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2uomuo ADC xor DAC

XapnAoTTEpaTH
{anti-aliasing)

Kuwdikomoinon

Aeryparohnyia

Yhnplakn
‘Efodo

Wrpio ko
__________________________________________________ TnAemKOVWVIOKD

E0oTnua
AvakTnon

Amo-
KuwSikomoinon

XopnhoTtrepard

Avaloyinng @iATpO

MAnpogopiag

| Wneiox
, Eigobog

o To Naunlonepatd pilrpo, yvwotd xaw we anti-aliasing, tepopilfel to @d-
OO0 TOU AVRAOYIXOU GHUATOS, OTE OE CUVOLAOWLO UE TY) OUYvOTY T OELYWa-
ToATiag va wavonoleltan 1 ouviixn tou Nyquist, v onola nougouctaCeta
T GUVEYELDL

o O Aenpperodnmng (Sempler] petatpéner to ovohoyixd orfo GUVEYoUg
YEOVOU OTO UVIIoTOO ORU DLUXPLTON Y eovou.

o O Kfavuotjc (Quantizer), Eyoviac ouv €igod0 T0 OLXETO ofjud TNe €-
Z600U Tou derypatoAfnty, tpooeyyilel Tig dunpitéc TS Ue ouyREXSILE VXL
eTinenn TAATONC.

o O Koowaromuig ( Coder) petatpénet mnv axoroudia twv enitédwyv thdtoug

e e€onou tou xPavtiotr] og duadixés kwoikodcdes (codewors ).




KBavtion (Quantization)

KBdvrion (Quantization) etvas 1) Slodixacio JeTATROTAC TWY DEYUITOY (TH®Y) TNC
€Z600U TOU OetyUaTOMATTY OF axohoulia DXty TILWVY, Ol OTOIES VKOV Tt Evat
TEREPAOUEVO 60VOAO emmédwy TAdTouS. Av ta eninedo autd elval woanéyovta TOTE 1)
wfdvtion ovopdletar opmdpopgn (uniform) evey otny avtidetn nepintwor ovopdleto
in-opotopopen (non-uniform).

H »xBavtion eival plo Otooacio Tou YewpnTixd 00NYEL 0F UTMAELN TANROYORINC.
Etot, npiowo onuelo otn oyediaon tou xBavtiots chva 1 nAnpogopia tou Yo yudel va
givat 900 70 BUVUTOV AYOTERO “YENoWY 0TO BEXTY).



Ouotopopen KBavtion (mid-tread)
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Oupotopopen KBavtion (mid-rise)
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Opotopoppn KBavtion-TTapaderypa

..................................................................................

...................................................................................

1 .-'."-

e =TT
-
x\_\_\_'_'
» )
i )
[l L
..................................................... ’t__
/! i
i
.-‘1' ..................
K
Pl ;
L .. / i
.
r TR e
II L]
1 v
................................................................................................
[
L]
L]
Y
Y
....................................................................................................
)
"
L]
£
"
..................... 3
*

% KBavriopéva
3 OEiypaTa




OopvBog KBavtiang
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AvtaAayn entiboonc pe evpoc {wvnc otnv PCM

Ma va dwoouue xpriowun évvola otnv oxéon SNR, = 12S/A% (émou S = LoUg
N mAnpodopiag = 02), €otw PCM pe Suadikd kwdika. Av n mAnpodopia
Kupollvetol oto [-M, +M], tote Vp=2M=nA = A=2M/n (=V,,/L), bmou n =L
elval ta Bripata kBaviopou (apa log,n eivat o aplBpog twv bits
Kwbdikomoinong). Onote: SNR, . = 125/(2M/n)? = 3n?S/M?

