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impedance)E 7FA&= B =9 Qe #H o] AE(interfaces)olA] §HALE O] o LE(echoes) S ABAFsith, ¥ 3
715 o] dAZES FAlEte] o] eSS AV 223 ANITER MY, 22T AlAEE Y] 229 A3E
of d#eol A TAES A&ste], Ao ok EAS fla Aol ZEe txFHolEE 4 Be dHe
FRES Arert. FAlE d3e] BEE 2AR AW JFES B-RE Bl Ak, e, Al~F
< A e fFA9 ZES BB A dAES AU St 283 AsES EE2 o] (Doppler
shift)S S = Jom, AdS 93 &3 F7Hd #4Es 798 5 Advt

TAARA omE 2o WEVE, AV AmEdd o3 FEE W 2S3E FASA, HEoleE dIE
(returning echoes)s& FAletal T2l FAH oags H9 ofdma AsEw W 4 &LAs
(piezoelectric elements)?] oj#o]& E&3ltt, E4o] opd2a-txE WHE7|S(ADCE)] ofdR1 ATES
AMEHs, ZHzbe] ADC7F YA Y As MEEC] 2EHS Agitt, As AEE digh ¥ gAY As
Aels, 98A, 7 d (downconversion), B-EE(¥7]) A /e =&Y AP, 20-HE 2 gaSe
o2 93 g4 AeE T3k, WAA 7] (beamformer)= Alok(field of view) Wel 574 Whakol] tf-g-&t= |
A MZZ(beamformed smaples)?] ojdo]S FAsl7] 98t A5 WZE ~EHS A A4 2 3 A4k
(delay and sum operations)S 483}, WEA7]|= 4% MEEY 2EFE A= & Ad JHES 48§
o2 Alof U9 M= tE WEEe &dle o] UEA AEEY odolEs AT & dvh. 87H
E g AR Elgdel wiEl, B-RE= #HE(B-mode detected) BEE R/ =Z¢] HAZ=(Doppler detected)
MEES P37 Slete] B-RE A /s =& A7 g4 AEEdd dal 9. dE A5
T HBEL A Wy MEZE W 7 tZ(beam geometry)ol Wl-S-ETh 27 WMIVE HAE NS L
z+3 W3 (coordinate transformations)S Faste] tl=Edolol AFst =8 E W (raster format)S 74
lolg o] ZHAES ABAE. F7HARl 9 AHEr AEES 2y dEd A&Fo] V] ZHglEe] 2 &Y

(2-D) T 3-24(3-D) GAEEA TaZdold & A s,

8L 253 AaygS N7 % dAle w¥e 2&/71E Al2"ES] Jd AEs SUMVIE A A
] F &< (high-end console) E&
, o] JAES S| 38t
37 AAE] MFE F7HATIE Aol viEA st WEY] AR5 ] FUkE W3] # =(transducer
head) 2HE] & ZZAAR FAEE dolEo & F7HA71H, ol o & d9gFe] B4 Ad ¢ o &
g |

Aols d4L a8 = Qvh. ¥3y] =9 Holy g5 dv& =2 % P AAE(manipulation and form
factors)oll W3 LAE &) AekdAvt. Fd (hand-carried) @ £ (handheld) &3} tulo]lA~2E5L A
Aol 2 WYgE wuld X5 FHE 283 A /‘}%“}ﬂoﬂ vl A sk, o] gk tulo]=EdA], HlH

=
Z] ?%01 g AlRAFEeIY. e uk AL A o-’Jr Az odelge] v axAl A, dF 2L AGLE,

2o A5 dolHel gHe BE/FHE A2Y 2 FUY AsY R
F oldEe Az dold A% U9E, vuy §3 2 A9 @

=
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[0007]

[0008]
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T A2y 259 A2HdA, oldd oHdES FAIE Eoli wiHE FHE STRT. Z& A2HA, ¢
2 W] g os) g5H= dHely ¢o S7F 2 A7) dHelE e a9 As ZRARS] AFe] 4
= E9Fr. AR R 5842 452 A2 BREEd AL IS AAY dd dEs XA g o
= Z

of "YF"S e Js AEES "—ﬂ | 1 HES AHs7] el AREEEnE, A7) dHelE S
A s AEES Foll, daEgelEs 9

qu Al(decompressing) {TF. Z&3} G4 Al2dlo] digh B9 AWE2 & '4F'S dHolH
FFo] opd "Hx ShFrenldts Zow AR da 452 $AE 29 HA50 IdYE B/Ee HE,
aga Fald i%ﬁr d~5° 9 Y™ (inverse filtering) B/EE JH2E AAdAT.(dF F91,
"Parameter optimization of pulse compression in ultrasound imaging system with coded
excitation"(V.Behar and D.Adam in Ultrasonics vol. 42, pp. 1101-1109, 2004.)E F=x3}7|= 3}, %S9
B Al=dol digk 5y A9gEe & 'OL%'E tlole] el obd "= = (log compression)"S W3t
= Aom A8tk oldld Wedd, =1 gEe A 285 deluel 4 (logarithm)(QWHow, T
Zdo] Mol Z7] AEFd dHeolH)E 74] Fel= AE Yedth (d& £9], "Signal Processing Overview of
Ultrasound Systems for Medical Imaging"(A.Murtaza et al., Texas Instruments SPRAB 12, pp. 1-26,
November 2008)E& #ZF3l7|= 3dit}). HA 53 210 45 % 5 AIZE Tl agla g =del
ol FA EE pE 239 A5EY) SAES JEfoz wART £A8 283 A5 AFEY doly
SE)e A B Foe maddelNe A5 SAES uEss Aot B wAAs
B Haa W &2 k&S Hxairh, i okEo| A, &4 AMZIS(decompressed
A e A9 S RN, BRA BEEE Ao FEE £

