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2 gaAelA &o] "¢F"S 25T e AEEY doly 945 AAsty] As) ARSE R, A7) vy ¢
FAA A& MEES UEW = (representing) HEES 71 #AAaEHl 25 AEES $d, fx=EolEg %
Aol kM A =l Al (decompressing) BTk, 23 FA AlzFlol] gk 29 AR EL 8o '¢F5'S HelH
Aol obd "Hx fFFYuetE o ARG H2 ES FAE 253 A5 Y W/ ke ¥WE,
a9z A8 253 3259 9 FHH(inverse filtering) /T HZRE AAHIG . (dE 9,

"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 Fx3}7|=2 it} %=S3
G A2EHo gt 2Y MAYPEL go] 'S golE FFo] ol "2 1 ¢+=(log compression)"S 9w 3}
= %e A28 283 o8l U (logari th) (Qubd oz, s

Aow ApeaT olejg wetiA, = %

Z#o] Ho| Z7] AEH dHole)E Aitste AL YeAT.(dE E9], "Signal Processing Overview of
Ultrasound Systems for Medical Imaging"(A.Murtaza et al., Texas Instruments SPRAB 12, pp. 1-26,
November 2008)& #%3}7|=2 3it})., FAA A&7 23 42 5 BT A7 ZuldA] la]j_ Zaps wol
o $4 EE S8 283 4559 SAES ondon wAdr. #4d 287 A5 NS Holy
(= A7 ololl F55)2 AIRE B Fupa vl A% EAEE BEStE Aot & #HAAE

NI

zom N5 WIS

T = }\‘1
| ik Fa4 2 &2 dFS Fonh, FEA dFA, dFEA AMEE(decompressed
samples)< o] Al 2 &

TEI BUD GBS P &2 YR, SFA ABEL Bee ABED A4
AW BAAAE Bk, B GANE FFTHOR rBUelE AT 2o P FYRES ALHE, 249
(raw) & Aeg 283t dolele] oldolE hehiy] A3t !

BE

g0 "ZHP P AFERTE B ERoRAM 2
Sa} oAk A|~Eld) =

=
&
il
ol
rlo

2 =

B Ao, "HAZ S Holx 19 X359 MEF HX(sample rate) T W& £2&5 ou|git), gof "4
A HAE Ase AY, A 2 AFE A SE55 Ve8] A AFEE 7 oAtk AE S5 ACTE
obd® T 259 WE EFd fAY AsY MEES FASE Sroltt. & VledobdA 233 9 Al~H
of digh dF AEEL 253 JFES HaEdols A Zdd £5E YEhY] $lste] o "AA"S A}
g3}, 2 "HAANdAE AAES 29 SR A giAl AE SEet AAA=T
259 Al=EloA e HolE ¢Fol e [ FUES A FAHS s 2~ ¥ A F $9 oy Fol
sl tieres EEEc. 2001d 119 13¥xtE 5E2F 7 E3 6,315,722 "Ultrasonic Diagostic
Device"(Yaegashi)ol A= ADC Y 2HE EHE 253 A3 AZES AFsH] 93 A% 3 Y (time
axis extension unit)E& 7|3t AlZHE B §H1S AC FHCEZREH I E A HoHE 7|5t
O 2 LA HlolHE d=sith. AzHE &4 fule 1 233 e 2 diE) As AEES A4St
3, AYAZE (FIFO) WEES AMEete] 738" 5 v}, dolg 4F AW A5 3 fFHlo2ig 35
HE AE AEES 4E3h. Yaegashis= dHlolE 9l 1 =@ oA F7F4 <l A (spatial correlation)$

} E= dolEe] 4o ZHdeEs % MPEG o= W

A
23171 93 o]4k =ARSL WMIH(DCT)o] &A% HHE E
S HEstE AS 7]«dtt. (MPEGS Moving Picture Experts Groupoll A 7i4ts H|t)
=] 3 & o]

2 deolH o4F ies A o4F MEEL = tae T2 g% wEE gnto)zo AECE

B 452 U89 vmg gulolxda] dast A S5 gt 9G4S Ayl fste, oy &%
frile]l d&% W= dulo]~ZRE HAE o4F MIES 4FsASY. ZHY, di4 W3 (logarithmic
conversion), A% % vxXd 27 WIS ¥3} FTAEo] 34 A 2 gaEYelE flste] ¢Sl

Al AEE A8Eh. Yeagashi= A2l A4 Wdgol tisl 7hAIeHA] =t

n= E3 F7), 370 WE A)2008/0114246 "Transducer Array Imaging system"(Randall et al)& ¥l A A
/s Fo w3, AAEY Z/EE doly 94RdS Algste 259 XY dolH 45 7]@@‘:} vl =3
S AF AZ2E9 AYABH(requantizing) EE F8]FH (clipping) S £ = Ut} dF 59, 27FHE HE
9 ¥ =&

= ol whe} s Faske], zeldl skl B A2 HEFH E(bits per Sample)ﬂ dgd

= ==Y
k. AR AAAEANA, AF L £A oNAS UM AFHE F4 AYSEIE AE BEEC] MY
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[0009]

[0010]

[0011]

[0012]

SES45 10-1629423

(truncation)®d 4 dr}. A4 AA(ROI; region of interest)S FAF3H(imaging)st?] ste], A5 5 A7F
< zlo] el vdg 4 ow, mEA] HA AE AL A F/EE HY AE A o 5% HoHE,
A7) dolE7t G4 QAEe] P 7R &' Agol WEd 5 vt A5 AA B4, faEd o] 3|
A7t & SR Gdste 7= ARG wow dolHE Ut X2 AMEEE ANSHEE ¢ dx, A