Eotw w, n peylotn (kukAwn) cuxvotnta tou mAnpodopLakol CHaTog Kot
W=w, to eUpog {wvng tou. H mepiodog detypatoAndiog tou gival T, = /w, sec.
2to daotnua auto Ba pmouv ta log,n bits Tou kwdikomowntr. AnA. AldpkeLla
(meplodog) Twv bits: T, = n/(w log,n) = 2n/(2w log,n) = 2r/B omou B 1o gVpog
(wvnc (LEylotn ouyvotnta tou PCM). Omnote:

B = 2w log,n = log,n = B/(2w,) = n = 28/(2ws) = n2= 2B/ws Onore:

SNRo’q= 3.S.28/ws /2

O tumo¢ autoc deiyvel tnv avtaAlayn tng enidoonc Ue to evpoc {wvng B tou
onuoatoc PCM (uovo rrou n ertiboon eivat o SNR kat oxt to K.A). MaAwota, n
enidboon e€aptatal amno to evpog {wvng B e ekOeTLKO TpOTIO. AV €£XOUUE
nepLocotepa Prpata KPavtiopou Ba £xou e Kat mepltoocotepa Pndlo otiLg
KwOLKoAEEeLC (codewords) kat peyaAutepo evpoc {wvng B.



Napadetypa onpatoc PCM

Code
o number

AvVaAOyYLKO onupa 15
gupouclwvncB 14
13
KBavtiotic 16 12
ETUTES WV 1
. 10
(otaBbpwv) 9

B
MNeplodog 7
AgwypatoAnpiag 6
T.=1/(2B) S
4

, 8
MNepiodog 2

(Alapkela) Bits 1
Tp=T,/(log,16) 0

log,16 =4

PAM value
quantized code number
PCM code

2nua PCM

.......... {.-_-
......... I_--_-
....... :/.l.-----
....... I..------
....... I_ S
- e
_...---{.- ........
-.-/_ ...........
< > _
Ts= time
1/(2B)
1.1 9.2 152 108 5.6 2.8 2.7
1 9 15 10 5 2 2
0001 1001 1111 1010 0101 0010 0010
—> Tpe i i § Tb ¢ Ty 5
0 ooftizfoofriz 11 1i1]o|rloioftlof |o o]z]oio o




Mn-opotopopyn Kpavtion

19 Ug{ ITpoPAnua and to yeyovog

(SNR)o,q = OtL o1 younA&g tiuég taong (Volts)

A2 -
A NG EVTUOTC o .
’ OTOTIOTIKA £lvou TEPIGTOTEPES
amd TIC VYNAOTEPES TIUEC.

Ouotouopoen Mn-oporopopon Kpavrion
Kpavtion

« [Tpofinua Le avéopeimon

C(—x) =C(x)
X C (‘) 1
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COMpressor

eXPANDER *— cOMPANDER
YVUTEGTNC

AtacTolEng




Mn-opotopopyn KBavtion

IR

A-law COMPANDER:

Alx .
m!:.—;r%t*gﬂ(h)_ 0< IJ]% <1
C(r) = 14log (2L o |
Tmax [% sen(x), _Li < ‘l!:[k
w-law COMPANDER.:
o (1 w3t ) ]
sen(x)

C(r) = Tymax L

log(1 + 1) J

e

0.2

/ Evporoiko PCM
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ITU-T RECOMMENDATION T1A PCM (otnv mpaén)

TnAspwvia

MEyioTn ouxvoTnTa oMIAiag
4000 Hz

(akpiBeoTepa 300 — 3400 Hz)

AgiypaToAnyia
8000 Hz

Apa 1O XpoVviIkO dilacTnua
METAEU TWV DIAdOXIKWV
delypatoAnyiwy (Tou idlou
ONMATOS OMIAIQG):

1/8000 = 125 us.

