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PUuLsE 0iGITAL MODULAT TON

Communication s The process of- estoblishi ng connection
or link between —wo points ~or information exchange.
DePendsng vpon the me&s’age Slgnol, Communicatton s

Clacsified ac tndes
[ Ano)og Corornun'c ation

2 D187+a| Communicatlon .

Analo 3 Coromunication

the modulahné; Sig]no]_ s analog n
| may be obtained —from

etc.

_Tn Analog Communication

natve. This Onolog m%sage Si@na
coorces <Soch as  Speech, video shooting ,

“The Onalog me.ssaae Sianal modulates Some b’gb cavney

f‘fequencT inside he —transmitter 1o preduce modu{a'f’ed Sr‘gnal-

This moduloted Signal ‘e dhen —transmitted with The help ofF

a tansmitting antenna -to Tvavel "ﬂ')fough The ‘“h.farxsmissmn channel.

At *the veceives, “Thic modula'f‘gd giqna]
Oﬂginol me._ssage Sianal.

v veceived and

“once.ssec! 4b vyecoves The
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9»8 rf’a\ Commw’hca‘bon

‘- an chgﬂ‘al Comrounication , The message Signa, “do be fansmitted
I; L "‘ #
| in Digital n natuve - !

gemen’té of a Diﬁrfa] Communicahion <S7\sfern
ws he rmodel of @ dgrf"al Communi
of the System is To tansmit e

ls Coming out of a <ource o a

yate and accrocy as pass:ble

ca"ior’)

The below figure Sho
515"67? The ovevall purpose
Message o1 sequence of symbo
destmaﬂon pont at 4 high

“he <ouvrce and - destination point are physical
Comecks e Scoce o e

7 ge Para‘fe d

|

i SPace and a Communication channel

|
|

?d estination po‘mt

The Communication channel maccgp’ns electvical (e elec-h/omagnerhc )
ks usvally @ distorted

fSignals ond The  output of -the channe
l\fefs’uon- of the Tnpm‘r due “to The mon-deal matore of The

i| Communication  channel.

|
! Discvete i

o Channe |
Indormation—
Souvce Encoder Encoder Modolatoy |————o

T Aomaonicatio

channel

; Noise Electvical _"f
\

T —————

——|De-Modolator &

Sovvce -~ |7

Decodey

-

Figa.
32 Model of a Digrtal Communication System
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Discaete ,mfofma—ﬁon Sourc e

An Analo_g information  Quice may Fonsformed o a disc srte

information  Zuree Through “the process of Sampling ond  Quartizing.

i

‘\
1

Discoete information  worces  ore characterized by The -foﬂoajnﬁ

Paameters

f_ogce Alphabe‘!’: These ave the letters, dgif& or SPec?al‘

Chavacters avdilabe —fom -he ‘information Lource.

2 Symbol vate : G s the vate at which the information Sorce

Genevates soorce  Olphabet. G ks Generally vepreserrted  in

Symbol¢ | sec it |

Source o!Phabd probabi lifies: Each <ource - alphabet ~rom the
Sovrce  has mdependerﬁ Bccovvence. fafe in The Sequence. A< an
ewmple, letters A E 9 ‘efc oceor “ﬁfeciven‘HT n The Seiuence Hence,
probability of “the occovence of ench Source alphabet con becme
one of Ihe rmporhan’r propeatty cah:ch is useﬁ’l in Dig-#al

COmmunIca‘h on -

. Probobistic dependence of Symbt L€ in a S@uence " The informalion

. ——————

Comimg capac r’rT of each <ovrce alphabe% % d;ffemn-r n Q

parh culay Sequence.

This  povameter defines Quevage iformation  Cortlertt of he ” Spmboks:

The Enfvopy™ of a -source. describes The average “ndotmation content
| pe &4nbol in long massoges l?n‘fYom is measored n bits per symbol

Information vate (3) s the product o,f 57mbol yate ond <ource

Ef)’\'YOP-} e Jnﬁ)fmaﬁ()ﬂ Y0+3 : S«{rnbo, fai’g X Source eﬂ"TOPf
( Bite [sec) ($mbol Jsec) ( &8s |symbol)



stoce Encoden
The symbols produced by e information  Sovrce are given 1o
They are et converted intfo digital ~+orm (ie

1he Lovrce encoder.
[ s g 0s) by The source encodey.

binary Sequence 0
Each binary * 4 and '0' i known as a bit. The groop of biks

°s calied a Codewovd” The Souvce encod

Ly each distinct Smbol, There & an vnigue

er assigns codewords

o The éymb0!s.

code word.

The Codeword Can be ofF 4,8 16 or 32 bifs lenﬁTh A< “the mmber
of bt are Ioeased n each codeword, The Symboks hat may be

Yepfaserﬁ'ed are also Tncreased.

Some -typically  Source oncodexs Qre  polkse code moduia-hm@,

Detra. modulatoxs Vec’rav guan'hgef.s otc.  Sovrce encoders have Some

following pa(ame+e¥4

I Block Sige: Block $ize describes The maximom o, of d,.dincF

| codewords chich can be Yepresented by a Soorce encodey. Thic

' depends on e mombey of bitc In e codeword. As on. example
he block Size of &-bits <Soure encodey il be 98 e 956 agdemoydg

3. Code trond ,l.sena‘fh :
Codeword lengﬂ) % dhe mo-of bits wsed o Yepfeserﬁ' each

codeword . As an erample, if 8-bits ovwe encoder @il be

8 ¢ .
9% s 256 Coderords . ave asslgnecl 0 each codeword, then he

codeword lengﬂ) Wil be 8-bite.




5‘&_@3.9 Datavate :

Avevage data vate Is he ovtput bits per cecond ~Fom he

Sovvce encoder.  The <ource encodea asggns muHiple 7. of bits

To each mme <ymbol. Hence dcri’a vate s genemUT higher than “the
Symbol Yate. "
Data vate = Symbol Yate x codeword leng’l’h
= 10x8

&0 bi’t?/cfewnd
4. Efficiency of he Encodes:

Tt is he oo of minimum Source information vate o “ihe actval

Ou‘rpa’r data vate of -the <Sovrce encodev.

'Chonnel Encoder ond Decodexn

“e—

Aftes COn\JeafrHﬂg —the me.ssage or indovrmation signal in “the
'ﬁﬂm of binary Sequence by the Sovvce encoder “ie .Slgnal s
ansmitted ”ihvough “the channel . The Communication channel adds
mise and Snterfevence to e 5i(c]na! bemg “Hansmitted. Hence ewoxc
are introduced n -the binary Sequence vecelved ab —the veceivey end.