2000 3€ 289 H= vl=r 53] 6,042,545 "Medical Diagnostic Ultrasound System and Method for
Transform Ultrasound Processing"(Hossack et al.)& W&EA o 253 dolgd dig w3 4= 7|HES
7ledth, AgAe tig gieke ADC A9 obd = WA T AC T txd WU¥EAS xsict, Wy
(beamformer) & QU-#o]= " Fre (I E Q) MZE :

m ﬂ
to ©
ox,
oX,
4o T
=3
H
uE
=
o
_|}£
o
HU n
_Y}i
a
to
t N
1=
r
=]
Z
=
Kl

55 AASY. 234 (2-D) EZH|dd dsste HiaAdd ASE J]Ei‘j/‘ﬂ %
(transform domain representation)s AJAst. W3 = AIEL &S Hﬁﬂ ka}@r /=
dagdAct. = T wme £ o= 4= th, DCT ®=+ DWT(Discrete Wavelet Transform)eb #Z-& <

olo] W3k, ¢As T F A=Y Ut doly IS hEEy] flete] A& F Uk olE Eo], JPEG
=2 dojEe ZHUES dolHe 2-D EFEE E¥ste dAl, Ao 559 s 2-D DTS AHE-3h
HEstE oA, W3 2]l MEES $ASEE 9, E5E Alold DC(0 Fakr) Hd MEES AsHoR
dzgste dA, 183 dAstd #g 240 AEEY 2-D E5ES JERY dzYsie dAdE &

FHEgk Azg)E Egeth, JPEG 4F LuEEe &4 Ee Y gFos 749 & JTUPEG 4FS
Joint Photographic Experts Groupdl &3] 7l#e ®FE 94 &% ¥ vehdoh). ey 22 gt o
A AY VIHES 9% 13 =HRldA e FUHAQl SRES, 33 EERloA Rt W ZuldA AlLbH e
Z(computaionally) © @&&Ho|g. dE Eof, I Z=dQldAe 2-D FHYL 2-D AHEFAH AiE
(convolution operations)< AFg3tt}h. WE E=dQl 2-D ZE| YL W3 Tu¢l Iy AFEd 98 v a8
ZZ(multiplications)S AFE3SHCE, 55 W3 =dQl dolHe g9 94 AL ¢8 AF=E 4+ Add. o

el =
Z3AE 28te], 9 A=Y (inverse encoding) F WHF FFEo] faZHolE 3 A o A&Hy.

2005 2¥ 159 S=3% w|= E3] 6,855,113 "Diagnostic Information Generation Apparatus and Ultrasonic
Diagnostic System"(Amemiya et al.)¥ 283 FYo2RE AHH FHoRo A Halo GAA] =S fo)

3 FEHQ CBRE s U EEY

E

B THQES hEee A4S Vedt. 259 Ul Wi 4974
GAstE e ZRAAE 2T H1E dolH o4F BFEEe] Ae TS flg JPEG 4F EE g =
918k MPEG ¢+&7 2o B-Rt ksl dolE e wZy a3 dolgd Hewrt. k& oy

PCT &7 =9 37 WH3E W097/09930 "Ultrasonic Diagnostic Apparatus for Compressmg and Storing Data
in CINE Memory"(1997d 39 20¥ F70)(Lee)= CINE W=z Wzl A& ol XA 2531 HolHE UF3sie
23 g3 CINE W= 25E A48 voleE dFsfiAsts 2s 7Iedtt. CINE wie= Algke] o3 =34
(orginize)® B9 WAES TP olefd AxgolN, 2 TRHE AC Hol WYL FBH, w

24 ADC 22 dlolElzh WA AS5S depddh. gEo] oy xelel 44w A W
Agw 4 9o, Lempel Ziv-Welch(LZW) otielEo] 9% 4 tEaiale] 4&ur}. L2y dneEe dolE el
MEEE NE JESS AEm Y] MEHE fEsd meg gehs el AUt CINE WRe 2

AAE meglel ta dEE volEst dEAANL taSdels fa) o AeArh

E3 &Y, ¥/ HIE 2005-081082 "Ultrasonograph and Ultrasonic Data Compression Method"(2005 3

o T/ (Akihiro)&= o= WEA F 257 HolHE #5317 g AZHA AAQES 7ledt. A
lel A, ADCE obd=1 RIFgAg7] &8 AsE9 1 9 Q AEFES A, 4571e A sy 1,

ZE Atol9 AEE(differences)S AN, % A7) AHEEo thdk RLE(run-length encoding)”} 43

HE5E dolHE FA4gt. oF dlolH e HEd AEr. WEHREEH HAE 4 dHolHeE

AR "HzEdels 93 AgErt. A2 AAdeA, ADCE ofg=Rl WAV =

< AT G571 A HEY RF AEE Aole] AEES AAbeta RLEY

(compressed samples)o] WE o] AF=a, AAED, GFA Y, G4 =

Aol A, ¢k el WEA7] o] v AgEo] B-RE 4 ZHUE R &

O @E7E 4FE deld ZAgss A4S sistel zdg o e
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[0013]

[0014]

[0015]

[0016]

[0017]
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differences) A4ttt & vlole] Zejdso] Wwe] ol Agw s, A%, GEAAL], )3
o2 918 9 Aelwn).