KBavTtotroinon pe 256 BApata
Karavepnuéva o€ 13 TrepIoXEC

ENCODER QUTPUT

128
112

96

ga
10

G4

45
i
32

16

SEGMENT NUMBER

B4

128
INPUT SIGMAL

LEWEL




PCM (otnv mpagn) - emegnynon

127 = 10000000

000111

107 =10010100

"

16

8 Chords Steps 72 =10111001

19=11101100

e

PAM PCM
Polarity Chord Step Samples Values

0 11111111



*Pnotokn) Tiepovia
*MovG1Kd TANKTPOAOYLX
*Hjyoc cTovg vmoAioyioTeg
*‘Unowoxo video
*Compact Disc

*Blu-ray

Wnoeiak KBavtiotAc WYnolakn

‘E¢odo¢
(KavaAr)

[ oA prorwdmnn A poppwon
(Pulse Code Modulation-PC:M)

: ADC

o Avaloyikn

: . Xapnhotrepartod

. Mnyn (anti-aliasing)

‘\MAnpopopiag @ikTpo AsiypoTohnpia KBavtion

Ynoiokn
‘E€obog

Kwdikomoinan

lllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Avaxkrnon
NMAnpowopiag

ATtro-
Kwdikotroinon

Xapnhotrepato
QiATpo

Eicodog

(5¢kT) gl

' Eicodog



Aropoonn Takporwdwmn Atpoppno
(Ditterential Pulse Code Modulation-DPCM)

.
*Ilopoairaym tov PCM
*IlepriapPaver ostypoatoinyia, KPAVTIGT) Kol KMOIKOTON o

*H Pacikn dwapopd sivor 0Tt 0gv kPavtiletat 1) TIUN TOL OSTYUATOC
aAAC 1) O1QOPA OVTAS UE L0 EKTIMOUEVT] TIUN

*To TeEP1GGOTEPL GNIATO TOV GLVAVTIMOVTOL GTO THAETIKOIVOVIOKA
GLGTNUATO TOPOVLGTIALOVY HEYAAN GUGYETION UETAED TOV OEIYUATMV



Avopopinn Todporwdmn Atpopwwon
(D1itterential Pulse C.ode Modulation-DPCM)

. { AvalAoykn
Minvr Xapnhotrepard
' nyn (anti-aliasing)
c\NMAnpopopiac piktpo AnypaTolnpia

mn)

WYnolakn |
. 'Efodog e,(n) e(n) '
Kwdikomoinon ;
KBéavnon

| 4 . om(n) |
! ADC Wnepiakri

: Eiocolog

! wn)

EKTipnon \
| .| Avakrnen | v(n) Awo- :
i MopTrog . | MAnpogopiag N | Kw&ikommoinan :
E | |




DPCM ITheovextnuoata oz ayeon pe 1o PCM

: - [ / _ 3 / , ! 1 £

1) O oprlpoc twv eunédwy tou xfoaviiotn elvor pxpotepog. Lo nopdderypa,
cva PCM 8 entnéowy yetatpénetanr oc DPCM 4 eminéowy, ondte avtl yioe 3
anattouvtal 2 bits ylo xwdtxonoinon evoc delyputoc nhnpogopiuc. Autd €yel
ooV OUVEREWN T1) HETAdoaT Tng (Otas TANpogopiag Ye £CoxovounaT ebpoug

Lavne.

i) O oyeolaopdc ToU oUCTHUUTOC ATAOTOETAL dpOy BEY autTE(Ton 0TO BEXTT
IATPO PETATPOTRS TOU UNoLoxol afldTtos 08 avahoYIXo OTne aUPPaiver 610
PCM.

iil) Erewd oto DPCM AapPaveta urdln xaw n guonn (réoa and tn otatiotix)
TYETN DLEDOY NGV DELYUATOY, 7] AVEXTNOT TOL aVaAOY1X0) aALatoc eivat mio
aZIOTOTY] TUYXEIVOUEVY PE TNV avTiotoryn tou  PONL



DPCM Merovextnpota oe oyeon pe 1o PCM

To peovextnuo tou DPCM etvan 1 peyokitepn csuatotnoia tou oto UYdpu-

/ _F R . ; — LA [ LA

fo and to aviiotoryo PCM. Autd ogetheton oto yeyovlig OTL 1) avdxTnoT £vog
o~ . g bl ’ ’ - * e 23 T s

OELYATOC OTO DEXTY) ECAPTATUL UTO T TEOTYOUPEVO OELYUATO, UE ATOTEAECUN T

[ ] [

odoon hawv mou éxouv cupfiel tponyoupévee ol oTa endueva delypato.

