) Sl &

UE Zy dE(steered component frames of
Ty dse FAxel oW Y (overlap

A7) dlolge] 2Elojd HEVE T AdEo] s, Z2 M A (processor)ell 93l, Ztzte] ojmd 5§ whe)
A7) HolEE ZEZAM(projection) 52 ZEZAE (projecting)dhE ©HA(54);

Zyzko]l 2 AMAE] T2 Ad(kernel)E] &, A7) dolHe xElojE AXLIE ZydeEs FHoR
7}k 9A(58);

A7 ZR2AA o&, A7) dHolee 71EE AEYVE Z#H A(component frame) S-S AE A= ©A(60);

471 sk wA60) e AERY, 7] ko] uF o] o X|(image)E LA ©AI(62)

Z29 ol Ao A A= JAE $13 Y,
ATE 2
A1l A,

A7) EFEE GA(50)E, 270 gl (scan line)ES wal 2719 (scanning)dlE WAS ¥
He] Z4ztel xElojd AXHE T o] digh 7] 27 #HAE59 H(majority) 7] E
a ]

, 7] b A7) Hlolg o] deldt AEojd HEUE el sl deldt,

bar, 47] o]

Aol Tl

TRAYSE @A) E, 471 oA AEsE we 4] dolEe] AEod HEIE Zedse] Hel
i

Z53 ojuj el el A= AAE AT W

AT 4

A1l glel A

7)) = AE s 5 A7g M=

L RAGY) 2 AFeE BAGYE 47 dolde] e HEUE Zd9
=YHoz TRAYtE wAG) L AFEHe SAGHE EFE,

285t ool Al e A= A fIg P,

ke

A7) T2 AY 3= B (54)+= k-8 7Hk-space) 0.2 WHIE3E GAS E3 )=,

283 ol Aol e AES oA A5 .
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A7 6

A58kl Ao A,

A7) TRAYEE GA(54) 5 FElol W3 (Fourier transform)S &3t GAS Eghsle,
253 ol el e AES AAE 3 LY.

AT 7

A1l lofA,

A7) oA A=Es wEt AV TR AMAE 23 HE=(two-dimensional field)Z 7s}h

i
rt
X
)

A7 8
A1l oA,

A7) Theshe dAlB8) = A7) olvd ARES wEh, ¥ ¢ $1X(shallower location)ERTF o A2 21X
(deeper location)E°] &l o A& AL = 7}Ests WA (58)E EL ksl

Zadh on| o] A AAS AT W

;E

A7+ 9

A1l 1o A,

A7) TR AMEZRE W3t 2 AKX o|u|X|(transform projection image)ES AAs= WA, %
7] W T2 AL oluAES A7) AdEel Fdsk= FAG6)

=4 2%

i
ol

=

259 oln A LS AAE 93 Y.
A5 10

A9akel] oA,

A7 A B, A7) A€ol 7] oW ARes wEs ol uet WEHES Fiagese] ¥MeE

ol 3ol A dAE L=,

259} oju Aol Mo =g AAE A% Wy
AT% 11

A9l el A,

EWAE, 7] A8 ZEAH oNAES, 47 AYES FHsHE NS W (napping) SH=
Shal

271 7bsshe dAI8) =, 7] dHelEe] ZHd(frame) &9 Z2be] fxlol dial] HAE 7tsAES Eiete
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bol 7hs
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471 AdE o8&
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Al
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e

N
Ho

o
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o

L
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[0001]

[0002]
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AT 17

A 147l Qhel A,

7] 7F(68)37] g WHE, AV AXPHE ZYdE F UE HAXUE ZYdERFES AR glo], 77
o AXVUE = 9o HolHE o|&dl A7 AXUE Zds 7o i3 EXES 248y 93 9y
KR ﬁsl—o].b

=2 -

H-QA A P BEEs A oA,

Z&9} ojuAo Ao LS AAE 3 A Al (system) L EA],

~Eo]Y 2% T ZF:E(steering angle or angles)dl w3ale] dHlole 9 ZHA(frame)S EASEE T3
7}& sk WA 7] (beamformer ) (16);

=
*
0¢
o
=
©
a
Lo

[kl
© o

o,
o

[H

AS Z2AM oJulX|(projection image)ZE X 2
]O]Eig] EE]O% Zbeetar, aga A7) dielHe vhsE s

i
H

ut
of

Zad ojuj el e A AAS A7 AL

o

373 19
A18F el lel A,

A7) ZRAA22)E, 23 Fo] W3 (two-dimensional Fourier transform)< o83t TR AV L=
Rk

A7) Z2AA olnAE A 2EJY ZE BE ALSd ugl$itE 2uE Fue 259 uE Fog o9
(frequency domain) el U+,

251 olu[ oA AMES AAE gk Al~H.

A3 20

A 183 ol AfA,

B ZRAA(22)=, 47 EHAY AR e ARES el fFo RN ZRAYILESE PN, g A
7] 3ol AHES 7] 2EHoH 7% As5s uet S4gozHN A7) dolge] 2] I A El

EE
oel 47 TRAM ovAE FYHES P,
7] Wele el Tajgdel tal Fahe A % sk AL dolHe e THdEN Sy,

Za¥ oju)el o] A AAE A7 AlLEL

[0001] ¥ wWe xSy olu| A (ultrasound imaging)olAel AMES A (shadow suppression)ol] 3tk

vl F o] €

[0002] %3 A= (ultrasound shadowing)> 2tk Q@ B A E(scattering object)ES £33 2F dUyXA
(acoustic energy)® EoFdl 44 = Ay QHAEESRZRE Y & WhAL(high reflection)el 93 oF7]€c}.
dE S0, U3 | (dense tissue), 1 £E3 29 oJ3A EWMATFA (transducer) 2H-E Holxl x4

_6_



[0003]

[0004]

[0005]

[0006]

[0007]

[0008]
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o 7HEHY ¥ (return)S E33FA sl AMES(shadow)E oF7|e 4= vk, o2 d 24, A% (shadowin
g)2 EFH3 EUWATFA HZ=(poor transducer contact)OZ <la] LAFET. AES(shadow)E I AA|EL,
EAx o7 £ wekyt A3 (highly) AdEE 3o oA % (low echogenicity)d QY EEA YepdT},

[0003] MES$-E2 vFe ond BE=S(modes of imaging)olAl WAE 4= 9lidl, o|EHW, ZElojd 33
A (steered spatial compounding)ollAl A= 4 A}, dlolE(data)d 3o AFXTIE T (component
frame)2 EWUxFAol T sl A=z 271 Z<l(scan line)ES Wt 2709 (scanning) g2 M4
xaEt, dolge] A2 AXUE ZH AL AFoldk Arr A9 flES wet Ao En xadEn. A
=% dlolEle] Ty d(frame) 52 F7 FAEo] olw| A (image) =4 tix=Edol®tH(displayed). ZEoj® &
7F g S o]&3le] o|u A (imaging)d wf, MESEL T8 oln x| o] ME(fork-like image artifact)E<
AAEE=H, 1 olfE MESEo], AMEY X (shadowing location)EolA A olnx] I+ (compounded
image mean)< A A7 =(weigh down) ZA3Fe] A7] wiFo|tt. ol FAR Q3] HFETA Fx AR
(anatomy information)”} “4d=E 4 Ut ZElojd I3 A MEYS FaA717] $8), 2=Eojd F

HAXAE ou %] (steered spatial component image)E Ate]o] xfolEo] MES-ES 2Esty] 98 ol&d + 2
o a2y, AAd F3b oju)A] g x| ~Ed ol M(proper spatial image registration)o] BAEHA & 4 9l
oA, B3 A= 21" (poor shadow identification)o] & 4 Ut}.

wgel &

[0004] AMZo=, ofgdd AEu= ufgA s AAlAEL, 253 o|u|AoA ] A= JAE 9zt WHE, #H
FH #5715 wAE(computer readable media), WHEE, % A A®l(system) &S E3eTt. WHE e O E
AT S o] &4, 2Elojy] W& (steering direction)S Wt ZA(AE Eof, oA = <U(image

o

frame))o] ©lolg7} ZEAG AT (projected). ZEAM(projection) 7SS ZAA7] 3] o] &t}

Iy o] ZRAM-7|HF 71E X (projection-based weight)ERE 7FEEHA, dhtel T 2 AAo 7]%3}o]