19881 6¥€ 21¥ S5=F wu= E3] 4,751,929 "Ultrasonic Bloodstream Diagnostic Apparatus with Dual
2~ 7.]2

Displays of Velocity Profiles and Average Flow Velocity"(Hayakawa et al.)® =Z# F34 A& HolHE
dEFshe S Vet 4571 o 2F9EY HEES] A5 9 54 FEE(real and imaginary parts)

i

B

9 A7) AFS AdstE A4 9 7MF 3 Z(squaring and adding circuit)e] &g s &t o=y =
W R2EE 7] AE EF9e] HEES Aldmdete] Zd(representation)ols] HIEES] & FHAAIZIT
k&7 7] =8 AZo e H#8e], 7F(mantissa) WY HA9] H]E(most significant bit)e] $X
(location)E d=zZYsta 174 759 HAAE HEESS RESI YA Hsl9] B EE(least significant
bits) S AAZC. Ztze] AMZe] 3k AAel 4F v 1A g HAA9 vEESE 9 B AZzREH
AAR Hstl HEES] JTE YEde Z=E x@ett. Hekg vEE JHH gt Ao BEERY A
A=, dFL &24%Fo] Hi,

"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.) =% 9A¢
Z59 A2El(tele—ultrasound system)ol] o] AES $3te] WA AZES dFse AL 7IE3Th. DTe
128x512 QA AEE] Zddlol A&Art. 52 WA MBEIFE] AFse] FAsHL ke A9S
ARgate] dlmdEnt. SFEAl F, 128x512 hEEAl MEES Zdllel 27 ®Sko] A& Ho] fiaEHels
913 512x512 HEES TS AT

& A% 20 W Fol 23 JHEL FHH) AT AR e PPES NP
g3k}, "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.) =& 23 AT 5 A= & 4= WHES X L35}
= AS V&g BOwye Fgo] Wsk(Fourier Transform), DCT, 4-% T& B (quadtree
decomposition), DWT, =X &g 3J|A~E 713 A3 (histogram thresholding) % & Zo] IYL ¥33ic}, H
e 270 W3l 3 512x512 ZSu FAEC] HEFtl. "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.)olAe= 253 FolA 2d|Z(speckle) S AAS = SudFy 4FS Adst= Al
el 7i=gek. DT Fol 232 A7 dags, dast 3 dEZY dzdo] ¥k, "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.)< %&3} A5 vpokal F&a 2 &
A 4E MHES H8sle AS 7]g5h:} A ubH O fuffman, AHe Y, Lempel-Ziv, @ Zo] =y o
Fano Y& ¥gdtch. &4 WS JPEG, JPEG-LS 2 JPEG2000S *¥3Hahi= thekdt JPEG W AES X33},
"Maximum Likelihood Motion Estimation in Ultrasound Image Sequences"(IEEE Signal Processing Letters,
Vol.4, No.6, June 1997, pp. 156-7, Strintzis et al.)E MPEG 4F S ddo %253 JAHEd HL3+= A

Zlw=dth, & WS Yo JAE WY A5 ZHdE Aol JAEY 8x8 EFE tE XA HHES
A== 7;4\—% zehsit, 24 WEES Zd o Zd(frame to frame) MPEG &&FS ¢l Azd ).

TE AF v= B3 7,009,553('553 E3]) "Adaptive Compression and Decompression of Bandlimited
Signals"(2006d 3€¥ 7¥)E EA IAE A s E(bandlimited signal)el 4% 2 AFAS 93 dudE
55 Vledy. FE A %/‘]74]"—‘.5 =9 "= 53 Y Al12/477062('062 E¢)(2000d 6€ 20¢ &)
"Ultrasound Signal Compression"< WA &2 A2 ADC(analog to digital converters)=ZHEH &4HH %5
g As MEES 45 2 AdFaA gs§ 7 fz\:} 2 29 igﬁJr Az *“%%Oﬂ Aed 1y s

-HN'
o
ot
2
o,
o

2E 7199 2S99 WA MEZE(ultrasound beamformed samples)®] ¢

Z51 G4 Al2="Y AEXHEE AloloA 253 A& dolHe digt a&3<Q ol dFo] sttt Al
B B A9 s FHA HolH AFE FAAIZIV] fste] 2T WUEA AMEEC Ui ALFo=
a&& 2 (computaionally efficient) Hlo]E ¢4Fo] FL 3},
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s==4

[0025]

2A4(130) 2] EF=olt},
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o
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(832)
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=]
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= B3
471(104) =

A7) (transmit
=

71(110) &=

€]

H] 3
=
Hl 3
=

1

A
<l

. &

(excitation signals)
2

]_

o},

ofoll A AdHA UE TAHOEA, HANE L

7

=
=

e

]

A
L

=t

st o] de] 7]
FA
1(112)

S

0

el
s

~9)

O]:l6

<]
o

gel 7

Ea

Al Z~E A|o] 7] (102) <]
A Z (coupling)

P A S

OAE i ofd2

O/
s

L
L

L

a4 71 GPU Wjell A ]

&A1 712 CPU/GPU t]u}o]

71(104)

=

=

q

3

o}
H

(110)9] of o]
A 2]

3 %
e
=
=

gg A7) 5]
A

2
2

L
fu

L

=

beamformer ) (104)

]

j
o
j
o
=1

o

[0026]
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= TR

=

Al

1(112)

B

=t}
=

(launching)

[e:

71(104) 2 5-E 2] o17]

ji

3

L
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[0027]

[0028]
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(coupling)dtch. Al BZoA | /54l 29X (112)= W3V (110)ZFE S48 239 ANTES old=z
¥k (ananlog front end)(AFE)(114)¢] ﬁﬁ(couplmg)?fhﬂr FAS 9Fte], W3ly] AXE(1101)0] o7 A&
58 W3lslo ZOJ} 53 38 E(ultrasonic acoustic waveforms)= AATCH E3], H37|(110)= A7) o
7] AZES F4 1EAA7100) SEte] FAMA oA WIFER o]g(traVellng)O}*‘E o3 ¥ E
W3l A= E‘r% &3k uHAE 7}xl Abgk Alo]EE(scattering sites)o] 283 33 ES WkAlsie] | o
FEo] HMIV|(110) 2 HELA tth. 5o WHFy] AAE(1101)0] AZES FA8te] IAES 559 of
S /‘]iﬁi HEgth, &/ 29A(112)F AEY AdxEF Skl #MEV|(110) =5-H 9 —“%#91
olbdZ I &3 AEES AFE(114)0] 43y, MEH A=$-E= A7 3HA (mterval of time)& YERH