To DPCM yprotponoteitar os npotuny 6w to Joint Photographic Experts
Group (JPEG) vy tny dneonoinen exovac xa cay Adaptive DPCM (ADPCM )
Yl TN ouunieon yovu.



Aol oppwon Askto
(Delta Modulation)

H Awepdpgpowon Aédza (Delta Modulation-DM ) unopel va Vewpndel ooy eidt-
wf| nepinTwon tou DPCM 1 onofa yenowonotel 1ov tepiocdTepo anhd xBuvtioT,

ToV €NOVORALOPEVO XPavTioth 0U0 eminédwy 1, v bit.

To avtitiwo yia ) yphon tou xPovtioth yopnhic Tolunioxotntac eivar v
araftnon yio oerypatoinhio o peydious pulpoic, ouvfidws peyohitepous o-
no N 0mAdoio ouyvotnta Nyquist, ye otdyo v allnon tne cuoyETione twy
yeItoviX@y Oetypdtwy. Me Tov 1pono autd undoyet oG mxpt wdday uetall
TLY JELYIATOV AUTOV XAl UTopel va Yenoloromiel aroteicopatixd éva DPCM

oLOTHUA UE XPayTioTr VO EMTEDWY.



Ao proppworn Aeita
(Delta Modulation)

Avaloyikn

Mnyn
MAnpowopiag

Xapnhomepatd
(anti-aliasing)
piktpo

Agypatolnyia

WYnpiakn ‘ KBdavmian
‘Etob 0g 1-bit

: ,:I%DC E'.;{"} :h‘l:!l')ziﬂ a

KaBuotéprion
Ts

- +
| Xaunhomepard ¥(n) WYneiakn
@iAtpo Eicodog
! +
5 DAC
Avaxmon KaBuoTtépnan

MAnpogopiag Ts




Kwdwonoinon (Encoding)

Kwoikoroinon (Encoding) etvor 1 LETHTpORY TV XPovTIoUEVGDY DEIYUATWY OF
XATIhAnhy oot yia tn petddoon and tov nopund. H xwdixoroinor eivar pio
01001£aolo TOU AVTIOTOLYEL Evo-Tipoug-Eva To ¥xPavtioueva Oelypata ot oUpfola-

kwtikodé€es (codewords) optopévou peyévouc.

H xwdixonoinon Twv detyudtowv uhonoleitol oTny npdin we dvadikols (oL xw-
o ’ ’ =~ ¢ ’ ! ! _ o~ ‘o ’
OwohéZels mepthapdavouy 000 Otaxprtéc Tiwég 0 7 1) 1 werpadikovs (0,1,2 v 3)
x0xeg. ‘Ouws 61N peydhn Thetohnpia Twy TNAETLXOVOVIAXOY CUCTHUETWY YET-
CHLOTOLOUVTUL Ol TEWTOL.

Av yenawonowmdoiv R bits avd Oeiypa TOTE 0 YEYI0TOS ApUog TV DUVATWY
xwdxoréEewv eivan 28 ondre o anutoluevos apriude emnédwy xBdvtions npénel

vo gfvan wxpoTepoC 1) (00g Tou ot



Kodwonoinon

e

N =bg(2" ") + bp_1 (2772 + . 4+ 02(2") + 02(2°) =) Duowdc Svadikog kddikag (NBC)

Folded Binary Code-FBC. To mpwto and agiotepd bit xadopilet 1o mpdomnuo xo
TOL UTOAOITA YENOHOTOOUVTUL Tial Vo xwdixomojoouy To mhdtog. O xoomag
AuTOG EfVAL BVGOTEROS TOU QUALXOD OTOV 0Yopd TNV AViY VEUOT) Opahudtwy, ItaiT-

€00 OTAUV XWHXOTOIETA LY.

