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7.1.6 Kwdwomoung Lloyd Max



1 Ewaywyn

IMa va ekpetaAeutoUpe 1a MMASOVEKTNPATA TS WYNPIAKNG PETAdoong onpatev
(antijamming, sukoAia vAornoinong, peyaAutepn avooia otov 90pubo K.a.) mpermet
Va PETATPEYOURE TO AVAAOYIKO onpa o yndaxko. Ia va ermteuyOel autdg o oko-
oG xpetalopaote évav dertypatoAnrn, nou Sa naipvel pég (detypata) and to
AVAAOY1KO ONHd HE TETO10 TPOII0 MOTE VA PITOPOUNE APYOTEPA VA TO EMESEPYATTO-
Upe X0pig peydAn anwAeia mAnpopopiag os oxXEon HE TV ApX1KL). XTIV OUVEXELd
TIEPVARE TO ONd PEoaA Artod Evav KBAvTioTr] OTIOU AVIIOTOLXOUHE TIHEG TIOU BPioKOoVv-
Tat péoa oe oplopéva Hlaotrpata og Pia OUYKEKPIHEVT) TIHT) OOTE VA OUPITIECOUNE
10 onpa pag (pe anwieia minpogopiag). TEAOG KOGIKOTIOOUE TO ONjid PAS NEC®
EVOG KOOTKOTTOUTH] QOTE OTNV OUVEXELA VA PIITOPECOUHE va To Petadwooupie arodo-
TIKA. 21NV INY1] AITOKOO1KOIO1ETAl TO ONd OOTE va PIopecoupe va draBacoupe
v petadidopevn mAnpogopia. 'Eva emrmpooBeto PBrjpa mou Urndpyel oe ApKETEQ
TIEPUTIOOELS £1vaAl 1] X101 CUUTIIECTI TIPV TNV KBAVIION ®OTE va £X0UNE KAAUTEPA
ATIOTEAECIATA ©G TIPOG TNV TTO10TNTA TOU OATogG.

Zinv napouoa epyacia aoxoAnOrkape pe 6Aoug TOUG IAPATIAVE TOPEIS EKTOG
ano v dadikaoia SeypatoAnmnong arno £va avaloyiko onpad yld IIPAKTIKOUG
Aoyoug.

2 PCM rodromnoinon - IIaAporwé1ky AlapopPpn-
on

H naApokwdikn Sapopdwon (PCM) eivatl 1o mTaAlotepo KAl ArAoUotepo oxnua
yneakng Siapopdprong avaloyikov debopévev. Amnotedeital amo tpia Bacika

pépn:
e SelypatoArnrmn
e xBavtiot

e K®OIKOTOINTH)

om®g aivovial kat oto oxnua 1.
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Zxfpa 1: Awaypappa Babpidev evog ouotrpatog PCM



[Tpwv Vv €10ay®y1] OT0 SEYHPATOANTIIIN €VOG ONHATOG, AUTO £XEl Tepdoet (ou-
vOwg) amno éva mpodelypatoAnmuiko @iAtpo nmou epmnodilet tnv 10060 cUVICTOO®V
TOU ONPatog mépa aro 1o eupog {wvng W nou pag eviiagépet.

Zv nepimoon pag, eneldr) ene§epyaldopacte onpa @eVNG PEO® NG ouvdap-
wmong wavread() tng Matlab 1o ofjpa pag rneplopidetat oe tipég oto Hidotnpa amno
—1 éwg 1.

A@oU 10 onpa niepdacet ano tov detypatodnrin (6rou ouvrBwg SetypatoAnrite-
{tat pe ouyxvotnta peyadutepn ano auvtr) tou Nyquist), eloépyetat oe évav Babpwto
kBavtioty. O kBavtiotng autdg propet va eivat eite opotopopdog eite pn opot-
O10P(POG avAAoya HE Td OTATIOTIKA XAPAKINPIOTIKA TG £§060U NG Ny1S.

Metd v kB8davtion ToU 10 ONPd KOSIKOTIOEITal arnd tov KOSIKOoutr] He pia
duadikr) akoloubia prkoug v érou N = 2% givat o apOpog v otadpov kBavtl-

ong.

2.1 Opowopop¢og xBavtiotng

O opo1opopdog kBaviiotng reptopidet tnv Suvapikr) mePloxr| TOU ONPATOG 10080V
oug tpég [—max_value, max_value] 9étoviag 6roleg TG eivat KOG AUTOU TOU
€UPOUG OTIG AVIIOTOIXEG AKRPAiEG TIHES.

H 6abikaoia n oroia akolouBeitatl eival adpou o KBAVIIOTHG X®PIOEL TNV TIE-
ploxn oe N tunpaAta, AviloTolXel TG TIHEG TIOU MEPTOUV 0 KABe éva aro auvtd ta
TUNPAtTa OtV T T0U PE€COU TG aviiotolxng reploxrng kBéavuong. Ot meploxég
OT1§ oroieg X®pidetal To apX1Ko €UPOG TIHGOV TOU ONHATOS €ival 100UNKNG ZUPd®-
xmaz _ xmaa}

N vt
1a kévipa kBavuong aréyouv petady toug v idwa andotaon A. ZLto oxnpa 2
BAcroupe éva opolopopda KBAVIIOHEVO niitovo.

Qg péorn terpaywviky napapoppeon (distortion) kadoupe to pérpo D = E[(X —
Q(X))?] pe X tuxaia petaBAnt mou aviiotoiyei oto ofpa e1666o0u kat Q(X) 1o
kBavtiopévo ofpa. 'Eva amo ta mo onpavukd pétpa g enitdoong tng kK8Aviiong
etvatl pla kavovikonounpévn €kdoor) tou SopuBou KBAVTIONG WG TTPOG TNV 10XV TOU
apX1KoU ONpatog:

va He ta mapandave, Kabe meploxr) £xet eupog A = Zuvenag kat

B
SONE = B — QX)) M
=5 (2)

[Mapakdate mapabétovpe tov Kadika otnv matlab mou npocopolovel tnv Agt-
Toupyia tou opolopopdou kBavtioty).

function [xqg, centers, p, D] = my_quantizer(x, N, max_value)
% Input arguments

% x: input signal, already in discrete form

% N: number of bits that will be used

% max_value: maximum acceptable value of the signal
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Zxnpa 2: AstypatoAnminpévo Kat opotopoppa KBAviiopévo onpia nttovou yla

4-bit PCM

o

Output arguments
xg: the vector of output signal
centers: centers of quantized region

o0 oo oo

o

quantizer
D: distortion of the quantized signal

o

[

% the number of quantized regions
num_of_regions = 2°N;

% how many times we meet a value in a specific interval

occurrences = zeros (num_of_regions, 1);

% length of each region
each region has the same length
length_of_region = 2 % max_value / num_of_regions;

o

o

% the limits of each region without the "infinities"
vector_of_intervals = zeros(num_of_regions - 1, 1);

num_of_intervals = length(vector_of_intervals);

for j=1:1:num_of_ intervals

vector_of_intervals(j, 1) = - max_value + j » length_of_region;

end

o

% the number of input samples
num_of_samples = length(x);

centers = zeros (num_of_regions, 1);

o

% calculate the center of each region
for j = 1: 1: num_of_intervals

p: vector that includes the appearance probability of each center of the

centers(j, 1) = vector_of_intervals(j, 1) - length_of_region / 2;

end

centers (num_of_regions, 1) = vector_of_intervals (num_of_intervals,

1)