1
A 07 E, AR ALEE BAA el @ THE Zol el Wl Ak AolEE e WA el

i AelZ1(102)E AR 9 EE A0 ZeEge) neh 4EY AReE st F/54 2911 (112)0
AR Aol ARE AZBT. F/FA 29A(11)E AEY AR B B4 ofdw 283 AEES WY
Ho2(in parallel) HHFTH AFE(I)E obd2-t A AHS 98 FHE B5e) opdma 283 A

35S FE3stn FEHST. AFE(11)+ 429 ofd=2 4s AY(1131)S A A e TF71(LNA: low
noise amplifier), 7FH ©]5 ZZ7](VGA:variable gain amplifier) @ A& TS T3 5 o). 24
A5 ZFE7b Aol wel iR R, VAT ARt wet o]5& FUMIIE o5 ZRIYS A&dth. Azt
Mg AE AR TAE 2537 U B 23S FdY U 1 ARE o|s e wE AV a3kl 74l
7118k Aolrk. ADC WA(120)= MED A& Sddd FAE Fo ojdma 253 AEES WEH S 2 (in
parallel) B9 283 2559 AAASZ WHElely] 98 B4 ADES Etaich. zhzte] ADC 1 Mg
(1151)elA 9] ofd®2 1 &3 As+= t&she ADC 8 Ad(121D)A 283 25 WEE ~EYoR |
gtk 259 As MEEL 00] ofd FTA FuFE UMY, A7) T4 FosE dutdoeg wgre oA
=4 (piezoelectric material)®] i, 3% F3<=(natural, resonant frequency)oﬂ #Add FaE 229 A

e F4 F34(RF)l &3t

259 25 ZRAA1830)E 259 A5 AEEERH AW JARE FE5e s4ES FIdste, 4] 5%
52 29 BHEEte] ¢ AuEe WEA, ogeand, B-RE Ay /5 2EY HyE I3 229
A% Z2AA(130) YAYE AE Z2AA((DSP), JE-Z2 075 Alo]E ool (FPGA), HFE Y rlela=
ZEAAN EE CPUSF Z2 3hut oo ZE2AAE FdE F vk, 27 AWEH(140)E e HEEY] =
dodol] ek H7F HekS #=3sto], @ 2E (raster)(rectilinear(FA)) ERE 7HA 283 g4 MZE] =
gols AT, G T2AA(150)E F7EE ¢l JAF 4 &5 (image enhancement operations)S 28U
AR AEE AT & Avk. H2EH0)(160)= AREAFl o A4S g 2k e 3AY FAES AT
Ela=

= FY Ve v 239 2E T2AM(130)9] EFxoltt. 9H5E 25y Né‘a‘
HE| RF 253 A5 AEEC 1‘4%1% H‘?ﬁé sHES
25 AEE A, ofxriolA| o] A (R
view 9| 5F W, TE Zkd dl$shE W EE t’dﬁé*é
(160)= AlitE= Rlo] wafol] W Ad HHS 259 S
Ao tge] s o8-8t = 3471(160)E WE
(BF) Axt7]1(164 L9 AE AEES
A7) 8k WEA7)(BF) v 22 (16208 Efﬂac} BF 74]*&7](164)% Y3 A "o tis) BF WEE
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S A&, F2 mﬁé‘ 71(160) = Al okl

L
~
Qo
—t
—t
[¢)
o]
o
Qo
—t
=]
~—
~—
e
Ay mlo
N
—_T
=
oo
[aN
[aN
-y
o
=]
=
off
2
|

E
B
re o
W
A
N
)
_L1>i
~~
o,
D
oy
<
[
=
o,
o
o,
&
—t
=
B
(e}
o
D
an
[
—
)
jm]
w
tjo
Ho
ol
ol
&
L UE_‘:,

i,

(162) 2 FE HAAE =53 s MEES AFEslo & NES A 4= . BF AA71(164) = T3 A
AtEl s ¢4 s =(phase resolution)E %’:}1\17]7] 93l 2239 As AMEZE9] HZF(interpolation)
FAES A8 4 vk, A WIEAY(160)= £33 T 9%=%- 7|5 E(spatial windowing functions)
ofaxttol Aol d(apodization) & TH3F7] g F7FAQ FZE Mol As AMEE 7ME FE(weighting
L &3 | &9 ZH”(lGll)

functions)e #-&& = Uvt. zzte] Zhmel] dis) AARN AL AE52 tisshs W ‘é
kv

o ATHETE £ HWFHAY(160)= LRk oz  ADC

=
ANEE(1611) S 7Hth. olgh A4, WUEAY HEES 4 FIFE 7kl YA v AWE
(DDC)(170) = WAl AMZE(beamformed samples)S 7Aooz Ex3le] Z4zhe] Hlo] s H4& 7[ANY
(complex baseband) I % Q AZE5S AAETE. DDC(170)o] tH3F theto A = DDC(170)9 F71ske], Y
&7 d¥(bandpass filter)7t 875 & FIdd FAES £ T35 oA Wyd AEE 48E 5 IA
U = DDC(170)7F M1EA AZEL 7)1AgY il 27 F9<=(IF; intermediate frequency)® EZ3F & <)
. 2 Tlsitor] fibAel v WA Mo 231 As HEEY ofdEa-vAY wE 9 txd v
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[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