Inverted Folded Binary Code-IFBC. O xouag autdc npoxintel and tov FBC
ue avTioTpogn twv bits Thdtoug (1o 1 ahkdler oe 0 xan 10 0 o 1). Eyet 1o nheo-
VEXTIUOL TNG PEYAATS oUYXEVTPLATS ot 1 yia orjpata pixpol Thatous, xatdotaor
nou epgoviletn ye peydhn mdavotnTa o8 TERITTWOY XWiXOTONoNS PLVIC.

Cray Code-GC. Me 1o guamd xobxa urogoiv va ahhdlouv resioadtepa and éva
bits ge xwdxorégels axopa oL av aUTES aviiaTolyoly ag yertowxd enineba. [a
nagdderyue xotd T petdPaon and to eninedo 7 010 8, whhdlouv Gha ta bits.

g| v | e | pem | g

E| Coce cinary Binary

= Code

Wle|nln|n Code g 6|88
spofr ||l tlofjololifolo]o
wlv o] tfofo ] 1]o|o]|
T T 2 O O T A I LI T I O O I O O
2l fifoeflof1]1]o tfofrjifi]jo]|1]o
11 1 0 1 1 1 0 1 | | 0 0 1 1 1 ]
wyr o1 |opr|o]l O T 1|1 (11
oltjofo|tfi]ofo (v jola|1]o]
slijofoflofi oo et fi]o]o
7ot ]ololo o | 1| afo|1 oo
slof1]1fofo]a]o o 1|1 fo]olr]o|
slofrfofi]ololt o 1|oft]ol1]1|
N I IV OV IV I O 1|0 j0lO0 |1 |[1[D
oo fifo]1]eo oot |{1folalr]n
P L IV I 0| 0|1 00|01 |1
tlofofoe|it]o]1]l o oo 1folal]o]
ofofojololol1] olofofolo|o|o]o




Avtiatoryla bits 6 ®OUATOLOQPES

e Unipolar 7 On-Off. To 1 avtiotowyel og éva tahpd eveo 1o 0 oe nabor g
- Lo - gl - L] ¥ |I - ¥ ¥ —- - r_'_ ~
exnopnric. I teyveay autt Snuougyel DC ouviotdou 1 onolx otic regioodtepes

repirtioete ehvan averdiun .

o Polar. 4nou yprowonoeitan évac tetinde nahpde v to 1 xon évae apvntinde
1 to 0. Edw tev undpyer DC suwiotdow ye tyv npolindlesy ottt 0 xan 1 oy
aeohovdia elo6d0u GTdvouy Ue TNy Bt TavoTr o

¢ Bipolar ﬁ Alternate Mark Inversion, AMI. ETriv r:gpi:rctf.m'rl TOU MDY

AMI ypnoworowivia evarhal Oetixol zaw apvuixol nanpol v 10 1 (e v
b ooy, va mporypatonoteizar ae xde euqgdvion tou bit 1) evd 6zv undpyet tuhpoc

yioe 7o 0. Me tov 1pdno autd undpyouv tpix eninzoo: +1, 0, -1.

e Manchester. To 1 xwouwonoweita pe ) petddoorn evag detxod taipol yia 1o

1 0 0 0 0 |1
T

a ;

£ 5T, 8T,
il
2]

T, 5T, 8T,

2]
d

It &

5T,

[}

33 57, T
i — — — b

WIsG TRE REEIGOOL TOL GUUPBGAOU ol UE €VAL HEVNTIXG TUAUG Y1d TO UTGAOLTO GO,
[ 70 dmeio 0 oL 800 raapol uetadioovtul o avtiatpogn gepd.




Daopatikn TUKVOTNTA LoYUOC TTOALKOU GHLOTOC
Kot oUyKplon pe Unipolar, AMI, Manchester

Tb/ 4 10T ) ) ]
| Polar 2 UyKplon YETA aTTO

KAVOVIKOTTOIinon €101
Manchester waoTe OAA Ta orjuaTa va
EXouv Tnyv idla péon 1oxU.