* Thus, chanmnel coding s done To auoid These Fpe of ewors
'jnfact the chamel encodey adds Some Yedundart binary brk o
;’ﬂ)e nput Seguence -

A channel Encodess must have e %!Jaw?ng 5mpor+an+ pavameters:
|.~The coding Yate that depends vpon the Yedundant bits odded by

“the channe! encoder.
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2. “The coding Method used:
Y which s
o the output of he encoder

| = Cod:’ng efficienc ‘e, vatio of data vate  at '”,""”-‘7”}’”'/'

| —p the data vate
| 4 Ewor contvo)]  capabilitiés

| 5. Fea.sib?lf+1 of “the encoder and decodey.
and: De-Modvlators

it .7 Vi S ;

# Dig'rhll Corfinove wave modulatoxs are Ak, Fsk , psk, D
?

ﬂ_ﬂ?ase mOdU]a”h)Y.S Wwe a COTTHY)O&S‘ Wave —j—bere_foj,e 'rhﬁ‘f ave also

Dig?‘f’é?' Modulators
| " ’
PsK .

;knocon as Digﬁ'al Corfinoss  Klave Medulators.

At the Yeceivey end ~Ihe digﬁra! demodvlator 0
info the Sequence of binary bIFS:
act have following fmpoﬁ‘an‘}"

}f verks The
{ %
Input modolated 5ignal

|
|
A Dig"rfal Modolation method M

parameTtexs -
|. Bandwidth meeded o Honsmit The g

J
1’3' }%babmﬂ of Symbol of bit enoy
chyonovs method of detection

nal

3. Synchyonoos & Asym
- Complexity oF implemerrtaion.
Commonication 'Channel :

| The connection between “Hansmitter and eceivess s established

The commonication &a
Each and Euvery

f'fhfough o Commonication chanmel - n tfake place

ﬁhfough ‘wiveless , wivelines or iber ophic channel -

communication chamel has Some inhererrt problems . Theq. are
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"é‘afﬁ' Attenuation : The S:gna} attenvation in channel occovs doe

M the infernal tesistonce of he channel and —ﬁzdina of the .s‘gnal.

2. A:"_’P’ZQ_C_‘E g_g_d Phase distorton @ “The “Wansmitted Slgnal i distorted

in am}D]'rh)de and Pha,gg_ due o e mon-lineay chavactevishcs of

the Commuonicotion Channel.

3. AddHve Noise irferference: Tt s produced doe 4o internal <olid
| stote deuvices and Yesistovs etc.,
|

4. J‘l_g!-Hpo:_lh distortion « T oecove n'bos-Hy in wiveless Commuonication
i

—->,] Aduoﬁmaes and Digaduan'fnges of Diaia\ wmmuntca_-h‘on
E'_—"-'—-" - m——— —_—— i = —_—— -

| AJVarr}'aag;c :

channels.

: : analo
j" Digﬂ:a} Coromonications are &mpler and cheaPeY COmloarec‘ o -an 3
| Communicatons Systems becavse of —he oduances “made in. the

Je ’fechhologies.
2. In drgH*al Communications | the speech, Video and Other data may be
.merged and -Tvansmitted oOvey a C(ommon Charmel~ usmc(:] Mufﬁp\el‘}ng

3. LLsmg data  Encryphon, only permitted Yeceivexs may be q!locoed ~+o
detect -he tvansmitted dafn. This property s mostly vsed in
military applications .

4. Since Tthe -transmidsjon s dng'al and “the channe encodmg is asecf,
|
- “hevefove the molse does mot acvmvlate ~fyom Yepeatey o vepeater

| Iong distance commonications .

5 “The tronsmitred 5:3na| i dtg'r*f'ot in natove | -thevefore a lavge amount
of moise ‘rrbevfevence may be -tolerated.
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6- In dﬁrhal commonication, channel codmg i vsed; TThevefore the evvove
may be defected and cowvected in the veceivexs .
is adgpte o, other . oéug_mec_l ‘branches ok

+ Dig:”+ai Commuo nications
Signa/ proce.s.smg , ':mage Proce.ssm(ci

; | dota pmcessmg such as dlg?‘h?l
ond data compression, efc.

e g

DiSOdlrarﬁ'aa es /
1. Dve 1o onaloé) +o drgh‘al Cornevsion , . The data Yate becomes .higb.
Thevefore. move ~transmission bandwidth i yegggyed ~or ngH—g!

~ Commupication
9. Digu"l’al Communication . meeds synchionizotion i case of Smchronovs

modulaton -

Modu)crﬂon ¥

——>] g‘_;'n[MﬁMn between ;_429[03 a_ncl L?_ig?igl

| [_2!37’!31 Modolﬁ’ég‘ |

) Tansmitted 513na| is dfﬁ?-f'aJ i.e'f’fainfi
of dr(c]Hal pulses. |’

g, %PlHUde’ Widty or pasition of he

Varigtions in e Transmitted Honsmitted pukses s constant. The

signal vepreserrt he- nformation | message is -transmitted n e form

' . of code words -

ic pooY ~or AM, but (3. Noise immunH-f ik exellent

37700

| Analog Mo du lation
I,trl-’TmnSmTrrecf modvlated Slgnal
S anolo(cj in natuve

2. Amplitude, %e?uenq or phase

Or wssaﬁe :
_f . .
!,3- Nolse 1mmum+f

'rmpfoved ~for A1 and PM |
y. Gt is possible “fo <epavate Signal from

;L, T+ i mot po.gs'ible 1o Sepavd‘!’e out
molse. Therefore, Yepeatexs can be

moise and .Signal,'The)efore |
used. |

|

Yepea'l'evs cannot be used.

;5 Codm(c} is mot possible 5. Codin3 technigues  can be used +o

detect ond coyvect The ewors .

|
|
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€. Band Width Yeguived is Ilower Than |6. Duve o higher bit vates, hfgher
That for the dJ@H‘aI Modolafion channe| Bandwidth s
methods. YQQUNGC{-

+ FOM is vsed ~for mulfiplexing 3 oM s used for Mo!ﬁplwng

8. Not <vitable —for ransmission 8. Pue 1o C"d"’g -fa:hnigues, e

| of secret information n Pﬁ!H—arf Svrtable +for m?lH'ar7 applications .

applications. ;
|

Q. Analo(? moduvlation <ystems ave Ci D:‘(.:}Ha} Modvlation Systeme are

AM, EM, PM, PAM, PUM ete.  Pen, DM, ApM, OPcM etc.

