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173320 1T7AN 1.1

byl 1A ,0737 DYIphnY YIS 1A ATH D1TIAB AT nanr be (1yTrR) fboRTh ntya
21377 DINARY 0r7Tphna wancwn LAY braban ovniwth Sva 1Rt ,na170R52 11093 9abRA
AYIUPR 7X1TPD 1ANAPN DU AR PTIA 79ARDA 1A bw 5oyr 110hR 1IXY 13170 RAOA
DNYWORN %1277 hiR3a B1han yvonn Y@ nbrys hownt L 1eo3%7hb LbAb-vaY DY RABL
0900 7389 A¥TAN TTOOBA MAORA LTAR Y1y hvipT-1a hante 59 2% 990p hhaya
DYYINYa Ay (12awd h123%02) PTIBA AT 2¥p DR AyTnY X7 RAD AT DInna
AN L1903 NTYY 2¥p5 DYI5AILRIR DIPIYTI HAph RS 17915mb R oY
ni1o7RM (intelligibility) hidainn o1 2305 Y1400 0T “9¥pha ,“nvyﬁivn“
IR L, TNIND 70070LO CTIH RTA YIATTA D112 L0DPDI ThIwnRn N1avTA 28 (quality)
A7HY ATYRE RYAY L0737TRD HY probn Arwy nr0a5%9IR 739 LY Avrh 1vand vl
727097210 TTH NN KIDIRA LDRT INIYY L712970 DR S RTIA 727009103 9RN
nr71%n *nba a9 vo 5y on SMah nYTTnA AW L DRYYI NATNAR AT TR TTNnn
D7NYAA 73y 113%0 L 5wnb M5 Lhnraa paoTr Y¥a maona 137R 3291 711207 ,Ombo
NPNIYRYE 177979 0712 IR L,IN132183 YA 120k mirn ¢ (high-pass filtering)
NARY DOWIBN AATRAY BYUB L,hha%inh Y 195 pya nyroun DIDIRA QRT 5D . midIRa
Lwrona ATty DIMABY TYNARA 1TTRIBA DR 7795 APILY ayita nibIRa

PHABS TR M0 KDY RIN 12T hbnT D1vTe 5w nanvhl aphha 1iadh Trotmn teapa
nrypAIs nIvhd S1971 LRDYX Thn hIA3InpR AR/ N197R1 DR NABRI 1770KHD UR Phan
JTORD CTIPBR 11250 bR nrernrvaIRh r2hna avon

STRAZRA DARD B¥ D139 §Y1Y D197 DISpYAR AMon RM12¥paIsa 11na% »a3pn 1T Aaron
ARYAY MR Aniva nP2IPBA NT¥PASR LThh DIARA AR JATR BN 7YIPbA ATH dhYa
,N1329BR IR MIDYRA DR QBRI PYh hRIDA 1R 210 7B DyR hiand nyNinn hryiach
‘11370 99010 3PY N179bia A% h1k1915% AT Mhn NINPAIS AnoT

NANIIYNR N5TYH 119005 07329 BYapna nY7aIn NYYIATAR ARTAUA DY RYXTYBrusIRn Ll
LNrraRaTh

DYnYRABD (N1IY-3NP N7¥Ppata) D27091IRD DIMON N7¥PTI027KRA hhn 0792 T L2
_DPAh7R9A5R DY DrYINTA 1PaPhb Ah7) DRAYNNRIY NYIAYY AR7TAYD

TYTIPR DRYAY DY psbhn RIAT 7HPYDYA 42N W7 hyXInhh nrYIavan nrrawb L3
L(SNR) wyhb nian bhvh navvwr nnawp ®ea 0 oyt (VYRR U R}



IS TpRa MY yyann bha L0570 MW v:xp:‘,wwnn: ANTAY Y05 ,0na

999790 hoqyn B DR avhn TR 0TIt hana bW onvony qup qabnb (hrxrroanap)
NAIRTIPA hOAYH NIYEYHRA ATNTINYLSINA DY DR 1108b ApTYR T1Y 1R ,n51Ta RN
11770290 wshY 91N RI9R 1Y P22YIRR A21905a DYIUR DYTIVABY RYTARaTO
L0750 TYY 2axpa AbRTA nryad rorbnh nrNTIn?LULIR

5w nrxtrnropn HY noblan AWR AbYhEN Dryab nrartnn WA Ranad AT nTiaya
MY NAIURAD YRR LNt 11y 5w o 1aapn L (bit-stream) TTTIVRRA YTINA NOIILARA
TP S¥W hriiba haoh RPQ DavTn hrovnware 493 ran L, ([3], [21) Daigle-y Angel

10 axpb hnrosar

PRIV DY TIBYIY 12T DOTNTD RABYIP NIVIWI NIWIA AINPI MIPBI AT Pis enna
AT Y130 D3An DR NA¥PA BObAY 7hDY3R Aphnn hiavh AR 1783 ,9302% L3RR Yaam)

Lnnyani

127 VTR N1V Mo 1.2

5» 290 111A00 LNY990A 1YNIAY 99377 NDYRTY Nioayn “obn haxpA YRhA AT 97Yba
yraun ®YAYW AbThTh nvyad Tnr yimnhd bprrp RHW 5 by L, hwynb Lryn hidayha 7o
qpTPI 1O NBR hInYYPR nadavieh vab 55 Ly hT qoydba Tinyd ®Y L 1r0ibnd 1iva

2% nIvh AT 7303 AATTAR NDAYBA YW OITH AnvTh awva 5y minpwinh nidvyna
LN17913%00% h19RA L,91Twh axp 1vaw (trade-off) nwwnng ,19-103 L, wTan