+ length_of_region / 2;



for j = 1: 1: num_of_samples

pos = binarysearch(x(j, 1), vector_of_intervals);
xq(Jj, 1) = centers(pos, 1);
occurrences (pos, 1) = occurrences(pos, 1) + 1;
end
for j = 1: 1: num_of_regions
p(j, 1) = occurrences(j, 1) / num_of_samples;
end
D = distortion(x, xq);

return;

2.2 Mrn opordpopgpo PCM

Katd v kedikonoinon oplopévev onpdie®v onwg 1 opldia, 1 Katavour) g €1-
0080U anéyetl IOAU aro v OPOOPoPPI), OF AUTEG TIG IIEPUTIOOELS TTPOTIHOULE TO
pn opotopoppo PCM. H ouvnBéotepn pébodog yla tnv vdomoinon tng pn opot-
opopdng kBavtiong eivat ta detypata va 61€ABouv mpwta amo £va | Ypappiko
OTO1XE10 TIPOKEIPEVOU VA CUHPITIECTOUV Td peydAa rmAdrin (peiwon Suvapikn re-
PlOX1)S TOU OfATOGg) KAl OTNV OUVEXELD 1 £€§060G TOU Hr YPAPHUIKOU onpeiou va
kBavtiotei opodopopda. Ltn ANYn epappodetal np aviiotpodpn Aeltoupyia g oup-
riieong (6iataon) yia va avaktooupe Tg Tpég v detypatov. H texvikr auvtn)
ovopdadetat companding kat reptypadetatl ano o oxnua 3.

Iv 1 i ¥ : :
X Ay 0110 &
\Zng ZUPTIEDTHG W) Ouog)éﬁp@o Amoxwdiko

alx)

.| Adraon
ToInTr¢ g—l (x)

A

Zxnpa 3: Awdypappa Babpidev evog ouotrjpatog prn opotopoppou PCM

Ot aAyopiBpot ouprieong €xouv v 1810tTA va PEOVOUV SUVAPIKO £UPOG
EVOG ONPATOG 1)X0U. ZTd YPnPlakd ouotipata Propouv va auvérnoouv 1o SQNR
pewwvoviag 1o opdipa kBavtiong.

IMa v kedikomnoinon optdiag 6U0 TUTTOl CUPITIECT®V XP1O1HOTIO0UVTAL £U-
péwg. O oupreotng TUIIOU-1, O 0It010g Xpnotporoteitatl oty Bopeia Apepikn Kat
lanwvia, KAt 0 CUPITIECTG TUTTOU-A TTOU XP1othorioleital Kupieng otnv Euponrn.
O ouprieotg TUMOU-P TAPEXEL Eva eAAPPWOS dUVANIKO €UPOG OE OXEOT HE TOV
OUMITIEDTI] TUTTOU-A PE TO KOOTOG XE1POTEPNS AVAAOYIKLG TIAPAPOPP®ONG Yia -
Kpdad onpatda. Amno oupBacrt), 0 CUPTTIECTG TUTIOU-A Xprjotporoleital yia 61ebvng
ETTIKOIVAOVIEG OTAV TOUAAYX10TOV [1d X®OPA TOV XP1OHOTIOEL.

Zto ypapnpua 4 ouykpivoviatl 0 p-OUPITESTHG PE TOV A-OUNITIEDTY).

Ot ot ou meptypagouv v dadikaoia ouprieong Kat didtaong 1@V av-
tiotowv alyopifpev mapouotdadovial MapaKAto :

7
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Zxnpa 4: Tpdgnpa 10U P-CUPIEDT] KAl A-GUUITIEDTY)

2.2.1 Zupmeotng Tunou-p

Zuumieon:
- In(l+plzf)
Arnoouvumieon :
f @) = sgnla) (1) = 1.~ 1< < 1 @

2.2.2 Zupreotyg Tunou-A

Zuumieon:
. Alz] 1
sign(r) ——=——7 2] < —
— 1+InA A
9@) =9 1im{Ae) 1 (5)
Slgn(x)m, 1S lz| <1
Amnoovumicson :



1+InA
Sign(x)(++w, |z| < 1+ A
g () = ol71(1+1n 4)—1 to (6)
<l|z| <1

sign) = TimaAa

2.3 YAormnoinorn CUPNIECTOV - ANTOCUNITIECTROV

2.3.1 Zupreotyg Tunou-p

function [xc] = compressor_m(x, m)

Input arguments

x: input signal, already in discrete form
m: coeffivient of compression

Output arguments

xc: the x signal in compressed form

o0 oo oo oo

o

o

% the number of input samples
num_of_samples = length(x);

% error message

Error = 'We could not compress this signal because it is expanded over a large area’;
for i = 1: 1: num_of_samples
% 1if the signal x is expanded over the limits -1<=x<=1, can not be compressed
if (x(i,1) < =1) || (x(i,1) > 1)
Error
return;
end

°

% compress each value of the discrete signal
xc (i, 1) = sign( x(i,1) ) % reallog(l + m * abs( x(i,1) ) ) / reallog( 1 + m ) ;
end

return;

2.3.2 Anooupmnieotng Tunou-p

function [xd] = decompressor_m(x, m)

Input arguments

x: input signal, already in discrete form
m: coeffivient of decompression

Output arguments

xd: the x signal in uncompressed form

oo oo oo oe

o

o

% the number of input samples
num_of_samples = length(x);

% error message

Error = 'We could not decompress this signal because it is expanded over a large area’;
for i = 1: 1: num_of_samples
% 1f the signal x is expanded over the limits -1<=x<=1, can not be decompressed
if (x(i,1) < =1) || (x(i,1) > 1)
Error
return;
end



% decompress each value of the discrete signal
xd(i,1) = sign( x(i,1) ) = ( (1 + m) " abs( x(i,1) ) -1 ) / m ;
end

return;

2.3.3 Zupmeotyg Tunou-A

function [xc] = compressor_a(x, a)

Input arguments

x: input signal, already in discrete form
a: coeffivient of compression

Output arguments

xc: the x signal in compressed form

o0 o oo oo o

o

% the number of input samples
num_of_samples = length(x);

% error message
Error = 'We could not compress this signal because it is expanded over a large area’;

for i = 1: 1: num_of_samples
% 1if the signal x is expanded over the limits 0<=|x|<=1, can not be compressed
if (x(i,1) < =1) || (x(i,1) > 1)
Error
return;
% compress each value of the discrete signal
elseif ( abs( x(i,1) ) <= 1/a )
xc(i,1l) = sign( x(i,1) ) * a * abs( x(i,1) ) / ( 1 + reallog(a) );
else
xc(i,1) = sign( x(i,1) ) * ( 1 + reallog( a * abs( x(i,1) ) ) ) / (1 + reallog(a));
end
end
return;

2.3.4 Anooupmcotnig Tunou-A

function [xd] = decompressor_a(x, a)

Input arguments

x: input signal, already in discrete form
a: coeffivient of decompression

Output arguments

xd: the x signal in decompressed form

o0 d° o° o° o

[

% the number of input samples
num_of_samples = length(x);