— PULSE COoDE MODULATToN

Polse 70de Moclation i The name gven o The class of

fbaseband Signals  obtained Hfrom “the Qantized Pam Signals by e’”"“’”éi ‘

ieach guantized Sample im0 a DJQH-aI coord. For baseband ~Transmission,

)The codeword Dbits ave Mansformed 4o polse waveforms.

De‘Fl'ﬂl’HO n:

Pulse code moduvlation s krown aec Dig‘ffa! pulse  modulation ""thfﬂgue.
When polse modolation s applied o a anar7 Symbol , The rasurhna

~bmary waveform & cated Pulse - code modolation ( Pcv) aoaveform,

Elemente of a Pom Spstem.

The [ig1 shows the basic elements of a Ppem System . F

Consiste of “thiee main parks e ansmitter, ansmiscion path and |
Yeceivey.

! V. 5 :
| The esserial Operations in the —tansmitery of a Pem System are

SamF""’éj, QUOﬂﬁ%ing and Codm(df a hown in Fg1.



Anclog | deo Pass || ! | r

R N | > —

1%& | Bites | 7L Sampler | Quanliger | Encoder [~ SF‘)CM '
aQnaj- | [ 1 | i | i na
iy L 2 E LL | 4f [ K

Fig 1(a): Pcm tansmitter :
Distovte d
P.eg enevative Qegener afive Qegenem*ed
ot ol ~ 5

W e Sae Repeatey
5f3na!

pcH Jiﬁnal YEPea—er

j

E’ﬁ 1 (b) : Tansmicsion pah

S

’—'-————
E lp 4 Eege i bsion ‘ Reconsthruch
circott 7] PEaBEE Fitey .“"'“"“‘fDe;ﬁnod'iom

Hai(c): pcm Receivey -
Ag 1 : Elemerk 0f PCcM system

S‘ampling is dhe operation n which an analog (i.e comtnovs
~tme) Signal s Sampled Wd"ﬂﬁ accordmg to the Sampling-
Theovem Ye.sulﬁng in a discrete tme \Signal.‘

OPera‘HOns dre moal)7 perfomvecl

The quarrh‘gmg ond enmding
known oS Anaio(c)»'fb— DlgH‘al ConVertey

ﬁ . :
in dhe <ame Cciveort thich i<

(ADC) .

The essenhal opeyaﬁons n The veceiver
ks, decod:‘ng ond  demodulation of he vain

ns are performed in e same

convertey ( DAC).

are Yegenera’ﬁon of

of

?'mpa‘ned signa
_:qUanhgecJ Samples. TThese operatio
+ Known G Dia:-falf‘fbf analog

CiYev
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mn dhe —Hansmission Youte —from the Tansmitter o e receiver,

Yegenemﬂue Yepea+e\cs are vged 1o yeconstroct he ransmitted
?}

jSeCiuence of coded pulcec n order TO combat the accomolated

{e{i{—ecﬁ of Signal distortion and moise.

—| PcM GENERATOR OB TRANSMITTER
| = sip bl s :

Dlg‘,hllj encoded
Signal

. Low A Sampl
o . poss mple - A Binar
A e. 'Ls y
*hme—% filtey Loﬁh%’ & q-level ’19(71‘1'5)7\ encoJer

Cot-off-freg Hold (<[h)|pam , |
message, quantizey | Quantized .
5.8,,0'3 fafn LEVERIElgign | : PAN.O; C?E -H%fr t
W) H'
%5 - | l v dfgrhs
|
——{fimey | Parane] F Pev outpst
| Conuer-ter LA

Fig: 3: A practical PcM generatoy
| I Pcm generabr The L%m'a}' At) s st passed ‘fhmugh The
'E'DU- pasc fittey of cot-off -freQuency f, Ha.  This low pass fitter
]block& all e frequency Componerts thich are Ming above

- Tthe Sample and Hold drcoH‘ Then  Samples this Signal at

e vate of 4. Sampling Frequency & ks selected sofficiently

;EO.bDUE 'nnjiufg” rate 1o O.UOTA aliasmg e
| £ > 9fm

|
|
|

“the output of Sample ond hoid civeoit ks denoted b4 1(nTs) . This

:élﬁnal 1(NTs) 1€ discrete 1n time and Continvous in ampl?‘f'ucle,




% A 9.level Quantizer Compores input 1 (NTs) with T _791@4 dJ;.;Ha!

ileuel& 3t assigne  any one of the digital level to a(nt;) wiiy

?Hs fixed digtal levels. 1F YesuHe minimom distortion or Evvor.

!.
This ewor is called " @oantization évvor®

|
| Thws, ovtput of @Uonﬁger k a dgital level| called 9(nT) .

Noco The Qwarﬁ)%ea' Lignal level  2g(nTs) is given o blnary encader.

“’has encodey converts  Input Signal 1o V' digits binary wovd. “Ihis

anodeY lc also known “as Dlgrfgev

An osc;lla+ov genemfes the clocks —for Sample and hold Civeort
:and “pavallel o Serial Copvertey. '

encodey Combinely

' The Somple and HOld Chreolt, Qoantizey and

ﬁr‘m on Analoccf -fo Drg':ﬁa! convertey (ADC).

—2| PCM TRANSM 7SSTON DA:H

| The path  between dhe . PcM “hansmitter and Pem veceivey
‘Fovem shich the Pcm ér_g‘nal +ravel is called as PcM +ran;mi5310n
rpa‘kh an a |lr ic a¢ <Shown In ‘ﬁgq

The most lmpo-fi‘on‘}' Lootove of PcM System lies n s ability
"T‘o corr’rmi dhe effecks of distoriion and moise tohen the PcM wave

e

rrravels on the channel.

PcmM accomplishes This  capacity by means of using & chain of

Yeaenem-ﬁ\fe vepeaters GS Shown i -ng Such Yepealers are spaced

clo_ce enough 40 each othey on The Tansmission pafh

D P Sy



i (%)
e i ———————
|
- The Qegenefcrh\!e performs Three bas»c operations mamely
’ ‘
' equalization, Hring and  decision -making. ‘Hence each Yepeater
!ad'ually Yepfoduces 4he clean moice free Pcm signal -+om the
TPCM signal distorted by the channel Moise. TThis Impspves the
!peﬁfofmance of PcM In presence Of moise.
Distorted | ge eneyotive - :
: - P
*Pc—r—) 8 dog EgEnem—ﬁve Bocenaiote]
YQPBQ'}E’Y ¢ YePBO’f'EY } 89 e
| N Pcw wave
| |
| |
0 |
| WS o NN of Lo
- PcM+ moise clean pcm PcM+moplse tlean Pc™M
Fig 4):PcM Hransmission poth
BlOCK dfaavam OF a Eepea'h!m
:i :
Disiorted | Amplitude Deciston
PCM? Wave makin ?egene vated
device Pc™ wave

Timin
Civevit

F19 4(b): Block diagmm of a Pé’genevaﬂ\fe fePeU*PY

The  amplitude equaliger  Shapes the distorted PeM wave <o as

‘“"0 (ompensate ~for the effects of amplitude  and phase distortions

The fiming Ccort produces @ periodic  pulse fvain which is derived
fiom The hpot Pcv polses. e polse tain is then applied -to

decision -makmg device. e decision device makes a decicion



pem wave ot ks input has & ‘0 value

;abouﬁ' twhether the eguali;jed

iOY 1" wvalve at The tnctanrt of -Sampling-
d pem with & vefeyence level called decision

Such a decision 1s maode

by ComPavin g equa h'g e

;'ﬁwe.sholcl as <hoon in Fig hlc) -

!deuice, we get Q clean PcM  Signal
|

At the ov+Pu+ of the decision
withovt any “tyace of moise.