. FHHoR UaEdeld A% 2o UL YHHES Aesle, AN
A 253 dHolEe] ofdlolE YEl7] ffste] &of "Z 'S ARERITH E lgv‘i'—OMW S

Els
z

15

=3 9% /‘l* o oigh AW T3 229 dojHe Zdds vehlr] fste &o "2~a3d"S ARES.
2 ““ﬂ/‘ioﬂ/‘i *a AlZE"E Ao 19 2159 AL &(sample rate)THE ME HEE 9u|dtt, o "2
N

= o
A% HFESE %] A8 e £ Ak AE SEE A
(e} Oﬂ}‘

2 BEEes dAske SEolv. & VleRoklM 2ev 94 AILE
of et dF e 2av 94 "daEdols A% Zud Hx5 dehly] fske] gof "EA"E A
S, & AN AAEE 2ad ek & didl s ok dEslen

Z5-1 A"l A HolE ¢Fo] 3 Ao FUELS I FAS Y3 27 W3 A 2w Fo] doly ¢4
g gerss sy, 2001 119 1392 SE=2F A E3 6,315,722 "Ultrasonic Diagostic

Device"(Yaegashi)ol A= ADC Yo 2HE EHE 253 AlE AZES AFsH] Y3 AIF 3 FY(time
axis extension unit)& 71€3th. AI7FE 4 H9S AC FHORERYH FHEE £ A HolHE 7Zsla
o @3 ERdA delHE #xsit. AIE 4§49 1 23" £ ZEded diE) As MEES AS)
I, AYAE (FIF0) WEIES AHEste] 7€ 4 Qo). doly 45 f32 AE 3 Y2y %
He AE MEES 4F3). Yaegashiv dlolH Y 1 2 UlolA F7H4<Q0 A (spatial correlation)<
23171 38 oAt IARI WHE(DCT) Al

=
A
il SAS WHE B dolHe E4o ZAdES 93 MPEG 4F WHE

I e G dF VHES H 85 AL 7). (MPEG Moving Picture Experts GroupolAd 70&% H|t]
= 2 st= fjazel 22 e W= tulolxo] AFET. g

B gEe o dutelzoln BeF AF §FS F2AUT. G4 AW Astel, vole 3
frodo] U8 dme clelamE D4R 4R HERS S

=)
MEES dFsAs. ", g4 W3 (logarithmic
conversion), A& % 5] 93 ¥4 2 YzFdelEs flste dEd
A MEE A8¥). Yeagashlt X%E] 1‘*101 A WA dE) NAEH &=

(truncation)® < r}. &4 ém(ROI, region of interest)< <3°43}(imaging)st7] $1st<q, ’Li
g ¢ glon, mEka] HA AE AT A Z/EE Hy AE AL F 85H
F7] dHolE 7t J HAEe Ao 7oskA gv Aol WEE 5 3l AF HAA|dEANA, trE

=

i

n= £ I/, 370 WE A)2008/0114246 "Transducer Array Imaging system"(Randall et al)& W 3A A
/s o v, AAEY 9/EE doly ARYS AMEShe 25T HAE dolH &S Tlsdth. v
o NF WEE9 AUAI(requantizing) £E FF(clipping)S E3E = v}, dF S0, AT HE HE
59 e Zold wg dxFA 7Li°P°4 Zole At v H-e MEIH| E(bits per sample)7} &FdE 5
AUTH A HAAEAA, AF H FA oHAE UHE dFEE A AYEERNTHY s AEEC] HE
g5 Azk
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2000 39 28¢ SE=9 nF E3F 6,042,545 "Medical Diagnostic Ultrasound System and Method for

Transform Ultrasound Processing”(Hossack et al.)& W& £ 23 dlojgel] gt #d 4F VHES
Zl=gth, N del gk ik ADC 9] ofdE 1 WIEA He ADC o] tixd WPAHS Egett. WP
(beamformer)& Ql-#lo]= B A=HA(I 4 Q) HEES A8, e dijkdoz, g F34[RF) HE
55 AAgt. 2x4(2-D) ZH el digste WNEAdE AEEe] THHEHIT H3Eo w3 =9l xd
(transform domain representation)< A, WM Z=dd MIELS IFS s A L/xEE
dagddEtt. &S F&4 e &4 4FA & vk, DT =+ DWT(Discrete Wavelet Transform)$ 722 <)

oo WF, P} F5 % A=
o

oE

2 g to L ﬂ?‘l

o 4
ol
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A= %74], E]

PE EFFH. JPEG
Joint Photographic Experts Group®ll
A 7IHES g WE TRl F7
Z(computaionally) © =&E&ZHo|t}. o=
(convolution operations)S Al-& hjr ‘?“E_
ZZH(multiplications)S AFg3lc}.