59 TP 1A DANIR DY TITIPR RIS DYTTOAR NIYTAR Thy huvhb hanvop
nmsyn | (waveform coding) »a-h91¥ T17°p1 (source coding R voice coding)
L9122 U oapanh 1133an bW oaawbs hprbrs YTan Yy hiodian (vocoders) 21p-Ti177R
prhapnnn 0Yibnh 7inn 1ab uvﬁunwgﬁ IR RIN AT AbH hidayna YTIwnh YTnn
navnd S5y T0MISH AN LRARD 5u'nvvﬁnnvxhn—vrw1p n2yop 718 LY 1YY i
-3 1n9) P nth n1vason'7373w Lounh (1,1 917% ARA) Do braon

1710, (LPC) D190PODR hoviy nR ararnnh »aR12H 29710 7ptn |, (channel vocoder

, (autocorrelation vocoder) nrx¥%11pw0IRA haTd , (Formant vocoder) b»7ap?y aTian
N2 wh N17933%00 . 1191 (orthogonal function vocoder) 5337210718 i')'l‘ig RPN
B7379900 172 119910 7313321 DYYIRTY AMIAY NOnY RPA 2P TR Mdayn BY

nIRA . (020phanY voiced/unvoiced hvbhn ,TI07 TR TIVBA YTURR YW braiwvn
JTTIRND LWYY5 DOWYANT 12973 077abh DrpaNTant 7yau ND 331 v by ypwa qrhhwnn
nivTheh Sw 5y 5ivra HHaa nRTY (hansr 4,8 kbit/s) rnb DYDINI MTWA YaRp
.913%% hara Biban y1oen e hntash (redundancy)
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Fig. 1.1 - Families of speech encoders.




Sa-n1ix vvpn

AIVTIN DOYRA NDYThen NYRRY L,2A-DNR TR - DR TR BY o hvawh apbhnn
N7 2300 hADMYRa LAY QTYD Wnhl pIoYa had b NeayY  anvey RUa LT q1aha
L2200 DY TnTR R LDUhRn YBhwny 785 L, RM0HRY Y0R8 13R T1TYRA

,1378% ,0 RN PR DR 7RI NYhh RYY hr2YMpY B71393Nn Ba-ni¥ TIpn
;NP0 MINIR ,DIBR LARTDAN L7137 ~ 8731 h2AI0h NTNIR 915Y ATUR AhARA
19IND DIYIAT DATR TA-NTIX YTIPD L9307 MR raah Lt 077215973 hAnIR

558 h?310Yh h3vhan DPOh? Q70IWD OR LYPY ¥YIST N21Th S brarrarnh 157)

bx b3 .(7.2'kbit/s Syp 5™a) Hap 1 nvont nrhtax TR Yaypa hobyas
BYYI¥Y22 A739902 nan 5y hIRD 788D 901 DYROn 39182 Sa-DMIX r7Tpn 1abnh
niRn %2 75pr07an 170K RAAH L,N970D0LO DI TAND TIND NRTY TITYRR MIYIVIY AR/
Lo

173,50 DY NITheY B335 LR LPIp-rTIpnd 1303 15K DrTTPhY YnRnD
172189 785,004 .wyah DAk bnr - vnvupvnix DYYINYA TR bYYaY rTan? Hpan

179p ,N72%0p 22900 ADIYAR 172% vy hara bhY 173 hnrkhh hawy Tron kY 1.1 gryoy
17rard L [5] q570% baspn .0v nInD 0TI YD YUN DIHIRA 914y LDRTH hAhY L DYD7RA
| C YA Tr-5Y niomR

{64 kbit/s 5yn) o niiyy wyn 8ROY 7 KHz Ty vab ansi - Commentary quality .1

»2-3% N1ty ,200-3200 Hz o»77n oyhah ,30dB 5yn ¢va% nik bh? - toll quality .2
. (16-64 kbit/s)

.(7.2-9.6 kbit/s) n»1%173 M2k ,h013x h13dn - Communications quality .3

(4.8 kbit/s-n hins) 1237174 DR NIATY awp ,ovav vhba beby - Synthetic quality .4

n?Y7a°NY Ha-psy r1Ipn v onbivon raspa 40 hivtr B opasierhh panan neabwe
L2 »1ronb nvrhn

JYThR DINhA DYTIPRY BTH bInnA OrTThn brAr0 vawh phnd o qnta Yah nwiy rrpn hn
(Adaptive Transform Coder) ATC-3% (Sub-Band Coder) SBC 1n2 7700 nihha D710
173759 IR 140 7bo Mabnb LVILA AhYY DR 7PN hvs Y MUR nwra Yy bvobbyan L [5]
F1h by 55% n1vavobh /dRY RN 1D 19907h LTI833 DAk ThR 59 BYTTPRY Drrhaopsd
N173%00 hR¥PR LATS 19182 L pthhaw hydhh hvaqiaRh - hnv 10 Dy vnz5% 191K Yapi
wya Sw 5qopaon r0ara vIYYY L hwynb Yhratr [ hnoRhn RTR D?29WA 1ThR YnANh 403
T9n 5w Aty abapen niown nbaphn 16 kbit/s bw aypa SBC qupna L hrNTTOINAPRR
STURRA NY27TR AR 1YDYR L nTh DANDA TTRD RO Y1INRA aT .22 kbit/s axpa ADPCM
PI5nn n7a30n P33 Syoan SBC Awna ANt hhtax LRt nnayd ,SBC Y@ hiroiavon
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HODMA 70 INTH DIAND TITIPY ATNNRONT BIYNIAN YTh B) 5Dav ,74n 7po% hiRn DR
Lya RIAY LATC-n TTPna .BY2WA TR YBINN 172 D130 NRXPA 12T hHLIY
(KLT) Karhunen-Loeve nanni *nTpn? »in3 b yxan ,SBC 5¥ 1vh An1ax M1731270
JAT MNR ATS DD7INA DYYIAp 91377 yup Sw (DCT) 137bp hhnhn 7aTpnd N

