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E Y 289 AAWelA, o2 MBS TAE FToln WEHY £Ue FAAAY. 2& Axdeld, g
Ze wgs] dsd o8 H5HE oy Fol F7b % 4] dolHel 2 AE Az AF JFS
ZolEd, ANAoE BEAHY GHS A2Y BHEd Ae JBS MAAY A3 FFL WAA gt GH
U5 ATHT

&3 A% AT5e dolE 4ES AYay] A ALEE, 4] ol ¢

oﬂ
EE
2
>
oo
-
HN'
rlo
P

B S

%Oﬂ’ﬂ 2% AEES L}E‘rlﬁ—‘é HEE 7 faFal s MEEL T, faZgols A3 Aol FAA
A=Al (decompressing) B, 253 4 Al =Hd Oigt 22 HEES §o] '¢F'S dHoly ¢4Fo] ofd "
Ha bE"om)Ehs o= *}%dﬂr e 45 S48 259 d2E59 dHy 9/xe WE, i A
H x5y HAxE9 o HAEY(inverse filtering) Z/EE EHXE A HIU (S E9], "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 ZZ3}7|2 3}, &3 FAF A|~Eld ojgt HH
AP EL gof '¢E'S Holy ¢Fo] old "2 U4E(log compression)"S &n|dlE Ao 7 AREET. o]
gk WA, 2 452 AHEE 259 dolHe diF(logarithm) (d¥bd o= tjaZdo] Ao 7] A=d
Hlolg)E AXetE AL Uetdth. (o2 E9], "Signal Processing Overview of Ultrasound Systems for
Medical Imaging"(A.Murtaza et al., Texas Instruments SPRAB 12, pp. 1-26, November 2008)E Zt=3}7|=

goh). "2 459 2o Ee § BT ARE Bl a3 Fakg BuRllA F4 e FAlE 285
ANEES BEAES EAHoR WA, FAlE 283 25 HEES] HolH 45 (EFaAA7 ol F5¥E)S
AZE R Fag 2Rl A A BEES BESE Aot B HAAE 259 A3 HEEY dg F&
A g & dEs Fxdn. FEd dFdA, dESA MES(decompressed samples)S 29 MEET T
A3k FES Y. &4 dFoA, dFAA AZELS B MIZEY fFAEA T FUsA s gk B A
A TFH0E YaEdols A 283 d4S FAGES AEE, gAY (raw) = AE 251 dol
o] ojgolE YEhY] §35te] o] "ZHQ"S AREett. B V|ERokl A 2gT G Al=Hle] digh Ay
ek 257 dolHe] Zyds YEhY] flte] 8o "3 "E ARt B HAACA, "HA S Aok

A 2z AME HE(sample rate)wHE ““P% &g ougtt. &of "HAME YAY Az M, dE
2 AGE A HEES V&) HdE AHEE F Atk AE S5 ADCUF ol R AlE e wigk R TR
g 2z MEES FAE SEolth. £ 71%%"?"1]’\1 259 G4 A"l g dF AHES 251 9
FEC] Hagdols A ZHqd SEE YERT] f8te] &of "HAE AREgTE. 2 WA A= AR
< Y9 SEge @A gial AE SE9 ARAET

=

gl Ao doly StEel oig = 3 A H Fo] ol ¢l
FEEA Y. 2001d 11€¥ 13942 5E2F v E3 6,315,722 "Ultrasonic Diagostic
Device"(Yaegashi)ol A+ ADC fRo2RY 8y 283 235 ME 37 g3 A= g °‘/‘(time
axis extension unit)& 7]Edth. A% & RS ADC FHo=

g w2 SRoA HolEE #Egth. AE g% &

3, AYgdE (FIF0) WEHES AHgste] 7dd = k. dolg 45 %‘ﬁ\% A J
He AS AEES HE I Yaegashi= dlolEle] 1 Za gl ol &34

FQl WMB(DCD) el 278 HRHE T dHolHe] a9 Eﬂﬂ%]%% gk MPEG St Ho“?ég

I e gak k= V|HES HLelE AL 7]E3tk. (MPEGS Moving Picture Experts GroupolA 70t H]
=

1=
[>
o
r_>.i
lo,
i
40,
i
ro
o2
>,
ol
ox
tlo
Ho
oL
[>
=
rE
ﬁ&

R
. oo
E
_|O_4 _4
i
[o

P
i
il

AR
HJ
>~

oo

ofr

—_
N
do
z

[

o —

& ol 4F FEe AN 4F AEES o= vxash e 8 viRey futolze] AHr. w
Bl ¢SS diE% v fulolielA Fod A §3E A, dAE Aistr] flste], doly g
el o8 Uﬂﬁiﬂ DlﬂPOl/\iTEi AdE 45 AEEs dFdAdY. 2™, g W& (logarithmic

q L
A
ol

o
=
conversion), F3ste FHo 450 Y A B HaZHolE flste

A
A AEE @%%‘3}. Yeagashlt 7<1FJ Aol A W A s A EHA e

v E3 I, /] HIE A)2008/0114246 "Transducer Array Imaging system"(Randall et al) W &4 #
GQ/EE S wE, AAEE 9/EE doly d4EYE AHEstE 259 tiXd dolH ‘?}%% M acia= e
S AT AMEEQ AYAS(requantizing) v 2P (clipping) S X8 4= U}, o & , QT EE HE
9] = Zold wat dxFA 7”\0}"4 Zlolo] 73t v A& MEGHIE(bits per Sample)ﬂ %%Ea] -
ATk LF AAGEAAN, HAEFE E FA HAE UHER AFEE FA ALEERFE AE HMEEC] HH
(truncation)d < Y}, ¥4l °—|“(ROI, region of interest)<S °J3}(imaging)3slt”] 13}, ’1‘19_ CIR= PP
< zZlo]l el nAE ¢ dom, weEpx Ha AE AR A 2/EE Hd HE AIRE $oll g5% dolHE,
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[0009]

[0010]

[0011]

[0012]

on
J

361 10-1647797

A7) dlolEl7F GAF AL Ao 7|oE R Fe Ao wEHE F
gAstel a7EE ARt wow HolHe o 2

2000 39 28¢ TEH vm 53] 6,042,545 "Medical Diagnostic Ultrasound System and Method for
Transform Ultrasound Processing"(Hossack et al.)© WA T2 %53 dolgo] s ¥ = 7HES
Z1egth, g gl gk gk ADC H 9 obd = RIFAY EE ADC 9] txXd WFAHS 2. 1EAg7]
(beamformer)& I-#Ho]= F FA=A(I 2 Q) MEES A, v gty oz, HJrjo F35(RF) ME

Ao WZ
& AAgT. 22¢(2-D) ZH el didste WA MEEc] HHPEHIL wHEEo WE =qQ xd
(transform domain representation)S AJAdst. W3 Z=del AIEL ?}%% 8 FAsl g/xEE
dadEd. 4Fe T e &4 dFY 4 Avk. DCT %=+ DWT(Discrete Wavelet Transform)9l 722 <
olo] W3k, A g F I FUE doly ZHAS hEsh] St A eE —’F AL}, dE E°], JPEG
452 dojEle] ZHUdES dolHe 2-D EFER F¥se oAl 4] E5E EH"H 2-D DCTE A}-&314
HEEtE oA, W3 ]l MEES FAEEE 9, E5E Alold DC(0 Fak) H3E MEES AeHoR
dzdgste @A, 18 A3ty wg ZdQl MEEY 2-D E5ES JdERY Oﬂi%‘é‘}lf DA (5 E01,
HEgk Azg)E Eeth, JPEG ¢F LuEEe &4 Ee Y gFos 749 & JTUPEG 4EFS
Joint Photographic Experts Groupdll &J&l 7Ed %iF 94 45 PSS vy, 9 2L st o
A A VIHES 9% 13 =HRldA e FUHAQ SRES, 33 ZERloA R W ZuldA AlLbH e
Z(computaionally) © F&Ho|tl. oE So], &7F Ed¢loAe 2-D YE|HL 2-D AHFEH 5L A&3F
o oW el 2D ZEYLS We =ud Y AgEdd i o &899 ZF(multiplications)S
AREeth g5 WE =l dolg e s A4 S S8 AGE 7 vk GFAAE Aste], oA o
I (inverse encoding) % W3 FFEo] taTdolE fgk A o HL&HT)