FES AAANAY B AAS. ZEold F3F A ol(steered spatial compounding example)oll A,

Hog AES JdAE HEIE =9 (independently shadow suppressed component frame)ES Zre 4

I (compounded frame)S MEYo g A3 ¥ ojn|x] ofg|HEES Aol zhA] GAY T M3 2kA
o)

[0005] A1 oA, 2T oA e AMES AAE fgk Yol AFHT. EWRFAE HolHe
Elojd HIEIE g (steered component frame)ES ¥ Z517] 3] o]&HT}. dlolH 9 XElojd HIEPE
THIELS Ao oW FH(overlap region)= YERNIL, Aolgt olnd  Z%=(imaging angle)E°ll
gk, ey 2Hol® AXWE Z#QlEel e, A (processor)s, ZH7e] oA ZAxES W
Z HolHE ZRAMER ZEZAY (project)dth.  dHolH 9 AEo® AXJE ZHdES, 779 Z=AA4
E9 420 Ad(kernel)ECl & 7tedd. Z2AAE, dol”He Jted AXIE X< (weighted
component frame)E<& A= AT FAo AARFH, 2o e H 99 ow| X7} WA FT}

[0006] A2 <FAelA, v-dAlH HAFE B=57Fs A% vlA|(non-transitory computer readable storage
medium) &, 223 ojujAo|re] MEP JAZ s T2yl Z =AM (programmed processor)ell s A3
7Fsdt WEHES UEhde dolHE A4l el Aent. A wiAle, 253 olnAS A 253 A&H
(ultrasound system)ell °J3] HEXHE Zd5S 2Elojd o3 dAe7] A% 28 253 A 2ged 93],
IUE ZYQdE T Hojk sty AXIE =

ATUE ZAYE F 0 ATUE A5} SPH0E 3
AP NESES Far717] AF FRES EF,

3 ojr Ao A= AAE AE Axgo] ATt NP

E A ZEA A (transducer position) QZFE]S] Alo]dl ~E]o]®] Z}%(steering angle)
oW 198 el dolge xEjojE L d(steered frame)E2] Al #(sequenc
A7bssitt. ZEAAE, 2EHAY ARES wE dolE ] AEojE ZHJYES Z2AHM
projection image) &% XZRAYSIL, ZZAM olux|Fol uwet dHolE e xEolyl ZHIES 7hest
i, ZE]I’. dlolglo] 7t5H 2Eold Ty Y(weighted steered frame)EZHE A o]u] %] (compound image)
S AN =S FAdEY. faZwel(display)® @4 oMAIE taEFdolstes 52 7Hs st

s
E
:

[0008] W wHe] F7ke] FgE L ol WEL MFAT ArEI WA ofelA =olArt. ¥ wme $4
s RPAE o8 goHm, o] Riel ofud A% uF FTFFEe| et AFOEA HahAA golo}



[0009]

[0010]

[0011]

[0012]

[0013]
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[0009] FHEUE(component)E ¥ EWAELS HIEA] AHo g Z1& olym | diile] 2 AAdE9] HES
A= oA ZFxz7E o]FofHTt. YLo], EHENA, ¢ Fx HMEEL ol THE AACd AA

[0012] = 32 Al=AE e dA]AHQ] 253 o]uA](ultrasound image)©]al;

[0013] % 4+ & 39 253 oHAZHEH EEH= dAFQ 22 A4 oju|x]e]aL;

[0014] = 5& & 39, ¥y} & 49 Z2AM o|u|X|& o]&3te] 7ted 25T o|w|A| 9 oo]al;

[0015] % 6& 3709 AXUE onAEZXRE 9 MES olE]HE (shadow artifact)ES 2+, 3= (phantom)
o] oA Al AEold A %283 o]u X (steered compound ultrasound image)©]il;

[0016] %= 72 AXUE o|u|AENA 9 MESEY A o|F9, & 69 2ol T 253 o|ux]9 o]
al,

[0017] %= 82 3719 AXUIE oA EZHE AMES o HHAEESS zh=, X9 oA H<0 AEojd A
Z53} o]n|x]o]aL;

[0018] % 9% AXUE o|u|AEANA 9 MESEY A o|F9, & 39 2yold T 253 o|ux]9 o]
o aga

[0019] %= 102 & AAde] wWE, =53 olnAdA Y MES AAE $3 A|2=wle] ESX(block diagram)
o},

wwe AN A8 TG HE

[0020] & =#Qdel F2le o|nA] dHolE(image data)7} WEE i, #F olnd Zt%(transmit imaging
angle)o] A|2& o]&3flo] =AM olm|A7} WAL, 1 E}%Ei WHEE 2 onA = TEAES
AN 7] 7] 918 o]l gdY. A 2= ek 9 Sk W3 L2 A o]u|X](transform projection image)E
o] AAL, zEloj" I3+ &4 O]U]X] 7} X (steered spatial compounding image weight)E5< ZAAS = AL

571 98 olg¥tt. IS AEL Ao Al o]v]A] Ho]E(original received image data)E X3 9
s o]gHt). o2k Wi“o“\]i MES ZrAa(shadow reduction)E 98] o]ujx] X =Ed o] (image
registration)S 873k &gEd, 1 olfv 1EY A7 ZEZAM ou|AES ol&ste Y oA

(original image) 5% 7Issto a2 AES-Eo] A=) wEoltt, A=S A 7F5X(shadow reduction
weight)5& ~Elo]®l A (steered compounding)oll thall X xxz} =& mit} A H T},

[0021] = 12 259 oju|Fo Y AMES AAE 93 B d A& ZAST. A EL ofefjdlA,
2Eloj®l T3 g e "t AgEn. g2 AAdEddA, MES gAe dde] e v 2yl o]
A WA E(frame imaging modalities), ©]EEH|™, B-E= o] A (B-mode imaging)ol o

[0022] RS = 109 A2y EE Aolst Alxgle o Fddr. s Mg 257 oA AlxH
W, Aolgt ~EoF

(medical diagnostic ultrasound imaging system)o] = HH& 4318 4= gled], o]ZH

Z}E%i A5 2A9etr] g8 EdawA 2 RFAAVIE o] &5k, dolge] ZHdEd g volHE A
Z317] Y8 AE7I(dE 59, B-E= AE7](B-mode detector))E o]&3tx, MESE JAst7] & gz

golee] HEXHUE ZHJES o] 4 T A (compound frame) o2 A3 0}7] 93] ZZMAEB o] 83,

a3 diolele] A ZHgdoRRE AARE onAE HaEHoler] 8 HaEdolE ol &% 4 vk, A

FIUE ZYYE 5 £ zte A ZUdS E9s] 919 AFEl (computer) $F e tHE

Z(act)E°] Al

A EEl;— Aolst SAR FEEtk, FErpAel, Ao|dk, i o He
o], ot B, T2 (56)2 T3

(509 Z2AA 1 A AL AFAEE AT

_8_



[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

HA @Erk. g2 Cd2ZA, FAA62) FIHA Zerh, E GE ddA, HE E 20 WY (scan
converting) ¥} & F7}9] T2 A A (processing)o] A|&H T},

[0024] &2 (50)ol A, dHlolEe] AXHE ZHIEL ERLFAE o] &3l 232 XaHT, dolHe H
FIUE ZHIEL Holgt T3 SHE Zerh. dHolHe] HAXWE ZHAdES, AVHoR, VAHSR, e
EWAFAY F3F EZAMY(spatial positioning)ell 93 ZE]o]E i (steered). THlolE o] AEol® AIZHE
THIE A e 1 F U Adold 2" ARER xaHET. o E B0, ® 2% M dold =
oy ZAmE(Zzte] = d(70, 72, 74l tg #o] (ray line) FF)ol FH3I] EAE dlolE 9] 37]¢]
AAA o2 ~Eol® ZeAE(70, 72, D 74) EE Fold AEo]®] ZAEA s e E o]l 27 gl
58 e 27 ¥ (scan pattern)ES ZAIETE. olEHWH, EWAAFAE /]J-XOJ 9}E5% (intentional

wobbling) &2 T+ o]=42l <& glo] U3 XM (position)el FATFZAN, Xz

rget)o] 9 AAA 0T FUg FIF Wl AA Uth(span). fﬂo z
) 2~Md ¥ (scanned) +99 FHH(majority), 90% 23 E+= A9 (almost)”’}, T
g 95T oM (overlap) SHh(H A ®22(dashed box) ).