% error message
Error = 'We could not decompress this signal because it is expanded over a large area’;

for i = 1: 1: num_of_samples
% if the signal x is expanded over the limits 0<=|x|<=1, can not be decompressed
if (x(i,1) < -1) || (x(i,1) > 1)
Error
return;
% decompress each value of the discrete signal
elseif ( abs( x(i,1l) ) <= 1/( 1 + reallog(a) ) )
xd(i,1) = sign( x(i,1) ) * ( 1 + reallog( a)) * abs( x(i,1) ) / a;
else
xd(i,1) = sign( x(i,1) ) » exp( abs( x(i,1) ) = ( 1 + reallog(a) ) - 1) / a;

10



end
end
return;

2.4 Mrn opolopopgog KBavriotng

XaAapwvovtag tnv ouvOr K| arod T0V O010P0pPO KBAVIIOTH] OTIOU OAEG O1 TIEPIOXES
KBavtiong (ektog MPHOTNG Kat tedsutaiag) mpémnet va £xouv 1o 1810 eUpog, PIIopoUne
va dnpoupynooupe évav kBavtiotr ou Ya Aettoupyet pe KaAutepeg ermbO0elg o€
OUYKP101] PE €vav opolopopdo idiewv otabpwv. Autd cupBaivel yiati pmopoupe
va KAVOUHE TNV €AAX10TOTIOIN0T TG TTApapopPaong Pe AlyOTEPOUG TIEPIOPIOROUG,
av Kat o kBavtiotrg rou da mpoxkuyet Sa €ival 1o MoAUTTIAOKOG 0 OXE0T 1€ €vav
op01010pdoO.

IMa va éxoupe évav BéAtioto kBavtiotn, Ta AKpa TV neplox®v kBaviiong Sa
npérnetl va Sivoviat aro 1ov aplOpnuko HECO TOV VELTOVIK®V TIHOV KBAvVTIoNg.
'Etol 1 kBavtion yivetar pe Baon tnv gldyilotn anootaor, 6niadr kabs pn x
xBavriletal oto mAnoiéotepo {7; 1Y ;.

ZUpogwva pe v mapandve apatnpenor, ya va €xoupe évav BéAtioto Badb-
P16 kBaviiot, npérnet va minpouviatl ot ouvinkeg Lloyd-Max. Ta kpupla yua
v kBavtion ouvoyilovrat:

1. Ta dkpa eV meploXnv KBAviong divoviar amd tov aplOunuko PECOo TRV
YEUOVIKGOV TIPOV KBAvtiong (vopog mAnotéotepou yeitova)

2. Ot upég kBavtiong sivat ta Kévipa paiag tov meploxnv KBAvIong

Auotuywg, TapoAou mou autoi ot Kavoveg eivatl oAu artdoi, dev 6ivouv ava-
Autikég Auoetg yia v oxediaon tou BéAtiotou kBavtiotr). 'a auto tov Adyo 1) 1o
ouvnOopévn PéBodog oxedlaoou eivat va §EKIVIioOUPE Pe Eva OUVOAO TEPLOXOV
kBavtiong Kat cuveyioupe XPrOIOTIOINVIAG TO HEUTEPO KPITHP10. AKOAOUO®G &-
navaoyedialoupe 11§ ep1oxEG KBAvTIoNG Kat enavadlapBavoupe ta Huo mapandve
Bripata péxpt n mapapopp®on anod Prpa o Pripa va £xel peiwbel KAte anod pa
ermbupnty) upn.

O aAyop1Bpog ouvoyiletat ota €§hg Prpata. Le kabe ermavainyn ¢ tou Lloyd-
Max:

1. Ymodoyidoupe ta o6pla 1ov {®vov KBaviiopou, Imou MPENeL va eivat oto PE€co
TRV emedav kéaviiopou, 6nAadn:

~ (%) ~ (1)
€, +x
T, =k kL 2k+1,1§k§M—1

2. Ynoloyidoupie 1o kBavtiopévo onpa pe BAon TG IEPLOXEG AUTEG KAl PETPANE
Vv péon napapoppeon D; pe Bdaon to 606v onpa.

11



3. Ta véa enineda kBavilopou eivat ta Kevipoeldr) 1oV {OVov:

#2 = Elz|Th_y < x < Ty

4. EnavadapBavoupe ta tpia mpota Prjpata pEXpt otou:
|l)i — l)i_JJ < e
orou € kabopiet kat tov aptdpo v K, enavadnyeov

[MTapakdate nmapabétoupie t1ov Kodika otnv matlab mou nmpooopoimvel v Aet-
Toupyia Tou pn opotvpopPou KBavioty Xpnotpornoloviag ta kptrrjpla Lloyd-Max
Kal oUpgeva pe Tov apandve alyopiopo.

function [xqg, centers, D] = Lloyd_Max(x, N, max_value)

Input arguments

x: input signal, already in discrete form

N: number of bits that will be used

max_value: maximum acceptable value of the signal

Output arguments

xqg: the vector of output signal after K_{max} loops

centers: centers of quantized region

D: vector of distortions of the quantized signal of each iteration

o0 o o o° d° oo o

o

[

% fault tolerrance
epsilon = eps;

% initial value of distortion
D(1,1) = 1;

% the number of quantized regions
num_of_regions = 2°N;

o

length of each region
each region has the same length
length_of_region = 2 x max_value / num_of_regions;

o

o

% the limits of each region without the "infinities"
vector_of_intervals = zeros(num_of_regions - 1, 1);

num_of_intervals = length(vector_of_intervals);
% initialization of the intervals according to a uniform distribution
for j=1l:1:num_of_intervals

vector_of_intervals(j, 1) = - max_value + j x length_of_region;
end
% the vector thet has the expected values of each region
expected_value = zeros (num_of_regions,1);
% Initialization of the expected values
for j=1l:1:num_of_intervals

expected_value(j, 1) = vector_of_intervals(j, 1) - length_of_region / 2;
end

expected_value (num_of_regions, 1) = vector_of_intervals(num_of_intervals, 1) + length_of_region / 2;

o

% the number of input samples
num_of_samples = length(x);

12



for 1 = 2:1:1075

o

% how many times we meet a value in a specific interval
occurrences = zeros (num_of_regions, 1);

% the vector that has the mass value the interval
mass_value = zeros (num_of_regions,1);

o

Find in which interval each sample belongs

o

% their sum in order to find the expected value of this interval
for j = 1: 1: num_of_samples
pos = binarysearch(x(j, 1), vector_of_intervals);
occurrences (pos, 1) = occurrences(pos, 1) + 1;
mass_value (pos,1l) = mass_value(pos,1l) + x(j,1);
xg(j, 1) = expected_value(pos, 1);
end

o

% Calculate the expected value for the next iteration

for j = 1: 1: num_of_regions
if mass_value(j,1l) ==
if 3 =1
expected_value(j,1l) = vector_of_intervals(j-1,1);
else
expected_value(j,1l) = vector_of_intervals(j,1);
end
else
expected_value(j,1) = mass_value(]j,1) / occurrences(j,1);
end
end

o

% Redifine the limits of each region for the next iteration
for 3 = 1: 1: num_of_intervals

vector_of_intervals(j,1l) = ( expected_value(j,1l) + expected_value(j + 1,

end

% calculate the distortion

D(i,1) = distortion(x, xq);
if abs(D(i , 1) - D(i - 1, 1)) < epsilon
centers = expected_value;
return;
end
end
return;