2005 2¥ 15Y S5% vl 53] 6,855,113 "Diagnostic Information Generation Apparatus and Ultrasonic

Diagnostic System"(Amemiya et al.)¥ %S9 AHOZHEH AKX FHozo] A HAld A xSy o
Bl ZdES dFete AS Vet 223 fUWe Wiy 4 $54Q W3y, B-RE st 2 =29
GAstE S ZRAAME x3sit. HE doly 4F ATEol A ZHAS % JPEG 4F e 559 =

H
AYES A% WEG 90 2 B-EE G4 deoly wi =Ze s dolHe gt 98 Hely
.]

s
b D
HN il

SUCPNE THBT. UL ATl skl dEaAA B
A3l dlolEE o Azld

PCT &7 &9 371 WH3E W097/09930 "Ultrasonic Diagnostic Apparatus for Compressing and Storing Data
in CINE Memory"(1997d 39 20¥ F70)(Lee)= CINE W=z Wzl A& ol UAHA zS31 HolHE UF3ie
A3 )i CINE d2e] 258 AAE HolHE fgFaiAsts 2s 7I&dth. CINE mlies Akl oaf x%
(orginize) ¥ B7He] WAES E3gth. ojed Al=dlelA, 253 TrB = AC doll WEES FdstH, ot
A ADC =¥ dHlolH7F WEAd AEES Uehdn. §hSol dloly Zdqle] A&sa 27 we d 5
HgE 4= v}, Lempel-Ziv-Welch(LZW) <ag]Fo] F 2 dEFaAl F&8h. LV &uglE2 dlolg U
HHEE = HE 'l ES &St A7) wiaEE i lEd Z=E g@dele o A% CINE HEZ 25
AME =z Qe Wiz FE dHolH7E dFaAE AL o 15 S8 o A€

17
mlm
=
[e]

B E3 &Y, &7 ¥HE 2005-081082 "Ultrasonograph and Ultrasonic Data Compression Method"(2005% 3
319 &7l (Akihiro) & ot =1 WY & 259 doJHE ¢F37] A3 AZEA AArdES 7=dt. 3
HA AA oA, ADCE ofd @1 WAy &2 AsSe [ 9 MZES AL, E7|E= of HE9 |,
A
o]

Q MEE Alole AEE(differences)S ALMStaL, 2% 7] 2HEE9] t$k RLE(run-length encoding)”} =3
Ho] &% dolEE FATTE. &5 dolEe vl AE. wEH2ZEYH HAE b dolde 43
A= G tdaEdolE S8l AMEEnh. A2 AAdelA, ACE obd=1 WEAY] =9 WEES] RF HEE
< AT, dE7IE A WES RF MEE AelY AEES ALt RLEZE olol &3t obE HMEE
(compressed samples)©] wlXelo] A, AL, kFaAE, G t=Edols flate] A€t A3
AAdo A, dF Aol WA EHo] ¢ AHEo] B-RE 4 TUYE E =ZY JA ZHIES AT

< '}—E’r%(frame to frame

o dEVIE 4FE dolH THYES AAEr] fske] =Yg o
differences)< ZAtsth. 54 dloly ZgdEo] W=Ee o] A=
ol 93l o AHzlHE.
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[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

SEE46 10-1647797

1988 64¥€ 219 =¥ uw= E3] 4,751,929 "Ultrasonic Bloodstream Diagnostic Apparatus with Dual

Displays of Velocity Profiles and Average Flow Velocity"(Hayakawa et al.)+ =Z2 F3¢ ZHE do|HE=
dEete AS Ve, dEVIE T 29EY MEEY AF 2 84 FEE(real and imaginary parts)

o] a7] AFES AxrsleE ZHak 2 7PAF 3 Z(squaring and adding circuit)e] o] dja sF 3. dF7=
7

TN 2 RE Z+Zte] AME EFYo HELES Adzdyste] T (representation)ol ] BIEESY =5 AT}
t=7)= 7] =8 AZo| e H238te], 7F(mantissa) WY HAA9 W] E(most significant bit)e] $1X
(location)E& <M=Hstar 14 /5 H4Y HEES HESID YwA] #He9] ¥EE(least significant
bits)& AT, Z4ze] AEe] e AHAAR 45 A= 1A A HAS HEE 2 289 HEETH
AAE Hstel MEES] J4E dede 225 st Aok MEES] 7HH ATt Ao AEESYH Al

Ao, GF2 EA5Fe] A

"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.) =% U7
%221 A2Hl(tele—ultrasound system)olA 2] AES ¢3le] WA MEES A== AL 7|«=3ith. DITE
128x512 WA AEE9 ZHdd A&dAn. 2 WMo HBRGEEe] Agso] sty e Ids
Abgste] st FESAl 5, 128x512 YFaAl HEEC] Zeddel =7 Wgke] A& Ho] taEYelE
A% 512x512 MEES TS FAS

B FAEE AT 2 WE Fo 253 GAES 45 AF AR 08 IHES Ted
51715 ¥3}sit). "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.) =< 253 AL 5 AR UgE 4F WHES ¥ &3}
= AS V&g, BOwye Fgo] Wsk(Fourier Transform), DCT, 4-% T& B (quadtree
decomposition), DWT, &g 3J|~E 713 A3 (histogram thresholding) % & Zo] IYL X33}, H
e 70 W3l 3 512x512 2Su JAEC] HEFth. "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.)olXE Z&3 Gdelr] 2#Z (speckle) S AASE daeFy 5SS AFsts Aol
el 71k, DIT Fol =32 A7 dags, Fast 3 dEZY dzdo]l ¥t "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.)S %&3} JASo vpokal F&a 2 &
/\1 oLz H]—Hé]—‘é—% xﬂla}‘— 40 7]€5]-1:} Dﬁ:ﬂ Hltgg Huffman ‘l- 11’61’ Lempel—ZiV, Ei go] :/1:1 13_;
Fano ZQE<& ¥3ghstt). &4 WH-S JPEG, JPEG-LS % JPEG2000& Eg3ste E}Ohﬂ JPEG HAES xEsih.
"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 ¢4F<& ‘”%9] 253 GAE AL AS
ZEd, 2 S 49l GEE W A5H ZHdE Atele] HAE0] 8x8 BEEC U B WEES

il

AEste e 23t BA 9HEL2 2y o 299 WPEG 455 ¢4 dzdE .
TE AF v= B3 7,009,553('553 E3]) "Adaptive Compression and Decompression of Bandlimited

Signals"(2006%d 3¥ 7¢d)= 54 dIA S A EE(bandlimited signal)9 & 2 dFsiAE ¢33 dudlFH
58 71E3Y. E A v= £33 7,088,276('276 £3]) "Enhanced Data Converters Using Compression and
Decompression" (20073 849 7¥)E vl A & ol 73E ANCEHE FHE A3 AZEd F&4d =
&4 455 A8t AS Ve, FF aF BAAE 29 v= 53 9 A112/120988('988 &4) (2008

d 59 159) "Digital Interface for Data Converters"t UYXA|E <l H o] oA A dHolE EELES +&
Zo]7] 95l B9 ADCEZFEH HolH &892 WHdHoz thFd(multiplexing) st AL 7]& 3o},
253 G443 A" AXAES Alolo|A 253 A5 dlolgoel tigk a&4<2 Holy g 2 Aol "o
stttk A28 B FHAo] QJEs FHA Holy A 9@ A &S A7V fste] 259 2% Hlo]
Bl AxH o2 8% (computaionally efficient) ©lo]g tFo] FQslr}.
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[0029]

T 5% ubgAE Aol wel ADCES] WARRE ¥HE AT AEES 45 AL TEE 259 A
2Ee] SE ot

=62 tikARl Al wEF 259k AlE AEES SFch V] 4F AEEE A viEed Ades As
Eets 2ov AaHY] BEET

E 7€ tjorHel T mek 45 AEE] WAV ny el A 2e% A2 BERoln

% 82 o AL HolE EESY 2 AR Uste] ohF ATEL st AL TPt 289 Axwd
1=]
=

S5 x|t}
T 9E ADC ¥ E E£E HZF(port concentration)S #&3l= 283 AlAEe] EELolt},

100 1670 ADCE 2R dlolel& A%ah7] 918 1209 dole ¥ESS ¥aths ¥E 9% 749 B2

ol

T 112 As AEEY 2 ANRAES i (restoring)dtr] #lste] X E HFomRE Y AQl F4ld tF
3t HE 2EHES ZHHHOE(reordermg)é}% 2o,

T 12 N_GROUP=4Ql 5% Z28 ¥QIE daye] HFxolt}

L 13 dEP S A% A5 HEEY nHEES AYste 45 =A%

T e 2" 7E UEdY] 98 HNEES dYete dE EA g

% 15% n_exp, n_LSBN % m_exp9] dA]A Q] k&< HelEo|t)

% 162 74% JHE ALEEE EF 5 4297 dFY(block floating point encoding)? E=Eo|t}.