[0025] dlolHe] AXHUE ZHdE F shvte] HEUE ZeQle, 2ads FHollAe Aox shvte] 9ol

#3)], dolEe] AXVE ZHYE F v AXVE Iy gdas Aoldk Hojw shtel A7 2kl Z % (scan
line angle)oll SH3dtch.  $hxte] Hojm AR XS0l QlojA], AHo|3 AXUE ZHJE2HE Q] Wi} =7
Zkel(intersecting scan line)5& ok AXWUE ZHdE T 2709 HAEUE ZYPgEo] thsf Aold zZ=
Sof Qlt}. Aoldt WEEZRE S XS] LFIE WALSIE A(insonifying)e Aoldt F3F Suhe A3
t}.
[0026] ©iQtAQl AA S, ERAFAE HolE 9 x4 T A(sequential frame)Se] T Fob o]%
HEd, o)W, dFH A= o8 B oju]H(extended field of view imaging)¥ ATHCE, H]-AF A7
" (non-linear scan pattern)E°] ©ol&H&= Ao, E#HAFTAZ 3H=E $3 oYy EWSHOE
(translate)®= -, L= B2 o] X|(target image) S EFSL7] fl8] v EdAmAE] gitdow
EAM(position) H&= A5, ©lolg ] old HXFUE ZHQIES Aoldt AEERFE oHid F9
HE

(overlapping region) &S YWER 5 dojA], Aolgt &7t Sdo] AlFHt. WHF FE5d gk o]
Z3gto =M, ~Eold o] AlFEr).

[0027] Fdg e Aolgt FHES Yeidle=, dolHe & EE Al oo ZHQlEe] xFHT.  CdE
Eo], delge 379 A zHRlE .

geometry) 9} Z+Zy AdEY. A7 ﬂ-‘ﬂ"é——%, e, F ﬁﬁ(curved 11near)
sector), ME®(Vector®), ololo] EWi(format) &
ZE 4 ul. 9B Sof, MY E%i‘—.:r/ﬂ(linear transducer) = ] 0}04 22 270 HRIES, tlo]E Y
3ol AZXHE ZH o e A3 e ddtx oz HAzZe wme PJPAPHE (parallelogram) 270 E™
(scan format) & 37]9] Aolgt ZHEE(dE So], +/-10%(degrees) @ 2 (normal))= 7}z ~ElojHr},

[0028] dlelEe] shte] HEWUE xeQle] tfal], =7 215 ERAwA o] Adoldh A A EoA HZH

Ak, & 5 A oo 27 HIES F Xz 25E vEd 4 vk, A3 xW(linear format)S

O] A, 270 FAEL HAsiH, EWNLFA Ade 7b(origin)E =70 #FR1E9 w4 (intersection)E°l

W3 FLe WFolvt. A7t AXUE = qle Ak Wako 2 EQIE(point)F .

2 d2A, EWHAFA(14)9] W(face) SEFE Aoldt 5L, AY e 9HE e dF Eds

A(14) o] BE EdATA(14) HA9 290g oo]# 2 Z XM (scanning apex position °
2= s

WA FEW (transducer surface)S can line density)© #d3tAY EE=

kD
If
=
)
~
w
@
o
—t
o
=
(@]
o=
=
<
@
o,

)
=
)
rO
i)
ol

ol ZAM(scan line position)?] ¥F=2A WAHTE, 270 29 D&, dolgHe tE Ty di} Hluste] 4
olEl9] afuto] g Qlel tja] Aold 4 =, olEHWH, Fold 7Y UEES VHAY e UEe] WE
Ao ApoleS 7Hd 4 Ak, X dolHAE|(spatial diversity)E Zldhes 2FE AbolelA o] e Tl
270 ool =70 2421 7]¥U(scan line origin) & Z4 %9 We T ¥WES] Ugst 2345 T 499 A

o olgd 4 gth.

[0029] v©lelEle] HEWE ZHJE 7}7he Aoldt 2Eoy ZI=E T T3F Sl t&dtt. o & Eof,
o hte] dolEe] AXWUE Zy g AHE 270 RlEe Rk Al Weor  olEHW, ENAFARLE
B 10% #=o=7 A", & dolgHe AZXUE =Zydo AL, 27 #elEe Iuke EdAFAREE



[0020]

[0021]

[0022]

[0023]

[0024]

[0025]

[0026]

on
J
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0% 5 452 Agdn.  A39 delge] AXVE ZeQle] 45, 27 #1E9] A E
Ay, FH2(plus) EBE vloly 2 (minus) 102 B Al Z(zero) ©]9]2] goldt ~E|ojy Ztx=Eo] 2, 3, 4
T 1 z2He AXUE ZHQJEH A o]&d 5 Urt.

glo] EdaggAle] o3 AlgEE ~Eo]= (s 7

SFAe #E T zZtE e Aolst whaky) Oﬂﬂ—E]\ﬂr gﬂxqoL Az

&g o e = 3] } 2

7Fedt HulA| mivkelty. TE o2, 27 E‘rdfégl é?ﬂ‘é OﬂoP—J‘“

o] EE|H, dHolEe] 27 A A ¥

o E o2 duA, 270 g5 dolee 7zt Axyd
o =4

TAE &, o]EHHW, W Z(azimuth axis)
3
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=
[y
S 4
>

-
o
)
{
rL
r [m
[&l
&
juiss
il
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o
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o
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o
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2
™
oy
Hel
s
(m
[kl
&

_l

ro > ©

b ok 2
u.
9
= it

o]
¥ ar, "]-4%4 Z}%=(non-normal angle)
, oA (energy) = Bhbe] Erllof A
=5 ot F 5&]1’%.
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=
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o
=
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=
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-
<
D
ol
[
-
-
[
<
N
2
o op
o

. gl
ZH E}o 55 mEt A, Aoldt & (pattern) T FAAENA 270 g9
2 A =2A, dojEe AXHE Ei'ﬂ?:!

dgt 2~ 15| o] &HA T,
1 Fotoll= Aolslk 7] ~Eo]H (electric steering)©°] Al&%

=]
=

ot
b 2

[0032] dlolEle] ZH7ke] mejole WE on B
SeogqEn. Zdqde 249 e s Todel @ AW 4 Y. Aol

A 1<) &2 R
(interleaved manner)o 2 ¥ 22 4= Ql=d], o|&HW, & T do] g #A(line)E & IAES 15
(group) 57 AEIB] B ¥ (interleaved) shte] ZF ol digk s & A5 aFEC o) 23E 5 9]

o}

[0033] AZXYE ZYIE F slu T & oY AFTVUE ZY s, oZHd, AFXUE ZYdgs wF

(shadowing artifact)E X3+t 4= ). o|mx|E LAA|7]7] & o]&H+= ZF, HolH=
ol
=
o
=

=
sty &= 38 A ~70 sj€l(linear scan pattern)(Z, RE 2AE|o]d L5528 Ax =y
EA E

i
3] sdE)S ol&ste] 2zHE dolE e ZHlAAY MEYY HdFE = WEFARZHE =

v WY == 3o 795 2] 93l ]% k. = 39 #E o]ux](phantom image) — H7IME =

-9+&=" (log-compressed) T ZA# (color)oll W (mapped) B-E = ©lolE (B-mode data)E o]&3dte] Z=AIE —
v Ode FEEY MEY] dIFES ‘JrE]r‘ﬂE}. olgfgh ool A, 7} o] AMES-(darkest shadow)= HHY
¥ EW@AFA Atole] Y ®W(phantom surface)ol] $1XE <fo]o] E}Al(wire target)ol] <&l op7|=&= 4,
o2 279 AMEES dEle] HZHo] ofd EdWMAFA HZ(suboptimal transducer contact)ell <]3f 0}7],?1_
o, F7] EE g2 A 240 g2 AxZ(soft tissue) Bt O 2 7] T S opy|dte A, ¥ E
= g2 24 24 Uuarge] o Fe v o v A7) @8 (intensity return)Eo] R @t}