1Th Binha Ya-hhay Y TIen

n2b¥In 1R ,DNAY DYLAYDA L07TTIRPR Z¥ BY211anY 037 07A10 DR INTH DInha
BxT 595 71n5 DYYNANT LADYA5N RAIN 5P BY51000 DYHATA 172 H70DYLLVON MITNA DR

Memoryless ) 11757 »4bh D?7TTpn DRI bi 157851 ,maya nibn kH95Y Tv031
Predictive ) an1» hanoninn hip?asva . (instantaneous encoders X encoders

JNY21% nIvowa S¥Yan hbrash naR Sw 311moth (quantization

yyann 132 9wr , (Pulse Code Modulation) PCM-n Ry 11737 RDZ Q173 0IWSR 17PN
NAYIT AT A0n TP 133y . (A/D) 1A8b-731%I8 v nd nwynh R0 TR I
.(35dB byn) brnmny R JORA Yowr MTheay nroand nan 5y baTh nmivard 11 hineb

apnma15 18R AP1an RHR TUNR 13OR vInsh ,PCM-R DY AniT byn nnTihnn nbian
21970 by Y LB19103 hIR NIBY 2132y hodhY 17Ty 7Ind bravwn 13 "y . (log-PCM)
7-8 n1w1v1 log-PCM 113yw Nahbn .H1ATIAN DINT3 901 04 73031 ,9m 7 Mnvoy
n17299%0 N157Yyna Ab21pRn M1DYRD ROV toll quality 912y BATY n1raro
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Fig. 2.1 - Rate-distortion function. Improving the data
compression algorithm by reducing the rate or by

decreasing the distortion.
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Fig. 2.2 - The compression scheme proposed by Angel and Daigle.
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Fig. 2.3 - Prediction characteristics of ME and LDM for
p = 0.9 :
solid line - Maximum Entropy predictor.

dashed line- LDM predictor.
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Fig. 2.4 - Bstimation characteristics for p = 0.9
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Fig. 2.7 - Predictor of the two bits-sample system (p = 0.9).
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D832 0%a8 3.1 79°%3 .2 %R 1 RIN R ¥ 159 0PIy 13X bha 0vipnh 113y
2Yy 153 DPCM "y ,(ME) Nh»2770DR n%8990a8K hdayn 2™ baphnh Uyl hiIr bhy bw
R =2 n1*2% 0a7 7ays R = 1 nva20/0a7 2ay L (3.3) aRrten vab 197%yh nbnh

20~ SNR(dB) 30~ SNR(dB)
i 251
15 3
L L
20
10
: Rate-distortion o 15 -
5 oy ™ Rate-distortion .

i . ....--““B 1 bound ,/ E)D
sl Mex. Bntrogg_,—-ﬂ"' o s 55_;.‘.;‘,14*
B#""‘w ) 10 ':_ Max. Entropy (2) ',_‘,.,..,»ﬂ"'d

+* P it
o . " u.ﬂl /
lf,!’/ " Max. l!?nropr (_!],-/ DPCH
i i i i ..‘/ Loy ] M i : .//
¢lo 0.2 _ea 0.6 0.8 1.0 sl
" P
l: L i 1 | y
s SR S R I B S R ) 1.0
(a) (b) P

T390 1Sy 11A8Y p-3 nidno wydb nak ohe - 3.1 ton 91y
R =2 nraro/oat (b) R = 1 nravo/obaT (a)
Fig. 3.1 - Signal-to-noise ratio versus p for the various systemst
(a) R = 1 bit/sample, (b) R = 2 bits/sample.
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noaa nwynd rYaw (Linear Delta Modulﬁtor) LDM by aren fonva (3.1a) 9174
NIR DOY 727708 AhYT N9IRD DYANND (3.1b).ﬁ17331 D395 DAR h93702 DPCM 5w
912y ornAn LDM hoaynb . (lekbit/sec) oaTh havasvd 'nw 5w aypa DPCM 912y wyah
: (9] hra) ndaspn nrvrenr Anbdia n HY YLRYVHIR TYX YTIA p S Y bo

4 2
Aopt = BE%(x-x, 1) In(2F ) = o V2 (1-p) In(2F ) : (3.4)

. (oversampling index) "N np?aT! oTon RIa - Fo 3 FS/ZFN NWURD

SJAMATA NP - FS ,0073P23 9Th -~ FN

(1 =) 0a7% hyvaroh voon bv Trpon phwn Fo TIR DOIIP?Y A¥PA NN ANTATH OR
,NT P93 PIDYI Bha Dpnh 912y AWnNna 19X 7RR NTLLIYD D910 RYA {xn}—w ~hRN
(0% 55913 av'my (F0=1) Lo IPTI AP MAnaTan {xn} 79 N17h1 QY% N3y TTR

Bopt = © V2(1-p) 1In 2 ' (3.5)
0 5w My 5% 73970 19983 Zapna vHnovaIrh TY¥N bia (R=2) DPCM qi1ay

DIITY DIRDIA *hw 792 D2YyINan 917¥h 5w (b) phha pravin ME nyXeinh noaynn q1ay
F(e,+,+) Do2ypai1sh bty 5ryd 2.3.2 O*yoa TARIN UR T1vwhan 5w hapna

*5> MIRY nvd L (npkhha Max Entropy (2) -3 Max Entropy (1) :197¥3) F(e,»,)-%
<15 R RI1A F-5 qrbhns F-2 winwn hRYIND 0YINTAA 715¥h TOARA

(02177080 01X 8bN2 17hand ARy q17¥n phn vawa

YY9RA . 1175YA bbhAn TRIYRYs hAira b58yan BeYINTa NAATYR hidaynh 55 R
MPP0 1370 2IN00Y NT2IYAR ARRIND BeYINTAA YO5hR NIYY DR hwynb Ruan
L0y 7Tand BY o haprasva avpnnd 4nty bohh 58)