T 172 AZ 98 T8ES XFeE 4F F5(2101)Y EF =it}

T 182 4FsAI7Ie] £S5t

L 198 AR bE 4 FIHFES 7 AS AEES 455 A% ddE 28 d9E BAEE gl
5 208 A3 MEZE9 A Ful(center frequency)d] A% & duma|Ee] EExo|t)

L 212 T4 Fdd 278t FAE BAEES Adste s4ES Bosn

T 22% & 199 dE& % As AEE x(DF x(i-)9 §F =& A& BoErt

T 238 = 203 #Este] AHE 45715 AT dFaAVIA g FAEHE 555 EF ot

T o247 AF3A7IY GPU Hell Ao 7d 2 253 945 A5 A% e S5 E5Eo|t.

% 25% 4S8iAI71e] CPU/GPU Hutel =~ Wo] 7+ 9 253 J4S A7 93 e sA459 5=l

2y HAe] s FAH g
T 12 Y Vs wE dubded o858 259 Al&E o EERoltt. Al WA (transmit
beamformer)(104) &= TAE E& opd2 a1 WAyl & 1L el A A& 749 W7ot
S WEHAA71(104) = Al=" Ao]7](102)°] -§H3t E(e

. o7] AlsE dukd o= 1 YR 20 Mz ¥ 1 Ue 4 g 7RIk F4 WA 7)(104) 25
Elo] of7] AEEo] F/FA 29X (112) 5 S8 259 W Ak, 259 W3 (110) = WEy]
2AE5(1101) 9] o#elE ¥3eT}. &3 HEI(110)E B 7e BojolA A e TAHLEA, HAMH

xcitation signals)S A3k

al
A AR 2HTe] A4 (couplmg)E 7VsatAl slsed. WEy] AE(1101)e 2SSyl #A
(launching) % —’F’\J% BT E??}E]r /7 AA(112)E 4 B 2 2 REE 93 2913 3|25 ¥
Einia= S ]7\1 iﬂﬂ(llZ)—‘i T2l EA7(104) Z2FEHe] 7] AsES W7 (110)00] a4
(coupling)@tl. <Al Oﬂi /A 29A(112) = %%ﬂ(llO)i—rFﬁ FAHE 251 ANTES ofdE
A (ananlog front en )( AFE)(114)°] AZ(coupling)3tl. 418 Hsle], W3y AXE(110i)0] o7] A&
55 Wgste] 283 2% W3S (ultrasonic acoustic waveforms)S AT 53], WE7](110)E 47| <
7l AsES F4 1FAA7104)] SFete] A dellA e WEFER o]F(traveling)dts 253 FFER
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[0030]

[0031]

[0032]

st M2 92 5% Jud2E 7FR Abg Ale]ES(scattering sites)o] 253 S ES WHALE, o
FEo] WEV|(110)R =HELeA vl Hgo] Wy £xE5(1100)0] ANFZES FA8 IAES H9 of
dEI &9 ASER WEdt. /5 29X112)E AEE AR ok ¥y (110) 2R EH e B
olF R 25T ASES AFE(114)0 dAgt. HEY A% A 1+ (lnterval of time)s YehM, A
7] Az A Et, FAE dIZES AAA WS aFEE Zol B9 e Ak /\FO]EF‘ETH«] HV\}E L}E}

o
Aok, A 7(102)F AREAF 48 Ee & g
AIZE Aol ARE AT, F/5A 29A(112)= AEY A5 e 5549 O}Va‘iz i%lﬂr NTES ¥
Ao 2 (in parallel) &EaT}. AFE(114)E ol =1 t]xd W3S 93k Fn|5QF Bio] ojdar 283 Al
IES FEZstn YT, AFE(114)E 4o oldaa 235 AE(1131)S 98 A & ZZ7)(LNA: low

noise amplifier), 7F¥ ©]5 F%7](VGA:variable gain amplifier) % A< & x3 b gAald
A5 ZFErb Azl wel AR R, VAT Al wet o] 55 SIS o5 ZRIYS A&drh. Azt
WE AE Are TAE 2537 U B 23S FdY U 1 ARE o|s e wE AV a3kl 74l
7]11gk Aolrt. ADC “@EL(IZO)“ MEY AES Bt Fale B4 olgd2 250 AsES WEH o2 (in
parallel) E9 253 Ao 59 AALER WEaly] 918 B9 ACES Edhert. Z47be] ADC oY Ad
(115i)°ﬂ’\19] obd2 iS ANee digehs AC &Y AD(121D A 253 25 HEES] 2EHoR W

gEith, 259 AE BEES 00] ofd T4 FIFE MY, AV F4 FEsE dEbdoR wEvo oA
%é‘(plezoelectrlc material)®] i, TR F3=(natural, resonant frequency)ol] THH FAH &3 Al

259 7 FaERP) O e

250 As TRAA130)E 259 A5 HEE2HYH Jd BRE FEFIE $HES FdstenE, )
52 & 29 st ¢ AWEE WY, WA, B-EE Ay 9/EE 257 A
3 ZRAAM130)+= HAY AE Z2AADSP), BE-Z2 3715 AlelE o o] (FPGA), HATFEQ] wlo]
ZRAA = CPUSH 22 3t oo ZRAME TdE 5 Avk. =W AHE(140)= AL
d gk FAx HFS T3], ‘ﬂ"\Ei(raster)(recti1inear(7““)) ZHE 7R &1 g AZ
&) Atk A T2 AA(150)= F71H ¢ A 3 T 2= (image enhancement operations)S ZS-3]
% A& k. YaEYol(160) = AR ofgh FA41S 98 23k = A INES

T 28 Y V|Eo vgE 22y As TR AA(130)¢ EELot}, 88 2oy A|AHES ADC Bﬁi(lZO)i
FE RF 253 43 AEEd & gAd 1384 35S & AA71(160) = &Y
A -'J(attenuatlon)) =& “5’}04 Alok(field of

FU

& 4 9t}
—rﬂ(addition) T2

)

o o
&g

)
fol
:{é
mlu

o i=4
A (BF) 74]/‘1—7](164)9] A g F7) %;ﬂf'i(d lay and addition operatlons)% ki
A7gstz] f1ek W g7](BF) wlRel (16208 E3etrt. BF 7:”"}7](164)“ &
(162) = 5] A Fo HES 34
W=l At A% (phase resolution)E A7) 8t
(interpolation)s A& 4 v, 4 WHA7](160)=
functions) BEYE o}¥Er}olAlo] A (apodization)<
(weighting functions)S &3t 4= v}, Zhzte] Ztwo] dis] 7
A (161D)0] AFTATE. FA WFHAA7(160) = Iz o=,
o He &8 AYE(161i)S 7M. o83k A il
+ AWEHDODC) (170) = VP4 MEZE (beamformed samples)=
A (complex baseband) I = Q MEZES AAIE. DDC(17
Frtete], d9E 3 ZH(bandpass filter)7} &7-5& FIhol
ZJJQQE Z[: %1\7{14, = DDC(170)7]' tﬂﬁi/ﬂ A2
28 4 vk, 2 7leiEole] gkl
A" oA A Aol opra WEAS E“"?:}f&ﬂr.
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[0038]