[0034] MESFES 27 G9lE 5 2Ho" WIS mErt. % 39 odi], AFE 2 sfElo] o] &F oA,
olmd e ~Eoly WEaES 432 gel(vertical line)Eolth. polo] I EFE EJAFA HEES(wire
and poor transducer contacts)S 3719 & #FeE EE s aEE5S wet 74" g€ (reduced
return)< Z#}SE. AZ=Jel] 3 okrld FAaE 3 ¥ (reduced acoustic return)<, B-EZ= o] 2] (B-

mode image)ol w3l o]-&%F ZAe] W (color mapping) &2 23] = 304 ] oJFL Aoz =A|FHT}.
[0035] EAH(52)odA], AMESE] Aadt, AMES hve 253 A28, oJEHH, F2H(50)dA HEd
ZHAJES 2337 Y3l ol &H LT A" 95 FdHEY. ddtdoe=m, AFH, TERAAN, e o

=
tiufe] 2 (device) 7F 1 A4S ST

fu lm

[0036] E2H(54, 56, % 58)& FA(52)2 olErh. FAGHE BAGEE)NA AU FYHI A Zelge
2REe] ZRAds ATdT. AYL oFE AFASE BAGANA LU AFE] 98 ol gHrh,
wbdow ol Bt o 48 sAEe AFE F a



[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0037] Zae dolH 9 Foxl e e ZHAom Fdftt. M= fae Aoldh Zy gl &)
A e dE B9, Foxl ZHde, MESES s g8 o ZHdEFS @A wlA2H (registe
r)EA geth. 2Fojd I3 A diE], MRS AE dolHY HEIE ZHAE F oS e E ol
(A& Eol, BE) HEWE ZHAdEd disf Fddrt. 499 Fo4d HEUE =ZHdel digk e, o
olEl9] & ZHJES o &%l Rjlo] FaH. HolE e ZFod HAXUE ZHQlE ZHzo] gk =AY
(projecting) % 7}&2 dlolH 9 & AXJE ZHJEH syH oz Fadrt.

[0038] ~Z~Eold 3 F{HE H olE] M E (fork-1ike

FoIH, elHAEAAY AESES Rrbe EAY obely
artifac) 58S AT 4 e, EAY e AESS ARAR(detaiDE F710, FAAA FU-ATH 7

) [e}
W (distracting spatio-temporal variance change)E<S X 3t}t. 2Eloj® F7F FAAA Y

m

E ZydozREHY olg|HE(artifact) E2 AXHUE Iy o] H&8H 7tz 93 7
> 2 A)7d (frame-independent processing)= ©|-&A], "ol AXHE ZHJsE T &HA s HXE
dnte] F NMESE Zte 49, 1 ZYdY NMESE BAste AL, 34 ZHelX](compounding stage)

e $FAERTE HolHE &A= Ae vt

| [e]

[ oA o

ot K o K B
/= v o [

(00391 SHAGHANA, TRl e delElE Zede] thF olvix Zw E: AwE(inage angle or
angles) & Wt TRAYEG, EZEAAE dolge] sht Ex E olde YEUE Zadsel B TAM
2 Fad. dolHst dHEAL £ g

Lo

29 (dimension)©] A% Hde, dolge Zyde

=
| ZEojd o3t g

K
-

S $s 2] | 3 Z2 A o] Fau = A5, 247t Zede o
AE 4xEe == 270 ®93F(scan direction)EL Aroldith Aoz, Z2AHA Wk (projection
direction)< “Fo]sttt.

[0040 FA3 7o, A WEke we

A
oy
3
ot
-
o
w
o
oy
=

o o
~

g

o(‘D
5

<
<
=2
X
>
==

[0041] 4 gtk A AN, A% Awst YT BE A% due] 9= =
YOS Fshe Aze] 2 Bl E el(line) 5wt delEst Hemad. Al delEn BAw
For 27l BE EE 0E BAE 42 BF Fol ATHEZ, F 71 AAsF o188 5 Utk B

= E o 3

A=, delee] Zegle] o

ield of viewol thgt FWae] We MEs HolFe 742t gRRl(dE 5o, 77t =

N

[0042] Z2AHe] T2 HAAld oA, dHlo]H9 TP k-3t (k-space) o2 WEHEATE,  o|u|x] dHo|E FE=
dolee] = e 2319 Fuk4 A9 (two-dimensional frequency domain) o2 W3tdth.  Fglo(Fourier), 2
211 F o (two-dimensional Fourier), i< 3Fglol(fast Fourier), F+ @& ¥H3H(Radon transformation)
#e ool Wdke] olgd £ vk, FEd EE & FIg 49 B4 o84, AMESE 439 44
(linear nature), A= FFEo] #d ov]A] oA (image energy) whiio]l k-&3ke] ©x 719

g

Aldvel DBE AFsFEE, o714 = SWg T

£

o,
gE
Ay
=2
N
%
d

A
rO
il
rﬂ
o
=
AL
Ho

¢

RS B

% g9E 24, ded 5450 dojgz



[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

SE551 10-2014504

I—H

Al &) A
—rﬂoﬂ W3l (two-dimensional Fourier transform) % A = Eix—ﬂ{%
284 ou|z 9 oE EAST. E 4E 2 7AW
o]u] A (color mapped image)e]t}. SPARELS 3 =S O}El@]“E%ﬁr A FgAES 4°1E(pomt)6hﬂr
02 T2 GA(line) &2 Aold AYER o|FofRa, =9 A#AHX ey, Wil o) AFd =
KeN
2|

|

o e ZzAM onAeld EARG. E 4t 9 4u-dF JENE B2 gyl 23t
A

.
cI83lel, & semye A4

o
2
£
=
M
=
©
é
1A
D
1
Qo
<
1%
(e}
Qo
Ol
HU
[t
L
i
T
L‘i
r*ﬂ l M

f 4

2AMo7 &, TZAM olnX=, 1Y FHS zZANE 23¢9 = ¥ H(two-dimensional field of
view) UM R =AY £ G, T 99 v diojert A™EE A9, o AAR o8] dF
12k A} mE= ojdo}# A(one-dimensional aspect or appearance)’} £A8 4 gitf.  Z R AN "o]m| ]
(image) "7} AA71A o] &= = &<, ol& HaEH o= o7} ofY ARk, 2~ ]

A olu| A= Z2AM o) AR dolE e ot

[0045] ®&S HEgo] flo] F(sum)To 2 Z2AHdo] Fau s A5, T2AHL O gso=, onxy 2zt

55w 239 Z=(two-dimensional field)® -t 1 &L 715250 thak 9 (mapping) #oll

F(56) oA 7HeXES e A9 FRo=A dAHEY, Z2AM olnxE, 22 M FUI S
=

_ | R =
5 2t A7) o] = W9 E sEUoIY (populating) FromA AP oY AYdHET. dE
T2 iﬂﬂ% A

et

ML offt
kel _1>4

(vertical steering direction)S Wl H X Z 2 M(average projection)S
olm| A7} AlFHETr.  Zbzke] 447 gldl dis], 2 #F1s wheE d&shE He

ol @ oo rlr
oo -

§

& ojo i
k1
SN
o,
[H
fu
2
R0 014

O Jo 1t o= g yn
o
ﬁiﬁmm
e}

B

|

29

dr

2

s}

ol

i

Ko

(]
[
(o))
—

f

Ei*—‘uL ojlu| A EollA, Ztzte] AEjold] wWhek i 27 #9lS wEl FA3 M77F AFET. o2

2 A= ZHele $ERA HEET. o E Eol, FIg dAdA AEYE dolE= @A AH
= o Bo] XslA, 24 01‘3]}]01]/\10 Zlo] %<4 WM (depth dependent variation)g ©F
‘:}% o 2A, Z2AM ouX| 7t WMAEHAY = o] ZAEA, 7] (contribution)7t Ze]e]
HELAD, o 728 xS0 ¥E =S ﬁ:i:(surface shadow source)Eol o3l ©] A& M=S-E
7H F o delA, ZEAMA oluA zlold ItrA AE AVIE dENS oA, IF(inverse
function)”} ]84 4 9},

B
2
il

oo

I-E_Lz

£ N

N N D
e ol

fu

X

[0047] &2F(56)lA, 7dol FHt. 78 dHeolEe ZHds 7tserl A% TkeAEe HAE
(collection)olth. 7182 dlolH e AXHE Zeddolr FAH= S5 B o3t AAE 2 g 7+
A5 e, Uk em, A7) steAls AAEY 25s A AvdEd. TheAE2 S2H60) A o] T
Aol AEEAY, B 2H60) o e o] FEomA HEXUE Zy o] H&dn

[0048] 7}EAES MES olHHES HAAPTIES AAHrt. AMEded 93 op7ld o @ Al7|Eo] F7}
Ha ggla/me AEdd g ofrEx] 2e © ¥ AvIEe] #adr. MAMEYS AlE$ 9 (shadow
region) 7} H-AES 9 (non-shadow region)E Atole] ZE Aol M7E Ee #FES ¢ 4T3 o|dgolHd
(equalizing) o EX ZFAHT}.