0.8

0.6;
S(f) |Unipolar

0.2

0.4

0.0 0.5 1.0 1.5 2.0

2R,
41/T,,

Polar pe oA p(t)= N[t /(T,/ 2) ] S(f) = |P(A)|%/ T, =(T,/ 4)sinc’(n fT,/ 2)



Line coding (M-ary)

Dibit Signal Level
(using Gray)

2B1Q (two binary, one quaternary)
Xpnotwuoroteitot oto ISDN tou OTE.

8b/10b oc kaBe byte Sedopevwv
ekYwpeltal Kwdikn AgEn twv 10 bits. To
byte xwpiletal oe 3 MSB (1tLo onuavTka
bits) mou kwdikomolovvtoL o€ 4 bits kat
o€ 5 LSB mou kwdikomolouvtal o€ 6 bits.

To oUvolo twv 10 bits mpEmnet va
TLEPLEXOUV I TIEVTE «1» KoL TIEVTE «0», N
TEooepa «1» kal €€L «O», 1] €EL «1» ko
Téooepa «0». AUTO QTTOTPETEL [LaL
akoAouBia tapa TOAAWVY SLadoxLlKwv «1»
kat «0», BonBwvTtag Tov cuyXPOVIoUO
Tou poAoyou. (DC balance)

Xpnowponoteital og diktua uPnAng
ToxutnTac.

00 -450 mV
01 -150 mV
11 +150 mV
10 +450 mV
Previous level: Previous |evel:
positive negative
Mext Mext Mext
bits level level
(olh] +1 -1
01 +3 -3
10 -1 +1
11 -3 +3
Transition table
A
00 : 11 : 01 : 10 : 01 :
+3 - I I : |
| | 1 |
+1 ' : : :
| | L.
-1 - : : Time
: :
i |
| |
|

Assurning positive original level



Time Division Multiplexing

tC.
+V 1 0 etc
Channel 1 Channel 1
0=ttt / t n
0 1
-V
+V 2 Channel 2
Channel 2 ; 3 :
b = &
/ 1 1
Channel 3
-V
+V I
Channel 3 0 0
; 0 ;
: .\ Channel 4
vV I | | ! ! i
TDM ol L = ;
signal | i | ! !
A : :/ ! I |
[ : I | : I L
0 . . ! ! ; I ! £ Clock
| | : ' ! | ! : '
! ! : ; ! | ! ; ! i
| I ) I — l : |
. 7 | | ! ! ! | : . 1 0 1 0 , 0 LA 0 etc
1 | | | \‘I \
| |
Channel | i I ! | : : TDM ! :
2i 31 4,208 L1 20311 2 signal : ‘
I | I | | | i |
! | | 1 1
| |




30-Channel PCM System

Time slot 0 Pulse amplitude

modulated samples
Channel 1 l e p Time slot 0
2 29 b
® | | 14 Channel Line 4Channely Cﬂ%"e‘ -
. Electronic-. Encoder | Channel | . s |
; : 15 1 Decoder 5
switth ~ © | A | ‘—I——,—|5 4_13
g i . f v 11,
Charnzl D| | 8-bit pulse f:odes | A | Channél
o " samples | corresponding to samples’.
14 N | each sample | reconstituted " - - - L
T I in turn I TChanne] 11
l |
Time slot 16 Time slot 16
Transmitter Receiver

Voice channel: 300-3400 Hz = W=3100 Hz = W=4 KHz pe¢ 1repI0wpIo acpaA&iag
Sampling rate (per channel) = 8 KHz (d¢iypara/sec) = PCM channel = 8x8= 64 Kbps
30 Voice PCM channels + 2 overhead channels (to «0O» kai 10 «16») = 32 channels =
32x8x8 = 32x64 Kbps = 2048 Kbps =2 Mbps = ~ 1 MHz minimum bandwidth
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