DPCM 91ay R = 2 ny7370/007 a¥ph R = 1 h3%0/0 50 297¢ aypn 1ayna i
LORY iy L (3.3 210735 hnita) 6dB-n 28%1 13°RY wyab har bnra Now v
*HRYUDIR TRTN DY 930730 RN 45% 7AwON q3bh .ahh? jop Tnh swn ME q%ay
.2.3.2 qoyba wItnd R = 2 713y

(Drephn Ay EDM-Y DPCM RYSAYH? T71a33 .

lim SNR0 £ =
p>1 P
2PN po AWRD DX 1IN PISTY bya RN wyMh RIND bhY 12908 ME hbayn 1ay in
naviy qer (limit cycle) r9%aan Hibonn nysina rRiIK 455 9abhn i L1-5
nITIR havp Anyswin R LDM-2% DPCM-2 ba Dank hn?rp 1t Aysih .oTiph phoi
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L1-5 a9bnn p wRd qop (3.5) 29v2a 75 DY Naan TYRA b1vaw nasyd
RIPOBN L PPIWITHA VNN HTIAY DY 0GR D1WAR 1R LART miyb ,ME h5yna
Y5 7an bR ME DY D7piINvad Thaynen 719wl niaxh 1TRY R7AIRDD NTUYHA
LANTATR 2Np DR

213y LhRT hniyh .0ravTYy DrYINYI Aban ME ndayna ,p Hw nYoina bYoy May LT
niaven LDM-1 DPCM nisaynn L' Q7903 huyn? 117180 28D ,p DU B7R12X DIIY
AAYARN TTY DY ME 'ty baphinn ATh vhaynen hYiR3a ?113n ¥yy? hir bh?
n15n VO IRN-NNA Y213 152 731190 1adhh LA27hA%D 21PAN-DIRA ¥57Hnnd asacIn
NAPIARA RARD A2221¥1 DTIPA PA93 MARINY 7BD TYIYPRY YAThR 737703R 111003
R = 119983 p ¥ 0.95 912y B291nun hidaysn *hw ¥ DYPINYIR .hdIYBh SV
NN 79aY 23779IRD DINRA Bh p YW AR DYOMY LR = 2 TWRD p Y 0.8 a1
M oareR prTab 17ay we o L,q5vsh L8 KHz 3NPA piava (Voiced Speech) 7219 1127
Y28 997 DIR T 15T WY LNRT DY L TRYBR 1127 DR Y13y 9Ty MOayniy
ME nSqym R3asih 1aro Y hihanh Tixaa vpaRa a1hs Hya

nIB3Io 5™ NI5AYRAn k'S 13y 1vapnaw e fe ) 11ERY AT0n N18170IRA
fige le ,) 757y noprom R = 2 -1 ME M3y L (3.1) hbawa

LN139wA nYSIYRa 1IURY YTOR hYanin RTHI0AN - 3.1 'on n%av
Table 3.1 - The conditional first order entropy for the various
systems. '

p
noyn 0.2 0.5 0.8 0.90 0.95 0.98
system

ME 0.99975 | 0.99983 | 0.99991 | 0.99995 | 0.99993 | 0.99983
R=1 ' I

LDM | 0.7805 0.94939 | 0.986756| 0.977164( 0.969844| 0.95133

ME 1.99810 | 1.99939 | 1.99824 | 1.99860 | 1.99925 | 1.99760
R =2

PDCM!| 1.41794 | 1.50128 | 1.5511 1.64974 | 1.61837 | 1.61104
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2370R avp OR- npewan awynb ME NDYYH 912Y TIURT NT0N NTANINA NTOII0ARA L 710%5
1 P92 Hoy% 7INRD BY DawrIAn AT AR¥IN ‘ﬁ(enlen—lj ¥R 1137 p S0 Y 20b
AURS YA ME Se 15Rn thiynvn 19IR3 DISINAN NIHVILAR hidapna DPCM ay

5y nisdrd 1w LR = 2 133y ATNTILANIPA DINT YNRY DIWn AYI5Y 1Y AR¥ID LR = 2
NIRXINA 0 L0237%00 A73190ARND B Na01d Aarand namaax ,DPCM-3 R = 1 "vay
Y1 DIR bNYH ATOYILARN 473 InwbD wp Y phatna yeavanb qhra kY 5wyb haavann
nr81avarny himbd ME by qoy wyab nar ohr DPCM-% nrhiax p yohy "y .M Thea
by (entropy coding) n?8170IR TV 7T HYR 9T HY W10 LMy Adind by
1221 99Thwa hotia ay2an k5% (vinan) 9rTwn avpa nvab anra DPCM v1en nroxe
ME-2 qwRn 9h1Y 11aa wyabh Dan bhri ANty 1ind 91TY a¥p nvant 2 avwhd

n7¥7NIPN 0PN N00Y DYYINTAR MYTAY 3,2

oIRR 173 DT ABRDD IR WRD ME YW DvpiNvan DYYAS) RTYA 1TRA 1RA3 AT qryda
qrY0h nITA Lpnh bw o nrxbpn napn 17a% hotynh Raadinn a1va By p o nrebmapn
,LDM-1 DPCM ni%aipnn nidaynd ME hoqyn 173 ariwn 1avn L,3.1

Q34y DI33510R0 DI9YRY p = 0.9 A0KI5 YA APIV-BIRA PR JTIN AT 7103 hArbna
nINn bBh* hrananh narann (3.2) Arrya L (3.1 9rvbh antTa) p B onwaiwn beoava
.0a7h hivavop oWy hhR Nvacb Sy nraxp 13y wyab

,N5nYnh TpnRn 173 ABRDD WY 9URS 72973 WYY DIR bhe 2aphn midaynin bba L, 718¥%)
n17uoh hoina nwrat ME hoaynd v7 91TYR a¥p 23W MY Lo = 0.9 M2y 13770

1537 by w199 . (>TnH BrYanh wyah haR bhra BYRvwn 23 MIRAD Jhea 11xh) p b qaya
JART MNAyh LnhITa R2TR O ARIYTR RTXLATRA N1NTAN O7N117300 KDY nqpn 191399