[0049] HAYL ZzAM onx2ZRE FAAT., Z2ZAM AR (projection information)d] 23y Fr=x= 7}
FAES AAs] 8 olg¥Ey. T2AM ouXE FHEL IFAEC WHEHT. A AAdeA, WF

(mapping) 1 o] 1o]ojx, Z2AM ojux] 1 A7} 7 ERA o] &HTE, Z2ZAM on|A| ] FrEo] 7}
FAEl7] Wit olme WRAE HQAsHA| vk, TE AACdECdA, doo HAF EE v-AF §E g
(linear or non-linear mapping function)”} O]J‘lg F A}, dE Bof, TEAA olux9 FF HL7} 1.0
7] 1.59F 22 o 22 1YY JhsXEd He. ZRAMY 7P e #HE B AESe duEA &2
AAES 1.00 WG, 7PF e A= ‘°r9]r AFE A E(AE Eof, Z2AAM oA A9 FHiA A7)
1.50] WEo], HAEE Z/AZT. Z2AM olu| XA g A7EL, AF 7l F<(exponential decay
function)9} 22 A9 45 o] &3le] 1.0 WA 1.59] #Eol W, v& HE°] o84 4 v},

[0050] AWl AEAEE dolge] ALUE Zelgde] 54t AFASe] AEUE xejge] Zzamo
298 4497 B, e FEIE ZeQEarEe] Jut ogux gttt A4e YEUE a9
AFAEL, dE PRUE ZAQEREe] dolHE o3l glo] AEUE Zede dHolgzry =iy

NES Aat ATUE ZaAgel EAE A=Yl PR

e

[0051] &2H(58)°lA, 19] 7152 dHolE Zydel A
44 TFEAES E 22X J
A

2 N
mr

THAES A2 ZHd 3]

| 3
drel 94 T e BgEe AEAE BAdt. oE

_12_



[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

SE541 10-2014504

(division), WAl(addition), "™Al(subtraction), THE 5, T o5 X5 ol&dy. 7TAES
AL AL olE|HEE IFAATIT,

A4

[0052] %= 5% o Z=AET. = 49 ZRAA olnxE JEERA o|&HY. L 39 o Z=AE uHbe}

2o dolele] el w de] mzaAM ojnel o3 FEHLt. 1 Ave w 1 =AR dolH e A
oot A% ofElWES] A4 EE A77h AR oled oA, 7w w2 A M (single

angle projection)&, &3} ojnx|o] that EAo J3FS ¢ AT}

[0053] 7lg2 =3k, ZzAdo] ek g EFZo](noise floor)E 4 S7HAIZIYE. & 394 Aj&=) 9]
He o 4 ZolEoA, MEYL HAE oEHEZS L3t oE 85T £ dAY EE A
(counteract)¥ 2l =] & A o 2e W3l do]E(transform data)S £SO ZH,
1 gsFe] fradE g vk, dE Eol, T3 dgo=® thAl(back) WE3Y] fla o 2 W9 AEEEZFH
ol 7} daldn). o dox, 7EXE v T2AA o|nX 9 A, MESE sty FEAE] &
A = (near field)olA &R ] Wo] WEHi YA HE(far field)dA X ¥ AA HEHES ==
Alz=¥th(processed). ©]= 3fte] dA[AQl HEAlol A, 7teS, ovA AEES wEt ] &2 YA EC
e Eoh= o 22 g5 g8 o 42 BE(S, 1.0¢] ° 77hE) o]t

[0054] shtel Zelglel @ AFe e el AEH SUHlG. AFAEE FUAAY FAS

AR, GE ZAYEEE Wi AEee sl delHete maad. fedsl AAdEeA, 157

5e dolee] shtu we o) Zegozyel gu goolth

(0055] BAHE0)NA, Holele] A5 FEUE ZedEe Nz FHAt. F 2 G BAT 42 9
%

Hx St A Y (finite impulse response filtering)d] RO ZA 3=
N2Ee 229 onAS 98] AFXVE s 2Elojd F7 dA4S

o, AIZVE ZyIdsL
%% oldd A9 23 FE (low pass filter)FAY th2 WA ow zaqrs" 5 9t}
[0056] AEXUE ZHAEL 54 AAES Y E dHolHE x3stt. dojee Zydso] vdd dXE

Xr=

[e}
EE 28=(grid) & YElE A5, T3 A& Yehde 42t ZHdozieHe gES 23dEY. o
AN oA, dolee A& 28] AM-ABEH(scan-converted) ZT#H A (frame)Eo] AE dAdATt. 27—
ZHER Ar7E o]&FH7] wie, HEFE ZHAE Z+7e] dolge wdd ¥ 9 Tgl= dd(grid
pattern) ¥ &7 9% MZ=(spatial location sampling)el Qdth. TlolEel Z#Eo] =
S W2F MEH(sampling) S YEME A, 23317 Y ol &He #gES A9 & AXstr] f8 24
o]2 = WWAih(nearest neighbor or interpolation)o] ©]-&% 270 AW A (scan conversion) ©] Aol
7l A E A, JdHS B fAeE a3y sYskA @2 %ﬁ AAES YERlE L2 HoHE 34
3}7] $138), WAat(interpolation), 9J4F(extrapolation) ¥ thE Z 2 A~ (process)Eo] o] 8F T},

[0057] Z=3F-2 ZH7Fe] Ao digh Ao}, wlojE e ZHAES Aok oy F99 Fdg AAES e
dok, HyYWE ZHdE e, gaZde] e WP F9E el T3 fXEe uE A=
dAddTk, Aold YA Aol B ZHYdE F dSshe gEY ARE 4 9 A5 Eof, oW
T9RY © @o] YehlE olm |7t BAHETE.  AEojgoR R, ¥ A2 AXJUE ZHdEo], HEXUE
ZHJE EFY eHF 9 59 AAES vEdT. FoX ¢ 3171

AXJE ZeglEe] ol8d 4 Svdl, o8HH, 23 F9d d&iie ZddE E57F 183 o2 94
Sl deide BE ZddERYE o H ZHYEe] ol8E 4 Ut

[0058] A& z3g 2 n-A& o] o]&d = v}, o= So], A A& (maximum selection)o] AT},
2 doA, Hito] HLHAY. AFUE ZAdE Alolo] ~E|oly A% EE RAH(motion) & <l dite
AXTAE ZHds zHJERT Fxte AT gol, 7t Ho] ol&E F vk, HFES 3

=
&) AnE PAEE BaAd & Y. TE A8 E u-dE J)EEe] o9 4 .

[0059] &Aoo = A= o|u X (spatially compounded image)o] wal ©d Z3lo] o]Fo]xitt. o]n| X &9
Al dAE = gtk A2 AEYE Ty dEe] (G0N AT, A7t 23S e 2H/ Y
dolgh AXWUE ZdER o|Foltt. FAXWE ZydE] ol A% F(moving window)E o] &Fo =M 4
o] 4 dojA, Foj AXUE Zy o] EF 2FEoA o]fHT. MES Tave e HEUE =g
Aol izl 13 FaErt. AXUE =z 1 AAE HAEA 7] Wi, MESES a7V g dF
b dolo] xFe] digk Zadd AL&Hrt. U vted HEUE ZHde] 9o x3E ) o84
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[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

SE55 10-2014504

S At ARE gE AAdEdA olde oW Zedsd uEHE Bl wel A4 (recalculate)d
otk dedoewm, A7e HIEWE xygle shte] el dis) AL O 2FSME o] 8HA &
b §4 Tege §HozRy edn

[0060] EZH(62)d14, $ake] ome Fojo) oju] X7} wAETt, ERAAM EE taZee] =z MM (display
processor) & OlUXE A7) e dlolHel JEE HEWE LeYsS 2FFORA FAE HolE