SES35 10-1629423

>

L

I Y92 (excess bandwith)S 7FRATE, Fo]7 dHlolE XE(2701)& B3 HES

toly d&& ES =
ate] B4 oF NES A (combine) oM X3 dZo] AHEE 4 Q). WEIZUA(250)E ¢F W
B8 AZES Y] AREES A stel, WHE dHeld XES(2701)& S AFatr] g Wi deZdx
AMA2E Dy @A, o7A MT otk AfE F e 4F WY e dHold A EE(2701)¢] WY *E

of ofa] Attt AHWS7](serializer)(260)= W-S3tE vlolE ZEE(2701)¢] HEZAYE HE A|A~

M el dolE ZEES AFESEE ¢4F WA WMEE(compressed beamformed samples)S HE|ZH sl A9
oldL o] A& EF Holy XEES AMSSE S ¥, ol T uHojE TEE A4 ¥ AY &
5 29FY. &% 4y AEEQ REEo] nAH o EZAlolAENA, HEZFHYA(250)= 2 M &

A Il
24 dlolE £EE(2701)°] o Mol JE =8 F35(2510) s 7RIt dibdes, fa49 7=

4
(flexible architecture)+ ¢5F WIEAH WZE
Ry A

zso) WEge] weh 34 A5 BelA oy EEE(2701) Fol
N e fol BA(active) HolE TEES AAT & vk, fAHA TxeA, FH71(210)E AEAT A
Sbed oHE ulg sebveel we Dad vEREA % WYl AEES AFRT. oE Aol7) (% 5o
BAEA et 4% FREQUDA 4% Ao AArEES AFee], FAE] aTHE 9F vlgd] U
She MIESE M0 9 9 AEEE AP G 95 Aol 44% WHEddE AAsEe &

= TSk v g
o] 9 4 o, mA] HEs o doFg 4 Q).

T e 4F HEQ S dolH XE(2701)9 theZd o3 AgtdAT). oF
29 16 M EES 7AW 29 50 W7M8EY AE £X(sps) S 7HA= J=8 W&
El ES-L& 800Mbpse]t}. dHlolE FEE(270i)7} 800Mbpsell ©]

& gey) 9ekd WE e (250000, 9
dolE TESE se-vedr] 99 AL 3

o M
T
)
o,
2
2
=)
AL
> =2
° =
el
tio
2,
of
ok
w &
2
Sy
2,
9
N,
1§
o

2 doE AEES 72 ¢EF71(210)0] 2:19 &F vES A A2 . 4Fv] Y
(2111) e A 9] or= W Ci= 400Mbpse] HIEES 7zth, o] Ao, ¢ "oy X E(270i)% 800Mbpse] dlo]

=
B AFEolA 2719 45 HE G5 AFsilel &3 d9Es 7Rk HEEIA2650)= 2719 b5 WE

o] AE(C, C)EFEH 45 134 MEES AFste], e &9 =€ (2511)dA HEE494dd 5 AEE
Dje] U AA~E FAAST. o oA, d&ste &4 dioly XEd] AAEE HEZHEEH AAAEY F
= M=J/2=40)c}. 2%t 7](260)“ g-g3te dold LEE(2701)e HEESY AAAES ATt txE <l
Hlo]~(220)5 &3 FF ¥, HAdEZIAAE, gFAAVI(240)0 ATHE JINY F WHES H(restor
e)st7] flsted, W9 @E]%—VE]% ANA~ES FAE T 5SS UEEHEIAEE 7 v}, dijtd o=, 4
ZHA(250)E 15T 14 A AEES /e 45 W4 AEEY IFES JHIHET F k. o] 4
otol A, = 12 ¥ = 133 #E3te] sr)olA Aum= ule} o], AEHsA17](240) = CHEIZ A Ao &=
gy WMEE0 IFES 4FMAT = Advt

45 FHEQLDA 93 AEHE oF WHES 449 AFAA7] =8 Ad1611)Y HEA AEE dal,
o2 YEsEges NEdeR %X—W}E}. Wagd AEEd dE85He 45 YHES ¥ U9 & AMEE9 e
oEStt. 45 WHES 5 HE 254 d39d, @ 134 AEE did 1A Be 23k E35(first or
higher order derivatives)® AMHEE H% 25 dzmygo] old F&£%)S ¥33ic)t. =yt k= & €
d dmgo] E5F FF5 &Fd dige dig dijtd 5 drt

G& Ful210D9] HhE S AAdE WZ4Y) 28 AW ETEY %54 WY HBE] 1§50
2% 0E 2547 A39e A8at oW, Azl IFS NP AEES AT NGROP AEES] AY
A7k ARG L N GROP WAEEE 8719 WA Sl me) dzg ),

N_GROUP A&5°] A1 23 el -
1) N_GROUP AZ&5e] 77he] oA Al 2719 logE Adtshz 21 gl ofs Aol A7l(magnitude) S #d

AMZo 3k x4 (L (base)o] 2)E ARSI}, o= dxAYd WEF HEEY & = n_exp(0)E verd,

=

e}

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

3) A= n_exp(0) HIEES AHE38to] N_GROP HEES A9t

BEY MESS

_17_



SES55 10-1629423

[0042] N_GROUP AZE29] iHA &l dhal(i>0):

[0043] 4) A ZA7Z 7H AZE el imA A (do] 2)E AATT, ol WA aEFA dFPE HMEF A
EEZY 4, F n_exp(i)E YEMTH