=3 A2 Yste), 9A dxY (1nverse encodmg)
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2005 2¥ 159 S=% n= E3] 6,855,113 "Diagnostic Information Generation Apparatus and Ultrasonic
Diagnostic System"(Amemiya et al.)+ i%fﬂr FHOoRRE AR fFyogo B Fild kM L3 fo
Hel ZHAES dFete A 7=t 237 39S 17| 3 540 WY, B-RE JAE 8 =5y
Fdsts A% L2AAME XFgsT. H1E oy 4F XTEC AE ZYds 4% JPEG 4F B 55 2
AES 9% MPEG b5 2 B-EE= 943 doly e =& 943 delHd A&€r. k59 deoly

PCT &7 &9 371 WHE W097/09930 "Ultrasonic Diagnostic Apparatus for Compressing and Storing Data
in CINE Memory"(1997 3€¥ 20 &70)(Lee)E CINE wWlg] Wzl Ao MA &3 HolHE U=
A 2E]a CINE WRZ5H A% doleE gFaAsts A 7l«drt. CINE “ﬂ;ﬂt AlZrel o3 %
(orginize)® E79 WAES E33T). o83k A|l2doA], &3 ZrHE ADC Ao WIS
Al ADC &9 dHlolH7F WEAd AMEES e §t5ol dHoly zyqle] Agsa A7 w
28" 42 9vl. Lempel-Ziv-Welch(LZW) &arg]l&o] &% 2L g=sAo] A &A}t. LZ§ dugl&L feo
HHEE = HE SRES HESHa 7] wEHE i s =g ddste Aol g, CINE v Re] = 5-E
AR ZHdel dist g5 dolel7t dFaAAE L HaEelE 98] o AgHr.

ols
o

Z

AdE EF =9, T/l ¥H3E 2005-081082 "Ultrasonograph and Ultrasonic Data Compression Method"(2005d 3
4 319 F7/) (Akihiro)& obd 21 WEA 3 21 HlolEHE 4557 g A7A AAdES 7|t 3l
HA ArjdoA], ADCE ofd22 WdAY] &8 ATEe [ 2 Q MEES Y. 4571 94 HE9 I,
Q AEE Alole] AHEE(differences)S AAFSIaL, 2% A7) &) g RLE(run-length encoding)”’} 433
Hol 454 HolHE I 45 dolHE wixgd AEc. WRIZEEH A% S dolHE 45
AL G tx=EdelE As) AzlEnt. A2 AAldolA, ADCE obdET W7 8 MEES] RF AEE
S AT, 4571 A HEY RF AMEE Alole] AEES AXSIE RLEZF olof] $&3%. o5 AEE
(compressed samples)o] WlE o]l A=, HAL 3, SFFaA =™, G tx=EdolE flste AgHrt. A3
Ao A, 45 el WEA7] FYo] ¥ AHEso] B-EE 44 ZHddE B =3y 9 ZddESs AT

frame to frame

AAHe, HxEe

o 4EVIE gEE dold ZHJES AAs] fdtel ZHd W ZHd ARE
differences)S AXtath, &4 dlolg Ty dSo] wma o] A& ar,
o= sl ¥ AelH.

19884 69 219 &% uw= E3F 4,751,929 "Ultrasonic Bloodstream Diagnostic Apparatus with Dual

N
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)
R
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[0014]

[0015]

[0016]

[0017]

[0018]

SIHS31 10-2012-0108959

Displays of Velocity Profiles and Average Flow Velocity"(Hayakawa et al.)= =Z# F3 HE dolH=
dFete As Tlsdnt. 457 Fir ~HER] WEEY A 4 4 FiEE(real and imaginary parts)
9] 37 AFE A4etE A4 W 7HAF 3] Z(squaring and adding circuit)® & tia] FzFdth. gE7)=
T 25Y Zh2e] AE Y] HEES Adadste] Fd(representation)ol s HIESS & FHAAIT
dE7I= 7] &9 AZe d§ F2st, 7F(mantissa) W] A9 W] E(most significant bit)2] $1X]
(location)& <l=Zgsta 1A 7lFe HAAY HEES HEST YA FHolY H|EE(least significant
bits)& AT, Z4zhe] AEe] i AFAAR 45 A= 1A e HAS HEE 2 299 HEEFE
AAE Akl HEES M Z3trgtth. H3kg HIEESY 7HE ieTE 4] SRR A
AFo], dFL £HUFHo] At

A=

T
i
o,
° ¢
ﬂr
P

mlm r

"A Novel B-Mode Ultrasound Image Compresion Method Based on Beam Forming Data"(1998 Proc. Intl. Conf.
IEEE Engineering in Medicine and Biology Society, Vol. 20 No. 3, PP. 1274-76, Li et al.) =%2 947
Z53 A]2~®"l(tele-ultrasound system)o|A el AES 95ty WPAH AZES UFse AS 7139, DT
128x512 WA AEES = el AEHrt. 52 WFeAo] NRGFE AFEe] dAgHL Abs IS
Agste] s et AFESAl $, 128x512 GFEAl MEES Qe A7 wdke] A& Ho] taEYolE
918 512x512 MEES] TS FA T