Dis-i'o!L*l'ed—__ il S

U1 becision
Pcm boundar'f oY
Wove Lans, “threshold

Liep w2
ot ° 0
( Pegenévahd .l |
Pam) T

Fig o (b : Waveforms of a Vegeneva%Ue YepecH’BY-

|
2| PcM RECETVER

| Vdigits

| P S — 5
J_'ngornmg A cleod A Sevia) ——> A digital A Sample | Low

PCM 4 1072 7 Begerera o - o - [0 Analog and Hold pacs -

Signa\ oy Pavalle] | (D)a) (<) Yoit) [Fitter 0| A)

: Converfey Cornerter avevit fe = fm

Fs
Sync s

! ‘—Tﬂ'mev :

i Vi Rgs(a): Pcwm Keceivey
d “he above —ﬁ_q Shows The block d:agram of Pcm Yeceivey- The

?vegenemiw at “the start of PeM vecevey Yeshapes “he pole and

f‘(emoueé e roise, This Signal s Then converted to paralle| dfgﬁal

;wOYdS 'JCDY each SamP]e .

_i Now, The dlgf—}ul word s Converted o cmalog vabe denoted
0 ’fi(*) ith The he]P of samP]e ond hold civeoit.

.




® =
Thic ssﬁnal, ot e oviput of Sample i
and hold oveoit, Js allowed o pass Through
T ﬂt) . 'l-q'(f)
a Iow pass Yeconstruction fitter 70 get the sjg+ ¥4 :
oppropiate  onginal message Signal denoted j’i”
\
i —+
as 1(t) 7 ' -
_1}91_"5__ KEs “f.‘

| QuaNTIZER lf:‘g s(b): Reconstyucted uaveform .
A G-level guanﬁ%er COmPareé The discvete
T+ assigns anf one of the d
which Yesulks in

n-Hgaﬂon Ervor”

_Himie fhpu—n" X(NTs)
with--ths. fined  digital levels ighal

evel o 1(nTs) wih e fixed digital levels,
is colled  Qua

. "':U?ﬂ'irbu}n distortion or ervor. This evvovy
" classification  of Q;Jan'HgaﬁOn Pocess
| BOSWO”Y QUOr)‘}‘iga'H?n "PYOCgS.S may
| | H @@Bﬁgaﬂm

!

be classified as Follows .

!

Unifoym &uanﬁgo-lﬁ on Nori-Uniorm @uant jﬁ'ahm

I .
Midtvead fype Midiise Ty pe
The guantization process can be clascified into Hoo fypes a

unde\ :
1. oniform &uanﬁ%aﬁon
2. Non— uniform &UOnﬂga'HOn‘
“his dascification i based o0 The step Size
- niform Quartizey: In fnis Quantizey he step size Yemains same

’Thvouaholﬁ’ the Input 'fange‘

Y



R,

y The step Size Varies

e

| d. Non- vnrfor

m Quantizey :  In This Quam"l%
vt Signal valves.

accovdmg o “the inp
Types of uniform Buarhger

Theve ave Two ‘ﬁjpes of uniform QUmﬁﬁer as under

[ dhe Midhead type
[ the midrise Type.

jl- Symmetvic guarr}’rger 0
;3* S7mme+n'c Quarng/eY 0

. ~The -fransfer chavactevistic of the
B Quortige Y odpuf‘

;Shocan in F/_g 6(a). y i) )
? As  <hown in- This —ﬁ'gure, when an fnPU‘{" 34 ¢ . "HC”;F”‘
| G deat o0 e

cpoS‘e" »m:gob

“+p +4f5 Then The ?Ua?ﬁg‘??‘ N N %
4 g g joifccf‘;;aﬂmahon

!
; Midtiead wlf :
| dread guartizey i©

,‘
;;5 between *"A/@
;OUJrFuf'Ls gero I-e

!

 for =4 7)) 2 A %t
} for -4 o x(nTc) ¢ = %g{nzd:

| Here B s e Step Size of the

il 3af, ‘sal,_ ’.wb' %np b
-2 L(nTs).

I Quarﬁi%er
.r '
{ L
* 4 - 34 ) .
; o T £ e € 2 J Iﬂmwdﬁﬁ'g 6(a) : &luanﬁga-Hon chama‘evisﬁc
| of ’g‘-ryeéd quadhizeY
| Smilarily other levels  are assigned: T quarhige
| s zev0 when xMT) ks

,E:H* i« called midtreod becavse guanﬁger Orﬂptﬂ‘
|
;
|
?’@oanﬁgahon ooy 18 given as,
| € 2 Xi(ﬂ’ﬂg) -1[7‘)'}?5)

; d quantizer .
Fero- ffg ¢(h) Shows The guanﬁ%aﬁon eyvoy of midtread g 7




e |
- Fg 6(b) Observe hat when x(wT)=0, Ag(mik) -0. Hence

|Qartization is zers at ogin. When x(rk): 2y, quartizer ootput is

zerd Just before his level. Hente ewov is Alg mear “This level . Fom
|
.u:ig 6(b) i is clear that

| 1 5 :
[ v : “fs 2 £-4 4y
I . i . ‘ .
0
| Thus guontization emor lies belween Yo and Ao And  maimom

@onh%aﬁon rvoy i Emay > f%"
R E R T N Guanhzation eviov(£)
_%T 3ation

| A A A

'ﬂml > %].

