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PCM K®o1KoToinon

To PCM eival éva 0ot ymoeoKnig SIOUOPO®ONS OVIAOYIKAOV OEG0UEVMV.

Tomkd, to cbotnua PCM amoteheiton and tpio Packd tunuota (oynue 1): évav

detypoTtoAn T, évay kPavtiotn, Kot évay kwotkoromrtn. H é£0d0¢ Tov kwducomomt)

etvar pa axolovBio amd kwdwéc AéEelg (cvpupora) otabepod punkovg N bits.
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Yympa 1: Adypappa Baduidov evog cuathipoatog PCM

Koheiote apyucé vo viomowjoete évav opodpopeo kPavtioty N bits, dnrady 2N

emnedwv. O kBaviiotg npénet va vAonomBel mg cvvdptnon tg MATLAB:

[xq, centers, p, D] = my_quantizer(x,N,max_value);
X: TO OGN0 ELGOS0L VIO LOPPT OLOVOGLLATOG

N: 0 apBuog Tov bits mov Ha ypnoyomonbovv

max_value: 1 H€y1otn amodeKTY TN TOV CNLATOG ELGOJ0V

Xq: TO SIVLG LA TOV KPOVTICUEVOL GNIHOTOG EE600V

centers: To KEVTIpPO TV TEPLOY®V KPhvTiong (cvpufora mov sppavifovrol oty

¢€0do Tov KPavtio™)).

p: Aldvoopa mov mepi€yel Tig mBavotnteg epedviong kdbe kEVIPOL TOV

KBavtio.

Ewwotepa, o kPavriotig Ba mpémel va meplopilel 1t SUVOUIKY TTEPLOYN TOV

onpatog €10600v ot TWEG [-max value:max value], 0étovtag to detypoto mov

Bplokovior extdg SLVOUIKNG TEPLOYNG OTNV AVTIOTOYN OKPOI0 OTOOEKTN TIUN. XN



ouvvéyela, o Kpavtiotig vroroyilel To Ppa KPoviicpod A kot ta kévipa g KO
TEPLOYNG, OTMG eMiong VTOAoYilel o€ ol TEPLOYN OVIKEL KAOE delyra TOV GYLATOG
€16000v, ka1 Byalel wg €000 10 KéVTPO NG Teployne. Eva mapddetypo tov teploymv
KBavtiong yio N=2 bits @aivetal 6To ETOUEVO GYNLLOL.
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Typa 2: [Mopdaderypo opoidpopeov kPovtiot yio N=2bits

1. Mn opowdpop@og kpavtiotig

Otav 10 6TaTIoTIKA 0E00UEVA TOV GNUOATOG €GOS0V EIVOL KOVTE GTNV OUOIOUOPOT] KOTAVOUN,
70 opodopopeo PCM Aettovpyel kavovikd. Q6TOG0 6€ TOALEG TEPITTMGEIS CUATOV OTMOG 1
opiAia, M Kotavoun NG €16600V améyel TOAD Amd TNV OUOIOHOPPN). ZVYKEKPULEVO GE Ll
KOLLOTOLOP®N OUALNG, T JUKpOTEPA TAATY epavilovTol pe peyarbtepn mbavotnta and Ot
ta peydia. Eivan emopéveg Aoywkd va oyedaotel £vag Un opotopopeog KPavtiotic mov Ha
&xel meployég kPavtiong motkidov €bpovg. Mo tn un opodpopen KPAVTION TOL SLOVOGLOTOC
g10600v Ba ypnoomonbel o adydpiBupoc Lloyd Max o omoiog emitpémer v oyedioon
Bértiotov kPavtior) ywo omowodnmote oplBpd emmédwv. Kakeiote va vAomowoete v
mopakdto cvvaptnon ce MATLAB

[xq, centers, D] = Lloyd Max(x,N,max_value);

Ot gioodot givat 1d1eg e TV TEPITTMGT TOL OLOOLOPPOV KPAVTIOTY).

XQq: TO K®OKOTOMUEVO dtavuopo €£60ov petd and Kmax emavainyelg tov

alyopifuov

centers: To KEVIPO TOV TEPLOYDOV KPAvTiong petd amd Kmax eravainyeig tov

alyopiBuov

D: Auwdvoopa mov mepi€yet tig TYWES [D1:Dymax] 0ov Dj avtictotyel otnv péon

TAPAUOPOMOT] GTNV EXAVAANYT 1 TOL alyopiBuov.