[0044] 5) i WA AEFk(difference value)S 2437 93dte] n_exp(i-1oA n_exp(i )% ZArEt o =R WA 2|
& Ao dagddy. g$ste ES(token)S AFESIY] WAl AHE #HS =G o7IA H 2 E
ZE0°] 1§ FEZA(more common) A& HES YENTY ¢ 7 EEELS @ %%@.‘ﬂ(less common) AHt FES
LERdTE

[0045] 6) MZY n_exp(i) HHEESS AF&3lo] N.GROUP 259 4] 155 Az s,

[0046] AMEZE9 Al a5 all, A5 n_exp(0)e] AH dmdHT. o E 9, AF n_exp(0)> 31719k Zo] =Y
2 F glon, ofrjMd SE R AE H|ESo|t),

[0047] a. 0: n_exp(0) = 0 (471 ME FEC] BF 0°lth)

[0048] b. 1: n_exp(0) = 2 (METF 24 E)

[0049] c. 2: n_exp(0) = 3 (ME9 30 E)

[0050] d. 71g. S-17+A. n_exp(0) = S (MZ9 SHIE)

[0051] i 1A 25l e, A4 n_exp(i)e= A F-Z(prefix code)E AHEStS] s o2 AadHm, of7]4 of
w B35 =(codeword)®E E TFE H =9 oAty (prefix) 7} oyttt AZHE 2% dxade vpe3 7},

[0052] 1. xS AAkst). e diff = n_exp(i) - n_exp(i-1)

[0053] 2. e diff& st7)eF 2ol =z},

[0054] a. 0: e_diff =e(i) - e(i-1)

[0055] b. 101: e diff = +1

[0056] c. 110: e diff = -

[0057] d. 1001: e diff = +2

[0058] e. 1110: e diff = -2

[0059] f. 7]

[0060] Aoz A nexp(i)7t AAEAog dzadxE il d=Zzw dmzgdd 5 9l

[0061] L 72 N.GROUP = 4 Ql &5 A4 dzmye] ESFXoltr. X4 AL (402)= @A 1 2 @A 464} o]
N_GROUP MZEo] thall, HIESo|A 9 H) A, n_expS AT, A4 ES 2A7]1(404)E= @A 2 D @A
5014 n_exp #HES dzmYG3cl. 714 7 (mantissa packer)(406)E @A 3 2 w74 604 N_GROUP AMZE9)
gt 7HrES dzgiith. = 82 lmEds fd 4As AMEY n MESS d¥ste dF ZASY. oY 4s
AZ(420)2 KN HIESC o&] AT, AE(420)2] n_exp 3HY HIEEo] dzdS 3 AedEg. MEE
S 9% AR HEZE dEE BES] HEHI HEES AAH AdAsvw JME YRt E 72
Eol7bd, HEZHEA(408)7F, AdRZDE AF EFZ(411) 2 old F&a= N_GROP 7FHES d7dste] N_GROUP
dF AEES e 4F 2EA10)0S AT o] deA, ¢F a1FU10)2 N5 EF(411) 2 ol F
23= 4709 A E FF5E(412-0, 412-1, 412-2, D 412-3)] A|AAE ¥3sch, o9 §49(2101)L AE5F
ol 9+=% IFES dZ(concatenation)dte] 4F7] EH(211i)olA &FFE Wl dHolg HES A},
N_GROUPS 93 HEH+= Alol=e O59 3 e 49 AEZEolth. 28y, O%dd IF Alo]=Eo] & A}
£2 5 dy

[0062] 7MY AFES HER dmysie AL FrhE ‘?J%% Agsty F fﬂ% FAaAA T AE5HA A

ZEHE 93 EHHE

TEY AT #Eel AL dIgEn. AFES
Aoz A& 0ol FhEe]l EAET. A5 x =
(positions)¥Hs UElHoZH g&x o2 diadd = o, e Eal

A ekl Qopd A Fh(last nonzero difference value)®] AFE]el #=#Hsle] FddE 4= Aot A5 A& AEY
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damge FEd dadoln, o dues & Jdes WAAEY. AFES Hadsy] dstel, As @
So] A5 AR #HELS HE(integration)dt Wgsts Al IANES fadtony Bdg. NFES
sl flsted, Zhzhel HelEl b ghol Al@E HagE AEe] W A #e WA FEth nexp
o Hags Age] dal, B8 e 20 -1 Aigke 7 ¢ vk ol AF gk mAomEEe s}
o] 5 dlEE wAsE

kARl =5 o 2 dad P, SldA Adwd wkek go] vheE Uehils HESS] 5 AR
I AFES 25 dIYsE AL T3 NGROUP AEE9] 714E5S YEUE HEESY &, 189 g
n_exp®l Ftol we} Z47te] JhpRSE v LSBEE AUHoR AATeRN adn. = o0n fad Jhe
= giehs dE BAIRT nexpi 19 WA 1B WAl 4ol Ao 3ro] AAET

=3 ]

dzgsh= tidl, LSBRE AlFsHE nLSB 79 HlEEe] AART. yHZ|
m_exp H|ES(m exp = n_exp - n_ LSB)o| dM=HEL s A&t n LSBY %lo Al = H(table)o] uwzk
n_exp?] #toll &%t = 102 n_exp, n LSB, % m_expe] dAZA e Foltk. d & 9 n_expol
3, A& (truncation) H+ ¥HE¥ (rounding)ol 9la] o ®-2 LSBE°] AAHY mexp HEES 7H #4d
Mg gAGE, dE £, U EXP7]’ 128}, N_GROUP ZrAa% 7159 WS Y3te] 3719 L B% 1 A