Fq e( b)A-' @uanﬁga'hon ENoY
Midviser Quonfizev.
“he Hanster chovarteristic - of ithe midrisey guarﬂi%er 6 shown
v« between . 0 ond 4 ,7The output s Bl -
0o and -4, he OU“'PU'}' ic =0y 1e

Fig Ha) . UWhen an ?nPU”’
‘Sirﬁ?faﬁl'?v{ when an inpu+ i beﬁoe‘?'?
Loy 022(nis) 2 A ; 2g(nT): fa

Ch L AnT) 2 0 5 gG) = =By
A and Lrﬂ)'the OU';'PU"}' LS

s OU'}PU}' 1S either

SSm?Jaril«f when an anu+ is befween 3
o, . This i¢ called midvisey guarﬁi%BY becavse

-]y ov -Blg when input s gero:
Fi3 Hb) Shoos the quartization enoyr in midviser Quan’J)'ﬁa‘)’fOD.

Hence czuonﬁiaﬁon ervoy il be
£ - Ag(nTs) - (")




Thus | The guanh%a-Hon evor lies between -%, & % le
-4y 2 & 2%

And the mavmom guanhgaﬂon eYYor 5

A
i ¢ , al &uanﬁgev oLrlPo'J’
’*Z”’TS’) clerst
@}; 5 Gdeal quantize¥ chava
R
F"’P_"’) Salvcase approximahon
A ysa?
. ‘ | BT . s 1, &
ab 35 -38 b /P A 3 3 4n dnp x(1Ts)
| S =
/s
‘f_} 38
Py ~5B)> )
/ - . characteristic of midriser quamiy

’ ﬂg 20 “Tyonsfey

Quarhgation enor(e)
A~ o

| AAAANRNARNRNL
i [ \’ \] \rw"‘b{\l V \l \\f 5nPd'}‘1(TnZs)

Q‘a Fb): Quantzation EnvoY -

’ . , Ratio in PcM
| Quartization Noie and i’gﬁ—,@l +p Moise  XANO 71—
T tnhererrt €nors A€

' enor .
Jhis enov is called goantization

be defined @

jf. &ontigation Eov; Becovse of Qquantization

il *froduce d in the .ﬂccinal.

“The Quanhiaﬁan enor can
£ - xgznfs)_'xmts)




(10)

—® -
2 Step Sige: Let an fnput x(m) be o{- COranOus amplitude in tre

w “hat The ~total

: Yange - Y 1O Tmar PO th 1/ 0) we o
| excowsion of Input, (ng) 8 mappe d 1o
| Thak ¢ ehen input i 24, outpot 18 54y and then the input is
34, the outpot s -58fg . That Is +may vepresents  *%/a and

' levels on Verfical ats.

§ —Ymar Yépfasen+~< - snjy

!l . Thevefore the fotal amPJHvde Yange becomes
,E Total ampltude vange - Imat ~{=Imax)

: QUmgy ‘ 3:
If this  amplifude Yange is divided o 9" levels of _?Ua""ﬁ?ﬂ e ;
~the 5+9P Size s Guuen s ‘

QAma
A = : : i.,
I e 5,3,,0, ’ normoli%ed-.'fb minimom  and  maximom valpes Bgual‘h_i, f.
“Then gy | 3 —Pmayr = - i

Thevefove s-JeP Size will ke ' |

J - "[i”) . .:é?— (or vormalized .Signal) ‘\I

3. Pfobab'lﬁ den.s:+7 -:CuncHOn ( def) of- Qoa 50410n enor

5F step sige b s Sofficiently <mall, Then it 1s Yedsonable o

assome  That The quanﬂﬁaﬁon eror B’ %l 'be unh%rénIV distyi bute J
Yandom Vvaviable . TThe mavmom Qoanﬁ%a’ﬂon ewoy 18 gmen b?,

"ﬂm z !—-—’ 'l.e




Tos tNer e interval (-5, &) quantization €07 is uniformly

distvibuted vandom variable
A
%) / £ (¢)
.l—-: _._!-—-—-—‘
" 50D

. Tl
b—a[ /—_‘]
2
1 . ‘ } .
o b — 8y, 7T

(b - Uniform dichibution

unifprm dishvibution fg
—for guantizgation €707
7 df.s*f?btﬂ‘éo’

! r’-fg ga)
Jn above —E’gwe, a voandom vaviable s said o be UnHorm)
(a,b). Then PDF of X' is guen by
6 for Xta
"%((1) ’ E,i[ Hor Q< x2b
p for xrb
ove eguation ¢ can define The

'

aton €Yoy eloas

‘over an Sieywval

“hvs, winh e bhelp of ab

|

| pobabilite density fonction for Quantiz
0 o ¢ 2

' Jui bl Bl Bl

| fe): |2
o 4o €%

g has 70
rhgection orrov- 16 ger0”

|
|
|
,'L,. Npise PoweY -
,,'I From -Hg g(b). we con See '1?7@; ‘Quanﬁgfahorg ewoy
o vale. That s mean m, OF the g4
vantizer i defined @

artizatton noice vafio of e 9

avemﬁ

“The 515:1&! b QU
s . S nal POWEY [ normafiggof)

N Nowe power ( normalized)




)

—®
3 dype of signal at inpot e wt) s koo, Then i s possible

iu
ic:alwlai"e 5i3nal power -
| TThe molse poweyr s 8iU€n as
2
Noise powey = Vonsice

2
ik The mean squave valve of moise \'/onage. nc

PDE +(g) s mean sguare valve

e mbise

5A
HQYB Vnoue

is defined ac¢ Yondom Vaviable ‘5’ and

is guen as

mean Squave valve - E[€2]: &

“The mean 5euare valve of a yandom varable ‘X' ’s given ac

oD
XY= Efxe] - J 22 %) di
2 |

od
ELe’] - [ e re)de

= ?/2’82 | dg - i [ﬁ_"] 13/&
A F 8
- }2—— 'A/g,
! L—QS—-‘}’QEJ = *—Lg_éf = _A_Z,—
L . 5 Sp Ry 19

The mean &ZUQYQ Valoe Oﬁ— MNoise Uoﬁaﬁe 75 _,A_Z':
9 -

When load Resistance, £: 1o~ ,Then The moise power i normalized le

» 2 :
Noise pocoer (normah%ed) = Vm!sa . V:%u_ot g

K s
A?—-
12

-
-




e

2 Devivation OF Maximom &gn_q!-m Quartization Noise Ratio 4pr Lingas,

B

Buontization:

1‘200&159:' increases  exponentially  eotth

The ngnal o Quartigation moise ralio s defined ac

Nomalized ngnal Powey

S .
N Normaliged Noise  power
. Novmalized Signal  Power 0

‘ﬂi/lz
The number of brx V' and quantization levels 9" are velated ac

9= B — 3

9
Pv‘fﬁng Hhis valve in D = Zm @

SobstHute “the equatin (&) n eg 0, then we 3&'