3 Iepapatikn A§loAoynorn

Kondwonoioape ta detypata g ninyng ya N = 2,4, 6 bits oupgpova pe tg

napanave pebodoug kat aglodoyroape ta arotedéopata Baotdopevot:

1. Zug tipég ou SQNR.!

131V nepimtwon tou Jn 0016 10pdOU KBAVTIOTY] TIOU KATAoKeUAdsTal pie tov adyopi8po Lloyd-
Max niapaB&étoupe kat diaypappata rmov avaraplotouyv v petaoAr tou SQNR oe oxéon pe tov

ap1Bpo v enavaAnyenv tou ailyopidbpou Lloyd-Max
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2. Zto axouotiko anotéfeopua KABe 11600V XPpNOIOIOIOVIAG TV CUVAPTNON)
sound() tng Matlab.?

3. Zug KupatopoppEg €§0dou.

3.1 Mze Baon to SGNR

Me Baon tov turo urodoyiopou tou SQN R onwg avapépbnke oty edionon 2,
urtodoyloape 11§ TIAPAKAT® TIHEG TTOU SelXvouv pla PETPIKY NG IO0TNTAG TOU
orjpatog petd v kBavtion tou.

Ta amotedéopata yla tg 1petg mpoteg pebodoug gaivovrat otov Ilivaxka 1.

Opotopoppo PCM 0.513 | 11.90 | 234.69

Zuprueotng tonou-p | 2.332 | 22.175 | 389.84
Zuprueotng tunou-A | 2.414 | 23.593 | 414.94

[Mivaxkag 1: Tyaeg SQNR

Eva yia v tétaptn pébodo ta anotedéopata aneikovidovral ota dSiaypappata
5, 6, 7 ka1l CUYKeKPIPEVA O autd napouocialetal n petabodn tou SQNR ot oxX€on
pe tov ap1fpo v enavadnyemv tou alyopibpou Lloyd-Max.

SCINR M=2

SAMR
[}
T
1

loops

Zxfpa 5: MetaBoAny SQNR yia kBavuon 2-bit

2H wavplay() amtattei Aettoupyixé Microsoft Windows® v n mpaypatonoinon tov metpapdtov
éywve oe GNU/Linux, Debian Lenny
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SCINR M=4
7a T T T T

B0 .

S0 ]

40 1

SAMR

J0F .

20 ]

10 b

D 1 1 1 1 1 1 1 1 1
0 20 40 41| a0 100 120 140 160 180 200

loops

Zxnpa 6: MetaBoAn SQNR yua kBavtion 4-bit

SCINR

200 b

150 b

100 i

S0F .

D 1 1 1 1 1
0 al 100 150 200 250 300

loops
Zxfpa 7: MetaBoAn SQNR yia kBavtion 6-bit
[Mapatnpovupe nwg 6co audavoviatl ta bit mou ypnowpornolovpe ya v K8av-

1101, TO00 KAAUTepa amoteAéopata Taipvoupe. Avapevopevo Kabng Onwg yve-
pidoupe 1oxUVeL Ot1:
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H(X)SRgH(X)-F% (7)

Ao 1a IapATAve ATOTEAE0HATA PATVETAL TIOS O O101010PPOG KBAVTIOTNG E1-
@avidel i xapnAdtepn enidoon 60ov apopd 1o £10ayopevo opdipa peta ) K8av-
101 Auto oupBaivel kabwg kBavtidel o orjpa pag os PoKrABOP1oPEVESG OTAOES
i61ou evpoug, avetaptnta aro 1o onpa. Avtibeta, 1 pn-opolOpoPPn KBAVTIOT
Xpnowonoloviag ta kpttrjpla Lloyd-Max divel ta kaAutepa anotedéopata pag
KAl OKOITO NG €Xel va KBavtioel To onpa pe v 000 1o duvatdv Atyotepn mapa-
HOPP®OT), UTIO TO KOOTOG OH®S MEPIOCOTEP®V UTIOAOYIOU®OV KAl AUSNHIEVNG TTOAU-
MAOKOTNTAg UAomoinong.

'‘Ooov apopd T0UG CUNITIECTEG, TIAPATNPOUE NKG £ival Pia TTOAU KAAn MPAKTL-
K1 AUon kabog av kat dev epdavi¢ouv v oAU KaAr] artodoon Tou i opolopop-
@ou KkBavtiotr], aAAd Xp1OHOIOIOVIAS POVO £va 1] YPAPHIKO OTolXeio propoupe
Va EMTUXO0UHE APKETA 1KAVOITOINTIKA aroteAéopata oty rpagn.

TéAog, mapatnPoUpe nwg ya v pébodo Lloyd-Max 6co au&dvovtat ta bits
ITOU XPT1O1POTIO0UHE, T00ad 1o ToAAd iterations xpeialovial yia tov teppatiopo
10U aAyopiBpou @Bdavovtag otnv T otoXo, Tou Kabopidetal anod v Pikpr) pe-
taBoAn g napapoppwong (distortion). Autd eival kat avapevopevo av AdBoupe
unoyn pag neg yua Atya bits avapévoupe peyddn napapopPpeon KAl EMOPEVOS
9a v pOBdcoupe oxetka ypriyopa Kat arnod ket kat épa Sa aAdadet eAayiota.

3.2 Me Baon TO AKOUOTLKO ANMOTEAEOHA

Ia va ravoupe autég 11§ TIAPATIPHOES AKOUYAHE TO ApX1KO Ofpd Kdl OtV OU-
VEXELA TO KBAVIIOPEVO PEO® NG ouvaptnong sound().

Auavoviag tov apipo twv bits kBavtiong napatnpovoape peydln dwadopa
otV mo1otntd, Kat 181kotepa aro ta 2-bit ota 4-bit 6rtou o nepirocodtepog Y6puBog
Eépeuye. Avudnrr nrav eniong Kat 1 dtapopd oty Mmoo Ta AvAPESd O OHOL-
opop@do kBavtiotrn Kat pr opotopopdo cuppeva pe Lloyd-Max, aAAd ox1 otov 1610
Babpo. Ta N = 6 10 ofjppa ou akouyape oty 6060 akouyotav oxedov to 1610
He auto wng €10060u.

AuTo fjTav KaAt 1O o EVIUNOOIAKO PEPOG NG epyaciag padi pe 1ig Kupatopop-
@Eg £§060U KaO®G PIToPOVCAIE VA AKOUOOUHE TO ONd péoa aro 1o diavuopa pe
10 ortoio TEPLypadoTav.