2o EHES 9 S s 27 WE Fo] 253 JAES 5] A AR o2 PHES Vet
o}, 29 o5& 31715 ¥k}, "Comparative Survey of Ultrasound Images compression Methods Dedicated

to a Tele-Echography Robotic System,"(2001 Proc. 23rd Annual IEEE Engineering in Medicine and Biology
Society Intl. Conf, pp. 2461-64, Delgorge et al.) =% 223 2355 AR U 45 UHES L3}
= AS JEey. B O wye Fgo| w3k (Fourier Transform), DCT, 4-+ T  #3ll(quadtree
decomposition), DWT, =gt 3J|A~E13 A3 (histogram thresholding) ¥ # Zo] mIHE xg3ich, B
HHe A7) W3l T 512x512 2S5 JAEe] A &F vl "Despeckling of Medical Ultrasound Images Using
Data and Rate Adaptive Lossy Compression"(IEEE Trans. Medical Imaging, vol 24, No. 6, June 2005, pp.
743-54, Gupta el al.)olM+= %23 A oA A¥HFH(speckle)S AAT = duglSy 4FS A= Ao
s 7. DWT Fo 2#E AA dugs, st 2 dE=RT Aol F3qFrt. "A Tele-Operated
Mobile Ultrasound Scanner Using a Light-Weight Robot"(IEEE Trans. Information Technology in
Biomedicine, Vol.9, No.1l, March 2005, pp. 50-58, Delgorge et al.)2 %Sy JA}Eo tpoksl F&4 o2 &
A s MHES HEe RS v|esit. FEA e Huffman, AFE 9, Lempel-Ziv, @ Zo] 39 H
Fano Z9<S ¥3gkstt}, &2 WHS JPEG, JPEG-LS % JPEG2000S X3tste= tfeksh JPEG HAES Xgksit),
"Maximum Likelihood Motion Estimation in Ultrasound Image Sequences"(IEEE Signal Processing Letters,
Vol.4, No.6, June 1997, pp. 156-7, Strintzis et al.)™ MPEG 4FE ddo 2S3 JHE] HE3= AS

Zlsgh, B S dde] QS e AEA ZHAE Aleld FAE9 &8 EFE tid BAH HHES

|
Azsle AL s, 24 AEHES 29 o) ZH A (frame to frame) MPEG %S 98] Az},
Xr=
[e}

A5 w= E3 7,009,553('553 %‘Eﬂ) "Adaptive Compression and Decompression of Bandlimited
Signals" (2006 3€¥ 7%)h EQ gIdA3F 23S E(bandlimited signal)d 4= 2 = AE Y3 dudE
=5 7lEdh. 3F AF $AAE =99 Ul% 535 & A12/477062('062 E) (2000 6€ 20
"Ultrasound Signal Compres ion"& WA %2 Hdo] ADC(analog to digital converters)ZH-E Zd8Hd %&
A5 AEEY 4F 2L AFHA dis) sEd. 2 298 290 s AEEC] A8E NP 5HER

=~
Ry 719%E 289 Wy A MZE(ultrasound beamformed samples)?] F3ol] #3+ Zojt}.

S Abolold 2gk A5 dolEe] tid G&He veoly Wso] Bastth. Alx
A wlolE A5 WA st 2g WEY ABEA 9@ AR

HA9] 2 7
woagel ANdEe Sol 71En Fao BAYES welse o
QoA Al MBI sl AHE st ol
W ATHT, A WP ABY ARG B
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a. 0: n_exp(0) = 0 (4709 AWZ FEo] EF 0°]th)
b. 1: n_exp(0) = 2 (MZT 20 E)
c. 2: n_exp(0) = 3 (MZT 3HE)
d. 7]€}. S-17}A]. n_exp(0) = S (AMZT SHIE)
i A gl w8, A n_exp(i)e A FZ3(prefix code) & AREsto] AFgH o dmgdEm, of7]A of
H F5=(codeword) & B ThE R =9] I (prefix) 7t ol A3 EH= Abs diPS o3 &
1. &5 AAksit). e diff = n_exp(i) - n_exp(i-1)
2. e diffE 37|} o] d=zd 3,

a. 0: e_diff = e(i) - e(i-1)

b. 101: e diff = +1

c. 110: e_diff = -

d. 1001: e diff = +2

e. 1110: e diff = -2

f. 71&
it oz AF n_exp(i)7F AeHo2 dadgdse= tidl SZg dmgdd 4 .

=7 NGROWP = 4 91 &5 253 dade] S5k, A AXbrld02)s w2 1 3 b 404 e} o]

N_GROUP MZEd] tial, HIEESo|A 9 H) X, n_expS AT, A5 ES SH87](404)= @4 2 2D &4
504 n_exp #ES dzmIst}. 7t A (mantissa packer)(406)= ©A 3 2 ©A 6914 N_GROUP ABZE9
et HFES dagdnt. ® e dude A AE Ao nHESS AdUdE o =AU, 99 s
AME(420) K9] HIEESo] o] mdETh. AE(420)9 n_exp 39 HIEES] dzdS 93 dgEct. AEE
S Y3 Al HIEZE AEdE mES HARHu HEES AR APAE JEE et = 72
Eol7bd, HEIZEAM(408)7F, dmgE A5 EZ(411) Z old FZ3k= N_GROP 752 w7 35ke] N_GROUP
U MIES e 45 25U100S 4. o dolA, 4F 1541002 A EF41D) E o) &
23t 4719 AW FHEE(412-0, 412-1, 412-2, 2 412-3)9] A|RAE st oE §4(2101) A&7
¢l ot& IEE5S dA(concatenation)dle] $EF7] EZH(2111)A dE=H HFH o dHolg BRES Al
N_GROUPS 913+ A3 E&= Alolz 2859 3 B 4719 MZESolty. a8y, vkt 18 Alo]=Eo] mdk A}
£2 5 Jy

g AFES HER Angehs Ae FHA9 9HS AT 4F ddE Pa
FEe AR gEC AWH T AmPEn, AFEES =i walul, weld 0 gEe A=
Ausoz Ae ool grEel EA@T. A5 AL GEES 00] ohd AE gE 2