S . Nommalized <ignal Powty
§ ol L N
L a9 ) X [N)

NOfmah%@a? .-S‘:‘gnal PoveY

gt

9.
P g ” I
R e 1 3

Let mormalized .srﬁnal powey be denoted as P

._‘.S.a - 3P ,‘Qaw ____@
M i

mayL o-f—

: wer Yatho
The above equation shois hat Signal O KOSE 7

Tnaea.e;mg biks per sample




;@ -

7

Then Sighal T Quantization moise yato will ke
9 9

= . gp.a*”

N

1f e destination $ignal power p' 15 normalized i.e

Pz

“Then the 5iana]~m nolse Yaho is g:uen as

& 2
£ 2 3K3

E’-PYE&Smg e agnal 4y Noise o in decibels,

£ S
( a8 rologw [‘:‘\T)
< IOlbgw[stQw)
ge
510103[03 4+ 10 logma

£ 48+ 2ov(0:3)

[N dB qg"' 6V)d3

ngnﬁal-fg 6?0-01_7_—}1%0-1190 Npise “__ZHO +for  PCM 37‘_‘:_’11_”

Let vs assome That the modulahng slana.l be a <invsoidal vol'l'aggJ

ha\nna peak amPlHude A

The power of This £|’ﬁna\ il be  P-: ,

Normalized  powey - A’ -0
)
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ke kno
S . 3F x 92° o)
N %t
Subshtvte the ei@ " @ ~+hen
8, axAr
N =) [}
»—-——X’Qé
M
2 2
LY dd
Y X
_ hewa?®

L:Lpf&ssmg g:gnaj-}o Noise Yoo In

(%)ds . lolog (%)

™

"

10 Jog (15) +

. JOX 01%6 + é?owlog )

: 1E6 o+ 30\9(0'3)

* 1F6+ 6

“Thos

w “hat the 518»*10} ~to &wantization noks

10 log ( J'Uﬂw)
rolog [@Q@)

e Yaho I

dg , —take Iagaﬂ‘bﬁm

5
e n PCM - LE+60 ;
/(“ds |

—ﬁ)m Strosoid al &lﬁndlf.




v _*_“[q\ - e D —

= TRANSMTSSTON  BANDWIDTH"

IN B, PCM SY<TEM .

p— ——
~— — =

Let vs ascome “that e quantizey Use ' n.of '»b’inar‘y'dlarﬁs
—+o YQPfeéemL oach level. Tthen Tthe mo.of levels That may be Te/ﬂe(s*eﬁed
by v dlﬁ‘rfs will be
§:2°

wheve  g' vepresents the fotal 7. oﬁ‘digﬁul levels of a 9-feve|
‘Quantizer.

fach éample is converted o U b)n077 bis ).e

Number of bits per sample =

We bhow that dne mo. 0f <Samples per second = %

Tthevefore, No of btk per Second s expressed as
No.of bits per sec - No-of bits pey &amP)g; X No. of Samp)es Per Seaond
= U bk per Sample X £ Samples  per ewnd 0

The no.of bikx per second i known ac anallfng Yate of RoM
and is denoted by v’ i.e

Signa"fng vate in PecM o, vy tﬁ-&: S @
+ : 9 —@
Substtvte he 9D nes® | hen
Yo UOY 9fg
Since Band widih meeded ~for P “hansmiscion 1e gwven by haif of

The ngnafhng Yate.

“Tansmiscion BW  in PcM




P A Televicion Slanal ha\nng a bandwidih 0f L.SMHz ?.§ 'Wansmrﬁfd asmg
bmahf PcM System . Guen ~that “the m0.0f Quantization levels is 5l&. Defeymine

U) Codewovd leng]‘h
(i) “ansmiscion Band Nidih
() Bnal bit vate
0y ovtpot 518;10! o quantization moise vato
g}- Given -that banddidth 1s @ MHz . This means highe.;—# ~frequency mmpo}rerﬁ’
Wil have Freguency oF uanHz i
r Fm = y-amM¥y -
| And  quanhization levels - g - 513
1(7) We know That the nomber of biEs and Quanﬁga-hon levele are velated in

’ bfnark/ PcM Qs
g- 9°

sla: 9°

@ : log 5% - o ol

e e —

6 : g bits
| Hence dhe  codeword Iengfh i qbik .
(7) We know “dnat he onsmission Channel bqndcor'a”fh is given ar,
g > uf,
z 4xi.9x10° |
Z 5t.8mMHz. |
i) The Final bitYate i szual 0 srgnal);ng Yate
! We thow thet the Slgna“mg vofe given Qs
| |
r ¥e s (o1) Ll
L Gx(eh) (0 2 &) e~
- 9x3F.8xl0°

. 9xaxuax it

]

l

; : 35.6 X106 bifs[sec . : 4—5.4,’;;{0‘61‘15,[5&
i

e e N Ty K T AT




o 7
(W) he Dufpuf 5;€nal ~to moise vatlo is expm&sed asg

(£)d8 ¢ (48+6v)d8

Bof b qbits
[S) ¢ 4846x9

< 568.8d8.

—

P2 | e bandwidi of an Input Signal o e Pow Is vestricted o Gk Ky The
input Qana! vories In ampfn‘ode ~fom ~3.8y o 3.8V and hos The
avemge power OF Bomu - “The reguived 513naHv noise vatio is giuen a
0d8. The PcM modulatoy  produces binary output. Agsoming vniform
|Quantization.

() Find “he ro.of bits Yequired per sample
i) outputs oF 30 <uch PcM coders are ime  muHiplexed. What would te

The minimum ‘reguhred Hansmission bandwidth —for This mumpiezed

61300’ !

-1 Given “he Sjgnal.',’ro nolse vaho is <odR

(%)ds = 10hg,(S) - ap-

E L Y,
M

ES e

\e

2[ 1) MNe know that the srgnal 1o Quantgation moke vako s 81\19'1 Qs

& . 3pa™
N

2
D0 = 3X 0% 10y 920

(3.8)%

| ® oz 6.9gbiks
= Fbits




——
e

e e
———
e B

(i) The marimom "[!8?090(?! S gen as

Fn = 4kHz .
We ow that the Fransmission bandwidih s apressed as

g B> vfm
!
L{ Since There are 30PcM coders which Qre Hime muH-;’Pfeted, The
o |
| Thang mission bandwidth must. be.
B > 30X6XFmy -
ot a2 0K EX Y
| S A .13 P
P WNe know -hat 5;3nahing vatp I “‘i’m!ﬁr-e +he ’}70!1(!1‘1;&5.}00 Bandwidh re.
Y:=8w0x9 | "
. = 1680 bifs #E:C»

— NECESSTTY OF NoN-UNIFpRM. QuANTIZATION TM A A SETEM

———’

I'neay Chavacteristics -

jﬂ Unhcofrn QUOH’H%G‘HOH , The Czuarrh'ger has a
Size Yemains <ame “ﬂvmughou* “The Yange oF Quan
}’nPuts the maumom Quan-}i%a’ﬁo

| iev. “Therefore
(e step g

‘over e complete 1ange of

n evory

alsd Yemaing <Same.
>

The matimom uantization oY = Gway * K

Also, The r5+eP Size s expre&seél Qas
R
%

O ub s mfmali%ed, Hs maxmom vValve 1.2 may =1

“therefore , e have A - %—

Let Us considey an e;.ample of PcM system 1N which wetake v.4bik

Then mo.of levels g will be G- g9 - 16 levels .