3.3 Mze Baon Tig KUpAtopopgEg £§060u

Ia va ouykpivoupe 10 anotédeopa petd 1 KBAavtion tou orjpatog HE 10 apxl-
KO TI|PApE TNV KUPATopopdr] £10080U 10U apX1kou onuatog (Zxnpa 8 kat wnv
OuyKpilvape pe ) Kupatopopdn tou kBavuiopévou onpatog. ‘Onwg propet va
d1armoToel KAO10G Ao Td MAPAKATE OXHpata Propouv va egaxbouv apopola
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OUHIEPAOHATA OIS KAl MAPATIAV®, OUYKPIVOVIag To Katd 1ooo 1o Kabe kBavti-
OPEVO oA TIPOCEYYIEL TO apX1KO Nag.

input signal

1 T T T T T T T

Zxfpa 8: Kupatopopdrn apXikou orjpiatog

3.3.1 Opoiopopon Kbavtion

my quantizer =2
DB T T T T T T T

* & - -

06F ]

04r ]

-04r ]

08 1 1 1 1 1 1 1

Zxnpa 9: Kupatopopor) e§66ou yia opotdopopdn kBdvtion 2-bit
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=10
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i
3.4

+ -+

4
2.5
B

my quantizer N
A AR S Y s 4
W e B »
my quantizer M

1.5

2
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e » omme =
s W e+
0.4
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0B
04t
0zt
-0zt
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0B
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Zxnpa 10: Kupatopopdr) e§6dou yia opoidopopen kBavton 4-bit
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38
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18

1.5
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Zxnua 11: Kupatopopdn €§66ou yia opoidpopen kBaviion 6-bit



3.3.2 Mn opoiopopdo PCM pe cupnieots TUnOu-p

compressar m M=2

-0os - ]

-0 ]

-015 b

-02f ]

0 0.5 1 1.5 2 29 3 k) 4

+
=10

Zxnua 12: Kupatopopdn €§66ou yia un opotdopoppo PCM 2-bit turou-p

compressor m N=4

0.8 T T T T T T T
+ = amae s -
IN: R o T
04 T
o - - — S S A S+

0.8 I I I 1 1 1 1
0 0.4 1 1.5 2 2.4 3 3.4 4

+
=10

Zxnpa 13: Kupatopopdr) e§6dou yia pn opotdopopdo PCM 4-bit tunou-p
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compressor m M=6

1 T T T T T T T

-
0gr + - 7
- L] *
’ + = amam s -
*4 4 SEERE - -y B - - -
04r e - oEmm W o+ E -— .+ - += ]
S S M M S A WS WD MRS b b

A + - A A

-0.8

Zxnpa 14: Kupatopopdr) e§6dou yia pn opotdopopdo PCM 6-bit tunou-p

3.3.3 Mrn opoiropopdpo PCM pe GCURMIEOCTI] TUMIOU-A

compressar a M=2
0.3 T T T T T T T

-

-0 .

-2 .

-0ar ]

_04 1 1 1 1 1 1 1

Zxnpa 15: Kupatopopdr) e§6dou yia pn opotopopdo PCM 2-bit tunou-A
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compressor a N=4

0.4 T T T T T T T

* L -
0er b
04r A - - — - R G T

U N GEEED EE . W S A WE - e W
-04r T
-06 T
- == . *
0.8 I I I 1 1 1 1
0 0.4 1 1.5 2 2.4 3 3.4 4

+
=10

Zxnpa 16: Kupatopopdr) e§6dou yia pn opotopopdo PCM 4-bit tunou-A

compressar a M=A

1 T T T T T T T

e

-
08k - .
- = +*
’ - - amae + -
*+ W omme e » *er & = - -
04r e = mme - -mewe o - += B
S84 B NS W B ¢S W W M 4 B 4
-
-
-

-0.8

Zxnua 17: Kupatopopdn €§66ou yia un opoidopoppo PCM 6-bit turou-A
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3.3.4 Mn opoildpopon Kéavtion

Lloyd Max =2
0.3 T T T T T T T

nzr ]

o1r ]

o1k —

-2 .

- . A B A e

-0ar ]

04 I I I 1 1 1 1
0 0.4 1 15 2 24 3 3.4 4

+
=10

Zxnua 18: Kupatopopgn €§66ou yia pn opoidpoppo kBavtiotr| 2-bit

Llayd ks =4
0.8 T T T + T T T
IN: R o b
*+ = o e + . +* *
04r S0 W EEE W -_—a .. o+ - - -
o .- +* S S RS AER S B &
02t - . —— -
-— —
-
o +* -
— .
- . - e
0zt - - omme - -
SO0 I TN VER S EED ¢ BRI B P S BN
-04r W A e . B
- == +* *
06 1 1 1 1 1 1 1
0 0.4 1 1.5 2 2.4 3 3.4 4

Zxnpa 19: Kupatopopdr) e§66ou yia pn opoidopopdo kBavuiotr) 4-bit
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Zxnpa 20: Kupatopopdr) e€6dou yia pn opoidopopdo kBavriotr) 6-bit

3.4 YAlomnoinon oc Matlab

[Mapakdate napabgtoupe 1ov K®O1KA MMOU Xprjotporowjoape os Matlab yua v
€CAYROVT) TRV MAPATIAVE CUUIEPAOHATOV. [IpoKeltal yia éva autopatorol|évo
script 610U PETd NV EKTEAEOCT] TOU TTAPAYOVIAL OAd TA TTAPATIAVE ATIOTEAEoPATA.
O1 ocuvaptroelg IOV 1] UAOTIOINon ToUg 6eVv £XE1 TIAPOUCIACTEL TTAPATIAV®, UTIAPXEL
01O TIapPApPTINUA.

% SCRIPT FOR THE EXERCISE 2

%$we print the results with long format
format long;

% we read the input signal

A=wavread ('’ speech’);

% the numper of the samples of the input signal
length_x = length(A);

% the data that we print on the axis x when we design the
% desired signal

axis_x=[1l:1:length_x];

% a plot of input signal

plot ( axis_x, A, ".");

title (’input signal’);

o

MY_QUANTIZER

o

initialization of the vector that keeps the SQNRs after the
quantization with my_quantizer

o
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SONR_my_quantizer = zeros(3,1);

% titles that we give to our plots
title_of_plot=['my quantizer N=2';’'my quantizer N=4';’my quantizer N=6'];

% the 1 is actually the N of the exercise, the bits that we use for the
% quantization of the signal
for i = 2: 2: 6
[xq, C, P, D] = my_quantizer (A, i, 1);
SONR_my_quantizer(i/2,1) = sqgnr(A,D);
% make a figure in a new window
figure;

% a plot for each quantized signal
plot ( axis_x, xq, '.7);
title( title_of _plot(i/2,:) );

% play the quantized signal
sound (xqg)
end

% print the three different SQNRs for the corresponding different quantized
% signal
SONR_my_quantizer

%$COMPRESSOR_M
initialization of the vector that keeps the SQNRs of the

quantization with compressor_m->my_quantizer->decompressor_m
SONR_compressor_m = zeros(3,1);

oo o

% titles that we give to our plots
title_of_plot=[’compressor m N=2’;’compressor m N=4’;’compressor m N=6'];

% the 1 is actually the N of the exercise, e.g. the bits that we use for
% the quantization of the signal
for i = 2: 2: 6
xc =compressor_m(A,255);
[xq, F, P, D] = my_quantizer(xc, i, 1);
xd = decompressor_m(xq,255);
D = distortion (A, xd);
SQONR_compressor_m(i/2,1)=sqgnr (A,D);
% make a figure in a new window
figure;