[0039]

[0040]

SES6 10-1647797

Z/¥Wg W3l (serializer-deserializer)(SerDes) <IE|#H|o]~E Abg&d 4= dth. "LVDS Owener's Manual
Including High-Speed CML and Signal Conditioning"(Fourth Edition, 2008 1€ National Semiconductor)+
LVDS E]HPO]Z\-E 2 FZES 7]&3k. LVDS ol $A1& 3.125Gbpse] HU dHlolE A% &£x, A #He =
A A8 ARE Xskele vz EASS UMY, As A&} (differential signaling)e MY =9
LVDS oz Haixl= 2712 1/0 BES Fe 7 3l=nl, s %o 2% 28-S 93 Aoln v =
9 i}% =95 9% Aolth. ©loly xE(2701)E #F7] EHNDAA 4F MEEC] HE&o XES 4
&R WS o 3 g9 F(excess bandwith)S 7Fth, Foix dHeolg TE(2701)E 3 A%
%“ﬂoi‘q ZJJr Eﬂoﬂiol AREE g gk, "HEIEEA(250)= M ol
= o tEstE oFF AEES M
Ne] ANA=ES A, o714 NN o]t}, 2E"E F&= oy dAF XE
(2701) 9] g Fel 46H AFAT, B S, DCECl hall, Z+zhe] ADCE 50 W7F8E/Z(Msps) 2l AME
$oll A 12bps(bits per sample)® %<3} Ald MIZEo AMAsIH, ko] ADC 28 A9 (121i)914 9] HESLS
600Mbps©]t}. ©o]E E(2701)7} 800Mbpsell o]2% HolE A% £LE 7R ¢%7](210)7F 3:19) ¢4F H|
&2 gEFavla 7HAskar. oE7) 2 (1210)0 49 ¢E AZ A@A V= 200Mbpse] BIERS 7R o] A

$eol, shubel ol EE(2701)7h 00Mbps®] FHlolE AFENA 47le] ¢EY) EHERVE 9F ABES A
Fa7lol FEE UL AT of dolx, WEBEA (2500 N9 GF AAAE ¥, Vi, Vi, 223
o)

Vil o RREH| o MESS Addste] shte] "EIZEA E9 (25114 vFstd ¢F AEE 79

§ ARAE AR o deld, BEsE BF pEE Ads R dgds 94 oy e St

ulo ofl

fo
o
0
fm o2 u
M op
X
i}
i
mlm b
Jz
=¥
1o
[
(m
o
et
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mhL
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r_>.i
ofy
~ o
do
ob
2
A2
J%N'
é
L
::’
L
>~
r&
[
>
E m1o
oy @
?_h’
db

(s} A=

M=N/4=4elt}. AE WE7](260) = &3t dolE XEE(2701)°] HEES] AALES AT

M7He] dleoly EEE—% AHESE] flEte] dE AEES FEIZYAYSE A ojde © He 524 oy X
EES AHgete AL X8, oy Eg tlojE XEES A4 9 HE ARE ZAFU. o5 AZEY 1
Ego] n4gd uf, @‘ﬂ*i‘“’ﬂ(%())b 34 A EGA dolE XEE(2701)°] digt 14 A HEEE9A
Z9E5(2511)S 7Hth. digkdow, faHl T2 (flexible archltecture)L AF MEE] HES w o
&k 7o A dHolH 2EES AT F Ak, FAdA] FRAA, 4571(210)= AR dETbse obE
H|& Wgeel] whe} ohekgt HESEAAA 45 MEE (compressed samples)—% AFeth, 45 A7I(E 84 TEA|
HA v dF FHUEQRLDA 4F AY FAEHEHES AFst, 5&50] LT7HE ¢ H&d ggste
HEES 7H 45 AEES AAEES gt 45 Alolrl= HHEIA (25110004 B4E Hy &9+
4E HMEEY AFE2EY AFE YERr] Slete] "HEEHA(250)0, HEHEGA Aol deHES
Azt & Aolv|= Hgk H|EA doly XEES I9-theshy] s AR gEel §wE ¢ on, w
g AEE o A 5 At

ol XEE(270i)0] AZE& % AET H|

g ol 54 gl gl 2 dege s Aol wd
Agelet. HlolE EES(2701)S, WEEN ATY

HIEsRo] o] AFAAOZ dojE E2E(2701)°] Ho ©lo]
H AEgro e AC E3(121i)2] ¥ , 2% g9%S 7. dE £, AC 28 FIFE
w7 2= (MHz) o] ™, o]+ 50Mspsell t-&3tar, 28]a AE 2L AMEd 124 EofA ZZbe] ADC(1201)7F 23
600 "7 E(Mbps)E AAdset. dHolE AE&2 Zh7he] dolg LE(270i)°] sl 600Mbpsd Zolth. 800Mbps
o Hol dolH HAFEE&S 7Hz LVDS EEo| ti3)], ZH7te] EEOA AMEHA] &2 200 Mbpse] tZo] EAIgH
th dlelE £ES(270i)2> 600Mbpsell Al HlelHE dEat7] $1ske], 800Mbpse] ¢+ &&ollA dlolElE HdFat
= A U g9 d¥E AnjsteEnl, olF LVDS JEHo]~Ee] AAF (A AAE) g3 E0]7] wEol
t}. Z£E FF(port concentration)< H4=2] ADC EHEZNHE HEES Adsta 7] A%d dolHE o
55 33 o mME SholA FAToEHN 2 dHoly HE &S AT e doly X E+=
ADC HIEERT w2 gl Zhzhe] doly EE(2701)9] Hul "ol MF&ol o2& SGkolA 7] AdH

PN'

L9 ADC H8E(121D)d XE HF5FS 8 o1 A|xEle] BE2no|th, N9 ADC Z2EE(X, WA X9
251 A5 AEEY N9 AJdxEe] HEZHA(252)0] d=HdAT. HEZAA(252) = HEHEIHE Als A
ZE9 WY AEE R WA RS A fste] ADC EHES IFEZFEH AIZES 2gsy, o714 NN
olt}. Ztzte]l zjd Rix ADC =3 (121i)°A ADC HIE&RT 2, 8y =93 H]E(bits per sample)o] UolA
dlolg X2E(2701) Hul dlolg AFE olskel HEES 7MY, dEE9A(250)= 42 A& 713F 5N
el A% MEES HEES M7H4 HE MHAMNEZ wggozy WSS ZAgstt, AdHsr|(262)=

ol
_|_‘

.
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[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

SES5 10-1647797

S8k dlelE EE(2701)°l o HEES fste] MEES NBEAES 747hS At 919 oA, F7}
Aoz ADCES 4 No| 169143 s BEE ), 600Mbpse] ADC HIE&olA 16719 ADCE(120i)ZHE =
HE A5 MEZEL, Z7o] 800 Mbps?] HIEES 7Hd 12719 HlE 2EHEZ AFE F Aok 12719 24
TEE Z}7} 800Mbps (800Mbps x 12 = 600 Mbps x 16)<] HolE] M&&olA 12719 HIE ~EHY

tlelE XEE(270i)<

5o A5 Aol AEE, AEY ME & 2 A dely AFEol weh, WA PAEe] b5,

£ 100 16719] ACEEFE doleE A%s] 9% 12709 delH RESS wdsHe EE AFH Ao B
=xolt), o FAL 50Mzel o2 ADC ﬁa Fopge] et s0lispsel o2t MEEES £8F & Aok,