A= 979 7k HIEEC] A€t 4571(210)+ n_exp, n_LSB, 2 m_exp®] #E9 4 ®HlolEE AXE
F A "itdez, ¢F7]1(210)= n exp«] St 2 A n_LSB ¥ m_expE YEI 4 Qo HoF “’H I HE
S A 4 QY. E 11e AE VHES ARS8 FoAT A dmde ESEolth. N_GROP MEE
of 7yzke] ol didll, A5 AAr1(402)= oAl A 2 2ol Hul A n_expE AL b5 HIE
Axb71(414)= 5 ElolE E= *—13 ARgBEe] g TRl A o] HIEES TN n_exps AA T A T
4= 9A(416)= N_GROP MZE Ztztoll thall m_exp HIEES Audtt, HE|ZHM(408)= A EZ(411) 3} o]
of S&ate fhad 7}T€(41 -0, 419-1, 419-2, 419-3)= A st d=H IFU1R)S FATITH. dF =4

& 5°1, N.GROUP =5 o] sk o]
S ¥ 3= N_GROP 7FpEo] i7E 2o
[e] o

M oro
G 4% WS gaE AREE M T4 444 7}#%% A ge HEE 1EES EFT £ 9

il

E2100)el F Ao FAHHHES AT
22 ATk & A den

HE Aol7le BE RE 24
n

n_LSB, m_exp, %

_ 0] Z¢ HlolEE EE A Eo] EAT ¢

B 52 N_.GROUP ¥ n_LSB, m_exp, % n_expol bt i3] 5 HolEE & AE5S 93 A9 dguHE
S g3tk 4F Ao FEMHES RE ¢4F FHUE(210D)0] e 2 & . ity ez, ¢kE Ao
FEEHES AR g2 45 FHRECLDY di#] AR b2 #HES M F v 45 ArE 4F Al
gt ES AEsr] s A g8 SHE & vk

=
H =
ATk AEY AEol B 4 wel 4F WY
o =

W= 374 = = meEg
bHem, & 63 wdste] AREl npeh o], 5o 45 WEd Wiske 45 WY AEE ANALE
o] Agtslo] Folxl dloly XE(270i)E T AES AT 45 MAES 4T F vk 4F A9 &Y
a2 e 9% A ARE ¥ dvs =3 gl vl o REAd AEES A% S Aol et
MEES Yehl= Aol HelHE 29 5 ok, dFsA sHEE A fAstel 9E Aol setvE Eel
e AEIF FE A7 (240) 0 o] AMEE 5 Qi)

] 55 "I, HHE
A (250) = J7H4 & HlEe %L%‘ IFES JHANTe=ZA W9 dEEddd AAxES Ads. T
o A HEL2 MES 45 HER FaHY. 449 MEC g3, HeEa4250)= AE 9 o &5 W
59 o5 IFES AdHIHESY Usste HEEZEAE AEx Ing AT HEEEEE A9 Dne H
E] & A (250)] 98l ZF A (group order)® vldE tlg MEZREHS o5 IFE9 Aldzoth. dHEE
GA(250)+=, Z47be] AE|ZEA 7 ggste AEY 4F WNES F4lske Wi ¥E deZIAMEREAN F3E
T A
T 12 4% W1EY AEWC ¥ Y ¢F IF5ES HEHEIse dE T, OF FEEIEA(252)=
U5 W GeRHHY 4F IF Gy ¥ 4F W GEFEHY 4F IF5E e dHE RS HEZYEE AE
2 DS A3, o] doA, "HEZEAYE AAA Do OF eAE U4F WE AloldlA W (alternation)
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Aze] o= A, $4 FI= DO0 Hz) Aol
10% mgtolt}. A1 #Ho]A E(phasor diagram)(710)+=
ol MEZZ o] xS0 Hy|Eo] MEZLE 1 AAY
AL oo AlAA(712)= dY 1 71AYY 5o BEE
71 HlE)] o= 13 EE "J,
7 A AEES AP =

s afHelt. x5 z

/\\_] ==
AzGEAA, 4 FREQDE AF 4

)

.EL
P
2
o

AEAR MEE Atol9] 914 F7Hphase increase)™
A%H WIS Aol Aol 9 W) dove A%
o HF AgHoz S Folgts AL HAFY),

of Thgdt. A&H BES Aole] AREC] HF A
KR

s

T 17e B3 F4 F957F DC B g3, YolFAARE Fug £ /2 minkel AZ AT E o AFdt. gy
200 i8], F4 FI5FE /6 DAoL A% BEE Alolo A F7kE ¢ 60%oltt. A2 HolA E(72
0e, A

ZE9 BE(720-0, 720-3), (720-1, 720-4) 1]l (720-2, 720-5)°l °l&] =AlE A} o], 180%,
E= e AE HAER EHE AEEY Aol AR A7y v S (opposite polarit

& Eoi%dr B M Z S vhd(inverting) X718 A(EE (-1)S FotE 2)& Ao b= A
Zo et AW FA(close estimate) S #A|FITh. A2 AA|H Q] A|A(722)+= T3 3749 ME 7S
H AMEZEo] FA A71E Ela wke] Y S E(opposite signs)S 7HHS HoFEU. o F B9, A
09] #he 32767011 ME 722-39] 2 -32756°]th. WS 2] ti3l, 3/ AME AL l“flﬂ% MEE

?é

of WE FAES o 4o dold F5S AW £4E ABES AV 4 U 4E5L W gake B4
e g agdom Am98 & 9 o A& oy F5g AW +48 BB 4w,
% 179 WY 39 oA, FA FuEE £/4 2AD AEHA FBE Aol 9g FrhE oF wmolth A3

dlelA F(730)= 180%, Hi= 27le] AE Asel 9 weld Al AR A7) Rowkdle] 54
(opposite polarity)& 7FFE& HoJFErh. A3 o] AA~(732)+= gk vt 2y ol *‘E%%Ol(every
other smaple) A}eH 7] 2L wije] =4S 71AS w2, U9 394, s Ze shve Mz
Fatalis AL Anrow Zyge AZE By g&4o ddadd 4 = ¢ 2 dHolE & A
MEEo] HA & Aot}