(positions)?& ehglozs G&xoz d=gd & Uk A et A8 ol o8 @AY v

A ekl gobd A& Zk(last nonzero difference value)?] Atglo} ##sle] TAE = Y}, X

dzge T4 dzdgeln, oe AUdor 2 dse PAHEYG. AFES Ondslr] 95k, A5 @

Zo] A% AR HES AR(integration)dta Wgahs A 9SS UndFozn Sdut. 5 o

2937] fskel, Z7te]l B sk go] AwEe] tmyE AEe B A% e WASA FETH nexp
48 7pgE 27719 Auge b $ Q. ole AF kel WA mRE ] 7}
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derdel 25 ¥ 25 Amg wge, o4 A9 vhel ol A4E Uehlls MES] 5% 7247
2 AGEE AF ALY AL THAG. NGO BEES AFES Uehle WESS 41, agel 08

n_exp®| kel wel Zpztol FhERREE v LSBES AHAH R AAFGo RN FAaEY. E 9% THaE Tk

=5 APaE o E EAITT. nexp= 919 WA 1 B whA 4ol|x e} o] A ET)
7H4 n_exp 3¢l HMIEE RFE dzdshs oA, LSBEZ AFEHE nLSB /e HlEEC] A" yHA
m_exp FlEES(m_exp = n_exp - n LSB)o] dxgS 98 Aelgc). n LSBe #E 2 T=E HE(table)ol] wat
n_exp? Ztell &3}, = 102 n_exp, n LSB, % m_expd dAIAQ e Foltk. ¥ Z k9 n_expol
&, A& (truncation) =+ WFE(rounding)dl 93] © B LSBEo] A|AEH mexp HEES 71z 74"
s AT dE o, vk n EXP7F 1289, N_GROUP #HAad 7H-Ee A& 918t 3719 LSBE©] Al
7 Eo] 9719] 7k HIEEo] fAEY. ¢%7](210)% n_exp, n_LSB, % m_exp®] #}E9

i

o, i

T dg. giotd oz, ¢&71(210)+= n_expd FFZA n LSB ¥ m_expE YE Je

< AN S Aok E 1S PaE ARES Ages B2 2545y dade] 2EEoch NGROP MEE
o] ztzke] gl e, Ag ALTI(402)= Sl ARE A o] Hd A n_expE AT Jhg HIE
Ax71(414)= S HolE Ee A& AEate] hAad JhpdAe] HIEES] I n_expE AA T AW T

A}z
4 9FAH(416)= N_GROP AZE Z+Ztell 3] m_exp FIEES A8}, HEZHA(408)= A
235lE A9 7155 (419-0, 419-1, 419-2, 419-3)& A sle] =¥ 1F(418)S I

Sold], ofwl LSBE N_L§ AEE IFOoRNH AAUA St 6 Sol, NGROP AEE el st o
ol ABE A7 e Argnch A, Lelel LBES EFshs NGROWP 7HrEe] 94d Aol
OgE MBS 2aE ARES M EE 2AR SRS A 98 dFH D85S 23Y 5 At

G5 A7l BE PE 254 A=

] o
h=4 o=
n_LSB, m_exp, R n_expoll Wigh H=o] tibAQl 54 Eﬂol%E = AEe] EA4E

PN

.l . = T
B 52 N_GROUP ¥ n_LSB, m_exp, % n_expel tigt digh 55 == HES 93 A9 devgHE
S ¥33, & Alo] FEuEHEL RE 4F FHEQLD g 79T 5 k. giekoew g Ao
FFuHES Az e ¢EF FHE(2100)d dE AR g2 gEL M F drh. bE Aolr|E kE Ao

setle S Auets] 9% Ae4 4 $HE + A

4% WA ABEe UAY AEFolA220)E FF A5 d5te] 4F S dely PRER AYE 5
k. BEY AmSo] B 45 Wl 4F WY ABSe] st ol¥e §F MRS ad & ok,
gerdosm, w60 sl MW mish gol, Biel hE: WEA Yset: 4E WYY ABEY AAsE
of AgHol Foldl deld LEQ0NE B# A5 A% U4F AAES AT F Ak 4F AR aly
BRe s 9% A¥ 4ns THeh Aot w3 93 uel 4% WE4 435S A9 93 Ao s
MEES dehlE A HolHE £3F & Ak dEAA FAES TN Astel 4F Ao} setvle S

e ARt ehEafAl 7] (240)9 98] AR S °’E}

= 69 WEEAA (25009 uhFAT ANl NCROP F WA AEEe IFEL WS, 28
AN (2500 IS GE WES GF 1FES QHAIReA WIS HEEgNE AASES 44 I
o g% WES WAEY 45 WER FaAG. Age] AEd) dal, HEBYA(250E AE Wl 1 g9E
59 9% IFES AHARSC sk WHIAdE Ads e IR, AUEAPE AAx Dt W
HEAAN (250)9] o8] TF 44 (growp order)® WAE g AERFE §HE 255 Adzold, WHE
9 (26005, Zze] AEFAAT B AES GF WES FASE Wi 3 WEEg s Pd
F .