,at 71033 R = 1 n2270/02% 712 .D¥PR3 AR1aA 9n1 nawran LDM-1 DPCM nisaynb
13y R L,p S nrdayh pinh 553 LDM Y35 Y haray hrannh ATOIT0IRN NOYYn

by nra7y DPCM Sw nyyax?an 1-% avpnn p WRD .5 9978 178 R = 2 nisav0/0a9
Qn1r Biva iswh BTy AR NS by L3, 1 qub:.nnsyaw'nﬂanannﬁ m1Ta LME Bwoabr
172 AERAR PR hysy Dyand 41ea haro nabinn ARxins DPCM-2 wyah nar bhy Sw
5413 NY’apa DA Rvamn DPCM-3 p ALRASK T7pon »5 15T ¥ L4D hd .hdynd ipnn
»11¥7 19IRA 1110Y WARD NT 927 L7ITD 0RYS AhivR q0h3a (3.5 ANdia ART) NN
(granular noise) 'v77x7a'hn wyv1 (slope-overload noise) "Ariian' Yy RIb¥Y O
R9n5710 hoaa ME hoayna DRT Dnayh L 25n708iR 7YY 5114 nbaph qy At y1awn Hy ar
JHryh MinRD 1T NYWOR R
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LA00ynn 42a% Ypnn 47a Apxda ¥ p = 0.9 T1ay
Fig. 3.2 - The sensitivity of the SNR to deviations of the
correlation coefficient. For p = 0.9 the system
matches the source.

:91783) 2,3.2 qryba wanns T 9aywnn R = 2 293y ,3.1 q7y0b aniia
.(Max. Entropy (2) :q17¥2) F qqywnhn byna IR 07pIx223 %813 (Max. Entropy (1)

DINAN 2197001 h20DY NThUR DRYAY NIYIAN 3.3

J7DRA 2158 5Y3 1378 A1phh URS (UY9Y MR BRY) 91ThPN DNYAW ANl AT qryod
CITARD TANR 2150 Hya Mpnpt RbTA Thn bY9% A1boy xna Avhs v hya minipn nvanaa

[9] nyasba Brhatpn AUR) DIITURIN DYTIVAR 170IR TRIYNYNR hTINA D3 TYRRD A15an
113y D7YIN?AR ApYTaaw hoand anea o 2p1 (1At minax 2Y nrrntiandn oo TIng
L8R YT Aatwy bratbra by ophown "niodb' v we 5Man braadsh by
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RY¥p310 57Ysnh ,b%und T3 11M5T 75YA DYIDIRA RY DYIRIPR nu575hn hpsh vy
3.1 vy0%2 DATYR babnnmh A1pan-bIRA 1rhah by (11957 hadn) AnTRhB nTINa T R
nyaiwA BN h1aibpan AR 95 Ay L ('R haba 451 [10] hr 0113 Gn7h) PR
q97h 12 0RD Ania [-4o,+40] Yopn AR hbdY YWARA MIIARAA BARDY 15 hAN3Y
LBIRA Arha Tay e

6 = 0.9 713y 5"an ninipann ThR Y25 153pnav wyab hirh soh? Brar7i¥n 3.2 nbava
(8 KHz-2 D1aTh 21 11272 7171818 1Y)

D319 hbY35 *a19a3 p = 0.9 %3y (dB) wysd nawr onr - 3.2 'On nban

Table 3.2 - Signal»to—noiée ratio (dB) for p = 0.9 and various input

probability density functionms.

hi1anbn hiarox
niAvann pan n A Th R=1 R =2
Distribution law Scalar PDF
DINA
i 2 2
1 -x"/2¢c
Gauss px) = e 7.76 12.45
V2mo
N1 . ) J§£§|
Gamma px) = ——— ¢ 5.69 7.351
vY8mo x|
bYsd _ Y2]x]
Laplace p(x) = ——e O 6.94 10.18
V2o
q9hR 1 x|« =0
/3a 2
Uniform p(x} = 7.66 12,84
0 , hanr

AnaYd L I0IRA AU 113y 15RY BINIT TYhR 2158 12y DUYIRTIR 7 %1y nbavhn
“q1Theh DR7APA Donaynen ArhY Wy (Rnd AU Tprya) 0DoYY RnA n2a1%8h 112y L NNRT
nRY 03 AP0 DR RN WR T212%R 2100B0 nysinm AR7AN bo5 yars T Mat
napbeh LBYRRAN SY A31PR 127203 TIND ARIAA NININ0A BT BI1AYY nbn nrathea

Ly novynpn DR G727P8B OR WYA5 hir bha nbuIan RH ATYeH naoxh Y RDIRON
LYDARA=RDA 17eIR YDA AT naR



- 5% -

D708 DIRY NIIPHR 1Y h5Ynn Y DINDIA 3.4

7970 L AbYash A1haeh novynih hr bvRpab Wy v Abay 3.3 9rydbia 1ANIOY RIR¥IDON
ATIPShY LAD7A5A 11997 habn hraraYh ®RY nvxpaso beyand Reh Rt oyyab nbavpnn
71850 103 n199Yna companding-i hbiveb anvTa ,ornnd 2hyabh Ardan AR nrawd
2159 R q19a% Rya hwran varen L ([9] arv) 'Y A-law ,u-law Ind TURR 13R
N'lt-) MHIRND 5" R7epato MY¥NRY 7T0RA AtPab (7R AR bhab ,xna) noraon
bithiy nrxpaton DR Y yanbi ME nayynrka Sapnni nirn pR bant? L, ('R ndda ArY)
.3.3 97782 ARTINOD LATRYRA DR PY N(+) Adonh

A
’ Msx. entro Max. E A
X, - X, Py en x. Entropy x;\ X
AN () |——————4 coder for decoder for |- * N(-) Lt S
- Gaunsian Gaussian PDF |channel | Gaussian PDF

distribution

LIDIRA KB ArPs 11ay ME honyn - 3.3 tbn q1v

Fig. 3.3 - ME system for non-Gaussian distribution.