ADC 9= 29(118)2 F357F ADC AME&e d&ste 298 AsE Rkt ADCE(120)02 ADC 48 =9
(118)°ll SE3te], 7] ME8olA 4 opd2a AT ES AMEZFHIth, HWEZUAME(252)2 ADCE(120)2] =
I2YE FH99 A5 BE2ES AT 4709 ADCE(120h, 1201, 1207, 120k)o] &}ibe] HE|Z= A (252i)9)
T MEES AT, HEZPA(2521)F 39 ¥ E(25631, 253), 253k)& EFett. WEESHA(2521) &
Zve] AL 71ZF B9t o] FAlEE MEEQ 48 MEES AWY(reordering)stal 7] AWiEE HEESS
37Mel AEWBr (2621, 262), 262k)= EHlstch. Zbzbe] A HW3Y] (2621, 262, 262k)+ 4870<] Awid=
HEEY MBEAMEES FAsta, 2AES d$ets EE(2701, 270j, 270k)0] 93 AES 98] Dy ssic).
Z(PLL)(280)%= ADC 29 F3gro] 16wl F3kE 7HA= dHlolE £8(281) S A
2149 g7)(262)¢F dloly LEE(270)S 93 deoly Z2(281) Ay st AC 94E 29

ol A &g, ol 29 Fue 77 AdWEr)(2621)2HH E99

f HES oy Agsel U
Bef. dele] e FAGE AC Fe Pl HF 10 AT HEE S 0] A 16,5 FT A
o)}, 1290 HlolE EEL(270)& AEES 169 dlole ASEoA ALuPE MESS A,
= 10BE % 1049 A0 gl 1 AE 71k Sk dels EES20)0] AFE HESe] P wART
(2000 1 A 717 5ok 16709] ade 52 E Y8 AF nESe wE 0P mAGt 4]0 BEEes
S(252) W 3709 AUNATIE(262)S TG PN, HEZANT(252) A2 AE BB WMEES 4
MESe] BEER aFsdc, dEII2)E NES] Al 25 4Y % ]

=R

EE A2 E5& ALUEV)(262))2 FSA star, i vEESS A3 A H 7] (262k) 2= FF3HA
ghoh. 29lE(2901, 2905, 290k)& A HWEY](2621, 262j, 262k) ZHztel oie WIE wjsdS depdct. AW
715(262) ZHzko] 1 AZ 7R &< 16719] i E HIEES EYdTd, b HE $AM5S ol v
HIE g Eel AbgE S olvk. HAY QIEFA (22005 AR M F, FAld HEEYY vESS A5 A
So B ANFB2ES B (restoring)dt7] $5te] 9 HIE v (inverse bit mapping)oll wel Au]dHct.

o

T 118 EYe 2E AMEEL AHFRES H57] sk, ¥E FF(port concentration)o @ <13k =al%
HEZYd % HE 2EYES Amdsls E5=olth. XE HF RioA, FAlV]= Eﬂ A2 49 doly =
EE(10)& 873, AAHow Adde] HztE1 BEFE7 FHAaHET. oY dvloly XEE(310)2 LVDS 4l
ZIEoltk. Zbzhe] LVDS 417]= LVDS $4loll &) Aitel abs 4Al&E 2lsta gigste 74 HEES A4
2H(reproducing)ste =2 AHE HRAAAT. FWHE W37 (deserializer)(315)E FAH 2E HEES HE
Za4E AT MZE R WX R W BHE AYER A3t dEZ A (3200 HEZEHE A5 A
EE59 HEES A5 AEEY B9 AFEE X WA X0 &A= AR (rearrange) $vh. 253 425 ==
A (130)=, s AEE] AL AldsEd ¥ 34 &5 fAd i dd 28 35S 483,

YE A5 Bxo gk F714<0 diokEoe] '988 A VEd Y.

o

A5 FHEQI0D 93 HEEHE dF YHES EE HF5 A5y dad ¢ s AZE

E&4(first or higher order derivatives)?] AMHEE F& &254d dzdo] oo £&£E)S xgsic},. 3
Ik = OE Y dade] E5 B A5 dzdel digk gigkd S Q).

&= F41(2101)9 wigAgk AAjdE= ADC %a(lﬂl)oil‘% He A&HHQ s AMEEY I8 £F B
A dz:YPS AHLstE Aoln, Z7te] IFS N.GROP BEZE5S 7HKth. N_GROP BEZ59 Hd A471 <
4

%3l N_GROUP MEE2 3719 A= Pﬂrﬂ} SRS

N_GROUP A=5<] Al Lol dhaf :

1
N

1) N_GROUP M&=9] zH7he] aselA Hl 2719 logs Atz A ol ofsl At =L7](magnitude)& #d
A&l gk Al (L(base)o] 2)5 AATH. ol dxdE AEST HEESY 57, = n_exp(0)E YEHAH

2) S/He] HEES At Al 259 A9 n_exp(0)E At <= (absolute encoding)3dtt}t. o714, S&
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[0049]
[0050]

[0051]

[0052]

[0053]

[0054]

[0055]
[0056]
[0057]
[0058]

[0059]

[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
[0066]
[0067]
[0068]

[0069]

[0070]

SE50d 10-1647797
BEG MESY ge Fold),
3) AEY n_exp(0) WEES ALgste] NGROP AEES A= gl

N_GROUP AZE9] iwAl gl tal(i>0):

4) AU Z7E 7B MEZEC g idHA A5(Ho] 2)5 AAI}. oE iMA gl da"dE MET |
ES9 4 F p_exp(i)E YEIT

5) i WA ZEZk(difference value)S ZAAF7] 93+ n_exp(i-1olA n_exp(i)E ZFstozx iHA x4
2 540z dagstl. fests EZ(token) S AMESHY] (WA AR S dzYsitt. o7A o #e E
50| ¢ FE4A(more common) A FHES YERM o 11 EEZEL2 @ FEF4U(less common) AHE #ES

6) MET n_exp(i) HIEES ARE38te] N_GROP A1ZE9] 1WA 255 A9 gt

AEE] Al 2Fol tal, A5 n_exp(0)o] A Az =T, o
g 4 9lom, o7 Sk Eyo] MEY HESo|T),

il
it

o], A4 n_exp(0) &}7|9} o] odzd

a. 0: n_exp(0) = 0 (BE 4719 A& #E°] 0olt})
b. 1: n_exp(0) = 2 (& 2ME)

c. 2 n_exp(0) = 3 (=3 3ME)

d. 7]eb. S-174A. n_exp(0) =S (W&9 SHIE)

i WA 25l g8, XSG n_exp(i)E FAE] FE(prefix code)E AREsle] AgH o=
FoeEs & g2 F59=9 A (prefix)7t olHth. AdsHe abs dzdeS &3 2.

1. X2 Arste}h. e diff = n_exp(i) - n_exp(i-1)

2. e diffE 3p71¢ o] dzmgsiy,

rg

a. 0: e_diff = e(i) - e(i-1)
b. 101: e diff = +1

c. 110: e diff = -1

d. 1001: e diff = 42

e. 1110: e diff = -2

f. 71€}

o

Ao w2, A4 n_exp(i)e AsH o= dadEs= il sxnt dagdd = Art.
ol

% 12 N.GROP = 4 ¢l B5 &3 dafe] B5=olt. A5 AME7(402)= @A 1 3 w7 404k o]

N_GROUP M=ol ®ial, WESIMe] At A%, n_expE Artath. ]*E?lm%ﬂMMFZWﬂZIﬂWﬂ
54 n_exp =L dIWITE. 7 HA(nantissa packer)(406)= ©A 3 2 A 6ol A4 N_GROP MEZESd
3 7ES Azd3g. = 132

i%%whﬂﬂﬁimiA11ME£%*%“FAQE~ENdW 4= s
AMEZ(420)S Ko HEES b ME(420)9] n_exp 39 HIEEC] dIZHS 93 A", AEE
S 9g ARl HIEZE Ade| vES HAYEHIL HEES ARAH AldxE JhE UEY. & 128 Folrt
W, HEEEA(408)7F, dFZPH AF EF(411) 2 o]l $&3k= N_GROUP 7FrE<S w73t N_GROUP &=
1255 et o5 254100 348t o delA, 5 1541002 AF EFUL) B old F&3H=
4709 AP 75 (412-0, 412-1, 412-2, E 412-3)9] A R2E I3, 4F FH(2101)L A& U4F
I85S AZ(concatenation)ste] <FE7] 2 (2111)d4 ¢=H 7l dHoly BRES A}, N_GROPS
A AaE= Abolx2e 259 3 e M9 AMEEeltt. ey, gdd F AtolxEe] e AMSH 9l
=
MrER AFES HER dIdets 2 T 4ES A oS ol E AaAA T dE54 A
A2 ghEe] AtEa dmdgE. A5 | Wsky, wEkA] 0 e 2ER S 93
Auigez He oohd el EAT. A AR FEL 00 ofd AE I ¥ IREY OIS AEE