T 128 b5 HEY AEC B Y 45 IwES WHEYYSE dE BASY. 1§ HEEEA(252)E
HE W CGeEFH 45 OF G 2 4FE WU GEFHY 45 OAFE GE EEES] dHEAYE Ald
2 D& FATT. o oeA, HE|ZEEE AEA D9 1F AT &F WE AtelolA wW(alternation)
o Al Giy, G, Gy, Gegeny oo FATT. &% IF Gijv = 79 £5% H& 2448 45 15410)
B 119 g3 DU, i AW Aags g E e dag PeA 98 95 aFdl gk 9
28 MESS UEd & A 9% IE5S 08T 59U 49 4F 934 AES(E, NGROP 455)E 7}
Atk e}, §HE MER NE 47 paE 4 gons E 2§ e i b S ddrh oA 4%
HES BE Ay dad Bl dEl, §F 259 HEES & n_expd #el &g
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s adHeln. =3 Az AEE E HEd AEE0 7IAdYger veAsAdys
o

=
NEHEAA, 45 $UECQIDE 45 Aa9S 488 5 3

’

=17 =3 T4 F97E DO B Al ol AE Fukg /2 vl Al sl dE Aedt. iy

0)E, MIE9 BE(720-0, 720-3), (720-1, 720-4) @3l (720-2, 720-5)9] o]&) A E Az} o] 180%,
e Y AE HEERE FYE AEEY Aol AR Z7(ZEy 9 5 (opposite polarities))E 7F
A= AS BoFyg, Ao AEZE T 3HUE W (inverting) A7l ZA(EE (1) F3+ 32 Ao & A
Zo| st AW F=A(close estimate) S AFdTh, A2 GAIAQA A|D2(722)= E3F 3709 ME FLER HE
H AMEZEo] FAEE 75 g a v B3 E(opposite signs)S 7HAS BHoEth. A Eof, AZ 722-
09] Fhe 32767013 AE 722-39] ke -32756°|tk. Wl 29| wisl, 39 WE HAER EElE EEY AE
of g3 FEL o 22 Holy ZES AW FAE AFTES AT B U AEIES I dile 4
S B 8407 Adayd & e o e Holy TES N A9 AEES YA

T 179 O 39 dellA, F4 FIRFE /4 2A 0l AHKA MEE Atele] 4 Tk oF 90kelth. A3

HlolA E(730)& 180%, X 2719 AE HAEC s EyE MEESol FANS =] 9 Rkdie =4
(opposite polarity)S 7FHS HoFEth., A3 o9 A|F2(732)= Tk sy 4l e ABEE9|(every
other smaple) FAFSH Z7] 2 dHdle] SAES 7HHE BoEo, g9 3904, 3 28 3lite] A&
FAateles AL AyHoz 2o MEE Bu a8¥o2 d3gdd & v ¢ A2 oy & A
MEE] HA & Ao},

T 179 99 49 oA, FA Fuee (/3 E2ola dEFH MIE Abolo At FrhE ok 120%0|th. A
4 #lo] A E(740)%= 360%, EE 3709 AE AL o8 ZElE AEECl A A71E Y Blolge A
BoFr, A4 d9 AJE=(742) = TN 28 gt AME(every third sample)o] A Z7|& 7HE BHoE
$, 3 AE BAEd 9 BEE AEE Aol AE Sk AL 2y MEERY g&F0=Z <
[e)

%
99 5 9t o A dely 23 Ad 248 4FL AT Aol

Y

T 179t 59 dellA, FA FHEE /201 S AEHAR] MEE AlollA oF 180% FUhETE Alb
Hlo]A =(750)% 180%, & dhbel AE Ftez HEE MEEC AN A7) iy whdle S4ES 7
A AP HolFErh. ALY oAFD AAW2(752)7F FAE A7) R WY SA4S AW dAEHAH HEES
wolFEh, o] Ao, 2719 A&HHA MEES vt A, By AZEHT a&4oR dagd 5 e
g A& el & 7 4" AES T Aol

To17el diEf A 9] dES, A Fagd did AE SR v w1, 2, B 3 AE HFER
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sto] MelsE AEFEC] b5 Aol TEhulE(852) whEt HHE Fo ME M5 o EElEo] tHEE YA
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P :o]5LS ASIC 2 FPGA T-HEA A3y
= 3

7t g3

$571(210)9 AN dES HHA WEEo] Hdd AMES HEI, AR A4](330i) (%= 14)E s oA
o IES EFet. EF 5 29d d3d(= 7 2 1DE Hur], ], 9 59 HolEES AMES
thoOijbH o ® | vt dsdo] IEF Fhol Fdsly] flte] 59 HolEE AREETH E 183 #Ste V)
¥ 45 FFES gUEEYY, 7Rt 9 RS 23sit. bEEA171(240) 9] HAACGES F AES o F
sAE 7] % had AsES H&3. dFAAV(240)E EE FEAFH dads % 59 HoEE 4
TP ES Eet. A8 AA(354) (= 15)F HIPHE HMEES AR A sy o JRbES X
3t = 219 4FAV(240)2 AMES JRak, Ak 2 HE| Y-S E93

Z53 Al&goA 2 o] AeHes AAde §571(2100 2 4 1716005, AC =9 AEE021
DEFE 259 A5 AEES FAIEES dZ24E 49 deolg ALES e dde] =83 32 (ASIC) Y
nlo] o] Fghettl. $571(210)9 wiEA e AAdE WHe] 4o o4F IAES xS, 97IA 77t
45 ZoE WA 29 ALEA61D AZHI dSeke wlel dis] o 45 FH2101)9 4F FIAES
Argth, diotdez ) A 45 3o7F 549 MES ] 9% 4F AHEQDES FEE AT
ol#l gk tijtel A, St5 Fol= AR thE WEo d&ste WEAY MEES 135 AYHEuA A 9
3 WHES EF3TH HEA ‘31 *F FAES E3 FPA(ZE Z2IO97bs AlolE ofdlol)d 73dd 4 3l
o 45 HEA AEES LS ZEEQ2701) S S8 tAE A Ho]2=(22002 E¢E F qlvk. LVDS ¢1E H o]
258 9% 1 of k. diekHRl FxELS 4l WA 7] (160) 2
=2

=}

%7](210) 2 F83tE A4S E233TE. 4F2(210)+= ASIC, FPGA, & uAY A3F =
ZAA(DSP), wlolaRZZAA], wmlo]mZAel7], (IBM Ax &) HE-3o] CPU, =& ¥ Ay #4
(Nvidia GeForce®} Z+& GPU)S} & T2 1=7b53E T2 A A F+3E 4 Q).