Yy D BR O YIha 9Thavnh haRn

S ety |
X = N(x)) = N(E{x][e ,e v ;1) : (3.6)

gy TR L2 PU83 IRIBND LNAYIAp NIRYAL hhTYa 7DOR-IRDD y¥Ann TiYeaY avpna
$13%%0 ,N%IN3?H RBA Ar¥pa1dn By ndhanh nrR %7yand

J N(x)dx Ig(x,y)dy

n-1’ J'dx Jg(x,y)dy

s ' 3.7
X, E{N(xn)|en,en_1,y (3.7)

.2.3 07pda ARINAD DYRIRIND BYNIRRD 5Y DIYNIAN N17XTA0VIIRA TURD
nN710mA nbhana by Yhowatant nrrivva Foyyenn 13y 2 pasd 13aR¥s R = 2 hapnd

N(xg) 5y nrapinn nBNInA 1Ay Riveh 91 Y51a kD A5RD BYrivta 0 Lx oV
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E 7aywnd1 (3.6) *ivban nrxny E 1ﬁywnb 195 . AMRATY RY N7¥PAIS KA N(e)-w ThNn
L{3.7) hnoha pr ogwrnd (hviap harbava 2o5h-1r5a jbharnn)

107820 BYSTAYRS 17Yiyha Lhhanx oebran

'R hbﬂ)
%y = Moy 1y, )] = NG lepuen 4oy D) (3.8)
'h oA
x. = EINGx) e e 1,y 4 1) (3.9)

LANY?a 2anth paban ik 3.3 983 vMMRhRY vr 'a AbTa TaYy hayn

RIS R PR S TR B R R T2 A R PR B R B R4 5!
oYY e, L DY nIvav0n My LR

na 'R N0TAY TIAaa (xn—ﬁn) 29890 YISHA NPA93R bR DPaYTHN '3 AbvAA LA
.N3Y Apravnh nibo (xL~§;) R B2IYTNn

DYI0RTOA BY hPMYon AYNPAIIOL Nhaphn KA SNRE NYXUSTN DAWORD 'R NDYA L,TTORRD
R o= 1 973y 03 hnwRhn R0 10 591 6-1 p

195 prabiann M1YIphY DIRDTAN hYa R = 2 7123y ¥yIY DR bny arinn 3.4 917¥a
Haa PR NB2A5A NIR) .hnIROnR havyn? rin bhn TnR 55 qers 0beby rnx ,D1IR)
L(DoRDD ATPR-DARY T25hh Y AnTRhn nYaRavh RY nYypas nbysh My nn

A Apaa Yw nyorIyn L0505 KA :0r3773¥yhn 13X 0OR2 BrA1H8R 11aYY 9anon 11NN
qURS fYnIynen AbTA R p BV B7OYBA BYSYY 11aY Y'Y favp RTO'R Abha 718-dYy
LITIRYY 29PNnn p MURD L '3 NDRAL NBDAYAN DvAYdh DINYNAY YTRAY bBIwn DRT .p > 1
1AW TDARAD AI1P8R 13y ,D9a L1aYR i0n At hh 1YYy Yaxk ahir hobiynwn nowya

573y 03 S¥TA AR DAIRGAAR 173 YTann LANY 73 82h1aan wyah nar Ybhr 1bapha
nRRNIBA TR ADTAY K7D IR DIR®ID nayoawp L (p ¥ 0.9) M1a2vTH nynrRnnh p DM
Tboh XYY NYNVOTR DNYORN NYAY DIWH 12T DINIR 7adb hwynd fovTy L 7hORA A158Y
JUY1% nAR bhva Thiynwn

by nwynd NIobAND DYYBINA NY B¥A1hd Ay ('3-1 'R) hoaywmh HY o NIRbAAR Ty
1500 5P 1197 RIdR RTIRAYY RY AY¥RAIO nVYAR hn X3 AbTAON MIRY A

4 9153 .11a7T NIR YW Aponn 175RhY ORI DDA 13YRY 2TID INT 75 12D L YDIRA
L7127 DANAN 7235 BYYINYan DR Y8R ATD BTN 158 BRO,anh 3ra L qhd)
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Fig. 3.4 - Performances of the systems designed for various

distribution laws.
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2937 NYNIR - BYYIA1TN0D NY NYMYDR 1Y1aY DOYYnh YYINYY - 4 pao

130277 NY1R0 AYHTT0IRD NOTYN JY D1 r2Y00TR NIRDAA DY RAYNIN AT Phsa
:13720 ,LDM-% DPCM 2w Nn9727087R DAIRDAAY ARYIWRA 91377 dhard ghrpaya
' .mRhAa CVSD-Y ADPCM

noYN S RR09MING TITXR 4,1

7173y D120 R naRbaa wyren kY ([3], [2]) Daigle-1 Angel ,3 P93 Y271%9 285
L9300 9120 BINIR 2y Aytaph poaynn nx b yah RUN DB 179%90aN0 hotyn
T9IX D27PY 721700 1378 137hIwab TRy qipnh DYIRYDBR DMIYIIA N7avna 003
owS L,1pnia S BYrvbrvLbh Bravrina (BYYLIYR) BY?IAYD noaynn Hw nirhanon woerb
,ADPCM 113 11%29P1n Ha-hn1¥ 7177 DIprad0 HY N1 E700R RHINDIAD WYL M2THY

- o 5w hanenn 7hhn AR 2Py WR 113N 1T AT 7YY LA o CVSD ,ADM'
15w DroAnbh nYRATA 1A ftebUph bahh ~ p SWY hbrash DR np¥iyd rbhTn