L

et

o
NHE

il

= =
TES



[0071]

[0072]

[0073]

[0074]

on
J

361 10-1647797

(positions)¥re Uelhdozy ggon dmgdd = vk, A hHeshs Qux
Ate] 0o X zk(last nonzero difference value)2] ztgle} #Hslo] TAE
NIZFL FE4d dIFgely, ol dUdez & JqyES WANEH. AFES U=
=S A (integration)sta W-$steE Ay YAES tzdy 2
st7] flsted, Z4zte] HdE Jhe gho] AlgkEHo] Hadd AES B A

n_exp

A9 e 2719 Aojge 4 ¢ A o)k AF kel WAomREe 7}

2,

o,
N
5
_>|l_‘
A

ol

M Pk 2 4y o Ron
10

KR

b9l n_exp 3¢ HIEE EFE dIYse i, LSBE AlFSHE nLSB 719 HIEEC] AARGY. UHA
mexp Y/ EE(m exp = n_exp - n_LSB)o] dZYFS 3] AeEAT). n LB 72 4 E& HolEol wl n_exp
o] el o&gth. % 15% n_exp, n_LSB, % m_exp® dAIA @5 Holgolth. ¥ & %k n_expel i,
A& (truncation) & WHE R (rounding)ol 93] o B2 LSBE°] AAH mexp HEES 7I Z4dE 7HE
PA3th, o2 Eo], whek n EXP7} 128}, N.GROP #4¥ 7FrE9 #7E 98te] 3709 LSBEC] AAH 9
Me 7 MEEC] fAE. E71(210)E n_exp, n LSB, % mexp?l #EQ =4 "HolEE AT 5

getd oz +E7](210)% n_exp?] FEA nLSB E m_expE YERE 4 don o o o gES AL
T 9t = 162 Had JES AMESE 55 Y545 dmde EEXolt. N.GROWP AEFE9 ZHzhe]
el wall, AF AL402) = HdA AEE Az Zo] Hu X4 n_expE Akt b HIE ALY
(A1) E 59 HeolE Ev AS AMgste] fhad 7hpedA e HEES] A5 nexps AR fAE b5 @
#(416)= N_GROUP AZE Z1ztol|l Uil m_exp BIEES A®dtt, HEZHAA(408)= A4 EZU1D) T ol &
&3 a2 7F5EU19-0, 419-1, 419-2, 419-3)S #HHsY 4FE 25U18)E AT, AR
ZAENA, oH LSBT N_1§ MEEY IFo2REH AAHA Lt odF 9, N.GROP #ZE U 3t
ol e MEFE AV7} FErlee Higno Fthd, e LSBES ¥ §8h= N_GROUP 7HEo] 72 A

= [e)
= oS =0 P ) o = o =
o 45 AEEY AEae Fad Ve ES 7K BEE AdE VEES A 22 45E a5ES 29
2=
T

=

159 E Astel HE FRE0DA UF Ao] AeuiEEe AT U
fe) H =

Sk, % Alo] sy

99 <) A
EIES NGROP % nLSB, mexp, 3 n_expel o chebdel ¢l lolRE mi HES A% 48 duvlhE
& EFA 4 Ao AHES RE 4F FREQLDA O #9T + Aok dAHeR, 4E Al
deprlgEe A2 0E 4% FRAEQ0DA bl A2 e gES 4 S A 45 AorlE 9% Aol
et 5 A dstel A8 Al ST 4 Ak,

o WEEE UAY QEdoln(20)8 BF A%S Ast] 945 ARE doly RRER A4

ADC(1200)90 ©la) TAESE FAR Base] g 45 A

W (arrange)® ¢ QUck. vlebdoR, w95k mashel AmE vhsh ol M) ACE(1201)ZFE|e] §HE

WESE) AAsE] Aol Fola Heoly X g 59 3

& ARG Hd PR AN A A AR ETFAT. v =3 92
[e]

E3 &
Ao} SeEHES dehlE Aol doleE £FT & Ak, AFAA FAEL FHH A5

il
il
o,
>
)
[
il
-3
E
A
S

AFAE fletd, IFs 3
N_GROUP 5 AEZE9 Ztzte] ol &, &EsA71(
%X

B>
-
o, o
)
H
ol

#, rlr
=
l(D
5
1o
)
o
My -

(Mo 2
v o, olft
_O|L
N

tlo o
(&
oo KU o -

T4 410 v 4188
2M N_GROUP 7}rE°]

2 H
-
22
i

o
=

ot

2
o
ol
2
[ oz —
fr o> |o

=

B
ﬂ
i
&
32
o
b
s}
XN
&
iy
>
_°|L

:Oé
[}
o,

S

%

2

N

~

=
=

e

1_,r1

o

il

R
of,

o

|I3

(@]

>

o

)

jn

2

Lo

Y

ol
I

O:] H_LSB ﬁ%% =2
S E(original sample values)& <-A}(approximation)3}”
Foll 3k AP v EE(unpacked bits)oll n_ LSB H|EEo] HEEw 7] n LSB HEE

t
y ool
1>
[o
[
ot
e
=
e
fc)
o,
2
i3
=
oxl
_°|L
N,
L

rlo

(e}

il

s
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[0075]

[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

SES5 10-1647797

29 = (dithered values)¥ 4 Utk

'533 58l= 54T A 255 oF H AFHAE AT dudES Vs splelA A= dijt
Al S WHMES dFE 259 As HEEC dE 533 58] daelFEe] F4olr.

259 25 MEEY 45S A% = Y& gk AHEE(differences) S ALe & dmdsts Aok, 2%
3 A5 AEEe] 1A =5 AAH(first or higher order) 2HEES ZAMtsts AL A owm 2o s HE
Ex 2 9715 A= AR MEE(difference samples)o] A & 4 lrh. At AZES AmY3= A
= AEE AHAE dadshs ARG o FEA & ¢ vk felA e A3 o], AC =3 (1211)¢] o
H2Q AZEY] ARES AT F AR AEESC dF E5 s 2573 dadol daE 5 Aok o] A
of, AHE AEE2 AC F9(1211) 9] AT HEE dA EF F& 254 dadd . b ow, =z
B daY Ee gE dade] Ak AEEel 482 5 o

T 172 A AsFE(differencing operations)S ¥$Hele & F4Y(2101)9] E5=olth. ¢4 #Y(210i)<
ADC(1201) ZHE 251 25 AEES g, ¢ Zkzke]l b& fr(2101) 9] AHE A4
(3301) % A= (3321)F s 4= Ao FgeEHES AT A4E71(3301) el gk b5 Ao ghetv]
HE2 1%, 2%, BE 13 RS A9d 5 drh. AR Aa71(3301) & 2t AEES A7) flste] A
HE 2t x}4(diffrencing order)E A&3tt). ¢+& Ao FAHuE = £ A AXNES 93] (bypassing) 3}
E AL Adgsle] Az (332i)7F AE AEE dAl Als =S g 4 k. AF:H(3320) &
A&k F Aol FFEvE = flolA AHE Ake; 2 5 &3 d3dE A% FdEgE, B szt
Y EE E UE Oﬂit‘]e g FHvHES YERE vk F Aol detiHES AR e 45 F

HEQ10D)el Well FdsAY dE 5 Sl

A 71(240) 8] EE=o|t). ShEalAl 7= Al 3ol whah, oA " e o] ~(220), A )
W7 MR (162)Z5E 4F MEIES s, fa2H(352)F A= (3321)9] 52
H%E‘o%ﬂ dadyd MZEe gAdt. dF 59, gades)e 85 % 2543 gdad, = gay
T OE gags FI3t. 4S9 738 13 B 23 GRS AMEsy] fske] HE evjyely
(mtegratlon operator)(354)7} tZ9® A MEFES Fbstth. 45 Hd Aol FAEHA ZQ 2
B oveo]E(342)7F $-31E Aot} ¢FaAl Alo)71(350)= HlF=H(352) 2 AHE A olE(354)] o] ¥}
g HES Agent. hEAl Ao)7]1(350)= 45E vlolE #F e FHTRFRE Ao HolHE FE3 SHE
A F2ES A Ao FHvEES AA S