[Mopaxdto diveton po cHvToun TEPLYPAPT TOL OAYOopiBpOL:

1. Apywd emréyete éva Toyaio apyikd chvoro emmeédmv KPavTioov:

¥ (0) (0) (0)
O %050



Yto mhoicto TG Aoknong emMAEETE T EMIMEOD OVTO VO OVTIOTOLWOUV OTA
KEVTIPO. TOL OUOOLOPPOV KPAVTIOTY.

Ye KGOg emavainyn i Ttov AhyoprOpov Lloyd-Max:

1. Ymoloyilete ta 0pra tov {ovodv KPavTiopov, mov Tpenel va givol 6To
HEGOV TOV EMITEI®V KPAVTIGHOV, ONAQOT|:

T, =X +%")/2, 1<k<M -1

2. Ymoloyiote t0 kPavticpévo onfua pe Phorn TG mEPLOYEG OVTEC Kot
HETPNOTE TNV HéEN TTapapopemon D; pe Bdon to d0HEv onua

3. Ta véa enineda kPavTiopov givor ta KEVTPOELdN TV (OVOV:

% = E[XT, , <x<T,]

4. Emnavaloppdvovpe ta 3 tehevtoio frpoto péypig 6Tou:

H tyun tov € xabopilet kot Tov aptpo tov Kmax eravoinyewv.

Mn Opowopopoo PCM
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Xyfqpa 2: Aurypappo Babuidmv evég cuotipatog un opowdpopeov PCM

H ocvwmBéotepn pébBodog yio v vAomoinon un opotdpopeng KPavtiong eival to
detypota vo d1éABovv mporTo. amd £vo pn YPOUUIKO OTOlEl0 TPOKEUEVOL V.
oLUTLEGTOVV OTO peyaAa Adtn (pelwon ™ SVVAUIKNG TEPLOYNG TOV GNOTOG) Kol
oTN GLVEYEWN 1 ££000G TOV UN YPOUKOD oToryeiov vo KPovTiotel opotopopea. X
Myn epapudletor - avtiotpoen Asrtovpyia NG ovumieong (didTacm), ywo vo
OVOKTNGOVUE TIC TIHEG TV dstypdtov. H teyvikn avt) ovopdaletar companding. To
Suaypappo Tov Babuidmv Tov GYNUETOS avToD POIVETHL GTO ZyuUa 2.

[Na v xodwomoinon ¢ opwAiag 2 TOMOL  GUUTIEGTOV-OTOGLUTIECTAOV
YPNOLLOTOIOVVTOL EVPEMG:
¢ O ovpmeoTtiig TOTOL 1



O omoiog ypnoonoteitan evpémg otig HILA. ko omnv lonwvia, ypnoipomotet
™ AOYOPIOIKY) GLUVAPTNOT GTI TAEVPA TOL TOUTOV

In(1
g(x) = sign(x)rlli(f—:ix))',

He u=255, evd 6T0 OEKTT YPNCLOTOLEITOL O ATTOCGVUTIEGTNG

—-1<x<1

g7 (0 =Sgne0—((1+ " -1} —1<x<1
7

¢ O ovpmeotg TOTOL A
O omoiog ypnopomoteitor evpémg otnv Evpdnn Kot 1 yopaKTnpIoTIKy TOV
dtvetor amd v

AlX
sign(x)¢, s|><|£l
9(x) = 1+1n(A) A
1+ In(AX) 1
sgn(x)————-,  ,—<[{<1
1+1n(A) A
omov A=87.6, evid 1 YOPAKTNPICTIKT TOV OTOCLUTIESTY| 6TO 0EKT™ B dtveTon
oand v
1+ In(A
sign(x)w, 0<|X <1/(1+In(A))
-1 A
g (X)= (1l A)- 1
sgn(x)—————,  ,———<|X<1
A+ Aln(|A) 1+In(A)
Inyn