A E T d(compounded frame)S ©]-&3tch. At XES YEE e HE Zd gL JA(pixel)
EE o)A (image) #ES AAS7] H3 olgdt. IE #ES t=Edo] ghE(display values)ol HH
o 20 AWML, ol A Z2 A5, dHolH dE Zdds dxEdoldl W (format)E 5

ohﬂr_

A

[0061] 2Elol"d &7+ 34 o|m| A (steered spatial compound image)”} WAYETE.  olm|RAE oWz £
olu o] A gk, ttE YAES ¥est = gl ouAlE F(viewES X FAozRE TAE T FA
H o]u|X|(spatial compounded image)o|t}. T©lolEle] A E ZTH IS FrHH o W/ AytF oz FEE

)
(filtering)she A3t ¢ F7ke] ZEAgol o848 & ek, olviAde #48 vehed], oS, 4o
& 24 9 gE FRES AEGA,

=

o
o
[}
Do

=, Z2AM 7x3 JtFoR A AaHAY B AAE & vk, 2EoH

He oz A= X (shadow location)EoAe] Az o] Jeolo sjists Fx71 =
o AHQ olm X e, tE WHoRE o]8UbEeA ALY Ee oE o RE
Jol

I
O

¢

o> ot
g A o
=2
>
1
lr rlr

[0063] &= 6 ¥ = 72, +15, 0, -156% A& 2~E|o]&H(linear steer1ng)° Zt= 3709 AZXVE Z¢ <
o] &3 ~Ejoj¥ Al (steered compounding) CERE Q] o|n|AES EAJFTE, olmXEL #ME o]l FHA
olo] E}Al(wire target)S o]-&3sle] HAE NM=E e = WE (tissue-mimicking phantom)?] ©]
AEeltt. = 6ollA, AEXTUE ZHJES AMEF A glo] Zkzke] ~Eoly WEs w2 7
o AXIE ZyQJoRHE A==, HlolH ] Bl oJuj]e A FhA] A o|T},
714, Z7e] AXGE ZHde dis] /EA R ke i ok g, $4E onA
MES-ES FAaEAY B AA".

at

o N 2 b

P

b
o%

o &

fru
£

B o 2 m
s
oo i

2
=
o
—o
N

[0064] %= 8 B = 9% +15, 0, -155% MY 2Fo" S zke 39 AZEVE ZTHYES o83 2Eold ¥t
A (steered spatial  compounding) SLEHE Q]  olm|AEL EA|ST}. olmxEL 7t (breast)d
olmiA|Eoltt. - F(nipple)™ AR O MEYS oprleiH, oMAEL 77t & Zdd(plane) ] F%&
270 9] x| (common scan location)®] o|w|X|Eo|t}, XEL THAE E3FeEA] RS E 8 EAH Hle} Zo], o]
A3t 270d 9 (scanning area) & MEYS 7KW, 2SI AR} (sonographer) 7} 7 H ol a5
TZE oluAsly] Qi Aold 271 7] (scanning technique) & o]€d AL 27430, AES A
T2 EE](shadow reduction prototype)s ©]&Al I3 = 9o EAlRE uHpel o], o2 g F4l
(angular transmission) E2F-H ] fF ¥ AR} S0, AREA7E 29d 7IHE IA HAF o] glo]

dole 2AdaEs &gan.

[0065] %= 102 %53} oujAoAe] AZ=S- AAE 9k A|=E(10)S ZAIST.  A|=8(10)2 95 g %=
S-3} A ~®(medical diagnostic ultrasound system)o]th. & AAjooA, A]2E(10)& 7}%5 o]n| A (breast
imaging) & 3% 3 T F ol EWIAFAME(S ZE AEdd 7IE E2F 20Y A28 (automated

breast volume scanner system)©|t}. 7}& o|nAL 23 FF7F AEYS ofr|d= AR ol Edx
FAAD digk HE TAE] MEYS oplete A ¢E B . HF: AdEC] de v HF A

AEo] glE U2 HIAES ovAs ] s ERFAE(14)0] A
2E(10) 5 £+ dHEE o8 olu]A(medical image) 52 T 2AX EE U

(workstation) T+ FAFEo|Y).

o tiEA R Aol A, Al
Z=delaty] % fja el

[0066] Al2=¥l(10)e Z2=Eo® &3+ A, B-E=(B-mode), &F EE=(flow mode), 1LF3} X =(harmonic
mode), M-E=(M-mode), T+ Y& FE=(mode)E9] 22719 (scanning)S A|Fet). ofgolA] =25 = AA]o
A, 2ElojgEl B 34 ES(steered spatial compounding mode)7} o] €Ftl. o]SHW, B-E=o thd+ It
ﬁi/‘ﬂfﬂ(compound processor)(22) $lo] Y HEXIEES o83t A FAIXHEELS A= IJAE

T UE BEES ATE & dr. AIRE(10)2 A5 P A 7] (transmit beamformer)(12), EW27TA(14),

—rd WA 7] (receive beamformer)(16), FE71(18), 2270 ZIWE (scan converter)(20), A ZZA|A(22),

W o
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[0057]

[0058]

[0059]

[0060]

[0061]

SE 55 10-2014504

tlz=Egel(24), B Hie (memory)(26)E XEFFeIch. Aoldh, T A2 EE Rt

Ja

IUEESo] AvdE F

Atk o= 2o], ox#el aAAH ol H(offline workstation)& F7FAQ =S3 2 AZWE (additional
ultrasound acquisition component)E §lo], A ZTEAA(22) 2 TAZHol(24)E Fd3},

[0067] Ed2FA(14)+= A, Ay, == vlolazA7|7|A] Ag)HEE(piezoelectric, ceramic, or
microelectromechanical elements)?] 1x91 HE+= ©xkd  ojdo](one- or multi-dimensional array)=
EEst. A AA]delA, ERAFA(1)E HHE, 49, A (sector), = AP (curved linear), T+ &
A dER EE UFo] My thE 270 ¥ (scan format) S 2A Y AFES 913F A HE (element) 52 13}
€ ol#lol(one-dimensional array)eltl. 7l&F =70 (breast scanning)S 8, o@Elol=, 7MY EF
(volume)& 27133571 3l of#ole] Asstd EdEd ol d(automated translation)S 383k E# 0] (tra
voll e 4 Q. dEdEL ool w3, wub(half wavelength), & e MIZIY Fo&
(sampling frequency)E Zt=t}. AHEEQ wtuld AMZF(half-wavelength sampling) S © & ZE|oH
e 5S 85ty Ao g AHF A (speckle reduction)E 93] o BE F7 tholWAlE](spatial
diversity)E A3}, EdXATA(14)+=, == Z2H(handheld probe), 7HHE] 2B (catheter
probe), T A=W E] ZZH (endocavity probe)®t S, 2} Fo AlE = 3kxl YF o ALgS 94
AgHrt, g FHAoR EtE EAAFAE EE AR 2909 A]~Bl(scanning system)E©] ©]-8E

& 9.

[0068] & /%= 4 WP 7|5 (transmit and/or receive beamformers)(12, 16)& W&7|2A &2 ¢t
o W@Ave, AAAHoR U EdaTA XA M (transducer position) SEF-EIS] Aoldt AEY] Zhw
S0l SHete] dHlolE e Ao e VAH R AEolE HEUE Z#d(steered component frame) &S
FABHEE ATt Aol 2EojY ARES 2te 4 23 H Wl (scan pattern) Ei= AJoldh AE
oY Zress xdlshs old 27 He5e] ojgHt. 274e] Adold AAE AtoldlA, s EE E o]
270 HRIEL Y% V|degRE T A dFE AR, g8 A7 RIES Fold AEoY Z
Egol SHTte] HEHUE ovAES Alwsty] e Adold ArmEelA ZElojd.  Fofxl vl e, A
ol%= shute] A7 2RQl2 dHlolE o] 2709 HEUE Zedsel tgh 2305 AfolollA Aelqt Aol gl& = 3l
G 2 ERlE B s ke Folgk el el ZoldtAl sEejdE & v

[0069] El°lH 9] HXHUE =2 e &ato] Aoldh en Y F95 e $dT 79S YEdd. Edx
TA(4)E AdHor, delHe HIUE TS A7) 9 X fAEn. "dAdHom"E oy
o2 frAlshz Aol ojmshA] @2 wAS, Al o&f oplEs TE Ex vE EA(motion), B Azl