P ——— R s A N —— N _ :
—— S e Sy . Vap o=




= - — - —

Hence  quantization enoy Eviaiy ¢ ,-g—] : ’ ?IE’ P Hﬂ
Terefore the quantization exor is -'-'é—“fh part of the ol wﬁa@e Yange .

We ascome “that ol vol+age Yange s 16 voHe. Then maximom

Quon-h'%a’ffon enoy il be 1 WM.

Fov low «Signal amplitudes like v, 3V e, the maximum

.!
|
i.
i
f A 0, .

| Quanhzation eror of Jwolt s Quite hfgh e about 300 50 % This

‘means That for Signal ampli+ude£ hich are close fo 15V 0y 16V et

The  mayimum guan-h‘%aﬁOn eroy of Iwh can be cons dered fo be <mall.

“this problem avises because of Onh%rrn Quanﬁgaﬁm- “mere-fore

“on- uniform  Quantizafion Should be Used in Such Cases.

—->_ NOM - UNTFORM QuANTIZATION

IF dne quantizer characteristics i mon-linear and the stepize
115 not constant instead iF H is  variable , dependent on he
jamP'H'Ude of input Signal then -the Quantigation is knoon as
émona oniform  quantizadion.

For  weak Signak (Pzet), The Step Size s Small | Thevefore
“he Quanﬁ%a‘ﬁon noise  Yeduces , o improve “The S)gnal -0 Qomﬁgdﬂon
moise Yaho for eeak S}gnals.

“The <S+eP

L Size  Is thus \aried accordin@ o the sxanal level o

| ke | '
| ep e <ignal Fo voice vatio adeguantely hfgh This ¢ Mon-Oniform

]

1 e
. E Fpe TR




The Non- onform Quanﬁgaﬁon ks practically achieved 'fhfaugh a

process  called "COmpanding v

Cov pan D3N
COmPandinccj v a —erm devived —fom hoo words i€
Compression ond  expansion  GS onder:
Compandmg : Compr355503 + Elpandmg
In pfacﬁce, it is difficot 1o fmp]emem‘— The 70N - UnHom gua izarion
becavse it s mot known in advance  about The changas In The Q«_ﬁ;no,

leel. Trevefore, o paricolar method s vsed
signals are affenvated

i

{

Ve
'

The weak Slgnals are- amplified and shfong
%be{ore appln;ing them o Q  Unorm guanh‘yw" This process s called @
and e block -that provides s called as” C’ompmssof‘f

\Compresst on

] OPPos}fe i« followed which 1 called

At dhe Yeceivey emcﬁf
expans{on. The Cicoit vsed —for Pmu;dmg ezpan.sion e called as

|
n
]

Ea” ‘expander” .
| The process o Cornpandmg ic shoon In The form oF block diagram

L ,
105 Shown 1N ‘ﬁgv)’e q . e Compression of &gna} at “he ionsm Y

ed -t be calle d "Companding".

|
'
1
h
!

Eand praas: on a The Yeceiver is combin

| Um—Form FLPQ ndef N

= Y
| PU* Compres$0 gt -

Fig: q C{Jmpandlnj Mode |




COmPfessor Ch@ia@ihc Compr Aot b U'fpo""
“the ¢andord ‘I@lephone ‘?@chnfgue of handl?ng e
input signal levels Goin for weak
The large Yange of possible inp .s;gna S i
s 4 e a lagamhmm« compresged guamliger /" bt that for stong

instead of a uniform one. inputsignal, ;‘Slfw

Comnprecco f inpst
With Soch Non-oniHorm  compressor, he output Figio: Compressor chavactoichic

SNR s independent 0f The distibution of input Signal levels. Fig 10 shows the
Compressoy  characterictics.  As shown in Fg:10 the compressor provices

a h}gher ga’:n 1o the Leok Signa)g and <malley 8a?n 0 he :ﬁ'l'rong Inpuf'

Signals. “Thos, weak Signals are arfifically boasted o improve The
Signal o Quantization moise  vatio.

.L"

For Small maanﬁude Signals, The  compression chavacteristic has a
rnm:h stegpey <lope han for large magivde  Signals. “Thas, @ Quen
élanal change at small ma(c]nﬁmdes Wil carry “the - uniferm quantizey
ﬁhrovah move stepe Than the  same chang@ at large magnn‘udes

=7 EIPOndeY chavacterishics A Expander

| lfya N Showe The mpander characterichices. DU—}PU%‘
TThis characterictice Is exactly “he inverse of e

|
| Compressor  chavacteristics.

-~ This encuree hat all he artifically - el

0 Q.\‘\—,»
booﬁred Siﬂnals by The COmpve&sor are b{gugh"f‘ BpanJermFd
:bacb o Thely ongma! amgditudes at -, Hg u. Elpandev characteristics

Yeceivey end.

Fo b N
Ili T T, e s —— P



ii‘
! We need a linear compressoY chavacteristics

EOﬁ‘l‘ne inplﬂ’ .Slgnal and a logar"mmjc chavacterishcs @

In practice , This
| . Y- law a)mpandmg
9. A-Law di

‘,& A.Law Compan ng

- Law Companding
h N) dB

2

s achieved bj vIng ~following ~Hwo m

= Cﬁ_mpander chavacteristic s DU’FPU""\’DHQQQ
: 5 e g
Figi2 ghows the Compander chava cteristics el
which is dhe combination of The ompressor —
\ =710 . - -
and expandey chavacteristics © Dve Tothe fupansi ’é'//iz Jni 2
inverse natove OF Compressor and \é/_{/ > Compression; DI
expandey , The overall chavacteristice of the
TSR
CDmPancleY 10 S‘fmi(thf' fine (i.e dotted Qgiﬂ;wmpnndlré corves for PcM
kne in fig ). This indicates that all System
bood'ed éignals  are bmugh'f‘ back o “hely on‘gma} ampifwdes.
- Dn%rerﬁ’ types oF Compressor  cha racteristics