Z5oh A2 o] wel, hEEA7I(240)% AT AR ZRAA(180)9F AT Huto] s EE ThE

2o B3R 5 Ak dEFAA FAEES ASIC EE FPGA o] 7ER & ok diskdon, qEeA 545L

DSP, wlolARZ2AA, wlo]ARAol7], (PU, B GPUSH 2 Z2a37bsd LA o8 A7t &

ZES] = Helo] Z2afse Fad 5 Ak dFaA71(240)9] Ams= AAdlE GPUel s ARt

T FEEA THES A ¥REE 7K 2ZEY0] TRt (PUE B Ad A ZRAAM(180) H

ZuE (140)9] s2H5e] Holk df-& TS ZRagd & otk it eR, e WIdd A
=X

53l

Eatdll

ZE5S FHAQ AE Z2A sAES sty CPUet 22 % tE Z2 a7l Z2AAMZ dFd 5 9
t}

T 23% EESNAIZI(240)9 GPUlS] Fd 2 253 IS A A e S5 ESSEolth. #Al9]
GPU T-2E5<& HY AXNEd A3y B4 Ty FoES T3, o= %01 Nvidia GeForce GTS 150
GPUE 128719 =2 A FOjES ¥ &3}, Nvidiael "CUDA"(Compute Unified Device Architecture): GPU9
ZRAE FZojEe] g ¥E dugSFES T A C dojel gk :gug% Feete S8 Zzagy <
Bl o] 2= (API)°]™ "Getting Started with CUDA"(Ruetsch and Oster, Nvidia Corp., 2008)°l] 7]<% o] ).
7)ol A 714 %= OpenCL ¥ Larrabee$t #& thehzl¢l GPU @ T2 g WHHES 38 Z YIS A3 F
At = 230 71w FEdA, GPU tube]2(1000)7F 2w o] kel 7] (240), Ak AR ZZAA
(180)(B-R= ZaAA 2@ wZg ZTaAN), 270 ABE(140) 2 94 Z2AX(150)2 SZ4ES AygPs ez
2adyE 4 gtk GPU fube] ~(1000)E HH Z2A FHEC os] AA7bee DRAM(EZ HE A4
2 Wx2g)(1002)S E3FsE 4= vl DRAM(1002)2 GPUS] T2 Ay SZE=RFEHY Al = ¢

A WEgg MEES AT F Atk Az A9)7]1(1010) = F21E HME%ETEH Z59 3%

9ated Bl2mE59 ZA(coordination)S Al&dtH Algx} 7= %L

A EZHE Y 45 Ao serHES vzdsta kA %Z}%%

tute] 2 (1000) 0l AFehs A 22 GFAAE A S 7EE 4 glrh. DRAM(1016)S TIAE <l
Hao]2=(220)25-H ¥ 45 AEE 2 C(PU 525 %&‘J 2 dolHE AT 4 k. T A7
(1014)= ©AE QlEdo] 2 (220) ZH-E F41H 4% JAES ) X DRAM(1016) &= &&lA &7}
Al2=8] A0]7](1010) 9} GPU TH}e] 2(1000) Alolell A wlold wdks e]dtc,

il
2
olo
oft
: ;%
()
A
E.:\
—
o
—
\M/
rlr

Ao AlAE FRA, AlZE A o]7](1010)F H2=Fde](160)E g 23S FH| HFEH nirr=
o F3=" 4 9rl. GPU tHlo]A(100)= PCle(Peripheral Component Interconnect Express) & H3
(backplane link)ell ¢J&f A]2~8 Ao]7](1010)2} =418, DRAM(1002)S ¥ 3sts, 189 =S 43E &
ALk, ik oe R GPU tnfe]2~(1000)= vl B =0 m®E IC o F3= 4 ok, ADC WA(120), 41 W
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SIHS41 10-2012-0108959

Al2E] el M, HAE QI 0] 2(220) 7}

rir

HA71(160), 2 $¢%71(210)7) dHolg #E =9 npEyy
PCle H 30 93] +3€E FArt.

Fole] WA wat, tule]l~7F A% (compact) D FF US I HEe] FAo] AlFH o, A|=F A]°17](1010)
2 GPU tluFo]22(1000)7F & IC 8= Aolt}k. o & £9], Intel Corporation WE A7 Fylo] R
x86 CPU Hol9o] H4 9 oJAstE(instantiations)= X8t t-Fo(many-core) IC T+ZE 7dsta ).
Larrabee® HINA &= F+F+, "Larranee:A Many-Core x86 Architecture for Visual Computing"(Seiler et
al., AMC Transactions on Graphics, Vol. 27, No.3, Article 18, August 2008) &% 7]« % c}. Larrabee
T2E 29y Z2EAEE xEFste], WY ZRAAES da=ste oEACIAES AYert. "Larrabee
Native" T2y 2Zd& C/C+ 2 ¥Hd zz2agy 2 WEIE 98k APIES E§3it).