Ymv doxnon avti, 0o Kowdwonomaooovpe Eva onpo eovNg. To cvykekpluévo onua
eoVNG ekteiveTon ouyvotikd pexpt to 4KHz mepimov, ondte katd v ynoelomoinon
tov Bo mpémer va dtatnpricovue ovuyvoTNTa detypatoAnyiog tovidylotov SKHz.
[Tpoxeévovr va ovykpivoope T 000 KOOIKOTOMGCES, Wavika 0o &mpeme va
YPNOUOTOMCOVUE £va. AVOAOYIKO Ofua oG Qotdco, Yy vo amo@evydel n
dwdkacio TG yneomoinong, cag otvetal &va ynelokd MyNTikd onuo vd HopeN
apyeiov  wvpatopoper)s (.wav) 10 omoio Oa  OewprCOVUE  IKOVOTOMTIKY|
aVOTOPACTACT) TOV ovtioToryov avaioyikov. To apyeio 'speech.wav', mepiéyet
detypoto onuatog @ovig pe pvbud derypatoinyiog f=8KHz xPavtiopéva pe
N=16bits (PCM «kwdéwkonoinon). e vo @optdcete to ofuo ot MATLAB,
YPNOLLOTOUOTE TNV EVTOAT:

>>[y,fs,N]=wavread('speech.wav');

EVA Y10l VO, TO OKOVGETE, TNV EVIOAN|

>>wavplay(y,fs);



Epotoeic — Zntodpeva,

1. YXlomowmote ta mopakdtom oynpato Kodtkonoinong PCM

a. Opowdopoppo PCM

b. Mn opowdpopeo PCM mov ypnoyomolel cuumesty TOMOL [ Kot
OLOOLOPPO KPaVTIOTN

c. Mn opowdpopeo PCM mov ypnowomolel copmieoty toHmov A Ko
OLOOLOPPO KPVTIOTN

d. PCM mov ypnowyomotel un opowdpopeo kPavtiot), tov omoio O
oyxedidoete ypnoonoiwvag Tov aAyopduo Lloyd — Max.

2. Kodwomoteiote ta delypata g mNyng YPNOYLOTOIOVTOS TO TOPATAVED
oynuota yio N=2,4 wor 6 bits. A&woloyeiote T mapamdved pebdd0VE
Baciopévot:

a. X1g tég tov SQNR. T v mepinTon Tov TETOPTOV GYNUATOG VOl
oyxedidoete 10 g petafdiieton 1o SQNR e oyxéon pe tov apuod
TOV enavainyemv Tov aiyopifuov Lloyd Max.

b. o010 oakovoTikd omotédecpo kdBe peBdSOL YpPNOUOTOLOVTOS TNV

wavplay()
C. OTIC KUHOTOHOPPES ££OO0V.

3. T mv mepintoon tov opotdpopeov PCM kar yioo N=2bits, petpeiote v
mBavotnta epedavions kdbe otdbung oty £€£0d0 tov KPavtioty. Oewpnote
OTL 1 KOTOVOUN T®V OEYUATOV OMAING UTOpel Vo TPOCEYYIoTElL amd TNV
Kovovik} katovopn pe péon Ty m=-0.04 kot dwomopd 6°=0.11. Yrohoyiote
o€ oUTN TN TepinTmon TG MBavOTNTEG EUPAVIOTG KABE 0TABUNG KoL TN péon
TOPALOPPMOT] KOl GLYKPIVETOL TIC TWES TOL TPOKLTTOVV UE OGVTEG TOV
TPOEKLY AV TELPOLOATIKAL.

4. Moali pe v ekpmvnon g doknong, cag dtvetar to apyeio huffman.m mwov
viomotel tov adyopiBpo Huffman: >> [code,len]=huffman(p);

p: dtbvuo o mBavoTTOV eLeaviong KaBe cuporov

code: 0 kddwag Kabevog cupforov (petapfinty| tomov string)

len: to pMKog g KmdKomoinong kabe supPforov ce bits.
Xpnowonoiote tn povtiva Huffman yio va kodicoromoete v mnynq (yio N=4 ko 6
bits). ITowa eivan  amodotikdTa Tov KOdke Huffman yia k60e éva and ta mopondvm
GYNHOTO KOOIKOTOINONG;

Hapatnpiosg

H avagopd mopadidetor Tomopévn kot 0t NAEKTPOVIKE. XT0 TEAOG TNG AVOPOPAG,
ToPafECTE TUTOUEVO TOV KDOOIKO TOV DAOTOU|CATE.

H mapdadoon g doknong Oa yiver 12/01/2009.

Toydv amopieg oyetikéc pe v doknomn Ba Avvovtor Hévo 6Ta EPOVTICTIPIL 1
puécm tov forum tov padnuotoc.