[0070] A% WHAG7(12)+, EWAFA(14)9] thSst IdHES A8d 559 sgE5S LAA7]17] A
Sty e E ol 98 wAv|Eelth. HE oMIE(transmit event) &QF 3HE ZZbol Addid t]=EF ol
£ 9 ofxrtolA o] M (apodization) E& AE&FOZH, EWLTA(14)9] WH(face) Q2ZHH] 27 ol w3k
(scan line direction) % 7|9 (origin)e] AoJFt}t. HHEQ €lol® WA (timing generation)ol] &3] T
N8 AA HEJE(delay component)E°] &3] XAE0] H&HY. olEbo|Aolde, WHAHE wFE9 %
S Alojste B o3 e NE FEH7IE o3 Zﬂ%—ﬂ gAte] 795 2Mds] A, &% A9t

B = o

Sl 23 Bl A2e w cAdow AFET. Y ANATIA, $3 AUAE B EE A
ehels =

4 oMlE T Zdd(plane) EE EF(volume) S ot A

[0071] <A1 WEA7](16)E FA ol X (receive aperture)?] AHELE zZ}zto] i3t XdE 2 FZI)|E5S
xEett. AYHEERRH 4l ASES, dE 9¥8A702)9 HAreE & 2kl x2A 4 (scan line
focusing) & A&at7] fls AHow AA¥a el ofFrhol=(apodize) H AW, Z4zte] HE 27 <l
(transmit scan line)¥ ZAFolgh 270 ZRIES Wl XAX(focus)® F Utk AA® 2eE]a olxrjeo]l=H
(apodized) AT EL, =7 #S 2 T AAES e AEZE & A3 ES A7 Y& A
g = olgd R tiAl7|(digital or analog adder)E& o]&3sle] alxct. &% X7/ (dynamic focusing)S

o] &A], FolR Al oWlE (receive event) B¢k e Wl 270 el ] J&H XAE 2 o}Er}olA|o]

it

F

HEE Azl g424 ARt B9 20 fele tehlls A5Ee shtel 54 oiEd A F5HAT,
5 B olgel 2l s WE AEEe 29 £ S A5 § g delesl duds x
A9e, WIHINE olg3tel AA AL (complete pattern)o] BA 2ATORM TRAT. thergel Al
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[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

E£54d 10-2014504

Olﬂ

oX,

So|A], Fa o] W3 (Fourier transform) ¥ ThE T2 AAL e Lo Swste] F218 024 dolg Y
A5 < ¥

AAst7] f18) o] &H ).
[0072] #HE71(18)& B 2= AE7](B mode detector), =22 7=7](Doppler detector) =& U& HEV=
xgsitt. AE71(18)E dHolE e HEVE =z doae] Zhzbe] F3F fA|ol tigh AsEe A7), WRA g

(velocity), oy, 7I¥E k= 2 EAS AZsit),
[0073] =70 ZAWEHCOE HEFE doHE =7 e XU(AE &9, =FEL EW(polar coordinate
format)) S 25E tAZdo] = H7I2E FHIE FW(display or Cartesian coordinate format)o= ¥

(format)3}7] €43 T=2AA, dE(filter), F53 A 3] Z(application specific integrated circuit) I
= g2 ojdz2 E tA " fulo]A(analog or digital device)E E&3sth. A70 AWE(20)= dolE Y

717ke] HEAE =g tl~Zeo] EW(display format)22 F¥ert. HAXWUE ZHIEL taFd ol
79 (display region) 2|5-9 7955 Yell= A5l e @ghss T3 5 9

[0074] 3t Z2AA22)E Y E= = oY HEYHE, ZTRZAANE, Ao ZEZAA(control
processor)E, UXE AlF Z2AA(digital signal processor)E, FE3 A IRE, - 275
Alo]E of#o](field programmable gate array)E, THE, HEZH A (multiplexer)E, W3 (buffer)E, A
Zl(multiplier)E, ‘:““7]5, 59 HolE(lookup table)E, EE o599 ZFES X3t A A oA,
A T R2AAM(22)=, Z2uF olu]x] LA mlo]Z e}l (ultrasound image generation pipeline) T EZE A
4 Z(processing path)(Z, 441 ®W&A7|(16), AZ71(18), =70 AWE(20) ¥ yx=Fdol(24))29] a8x
olERFH HolEe] HEES o83 on A T2 (image processing)S A8 X3 Al FUbE=
el #AFFE (personal computer), vFE X =(motherboard), 7l 3|2 7|# E+= & I ZAAE E3Hsi).
& AA 5NN, FA ZEAA(22)F o|vA] A o] il (image generation pipeline)®] F-o|t}.

[0075] AZE9 o (software), 3F=9lo](hardware), T o5 ZFES o|&A], A ZTEAA(22)E do]
Bl sy e F ol ZHAEAA UEUE ANESES ARAVIES FAAEY. dolHeY 479
zHd, o]EHW, 2EoH FIF FAE A% dolge A7y HAXWE e, MEYdor e 29

HS o] &sto] ZRAAHE.

MESE aA717] 8 1 =g el digh 270 v]o] ] (scan data) Rt
[0076] 34 Z2AA(22)E, ZdUE 2337 3] o]&H ~HoY W (E)E w v 1AYE w7
217171 98 ZEde dolHE Z2AYSEE FAAEY. AE EE 4 27 fBRlE BE dd x9S
Zh= g1l ZEAMA olgdr. #HlE A4S mE2E dolHrt 2FH e, oEHW, 234 dolH
L= (two-dimensional data field)7} 1A o2 ZAFY. o AA oA, Z2AHL ~Eoly Zt-58 u=
= foltt. I ¥ "@Eo® o|&HAY Ee HAS ) ol&E 4 v, ZRA Mo, 2xdES] HAES
Yehe dolE e 2 de 715sty] s8] o] &F 7] wEd, T2 AL 239 ZE(two-dimensional field)2
TfeAER dEY. dE 5o, 449 27 g Ee #dS wEE 3 B §2 44 27 #BdS

nEs RS B e TheAIEA HSAlE.

[0077] T2 AA oA, T ZT2A|A(22)E 2219 Fgl o) (two-dimensional Fourier) X T}E H3LS o]

sto] ZRAYSEE FAET. dolEY ZY YL T d9gos WIHETt, k-FItA, Z2AAM ojun|X

5 A3 8l delErt Ay, odE 59, 2EAY 4E BE 2EAY 4EE FAHoR e 4EE
H3kS

o] WHHEd dede SWIEF FIs F& wWEv dolgrt d9d AeiE dolge] o
AEggozHN, A ZT2AA22)E 7ITAEY 23 Z2AM ouX] Es E_‘(two—dimensional projection
image or field)& XA},

[0078] &4 T2 AM(22) 1239 ZZA M (one-dimensional projection) & Z2AA ojn|x Z2RE 7}5%
58 AT, EXES ZRAM oux9 AY|Ed APor V%= FEY WA F5IA AAHHA
s T HSe] e, oE AAdEdA, Z2AH F7)¢F JHEAE Aele] H|-AE #AZE o] &),
= EE AMES o84, F Z2AA(22)F oy Zy e ofs ZAIEE ZHe] A o

(0079] @4 ZEAAEDE GABL A delEE ddstn, Qole] TRAME ZeAsstn, Teln/EE
NFAEE HIAAT 5 Ak, oS o), B o4 AFAE EL Z2AME A9 F D6l (lov pass
filten®eh, the d2A, AFAE dole] F5uA Ei ~voly 4EE wel WAV A8, F5 o

o] dlolE7} Aeld AL i x| Eo] MAHT)
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[0070]

[0071]

[0072]

[0073]

[0074]

[0075]

[0076]

on
J

361 10-2014504

= [e]

. = T
d FEHES A4a. o ok 4719 oai&:a sEolY AEES B2E dAES AFAE o8 F7he
9. ge NS Qe FAEAL, AR ANERT § 4 Aug FAEAY £ dad 5 A
AFASE A e AgRAT, U4, e, B4 £E e g5l olgd & Ak AFAE E:

N5 A8 A= (thresholded) 4= dE=d], °]
AE]A] (percentage) & W ule] Z2AM ojux9] <
ALHA 7 1.09] 7HsA7E A8, AdomFEHe| IAA A