% a plot for each quantized signal
plot( axis_x, xd, '.");
title( title_of_plot (i/2,:) );
% play the quantized signal
sound (xd)
end
% print the three different SQNRs for the corresponding different quantized

signal
SQONR_compressor_m

%$COMPRESSOR_A

% initialization of the vector that keeps the SQONRs of the
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% quantization with compressor_a->my_quantizer->decompressor_a
SONR_compressor_a = zeros(3,1);

% titles that we give to our plots
title_of_plot=[’compressor a N=2’;’compressor a N=4’;’'compressor a N=6'];

% the 1 is actually the N of the exercise, the bits that we use for the
% quantization of the signal
for i = 2: 2: 6
xc =compressor_a(A,87.6);
[xq, F, P, D] = my_quantizer(xc, i, 1);
xd = decompressor_a(xq,87.6);
D = distortion (A, xd);
SQONR_compressor_a (i/2,1)=sqgnr (A,D);
% make a figure in a new window
figure;

% a plot for each quantized signal
plot( axis_x, xd, '.");
title( title_of_plot(i/2,:) );

% play the quantized signal
sound (xd)
end

print the three different SQNRs for the corresponding different quantized
signal
SQONR_compressor_a

o
S
3
g

%$LLOYD_MAX

initialization of the vector that keeps the SQNRs of after the
quantization with Lloyd_Max
SQONR_Lloyd=zeros (3,1);

oo oo

% titles that we will give to our plots
title_of_plot=[’'SQONR N=2';’SQNR N=4’;’SQNR N=6’1];

% initialization of the quantized signals
xg=zeros ( length_x, 3);

the i1 is actually the N of the exercise, the bits that we use for the
quantization of the signal

for 1 = 2: 2: 6

[xq( :, 1/2 ), C, D] = Lloyd_Max (A, i, 1);

kmax = length(D);
loops = [l:1:kmax];

% initialization of a vector that will keep all the SQNRs from the
% iterations
Sgnr = zeros (kmax,1l);

% calculate the SQNRs from the iterations
for 3 = 1: 1: kmax
Sqnr (j,1)=sqnr(A,D(j,1));

end

% make a figure in a new window
figure;

% make a plot of each of the collection of SONRs for N=[2:2:6]
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plot (loops, Sgnr,’ .=")

title( title_of_plot(i/2,:) );
xlabel (" loops’);
ylabel (' SQNR') ;

% last SQNR value
SQONR_Lloyd(i/2,1) = Sqgnr (kmax,1);

o

% play the quantized signal
sound (xd)
end

% titles that we will give to our plots
title_of_plot=[’Lloyd Max N=2’;’Lloyd Max N=4’;’Lloyd Max N=6'];

for i = 1: 1: 3

o

% make a figure in a new window
figure;

o

% a plot for each quantized signal
plot ( axis_x, xg( :, 1), ".7);
title( title_of_plot(i,:) );

end

% print the three different SQNRs for the corresponding different quantized
% signal
SONR_Lloyd

4 OcOPNTIKI HEALTN MEPARATIKOV ANOTEAECHATOV

IMa wmyv nepintoon tou opotopoppou PCM kat yia N = 2,4, 6 bits, npoonadrjoa-
HE va €§Ayouie KATold EMITAE0V CUNITEPAOHATA AV OTd Melpapatikda dedopéva
KAvovtag v umobeon OtTl 1 KAatavopr tev Selypdiov optdiag pmopetl va mpo-
ogyylotel and v Kavovikr katavopr pe péon upn m = —0.04 kat Siaomopa
0% = 0.11. Me Bdon autr v undBeon, ouyKpivape ta Ye@PNTIKA arnoteAéopata
HE Ta MEPAPATIKA OTI§ £§1)G KATNYOPIES:

1. TIBavotnta epgdaviong Kabe otddbung
2. Méon napapopgwor (distortion)

I'a va Bpoupe 1ig aviiotolxeg YemPNTIKEG TIHEG OTIS HUO MAPATIAV® KATNYOPLES,
XPTOHOTIO)OAE P1d YEVVITPlA TUXAi®V aplOp®v UTo TV KAVOVIKI] KATAVOHT)
randn() ou pag rtapéxetal ano v Matlab. Me Baon autr], kat apou kBavticape
T1G TIPEG TTOU T)papie, UrtoAoyioape v mbavotnta oe kaBe otddun va Ppebel éva
detypa. Zinv ouvéxela, pe Bdaon ta 6edopéva mou e§ayape €netta amno v KBav-
101, dnpIoUPYNoApPE TIS AVIIOTOIXES YPAPIKEG TTAPAOTACELS Yl TIS AVTIOTOIXES
mbavotnteg oupdeva Pe Vv JeRPNTIKY IIPOCEYY1on KAl ta npaypatika 6e6o-
péva. TEAog, TUTIOVOURE KAl TOUG TIIVAKEG TTOU MEPLEXOUV TV Je®pnTIKL KAl TNV
IPAYHATIKL) TIapapépd®Oorn rmou udiotatal T0 onpa pag ®ote va Ta ouyKpivoupe
otnV oUVEXeld.
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4.1 AvuunapaBolr 9e@PNTIROV Kal MPAYRATIKOV RETPHOEDV

Ia ta Sewpnukd anoteAéopata XPNOoIOO|odle U1d KAVOVIKY] KATAVOL 1€
péon tpn m = —0.04 kat Swacropd o = 0.11.

F.E!xyznerimental - Ptheoretica] M=z
T T

0.7

Pexperimemal

[Ny Ptheoretica]

05

04

0.3

0z

01p A

Zxnpa 21: Gsepntikn KAl paypatik) rmbavotnta kabe otddpung yia opotdpopon
KBavtion 2-bit

27



F.E!xyznerimental - Ptheoretica] N=4
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Pexperimemal
[Ny Ptheoretica]
05 7
04r 7
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0Zr 7
01r 7
D + & 1 1 1 e
0 Z 4 B i 10 1é 14 16

Zxnpa 22: O@smpntikn KAl paypatik) rmbavotnta kabe otddpung yia opotdpopon
KBavtion 4-bit

F'ex;:narimental - Ptheoretica] (N = 8)
0.35 T T T T T T

Pexperimental

0ar Ptheoretica]

nzr ]

01 7

0 10 20 an 40 a0 G0 70

Zxnpa 23: Bsopnuikn KAl paypatiks) rmbavotnta kabe otddpung yla opoidpopon
kBavtion 6-bit

[Tapatnpovpe anod ta nmaparndve oXHpatda, Mg To ofpa £10o0dou mou eiyxa-
pe (opdia) pooeyyidetal oe kavormonTuko Babpod anod pia Kavoviki) KAatavopr).
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'Onwg BAtnoupe, yla meploocotepeg otabpeg kBavuong, Sa xpetadotav va xpnot-
HOTIO|00UE H1aPOPETIKY] KATAVOUTL HE HiKpotepn dtaoropd. ITapoda autd kat
1] CUYKEKPIPEVT HAG TIPOOPEPET HU1d IKAVOTIONTIKY] TIPOCEYY10T).

H rmbavotnta va Bpebel éva delypa oe pia ouykekpipévn neploxr) k6aviiong
Kal 1 mapapopdeon onpatog urnodoyioviat aneubeiag and v my_quantizer
OTIOG TNV £€XOUHE UAOIIO|OEL.