[o

L
2l
o

off
N
k)

9
T e
Kool

o |
R
y o W 0y

= N
o W = i do

ot oft r@ 2 mt i > ot

Seh. = 1904 "o 1"i FAE ol heahs 1A Ame] d= Aztetd,
Hola d&A¢ MELE o] YA Z7k= 10%E wiwkolt). Al #Ho]A E(phasor diagram)E ¢
Afolell Ao 917 Wshrh Homm ALKl BEEL ALEY AVEC] HEE 2 Xhﬂ 7
Hom & Aolghe As E"%%‘ﬂr. AL ool AT
S4Q BEF Aol AEEe] ME AVIE HlE Z—}EEE =
= 2o AEERY A2 fﬂo]‘ﬂ Fe Vs AR AEES AT = 173 st
& AR S ARG (S 1) del whsl axbH ol
T 19% ®=9 F4 FI57E D Bk Fa, YolHAE Fg /2 vHel AE A5 dE At g
20 dhal, T4 Fuks /6 SAelal ASH AEE Aol A S7h= oF 60k=oltt. A2 FHolA =(72
E(720-0, 720-3), (720-1, 720-4) ~12]aL (720-2, 720-5)° 98] =AIE Z¥} o], 180%,
2 Zod AEE Aol FARE A7y vk S/ (opposite polarities))E 7}
o AEE T 0}‘/}‘2 I (inverting) A7l A(Es (DS wakes 22 49 b A
(close estimate)S A|Fah. A2 dA A AlBA(722)= T3 3719 A FHER 2y
715 g]a wdje] 2FE(opposite signs)S 7HHS HolEth. o E Bol, ME 722-
HEE]

4 e
ol
el
o8
Z 0 oo o

R (i
)
offt
)

W
o

o

)

S
o
=
12
—_
N
2
=
18
o,
}0
o
o) Lo
e}
il
2
=
olo
%

Pﬂ
_>|J_‘
t
:
H
_>|\l_41
O
M
|
Lo
2
24

od. 8
MOoRC

M
R
off

(=)
~

)

1o el
)
e}

alt
Lo
3

b
HN
o

w
N
=
m

N
f
o%, mn

20 e oo

2,

(EE=p)
o o
o2
o 14 &
e
[o:

e, e
et

A

ol Ak
32767°]

Fage o

Al

oo
juk=)

M

239l ke arsaelet. e 2 G, vl 4% AAER b
e doly F52 AU F4E AEE
=

o
=
99+ 9E o 4L ol EEL A 498 AEEE A9A,

il
v

(e
fu}
ﬂrs‘:ff;
fol
18 o
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i
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1o
o
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>
ofy
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>
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o
lo
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[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

SES5 10-1647797

HolA =(730)E 180%, HEi& 279 AE ALY o FElE AEEC] f§AM Zv] 4 dbgie] 34
(opposite polarity)S 7F& RoFu. A3 oo A|FA(732)= T3 sy Ay shbe] AMEEo|(every
other smaple) A Z7] & dhgje] S48 7HHS BoErh, U9 394, sy 28 sty AMEES 37
shatsls AL Axpdoz Eio AEE ¥yl a840F mdd 4 e 9 F2 HolyH E& Ad 4=
AEE0] =HA & Ao},

T 199 U9 49 doA, TA Fuge /3 ol A& MEE Aol 9 S of 120%0]. A
4 HolA Z(740) 360%, T& 3719 ME A EC o EEE AEFEC] fAE A71E 7 ol
RolEth, A4 oo AA2=(742)= T 28 shube] A= (every third sample)©] FAFS A7E 7HAS

B9, 3 BF A5 o8 BE ABE Aol A2 FAe A B AEERG aaHoR
99 4 Qe AL dold & AW S48 AFS AFY Aol

o2l

f
2
2 MN o

k1

199 oo} 59 elolA, T4 FoEE (/2010 S AEA MBS AlololA o} 180% F/HET. Al

HolA =(750)% 180%, HEE atube] A1E towm REld MEEC] fARE A7) ey widie] S4E5S U
3

4 AQew noEr. Ao oA AAATEDA fAE 27 D e FAL AW AEH ATEL
HolET. o] A%, 2he d&Hel MESS Uk AL, Rejo MEsur asdow dmPE 4 U
o Ao dolE F& 7 £4E AES IAT Aotk

T 1990 iz AgE 99 5L, TA Fagel g AE £r9 vEd w1, 2, BE 3 AE
BEgs As MEZZ b3k 7}4}(2& ko] Hol o= W A(inversion) T ZAHEE 7HAtbo] =
i Fsto g T7] A (magnitude reduction)”’} BAE = JS HojFrd. Ayby
IAgE ] o MEES AT, 29 As MEERT 2 HoH &
Sxo gk $A FIre vl wEh, fAkE E o

L)
f
o
S
=

o] BEExolt}, ADC(1201)7F Awid tl® 2 (reorder
demux) (810)o] <3 Az MZES AT, Aud o = Al BEZES AdEe] Aug MESo
4= Xﬂoﬁ S e (852) ¢ whel Ak Jge] AME 1A S o) EElEHe] "HEEHA £ (812)S FASHA
H HEE832)8 P Astel 5 Aol v E(856) el whet T]HE
s 7htF = 3 $2ES Fdgitr. ke oF ol (830) = Eg U
1 d

i

ol
[\
(@]
o
>
fol
%
e}
it
lo
;o
e
%N
ﬂ
5 P
o
rl
Y
o
A/
= -HN'
ue
k]
)

—

g}, ks eufEolH (830)= 74
ZUx =d /\ﬂi.r:_(glz)o K=

722 2
ST P ¥ ifferences) Fdstes 42 5 vk, da

'Cl =
HEI0E £ BEEEDE An9de 5 A5 BFES G, ATHGOE BF P52 A
9, ALy A=y, Ex oE dnge 48de] 9F WITEL JAT. BS ¥E 257 dmdelA,
ADC F(121)9) A5 ABE Ol F4E BEEE3)0] BE ¥E 454 dxdz gdun

= A0171(860)= A

o
= [
@l A AHZ BFES FYP3v. = 218 FA Fupapo] 2] £AHE A % (832)% *g*FOP‘C 5SS
HolErh, Al €E(871)2 o] oo gigh 7hsgt %"\J FiTES AT, A2 72)8 A7kl T4 Fuke
gk oj-&3he FIE g ZAAE ATET. BARES 4F Aol (852, 856)E HGJ g HEZA AMSE
T Atk A3 d@®73)e 45 Aol T E(852)el wEk A Apld oW E¥(reorder  demux
output)(812)o A9l MZE=(x(i) % x(i-j))dl Wat b2 FEE=(different seperations)S Al &3ttt A4 4
(874)& &5 Aol FHEbwE(856) ] Wt M = e s SHES AYs ARE BoFEr. A AE
E(delayed samples)ol thsl] I El7} "= wf, x(i-j)7} ZArdAT). A5 H(875)& F=AHA MEE(modified
samples)(832), & y(i)& Aitets 2b& 990l (830)9] 4284 A#es wojFEt}, ¢ 71(860) &= &=
g A= (840)0l gk AAE AT, GF Ao FHWHB8)E EF FF AFH dIY e oE d=
9 7IHE A FEvEHE BT A

T 22v AR e F4 Fa5Ed dste = 15 2 169 B#Este] AwE AR Zeo] AltE & 199 oﬂ«‘éoﬂ
e A AEE x(1) R x(i-)9] & B ALss Aedy. s = 25