5

}(\)P

% 245 4F3A71(240) 8] CPU/GPU tiufo] oA o] AAle] 9 253 s B8] 98 & 5%
= o|t}. CPU/GPU trFo]l2(1020) &E3A171(240), Mgt AR Z2AAM(130), =70 AHE(140) 2
2ZAA(150)8] F2ES T & Atk CPU/GPU Ale17]1(1022)= HlAE A H |~ (220)2FH FidE 45
AMEEA tg A2l s24ES A (coordination)dtal ARE2F §i#e] Sdgkrh. CPU/GPU tiHke]2(1020)+=
Larrabee Z#E T FHE (PU 2 GPU 7]eS A b Z2a37b538 tulo]xd o8 +d4d 4 Q).

[kl

Hoog

o}
H

ADC ®W=1(120), <F41 RE471(160), # ¢F71(210)7F M&7] F=ol 49w AL8 FxolA, HgAE F
Ao 2 (220) = 4 = Fd 2 HAYd 5 vk §4 $2 A5 9Aste], "AdE AEFA ]2t PCle Al©]
B "3 = #4230 o8 7dE oA 7 E2 F3E sk, dAdE Aol ae HAE Wx
2 oHAHe Fage AEE FF 45 AWREd A aela FAE 4F HZES A" 5xE Aed <+
Ak, F Y= WiFi(IEEE 802.11) HE+= UWB(Z-FdUe) Xwia} g2 4 $4 T2e2s uE 5 9o

B 2] dads dadEe] ZieHsdey, B dge] g o] AAdEdd =dE 2 opde] W Fo
o ATEE Ve vkeh 2ol # 2R RS 8 AdomiE ylojge] glo], vk 4, WA, Wy,
WAl R 7 Ve Eoke] TleAEdA AP Aot
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420

bitK-1

bitK-2

bitK-3

bitK-4

0z
M

bit4 > n_exp

bit3

bit2

bit1

bit0

)

[

420

bitK-1

bitK-2

bitK-3

bitK-4

0z

M

> m_exp [ | m oxp HIE 012 >

bit4 > n_exp

bit3

bit2

bit1
n_LSB

bit0
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EHI0
n_exp n_LSB m_exp
0 0 0
2 0 2
3 0 3
4 1 3
5 1 4
6 1 5
7 1 6
8 2 6
9 2 7
10 2 8
11 2 9
12 3 9
13 3 10
14 4 10
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5
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H

i
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il

EHI7

Ol Al QI
HOIH & A3 A
=4
F4 712
+<10° 720-2 32767 32702 32508 32186 w:ﬁw\\
/ 31163 30465 29648 28713 27666
DC
722-0 722-3
722
v v \\
32767 16628 -15890 -32756 -17356 -
fs/6 15140 32722 18071 -14382-32668
732
\ 32767 -389 32758 116632730~
fs/4 *720-4 -1944 -32684 2719 32619 -3494
+120e 742
32767 -15792 -17546 32703 13977 -~
fs/3 > -19233 32513-12107-20845 32198
®
740 752
32767 32671 32382 -31906 3123907
fs/2 30392 29364 -28166 26801 25280
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=)

EHI9

871 873 874 875
H H H
=l CloiA Ol H Ef
=SS Aol Aol =3 82

DC 1 x(i), x(i-1) on =-x(i-1) y(i) = x(i) - x(i-1)
fs/6 x(i), x(i-3) off y(i) = x(i) + x(i-3)
fs/4 x(i), x(i-2) off y(i) = x(i) + x(i-2)
fs/3 x(i), x(i-3) on =-x(i-3) y(i) = x(i) - x(i-3)
fs/2 x(i), x(i-1) off y(i) = x() + x(i-1)
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an

AKX AH
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Il

EWH20

f./6

f44

/3

fJ2

S

y(0) = x(i) - x(-1)

y(i) = x(i) + x(i-3)

y(@) = x(i) + x(-2)

y(0) = x(i) - x(i-3)

y(i) = x(i) + x(i-1)

912

v

x(i): 32767 32702 32508 32186 31737 31163 30465 29648
x(i - 1): 32767 32702 32508 32186 31737 31163 30465 29648
DIFF: -65 -194 -322 -449 -574 -707 -781 -935

HAIEQ X2 =

]

922

e

x(i): 32767 16628 -15890 -32756 -17356 -15140 32722 18071
x(i-3): -— - -—- 32767 16628 -15890 -32756 -17356
SUM: — - - 11 -728 -750 -34 715

932

/

x(i): 32767 -389-32758 1166 32730 -1944 -32684 2719 32619
x(i-3): -— - 32767 -389 -32758 1166 32730 -1944 -32684

SUM: - - 9 777 28 -778 46 775 -65
942

v

x(i): 32767 -15792 -17546 32703 -13977 -19233 32513 -12107 -20845
x(i-3): -— _— --—- 32767 -15792 -17546 32703 -13977 -19233
DIFF: - -—- — -64 1815 -1687 -190 1870 -1612

952

Ve

x(i): 32767 -32671 32382 -31906 31239 -30392 29364 -28166 26801
x(i-3): -— 32767 -32671 32382 -31906 31239 -30392 29364 -28166
SUM: — 96 -289 476 -667 847 -1028 1198 -1356
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