H napapopdpwon tou ofjpatog rmou £xoupe apouotddetat otov [Tivaka 2.

N=2|N=4 | N=6
Oecwpnukn [Hapapoppwon Znpatog | 0.0213 | 0.0014 | 0.0001
[Tpaypatukn IMapapdppwon Znpatog | 0.0362 | 0.0016 | 0.0001

[Tivakag 2: O@swpnukr)/Ipaypatikn napapopPpeon onpatog

[Mapatnpoupe g o1 Ye@PNTIKEG TIHEG NG TTAPAPOPPRONG TOU ONIATOG TIOU
MIPOBAEPAPE PEO® TNG KAVOVIKIG KATAVOUNG HE Td XAPAKTNPIOTIKA TTOU avapEp-
9nkav nponyoupéveg ouykAivouv onwg o apibudg tev bit kBavuiong auvddvetat.
Auto yivetat ylati Snpioupyouviatl meploootepeg otabpeg kBaviiong kat to Se-
fypata tou K8avtiopévou onpatog £10060U Teivouv va MPOoeyyioouv autd piag
KAVOVIKNG KATAVOU|G.

4.2 YAomnoinon oec Matlab

% SCRIPT FOR THE EXERCISE 3

%$we print the results with long format
format long;

% we read the input signal
A=wavread (' speech’);

%the titles of the plot that we design

plot_titles = [’'P_{experimental} - P_{theoretical} (N = 2)’,
"P_{experimental} - P_{theoretical} (N = 4)',
'P_{experimental} - P_{theoretical} (N = 6)’];

o

the 1 is actually the N of the exercise, the bits that we use for the
% quantization of the signal

for i = 2: 2: 6

[xq, C, P, D(i/2,1)] = my_quantizer(a, i, 1);

o

theoretical mean distortion

% normal distribution with mean value = -0.04 and standerd deviation =

% = sqrt(0.11)

X = -0.04 + sgrt(0.11) = randn( length(d), 1 );

[xq_theoretical, C_theoretical, P_theoretical, D_theoretical(i/2,1)] = my_quantizer (X,

[

% make a different figure
figure;

% make a plot with the theoretical and experimental probabilities
axis_x=[1l:1length(P)];

plot (axis_x,P,’ .=");
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hold on;
plot (axis_x,P_theoretical,’.-g’);
title( plot_titles( i/2, : ) );
legend (' P_{experimental}’,’P_{theoretical}’);
hold;
end

% print the experimental and theoretical values of distortion
D
D_theoretical

5 Kwdéikonoinon nnyng kata Huffman

5.1 Kodéikag Huffman

'Onwg yvepidoupe, n eviportia H ng ninyng pag Sivel éva ave @paypa yua tmy
HEY10T CUHIEDT] TTIOU PITOPOUHE VA EMITUXOULE OOTE VA £XOUNE €MAKP1Br ava-
KATAOKEUT] TOU ofjpatog pe pundevikn mbavotnta opAaApartog.

v kwdikoroinon Huffman, mou eivat kowdikomnoinon and otabepo oe je-
TaBANTO PUNKoG, ATEIKOVioUle PTAOK OTaBepou PNKOUG 0€ PMETABANTOU PNKOUG
prdok duadikav cupBodnv. 'Eva kuplo ipdBAnpa os meputrt®oelg KOd1Komoinong
petaBAnToy pnKoug £ival 0 ouyxXpoviopog Tou §éktn pe v ninyr. 'a auto tov
AOYO0 amaitoupe 01 KOOIKEG TIOU XP1|OTHOIIOI0UE va £ival APECT] KAl 1OVOCT|avia
ATIOK®OIKOTIOO1poL. [Kavr Katl avaykaia cuvOnKn yla va 1Kavorolouvtal ot 6Uo
MAPATIAVE ATIAITNOEIS O €vav KOO1Ka, €ival autog va 1KAVOITOolel v ouvOrn K
tou mpobepatog. Tnv ouvOnkn autr) v Kavorotei o kdikag Huffman kat oe
ouvdéuaopo pe v 1810TNTa ToU va MAPAYEL T0 PIKPOTEPO UHKOG AECERV, TOV TO-
oBeTOUV OtV KATNyopia IOV BEATIOTOV KOOIKOIIOUTI®V G P0G TO PNECO HPNKOG

AEENg.
Tnv arnodotikdtnta tou aiyopibpou v unodoyidoupe amno v e§iowon 8 [1].

n=—2 (8)

‘Orou 1) evrportia mg ninyng H(S) = — > P, log(P;) kat to péoo purkog AéEng
L =) PL;. £e nepimworn érou to P; = 0, opidoupe og H(S;) = 0.

5.2 Tleipapatirin AfloAdynon

Kobwkoromjoape mv rinyn yua N = 4,6 bit péow g poutivag Huffman. Zin
OUVEXELW PETprjoapie v arnodotikotnta tou kwdika Huffman yia kdBe éva ano ta
oxXfpata Kodikomnoinong mou avagpépape mapanave. Ta anotedéopata gaivoviat
otov ITivaka 3.

'Onwg avapévape, BAénovpe g o kodikag Huffman @Bavet oxedov to BEATi-
oto oe anodoon mAnotadoviag v povada.
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N=4|N

Opotopoppo PCM 0.9912 | 0.9914
Zuprueotng TUnou-p 0.9868 | 0.9926
ZUPIeotg Tunou-A 0.9877 | 0.9936

Mn opoiopopgog kBavtiotng pe Lloyd-Max | 0.9876 | 0.9942

[Tivakag 3: Anodotikotnta Kodwka Huffman

5.3 YAomnoinon oe Matlab

% SCRIPT FOR THE EXERCISE 2

% we print the results in long format
format long;

% we read the input signal
A=wavread ('’ speech’);

% MY_QUANTIZER

% the 1 is actually the N of the exercise, the bits that we use for the
% quantization of the signal
for 1 = 4: 2: 6

[xq, C, P, D] = my_guantizer(a, i, 1);

[encoded_A, efficiency_my_quantizer ((i-2)/2,1)] = encoder(A,P,1i);
end
efficiency_my_quantizer

%$COMPRESSOR_M

% the 1 is actually the N of the exercise, the bits that we use for the
% quantization of the signal
for i = 4: 2: 6

xc =compressor_m(A,255);

[xq, F, P, D] = my_quantizer(xc, i, 1);

[encoded_A, efficiency_compressor_m((i-2)/2, 1)] = encoder(A,P,1i);
end
efficiency_compressor_m

%$COMPRESSOR_A

o

the 1 is actually the N of the exercise, the bits that we use for the
% quantization of the signal

for 1 = 4: 2: 6

xc =compressor_a(A,87.6);

[xq, F, P, D] = my_quantizer(xc, i, 1);

[encoded_A, efficiency_compressor_a((i-2)/2, 1) ]= encoder (A,P,1i);
end
efficiency_compressor_a

%$LLOYD_MAX
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o

% quantization of the signal
for i = 4: 2: 6
[xq, C, D] = Lloyd_Max(A, i, 1);

the 1 is actually the N of the exercise, the bits that we use for the

[encoded_A, efficiency_lloyd_max((i-2)/2, 1) ]= encoder_lloyd_max (A, C, 1);

end
efficiency_lloyd_max

6 EpyalAeia avantuing

H ouyypa¢rn kat avarntuén tou kodika £ywve oe GNU/Linux, Debian Lenny .