7127 129% (voiced) *HIp 1127 172 DYRYIB 1AR p 7STY 172 ThITHA YRAIYRYL 2Tan
YA YA p 58 199y *hap 91572 8 KHz YW nntat avp q13y L (unvoiced) Hip-Hiva
075 yhe gy vhrar orhyh orbapnn bap-bivs qvaTaw Taya 0,95 4vab 0.8 3a
172 D2hayna L 49 %Y ahr Lbrapnh 7Awa 95%3 19982 AW MIRR YR o - hnXayh DA

TRp Bravan darnd ooriwy (onby ayiand qyyn 0TAYB bSund nsd) q1avh vab v
L0722 BYRANh YWY 5U 0YLPDOR YINNY PYOONB N7 NTRLOTR WA 1D LYY

hyNInn N?205898 DOYYIN 4.2

MmT NTrhY %23 (72707190 19IRAY o-% p BN CTIAYYL @7 nDaYRA YV RYNLATR 1MNINY
LORINA 119N 21700 DY7RpAIs hr 99yha

nNaann by ohwxvsr 4,2.1

:hapns (AGC) D727059TR 7220 NIPa 113230 DIYIORA 1IYwh YN ¢ 0BIoL IR

~2
Sy = A, 4 ¥ (1-1) X (0 =X <1) 4.1)
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5 = /5T | | o wn

TIURD
(4.1 Ton 9978 DX ANY) nORTH DPTATRA AThIWDR NWA - in

.(0.95 € A < 0,995 :bY521pn D75MY) N7NLOSTRD NYIAD DR 777300 Yhhow'' oTpn - A
;NPT DPTATA o BY TIwnn - o

NARA DR .DIRDND HAYT nann DY b u 795 hbY350 MR DR Ynhab 1nva nTS 191K
20 by hyyosTR haRihn (4.2) ,(4.1) n1N11wn3 c -5 2w Hi00h v xn - 9rhivan
Y10 5 11TRa 1Y PURY O ID3 AanT AuR (feedback adaptation) 1TRIYNN NIRN

nR. LNRT DRIYY ,07Y¥An DR LWTIT RY 119230 DA 19 b1 (side information) n115)
in AR qromn x,mibd (feed-forward adaptation) Ab»3dN NIR 785 HINVOTRA
nY7TAYLY MIYIATn R ,n1ha yImo bv:pnn_én AR DA 9TWh wiaT TR L, (4.1) Aantvna
~5y NINLHTRA THINA L 1IN TV A¥pa ADYATI Q7PDIY IRV INRD LB RAVR YIIYa
RN in nbap bwd vbpnn Hv pnya Leyoab 277M 1TYRA AT TNIYD LATthiwnih DaRR YD
L4.1 q173a

BRI BPYR YYLRPA 17103 DR RXIN ATRIWRR DIRA 85 932a0 hapa Sw o raptya Yeph
Nt Dpabn AT YT Sn—b naworRp NATR MUK 7921330 2abonin hyssan hwnann
»byaa bibop ANTY TWR 11AA5m TWORY TV RIOTR WY TNIURA DIRD DYOINDY nyosnb
T340 DR T7TAY AT TNINY CTh7h NDYNY R7ANARD Dha 07Y0pa 170ph Sn IR RER
IRAN 18INA A" hapa

' ~2
llsn-l*’(l—;\l)xn ,79935 5ibona Ratnd RN novyna

b (4.3)
A25n-1 ,751a3 H1%0na hatna noayni

.1-n bravpn 0773170 hr79dn ON )\2—1 )\1 URD

Yn Ly qbhhna 0N RIAT Y NA?IORNRN A33dha MY yyannb qhra *haaa Labon mang
swph 179190nh AR (2.4 9790 AaRY)

e, = - sign(y ) (4.4)

OR 75133 bybpp by TUaonh L,RIBR LYNID .p Y 0725700 DYIIY 113y DA DIRAD R
ADM=2 Rba21pnn 1T ABYT AT AwSA .n DY Q2ap1y Ordhy nwaby 13y brophn (4.4)

" ®Y nvnRh Taph maben hwiby bR 1-n qop (Az - nrarhard) Hraonh 1792Y WK

N ARVAR A
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-1 Max. Entropy “n
N ( ) compraossion >
to channel
~ . . 7
Xn Max. Entropy -
4—'—'——--'1' - :\ﬂ-———-— i d
AGC : N(-) reconstruction

.......................... . A
e H
n Max. Entropy i xn
S NG F
reconstruction i ‘
from L1 i N A | reconstructed
channel - O‘ speech
AGC

(b) Receiver

o grpnn jabsph Lhbanon 1aan hapa oy v2pna Ten - 4,1 'on Y1y
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Fig, 4.1 - Transmitter and receiver with AGC. The rectangle that

surrounds the function "N(*)" is dashed because its
existence is dependent upon the estimation version

(see chapter 3).
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t 1 ~2
5, = A8 4 * X (4.6)
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@R 11YPn SY 'R ADaa 7aa5 Pt MR nTLAIYY R p W heyusRA R = 2 9hy
Bn nx na :vgnb‘1nva 15 5Y1 p bw nwnion nrypats R FoAT¥patsa byarya nveb
nnYYy L (p bW hvnidn AYYPIIS 40 DA RIN FIYYnh R = 1 913y) .yaa anRkd 2adTya
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7 ly| 2579 713y nined o=y P(y) v 1hrb nvhy nivivanvbr P(y)-5 v3 yam
Ry Q“l(-) N78PAIDA WINYWA RN AT 21979 YU AYIABh LINRI RIA 2977P0 behyTa
15-5y1 L, nTRY AR DORY ATpNN RN URD BA93 NP VAMIAIRD NIRTARD WAl
31979 L1172 Y9 2174 aoon Yronb niavvn anbap 1MIN% wshwhb vy jha narbaon
1903 Yaphn L NYTYIIR R1TYLIVORTIORA N131900 YPA RN OR P Ar¥RaIob MR TWaR
sNRINOBA N7ahinh hbniha 11venn nobnn

exp (-y*/20°) ' (4.9)
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P(y) = E{xn