NB2ET Fdslt). oA AF2E(912, 942)04 2] DIFF & =L

2)el A9 SIM BEolAY MEEL WSl 2s MEE, F x(DHEY s
AMZE 2 S AZEL = 209 A3 (840)0 dEHEH = F=HE MEE(932)2 oojt}.

g
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[0088]

[0089]

[0090]

[0091]

[0092]

SE S5 10-1647797

w
o

207 HHste] A A 2 4571(210)00 dEA G53A171(240) 0 o& T EE T2
: g, gAY Qg H o] 2(220), 4 WX (230) *% 9

. H3Y 9100+, 45€ dolgE 0%41710]—1
274 Hads Fds5te, Hadd #48 AEES

s #o]H (inverse arithmetic operator)(920)& HYEZYH 4 MIZEZFH Ao MEES
2ol E(930) o ek e FZE(inverse operat1ons) Feggich, HEZEAA(930) = 223

AF2=E BA5H7] Aete] EEsiAE 4Als AEE dgh B9 £ME B30, 4534

T (910), & SH#HC]H(290) H @H*Wl(%o)oﬂ Aol FeprEEE AlTdrt. G5AHA A
d5HA SHES A Ao A HES ZAs7IHEt GF5H doly #HA Y SHEFE Ao

+ 9l
A
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S o
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o
°
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=
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S e HmelA Agwth A WIE0D(E 1DE st ol de @SS xiHac

A=Y 13 0 16)0 MaLz), ], w59 Hel R Ao
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[
ofl uE %

B .
H1omo (orlo
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Xﬂ7l 240)«] e TP

i

Z2&a A|AEA] B odbdo]l MEEE AAdE ADCE(120)09] Wa 2 ¢4E71(210)0E ©d 9
(ASIC) tmpo]z=e] E3Fstrt. = 59 E5LE Fxdd, ofdz J8€E % vAY 958 7
Aol FA 3= tule]x YeolA ADCES WA(120)7F ¢4F71(210)9F e
(12001)& N 93 old=2a 283 ATES N9 UAd 259 AsEZ e ZqoE(m parallel)
ADCE(1201)2 ZYA AMEE] B4 2EolAE T U2 AC F+2E X33t TolZel HolH
So o8 FdE ¢ Att. ADCEol| t3k IP(Intellectual property) o5 ASIC T EoA 283}
9lth. ADC & iH dE1211)2 457121008 Tdsks tAY 240 AEddn. 457121009 HAay=
Alee HER AZE 559 oF Fo5s x3et, A7IA 247k b sol= ADCE(1201) 5 hvel AE
2] 31 3}149] ?;: F51(2100) 9] S5 FHAES @S dibA o ®, St o4kl ADC(1201) ZH-E1e] Al
MZSo otE3ly] 95te] Flite] ¢FFE Folrl B4o & $4E(2101)S +3T 4 Qo). l ﬂlOlOﬂ oA,
% Foje AZ gE ACE201)RFE] A% AEEe] Aed urix] 37 A AEE
HA5S ¥ 4F T4 £ dE ZT2avks AlolE of o (FPGA)el TE % # 9l
ZEL LVDS LEE(2701)S B3 oixd Qe H o] ~(22
= & ASIC % FPGA TAESolA ARgstE o] vk, diehA <
ADC tiuto] =9 ZHo] AZFEHE /I dule]zo A8 45 FAES XA UF T
= gA" AlE Z2AXDSP), vpolAzz AN, vlela2 A7), (IBM A #22) HE-510] CPU, E&= 1
frd(Nvidia GeForce®t 72 GPU) ¢} 22 ZRIATFSEE T2 A A F+dd + 2

=
1 A
o o

L
=
=
1o,
u[iy
by
2
ro
=
g it o
o

m
81
rigt
ot
id

P
¥ I ol ol me mx @ T T

L)

oro

i L
fl
o
_1_4
ﬁ

o
o
i
o =

(o

H
(e}
2
1
>,
i d
jus]
=)
s
m
o
A _1
Hy

o rl
[

Jii
il
rlo
=
“
(@]
29|
)
(D}
=

of wet, AHHAVI(240)= 22 S Z2AA(130)9 TLE tlute]~ = thE Tt
‘El SHEalAl EAHE2 ASIC B FPGA ulol 7@2 5 Stk diddew, 4584 s4=
ZAA, wlelAZA 7], (PU, Ei GPUSH 2 ZRI7best TR A o3 AaYrhset
of TIPS TAE F Uk FFAAI(240)] dEE = A= GPUdll ols A3
= le S 7 AxEde] ZRadeltt. PUs E3 dFeA A= 3
130)9] =AW, WYY $25)9 Aol dWE 7S Z2agd 5 9l
52 29% 4 TR

=
b ]
NE T2AN B35S 98t (PUS e & s 22

*léE 7

fr -W
ot o H o N

OE.; m
[
lo

_}L
g

bz
2L
,

oé

T 24v EEBIAIZI(240)9) GPUAle] Fd B 253 IS A Y e sHEY EFSEo|th. d#Ale]
GPU 7258 ¥E ALtsol HAstE R4 Z2AlY Fol5s . dF —‘é—ol, Nvidia GeForce GTS 150
GPUE 128719 Z =AW FHES ET3t}. Nvidia®] "CUDA"(Compute Unified Device Architecture)+ GPU9
Z2A FolEd g ¥Y duFES TE] fg C Ao dig SRS xF3= SE Jilﬂl”l Sl
E]H o] ~(API)o]™ "Getting Started with CUDA"(Ruetsch and Oster, Nvidia Corp., 2008)°] 7]<= o] <l

st7]ol A 715 OpenCL ¥ Larrabee®} -2 tiehd<Ql GPU ¥ =gy WHEL 73 ZHES AT F

_28_



[0093]

[0094]

[0095]

[0096]

[0097]

SES5 10-1647797

Ak, T 240 7] FEA A, GPU tr}o]2=(1000)7} T2 o] E A7) (240), ST AT T2 A
A(130)(WEA, B-BE A @ =Ze] A)), 270 AWE(140) © 94 Z2AA(150)2] FFES HddPst=
= Z23gyE 4= k. GPU tnle]2(1000)= HE Z2A4 FRE 28] dA2~7s3k DRAM(EZ Ay o
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EH]9

HIOI A Ol Al = Q1
< A3 A
== Al
S
F0H 72
+<10° 720-2 32767 32702 32508 32186 31737+
/ 31163 30465 29648 28713 27666
DC
722-0 722-3
722
v v o
32767 16628 -15890 -32756 -17356 -
fs/6 15140 32722 18071-14382 -32668
732
\ 32767 -389-32758 116632730
fs/4 *720-4 -1944 32684 271932619 -3494
742
32767-15792-17546 32703 -13977Y "
fs/3 -19233 32513-12107-20845 32198
752
32767 32671 32382 31906 312391,/
fs/2 30392 29364 28166 26801 -25280
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871 872 873 874 875
CleA
Tl oA Ao
S8 Fik A x(i), x(i)) OIH E Aol T ¥E

DC 1 x(i), x(i-1) on = -x(i-1) y(i) = x(i) - x(i-1)

fs/6 2 x(i), x(i-3) off y(i) = x(i) + x(i-3)

fs/4 3 x(i), x(i-2) off y(i) = x() + x(i-2)
. fs/3 4 X(i), x(i-3) on = -x(i-3) y(i) = x(i) - x(i-3)
,_Wu_ fs/2 5 x(i), x(i-1) off y(i) = x(i) + x(i-1)
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y(i) = (i) - x(i-1)

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

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

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

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

; 912

s/

x(i): 32767 32702 32508 32186 31737 31163 30465 29648
x(i - 1): 32767 32702 32508 32186 31737 31163 30465 29648
DIFF: -85 -194 -322 -449 -574 -707 -781 -935

OIAI= Ol X} =

el

922

v

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

932

e

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

UM: - — 9 777 28 -778 46 77 -65
S ° 942

v

x(i): 32767 -15792 -17546 32703 -13977 -19233 32513 -12107 -20845

x(i-3): - -— ---- 32767 -15792 -17546 32703 -13977 -19233
SUM: —- -— -— -64 1815 -1687 -190 1870 -1612
952

P

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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