XpnowonoinOnkav:
e Matlab R2008a (7.6.0.324)

o IATEX yila tnv ouyypadn g avapopdag.

7 TIlapaptnpa

7.1 IIapaBson xw&ira Matlab
7.1.1 Binary Search

function index = binarysearch(val, vector_of_intervals)

o

Find the interval where the val belongs

oo e

o

index: The index of the corresponding interval

o

% find the length of the vector_of_intervals
num_of_intervals = length (vector_of_intervals);

val: The value that is being searched into vector_of_intervals
vector_of_intervals: The vector that holds the intervals

% set the limits in where the function searches for the index in the

o

vector_of_intervals
low = 1;
high = num_of_intervals + 1;
% find the expected value
index = fix((low+high)/2);
% search for the index through binary search
while (low < high) && (index™=1)
if (val >= vector_of_intervals(index-1,1)) &&
return;
elseif val >= vector_of_intervals(index, 1)
low = index;
else
high = index - 1;
end

index = fix((low+high)/2);
% we have found the interval where val belongs

if (high - low) ==
index = high;
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return;
end
end

index = low;
return;

7.1.2 Zuvaptnon svpeong lapapdppwong

function D = distortion(x, xq)
$function that calculate the destortion of the input signal x in contrast
%to the quantized signal xg

D=mean( (x - xq). 2 );

7.1.3 Zuvaptnon evpeong SGNR

function SONR = sqgnr(x, D)

sgqnr is a function that calculate the ratio of our signal divided from
the noise of the quantization

Input arguments

x: 1input signal, already in discrete form

D: the distortion

Output argguments

SONR: the "sgnr"

o0 oo oo oe

oo oo

o

SQONR=mean (x."2) /D;

return;

7.1.4 Kadéikonougtrg Huffman

function [code,len]=huffman (p);
Huffman Coding.

o

o

[code, len]=huffman (p),

INPUTS
p(vector): contains the probabilities of each symbol
OUTPUTS
code (vector) : the code for each symbol (in ascii format)
len (vector): the number of bits needed for each code

o0 o oo o

o

p=p()";

if length (find(p<0)) "=0,
error ("Not a probability vector, negative component (s)’)
end;

if abs(sum(p)-1)>10e-10,
error ("Not a probability vector, components do not add up to 1’
end;
n=length (p);
qa=p;
m=zeros (n-1,n);

for i=1:n-1,
[g,1l]=sort(q);
m(i,:)=[1(l:n-i+1),zeros(1l,1-1)1;
g=[g(1l)+g(2),9(3:n),1];
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end;

for i=1:n-1,

c (i, :)=blanks (n*n);
end;
c(n-1,n)="0";
c(n-1,2*n)="1";

for i=2:n-1,
c(n-i,1l:n-1)=c(n-i+1,n* (find(m(n-i+1, :)==1))-(n-2) :n* (find(m(n-i+1,
c(n-i,n)="0";
c(n-i,n+l:2*xn-1)=c(n-1i,1:n-1);
c(n-i,2*n)="1";
for j=1:i-1,
c(n-i, (j+1)»n+1l: (J+2)*n)=c(n-1i+1, ...

nx (find(m(n-i+1, :)==3+1)-1)+l:nxfind(m(n-i+1, :)==3+1));
end;
end;
for i=1:n,
code(i,1:n)=c(l,n*(find(m(1l, :)==1i)-1)+1:find(m(1, :)==1)*n);
len(i)=length (find(abs(code (i, :)) "=32));
end;

7.1.5 Kadikonoutrg

function [encoded_x, efficiency] = encoder(x, P, 1i)

The ecoder is a function that uses the huffman algorithm in order to
encode our quantized signal

Input arguments:

x: the quantized signal

P: the probability of appearance of each level

i: the number of bits that we use to quantize our signal

Output arguments:

encoded_x: the signal x encoded

o0 o0 o0 o d° d° d° o° oP

3
S

length of vector x
length_x = length(x);

max_value = 1;
num_of_regions = 271i;

% the limits of each region without the "infinities"
vector_of_intervals = zeros(num_of_regions - 1, 1);

% length of each region
% each region has the same length
length_of_region = 2 x max_value / num_of_regions;

o

% vector that keeps the bounds of intervals

num_of_intervals = num_of_regions - 1;
for j=1l:1:num_of_intervals

vector_of_intervals(j, 1) = - max_value + j » length_of_region;
end

o

% encode the quantized signal
[code, len]=huffman (P) ;
for j = 1: 1: length_x

% find in which level the sample belongs
pos = binarysearch( x(j,1), vector_of_intervals);
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% encode each of the quantized samples of the input signal
encoded_x(j, 1) = cellstr(code(pos, :));

end

% initialization of the entropy

entropy = 0;

% the length o P vector

length_P = length(P);

%calculate the entropy
for j = 1: 1: length_ P
if P(3,1) "= 0
entropy = entropy - P(j, 1) = log2( P(j, 1) );
end
end

% calculate the efficiency of the encoding
efficiency = entropy / sum(P .x len’);

return;

7.1.6 Kwdwonoutg Lloyd Max

function [encoded_x, efficiency] = encoder_lloyd_max(x, C, 1)

The ecoder is a function that uses the huffman algorithm in order to
encode our quantized signal

Input arguments:

x: the quantized signal

C: centers of quantized region

i: the number of bits that we use to quantize our signal

Output arguments:

encoded_x: the signal x encoded

efficiency: the efficiency of algorithm huffman for the specific encoding

o d° o0 A° d° o0 o o o

o

% length of vector x
length_x = length (x);

max_value = 1;
num_of_regions = 271i;
num_of_intervals = num_of_regions - 1;

o

% initialization of the vector of intervals
vector_of_intervals = zeros (num_of_intervals, 1);

o

% calculate the bounds of each region

for j = 1: 1: num _of_ intervals
vector_of_intervals(j, 1) = ( C(3, 1) + C( j + 1, 1) ) / 2;
end
% initialization of the vector with the occurences
occurrences = zeros (num_of_regions, 1);

for j = 1: 1: length_x
pos = binarysearch(x(j, 1), vector_of_intervals);
occurrences (pos, 1) = occurrences(pos, 1) + 1;
end

% initialization of the vector with the probabilities
P = zeros (num_of_regions, 1);

for j = 1: 1: num_of_ regions
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P(j, 1) = occurrences(j, 1) / length_x;
end
% encode the quantized signal
[code, len]=huffman (P) ;
for j = 1: 1: length_x
% find in which level the sample belongs
pos = binarysearch( x(j, 1), vector_of_intervals);
% encode each of the quantized samples of the input signal
encoded_x(j, 1) = cellstr(code(pos, :));
end

% initialization of the entropy
entropy = 0;

o

% the length o P vector
length_P = length(P);

%calculate the entropy
for j = 1: 1: length_P
if P(3,1) "= 0
entropy = entropy - P(j, 1) % log2( P(j, 1) );
end
end

% calculate the efficiency of the encoding
efficiency = entropy / sum(P .x len’);

return;
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