E 179 A9 49 oA, FA FIFE (/3 F2ola 540 MEE Aol 94 TUHE oF 120%0]tk. A
4 Flo]A E(740)& 360%, & 379 AE S o) EElE AEE] fAgE A7E 7HE Aol AS
RolFEth, A4 oo AA2(742)= T 29 shube] AME(every third sample)o] A A7]E 7S HolFE

o

th. o] A, 3 ME AL o EEyE AEE Al AE FAse e R AEERY g8 o= Jd
FA3E # & 9 &L Holy & AW 4% MES ATE Ao
T 179 O 59 dellAN, T4 FIFE /2013 944 A5AHA MEE AoldA ¢F 180% FTheth. A
HolA Z=(750)& 180%, i e AE o By AMEZEo] FAMe 7] gy wie FAHES U}
24 AQder melErh A5 dAAHA AAX(TE2)7F fAE A7) D wdle] F4E A A5H<
HojErh, o] Agol, 2719 AEHAR BEES Yote 3, 2o HEERTY a840= dmdE
O 22 dHeolH & 7k 49 AES I T slojt.
17¢] & AHE 99 dE2, T4 Fgd digt HE x99 vl wat, 1, 2, BE 3 AE HEE
e ko] Holl o= AW A (inversion) Ee A
] 7F2~(magnitude reduction)”} @A= 4 ¢l
ZE9o Ao, B AE MIZEHT) 2

3 3
ol O $4 Forel HEdl WY, A BAEe

5 182 WP ABEY T Fosdl AT 45 o-gz
= o
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B2 2% 25 A=Y, HEw duy, Ei gE Aa9e A8del ¢F BEES AT £ 7 A =
113 Bestel 71&E B5 pE A5H dmgld, 48 ABEER] B2 RE 2541 A 9
(401)e] AL,

4= Ao71(860) = WA AMEES T4 FIrol digt AE HE9 H[E&o ZASIY hEFV] AAE] Aol
gt EE ATt A HH2(810) B Abs A47](830)= o F Aol IHEvEE(852, 856) ZH7tel 3
st Ade SHES Tt 19¢ S4 Fadd 2A%e A" AEE832)S Ailste 5FES B
ok A1 A(871)& o] g S ATy, A2 4(872)2 zHzte] T Fukgo
st Ty Y BAAE AT, BAAE S 4F A0l(852, 856)E 3t dEvHEZA ALgE
ATk, A3 D(873)& 4F Aol dEpE(852)o weEk Aikd AME YA E¥(reorder demux
output)(812)o 9] AMEZE(x(i) % x(i-j)ol 3t & FEE(different seperations)S #|&3tch. A4 &
(874)& = Aol gebvuE(856)°] ulel 7Mk(addition) & ZHAM(substraction)@] Ak ?iﬂ‘l’té(arithmetic
operations)S A3 AyE HolFy, A AMEZE(delayed samples)oﬂ e AWE7F """ , x(i=j)7F
AT, A5 A(875) AA MEE(modified samples)(832), = y(i)E AAkstE 4 % LL7](830)«] &
g4 ARES HAFEH. 45 A0]7](860)= Hgh =T (840)°l Eﬂzﬁ AAE AFert. 45 Ao v
(858) = 55 H% 2o4d dad, EZY day =& vE d3dg 7HS 93 devEE ZAE 5 ).

rﬁ’L' HN_EL

o]
o
_/"'\‘

=202 AR uE T4 Fagsol dete] = 18 B 193 #ste] A9
gk A5 AEZE x(i) 2 x(i-)Y F5 &8 ARES AT, A5 A‘g
NA2ET T3l A AP 2E(912, 942)014¢] DIFF &5 1
2)ol A€l SN FEolMe] BEES Hsdte s *”~v< = x(DHHEY ddzxow v ﬁﬂ% 7}{4. DIFF
HEE 2 S BEEL = 189 A= (840)el Y H= T4 AEE(932)9 cAlEoltt.

T 189M F7] E8(211i)00A =y (840)l «1611 AEE &5 o], & 6 ¥ &= 129 TRt fJellA
7leH kel 2o, OXd AEH ]2 (220)5 T3 Abol MM o HE& FE ALES FHstr] St &
= WE dEEHdE & A daH840)=, 95 WE G 2 GE 48] Adte] & 129 ¢HF OEE
Gi;ol N_GROUP ¢lzZdd 4 MEES AFES UEES 4 HEE5 85 H%5 274 d3ds 488
S ootk gerd o =T (840)E, Gij7F ZEW N_GROUP 3=t dagyd 34 AZES 7IXE 4% 15F
8 YRS 54 AEEd =y dm9dS 183 4 k. 25 HEZEA(252) = 4F UE ¢ 2 G
U IwES Adete] HEZUdE AlEs D AT 5 S

T 212 = 18% #Ase 7jed b5 WS Astd sbEslA7I(240)9] o3 A= 525 SRt
HaE(910)=, tads ¢4 AEES I3 A8k, &% dlolgel dis) Had 525, dF 5o 5%
e 278 Uads A A7 45 doldEs AdAst. 9 ke 4b71(920) = ke 14H71(830) 9l
gk o AMES Tt tade 4 AEZEENE MNP AEES S (reconstruction)$ttl. HEEE
A(930)= H-&3te GFA WS FA4s] fste] dFsiAE WEg AEE & 2] AE FAE 5d
ok, oF=IAl Alo]7](940)= Y=H(910), o dA7)(920) 2 A EA HeEZ YA (restore order
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