+1|xn>yn} = pE{xnlxn>yn} = pg
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Fig. 4.2 - The true predictor P and its approximation
P for p =1,
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Y3 (4.9) R pDawah baran

Py = oo T (4.11)

{2.35)-2 Mv1aamh U= L ophrepaion 913y 03 DoniT 022919793 198 w7 R = 2 114y
0¥2177%pn L (2,.51) - (2.48)-% orRhihd hI0IVBKYDR NIWITT hys .hnRdna (2.36)-9
My praana T(+) NY¥PAIDA NATYA NT TNIR5 oryvanh

flup2 ; 1

Ly, 1) = 0Cy,-1) = -a6 + pol (& - o =t (4.12)
~ A . y Vl— 2 - 1
U(y,1) = ~L(-y,-1) = oo + poT| = * ———35———— ) (4.13)

M0IVoNRTORY T(+) NY¥PIIBA HY NILILINTORN NnBRhA MY bYdapnn (4.13)-1 (4.12)
LR (2.51) - (2.48) a'y pyeiaThn

n1YapAN N1I81M0IRD IPTAI LR = 2 713 SM37 D23197PR 270 9972 hoAvh hBAp T11YD
THOR TA35 DTAYIPR YATH 7227918 hBY3 hoYynd 79317800 A1pR-DIRA 1v5nn nathn
+4.1 'bp DALY MINDILE NIRYIAN L0P72ITRR 21TAR 222791 113y hibaphnn

TRTAN 1129Y PYYIRA IRTRA 913Y hibaphni n1avaIRA -~ 4.1 'on hbav
(R = 2) avipuh

Table 4.1 - The resulting entropies for the exact predictor and
the approximated predictor (for R = 2).

- p PY1TH IRTN © a%1Pn ORI
0.2 1.99785 1.99815
0.5 1.99962 1.99944
0.8 1.99664 | 1.99622
0.9 1.99861 1.99380
0.95 1.99636 1.96873
0.98 1.99948 . 1.91009
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914y AR DRIYZ? 29%9m IRTIND T1aY hohypia Yyaxtay - 4.3 b M1N

20 Rh TRThA
Fig. 4.3 - System performance for the approximated predictor

compared to that for the true predictor.
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L(0.9 Huwpd) p Hu Mra7r9R" 7Y 713Y 10 hYnaah parbavn L (7a2089R RTh RDY)
CME 5® DA 7atuotRn DINRDMAR PhY N1aY Tuni ubphah 0YIRIng 4.4 ‘b haTea



Xn . : - Max. &{mrepy _ L5 o
q_g ° N () compression T channel
input ' v
A [+
speech
pl'l T
ecorretation. .|
eatimation
A T _
dn _ Hax. Entropy
n Q' i o - . p“r 4’—‘—‘
AGC N{-) recongiruciion
(a)
[l
F&] correlation |
J._— estimation. [
e ' ' ~ A
n Max. Bntropy ‘ \
reconsiruction 1 NCG) e ' T XD
from e T S A | reconstructed
channel CI speeach
AGC |
-——  logic ©
(b).
Xn o " Max. Entropy &, te
"/ N (). compresalon L ~ chaninel
input )
speech
logle p———
A .
O’- ~
n ' " X“ Hax. Entropy
AGC reconsiruction
(c)
o A
en Max. BEntropy xn N
reconstruction N
from reconstiructed
channel CL: apeech
AGC [~
logic &

(d)

JLhm - (b)) L,atvn (a) 1

L - (d) L,aem - (e)

" Fig. 4.4 - Adaptive versions of ME. Version no. 1:

ton Nova WME S@ nar7atosTR nIRbva - 4.4

OB 17N

$2 'bn nbtx

(a)} - transmitter,

(b) - receiver. Version no. 2: (¢) - transmitter, (d) - receiver.



- 65 -

21277 NNIR 13y hoynh ryivea 4.3

TINIR MaY [23%00 2Ya170aK 5Y 112370898 N19TYRN TYINA VRN AT q7y03
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1. A lathe is a big tool.
2. Joe brought a young girl.
3. An icy wind raked the beach,.
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ABSTRACT

In this research we examine a recently proposed waveform coding scheme,

vhich is based upon maximizing the entropy of the transmitted bit-strecam.

The theoretical motive for this research is driven by the non-linear
prediction required to realize the system, and the investigation of the
naximum entropy criterion as a substitute for the widely used minimum mean
square error criterion. The simple implementation of the fast scheme proposed,
provides the practical motive for this work. However, system design requires
some .prior statistical assumptions, which might limit the class of sources

for which the system is suitable,

The performance of the system is compared to that of existing systems for
stationary processes in several aspects: Signal-to-noise ratio, scnsitivity
to deviations in the statistical features of the source, and the degrec of
imminity to transmission errors. Adaptive versions of the scheme of

8 kbit/sec and 16 kbit/sec are suggested for speech signals. The quality
and intelligibility of the resulting reconstructed signals are examined in

addition to the above measures.

The non-adaptive maximum entropy scheme is already known in the litcrature.
Yet, to the best knowledge of the author, has not been tested for stationary
sources, rather directly for speech signals and images, for which no

adaptive maximum entropy schemes have been proposed so far.

In fact, simulation results using objective performance measures (e.g. SNR),
reveal ne advantage in applying the maximum entropy system in its present
configuration, over conventional waveform coders (such as ADM and ADPCM).

On the contrary, prominent preference to the latter is noticed for highly
correlated signals. However, considering the quality of the reproduced speech,
only-a slight superiority of the conventional schemes is observed. To preserve
the antelligibility, a full adaptation of the maximum entropy system is needed,
and consequently, an extreme increase in computational complexity compared to

existing systems, is observed.

Nevertheless, several improved alternatives are recommended for future

research.