L9-9 A ThsAdol o dlolAd, 1.02% x=ddto]d (normalizing) §Hol glo] A&},

ol

[0081] §d =Z=AM22)=, HeolEe 7Igd XEojd ZHdsERFE §4 ouAE TANT|ESH

A ZRAM(22)=, HEEHClE Al Aol 43 795 Yehdl= dHolH el s = = o

jus

-

oX,

i
=l *
c

ha

qe AXYE ZTHAES 2F B FHSES PG, dE 5o, A4 Z2AAM(22)E, s fEl
ATHE ZHAdE Zzbo] st w2y 9 FA7) 28] F3 98~ 2 JE EW(finite impulse response
filter format)e] HlolHe AXHUE ZHlE ZHZAo2RY Fojd 3 fXE Y= AEEs 2%
3 FAVE 22 dZ4E QATIE Zteth. dolHe AXVE ZHQEY AF e H-4y 23¥E] Al
T2 F v, ofEHWH, Hu ASE HAsAY e A, A3HQl FAE dHolE e omAE I
A1717] &) o] &F Tk

[0082] 3 Z2AMA(22)= AEE 28 =70 AW ESR dlo]H(detected and scan converted data)E Z%
st FdETh. tibAQl AAd SN, FAY = 1]"1(22)“, A=E 28y 270 AWERA o5& ol
detrl flE AE71(18)8F =7 AWE(20)  Afolel
71(18)9] 21 +=7](log compressor) ©| Aol EX|AE A
A5 vehllE o HolHE X238t 98 e dolH

F qele] AAe7t o8 & Aok,

7}
[0083] < AAJofoll A, A T2 MM (22)=, AXIE ZHYJE 4S A3 ojux] yyxaEe] &< (image
display plane) T+ WEZ(memory), ©]EHW, 6719 tyx~Zd o] ZdA(display plane)ES s 4 A
zre] =& do] FHQle, WEEFHY I EF FAA HE gk 7155 3 &atr] bt

= 9 Mgz} Ho]XE(foreground and background pages) ZrAuk - o2 W 2E FZ(memory structur
e)E° A¥d & Jvt. HEHE, &F E=(flow mode) T =2 2= ggbu|g dlo]¥ (Doppler mode
parameter data), B-EE= W|o|E (B-mode data), Z&] @ ¥l AHH(color pan box information) ¥ T]2=Zd 9|
79 ZAA AH(display region border information)®} 72, Z}Z}o] F7F ¢X]o] gk AHE Ao, A

o] gk

=

w Hﬂ

(detected but not scan converted data)E

FIXALGAY, v-d=5 FARE 2337 Y A=

U, m= AE7)(18) oo TAMRG, Tde 7
3]

of AEXUE Zedss =Fs7] fsl gt Al T

o H’-l
rob ool
Mo

=~
Ly
_

“rlrm

off FAY) AFSel $HaE WHE J1o(F, Aol JlzsE Pold GBS olgstel FILUE xeg)
52 2P S HOlBS ol J1F AFES TG AFHAL B AFES AE. ol
@ $ES AEIE TYYES 2Fe] A8l FoI@ AFEel EF AT & Uuh,

[0084] P4 Eel®l TEA2E, WHE WEE AWES TAR] AT PIEL v-QAH AFE-L5S

A wjAE == RS (non-transitory computer-readable storage media or memories)(26), o]ZE|H, 7
N@mm) Wz, AR, &2 wiAE(hard drive), 3t= =gto]H.(hard drive) ¥ & FAFEH #BE57}
Z 7%} wj A& (computer readable storage media) 7ol AFHTt. HAFYH F57bs AF wjAE

% g

53%«] g 9 ey ARG wAES et EHECA diaE EE% 2 A A A 7€,
25 e H2A(task) 52, AFE #5715 A wAEd BE AFE #5715 A wAE Gl A3dE
HHEY v = T ol ME(set)Ed SR AddArt. v|TE, TIE e HE2IELS, 53 §3
o] WHE ME(instructions set), A% wWAES, T2 A = ZZAA A (processing strategy)d =

E
Aol o w H 2JEO F2sE AXEY S, sl=dof, H4 325, FYo(firmvare), Plo|A2 =
Z(micro code) 5o & 3= 4 U}, nIIAER, ZTEAAN HFELS HE T Z A (multiprocessing),
HE Bl A7 (multitasking), W@ ZZ A4 (parallel processing) & X3t 3

rl

m%

PN
T oo T

[0085] QA AAdoA, MHESL 274 = 974 A 2E1S(local or remote systems)ol 23t =,
2] wj A tjule]~(removable media device) Zdol HFHTE T AA|GEdA], HHES AFH WEHA
(computer network)S E3 T A3} ZFolE(telephone lines)S F3 AES & 974 Ao

T O AAlEdA, BEES Folxl AIFH, CPU, GPU B Al 2=F o A7t

[0086] Tl=Eeol(24)= FAEE 253 ovAE HaEdelsty] 9% (RT, EYE(monitor), &R 2%
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[0077]

[0078]

[0079]

SES3 10-2014504

(flat screen), LCD, ZE2AA T tpE txZdololtt. tyAaZdo] g =Zd A (display refresh) &¢F, FHAXE
VE IgQEe] dxsa Z2AM e Z2AM o7} P, TRZAM ojnx] Ex ZZAHOZEE
TVsAEC] AR, AXVE ZHQIEC] ey, 83 JteE HEUE ZHdEo] FAdH Y taEddol
(24) 7l o)u A& “”@’\]ﬂ‘ﬂr. gxZdo] Zd9 WXE#E5(display plane memories)e dHlo|E o] Z}z}eo] #
EUE ZH S 8 o]gHrt. dlelEY Al eyl dolHY HEUE ZHdEd SEste 4 ol

% THJERFE Y Ee HEUE ZHQE F v HIEVE =

ujxjolt}, JFoldt XEL Fold HEPE

dAEZHEY = HFIVE IYds ZFEHHY #HES 2=t g2Zdge] oAl ¥ (display image
format) ¥ TAaZ#H o] 9 Altha] & (trapezoidal), AFcFE]l ¥ (trapezoidal like), AAFZFE, AE | 3}o)

T (pie shaped), HE® E+= o} Fo|ty. FA o|nX &= AR JHo]E(update) ==, o] ZEHH

dlolgle] Zhzhe] A= & ﬁiLﬂE Eﬁﬂ‘ﬁo] s, a3 gy A oHAIE FAdsr] fEl dlolE e O]
oM A ZEE AAHAY Ee WIHZREEH AAR ot FA ol A7}
AdelERT. dityo=, "”\]Zl gL, diolHY HEXWE ZHdE9] Foldt AEES 217t AE o
3 TEOZ o]&HE oI AIZUE ZHAELE Qo] EE AFY(few) HAIXVE ZHAE3 Ao ZH

= =2 =
ATt T O gl AAldEdA, xRl (offline) EE H-HAIZE 3ol AT

[0087] ©Tix=E#ol(24)= dolHe AXHE 2y dEd FHehs F4 ovAE Hasdolst=s w2713t
o A olmAlE AEd eulE fAEtHA, 23S (speckle) S AT, dolH e 3 e
A o)A EA faFEdeldtt. dHolHY HIXWE ZHJEL T4 glo] onAES A7 s o &

2 4 9l

[0088] tHerA el AAjdo A, AL 339 HEE 4% o] (three or four—dimensional imaging) o 2 4=3f
Aok, dlolEe AXUE ZJELS Jolst Fuhek ¥l oly} 5 2E|lo]d ZEE(elevation steering
angles)®2 XZHTE, ~EHOY ALEE 2 Z2AHELS, AXUE ZHJES 73] fg 3k 7=
H = (three-dimensional weight field)E A4

[0089] 3 wrio] v}orst A

=
£ 9 £450 oo

7 Fold 4 9lgo] olgjEofof gt B WAACA, 2FolE T3 FA dE
& ATIAR, A e T AN 2 vE o] bt o R ke FUbHoR ofd ¢ k. &
Elo]y e EfaTA #3 A(dE o], WdA7] 2EloH (beamformer steering))d 4 A 2 L/EE
2P E s AX B A(AE 5o, WP 2HoFE S o] &sto] e W7 2HolF gle] el W
FERE uFEuES dalslE A(insonifying))d 4 vk, 2 BR, AEd A AHe A3z o7 Bt
= AgAERl AorA NFHES ousv, & we] AR 3 WMAE AT oRFHE AL BE §5E
55 X &3 FFFEL] olsdrh
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