~Hor small amP!Hudes
lsotoheye-

ethods :

0-2 #
| pét /W L Compandins
l# 0 q - /
.’ 0-2 }: A M"fholJ'rCOmPOnc'rqg
o ‘;“f 08 | 's —t—t—t—> <ignal
| T o el ML level (48 )

x Fiq13 (a) compressor characteristics
of a p-law compressor

13 (b) Pov performance eth u-lae
COmPOndmj

RS PR PR

s L LY __._,
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o

| M- i W Compandm
In e p-law Companding, The  Compressoy Charactevishic is continevs

is approrimafeff neay +or smaller valves of input levels and fOﬂOYﬂhm}c

;”}f

|

ILFDY hlgh inpot levels. The p-law Compressor chavaderishc is mahematically
\

exprassed 0< undey :

h’)(ffu_il.L )

2z (gapia
qn 1) Ana1 wheve 0O 2 !1[/%01 2

In(1+p)
Heve Z(1) Yepresents —the om?u’r and 1 is The ?npuf' To the @mpressoy .
Ill]grnm ‘fepvesents The normaliged Value of ?npui’ wih Ye_cFecf’ (s

The madmum valve gy

| f<53”)1 Term Yepvesents X1 i.e posthve and negaim \alves of
| input  and ovtput-

!

The p-law Compressoy characteristice for different valves of p as Shown
h:l’n qﬁg 13(@). The pmcﬁcoHY vsed Volve of p is 255 It may be noted that
the chavacteristic cowasponc)mg b u=0 Covesponds To the unorm
W&Quanﬁgaﬁon- The ji-law Companding s vsed —for speech and music Signals
Gt used for Pen felephone  Systems n Unifed states, canada and

f.'.'rapan-
;ﬁ' F]gﬁ[b}ghaws the uariations  of Slgna) To guantization moise ratio

|

(leh respect' Yo \Si‘cina | level with and without co:npanchna Tt s obvious

fﬂma’r SNR 15 almpst constant at all the SJgnal levels when COmFandifJ(?

E
i uced.



R P "“‘“’”“”“”""”““""““”""“"*”*’;nj-*mange—awlp#- WSS Y
7| A-Low E‘ompaging N/ R
| h the A-Law cmpandmg, “he  ComptessOY

|
| charactevistic 1S piecewlse mode up of a linear
| d a logarﬂhmlc

559gmen+ for low leve | inputs an |
Se@menJr for h'@h level ‘npufs - Fjg\qshmw 0&7/
pressoY characterishics Loy diffevertt

\
\

it ot b
A

F19 ¥:Compressor chaoracternstic 'mPo—f~
of A-law COmP(e.s.SO{

heeyve that The chavacteristic 1 lineayr
«fiuanﬁ%aﬂor) ."The prach‘oa“y uced vdve OF A

A law com
valoes ofF A.

COWesPondlng 40 A=), we O

‘wh‘:ch oowesponds 4 a unHorm

s 8+ 56

ms in EUYOPE:
The A-Law wmpandma \g vsed “or pPcm 'i?feth@ *S‘de

1
t*’r is mahaemahca111 expvessed a¢ under -
|

' Al Imal

.=._._-—~Z( ) - } for 0 _é——'—"'}i_‘n 2|
| m A
H‘ y Wy I+ IDgBA

l+iage[Allljxmm) o 1, NI
AT ot

i I+ 10g eA

Apptications iﬁ peM

M With the  advent of fibe thc cables , PcM is ased In ’bleiohony.
n- Heve,

el

8 Tn space Communicaton , Space  craft Fransmirks  Signale T ea

fhe Hansmitted pover 1¢ Quite &mall (i.e 1 or 15K) and The distances

" are veyy Iarge (e o fpo millon tm). Howevey, doe fo the hlgh noise

1 , .
| jmmnﬁj, Onlsi pcm Systems  Can be used In Sch appl?caﬁons.



ﬂAdUOrﬁaae.s OF PCM

' Pcr provides bigh noise Jmme)rf’Y
3 Due 1o digrtal notwe of e signal | we con place vepeaters between “tre

;T Tonsmitter and The teceivers- Repeaters veduce the effect of moise.

|
8 Me can Store e Pcr gnal dve o dig"‘f'ai nature

R
5‘! Ke can use Variovs codmg Technigues <o “that only The desired  person

| Can decode -the received ~5Jﬁnal

|
|
2] j Draubacks  of Per

} The encoding decoding and Quarrhgmg c:rcurhf oF Pa1 is Comple1

a
& P Yequives  a Iarge bandw:dﬁv as Com}oarecl o the oOlher systems

= | Deﬁa Modolation
| In PcM % tancmits all e bis which are uced o code a
'SamP le - Hence, Signaling rate and Transmission channel bandwid™

‘ave ciu:Jre large in Pcv - TTo overcome “this problem, DeHa Modo lation

':rs v<ed.

: Horkmg P‘I”C"F'f:
Dera  modolation tansmits only - one bt per éwnpie- Heve, he

jgp'(e.sen-f sample valve s Compmed with The previous <ample Valve

land “thic vesoit whether The amplitude i€ increased oy decreased i

l..*hansm'ﬁfed, Input csignal 1(t) Is. appyorimated o s%ep 518na} by e
detta modvlatoy. “his step Size s kept Fred ires vt sand sl n.

. TThe difference between he input Signal 1(t) and Sawe cace
approurna’red slgnal s Confined B wo levels Ve 44 and -4



—_—— -

Now, i The difference s Positive, then appvoimated Slanal s
{oeseased by one step e 4- I The difference is negative, then

!
ﬂ -~ 1

}'appmﬂma«f-gd Signal i veduced by 74’

| When the Step <he is veduced 0 is fansmitted and if The <Slepsige

incveased 4’ is transmitted . Hence Jor each Sample, onky one bt i

i
i' d s <taircase

Mangmitted . F)_qr‘é’ Shows The anolog ﬂgnal 1 an

fappvoximﬁed ggnal by the dehHa Modviatos .

fMa’!hema-Hc:aI Bipressions
|

g The eyvor between he &amPled vave of 1) and lact appfo:uma-feo’
| |
‘Somple 35 guen as
7P d

&) - AT - RTE)

wheve e(nig) - emor at present Sample
| W) - éampl@cl signal of wtt)

I { i

ffnm s WLt &Jmple appfmimaﬁon ) § o _
| of The stalvcase taauefmmigmi 01t 110100 17t |
N I

: %‘ﬁ ng 15, DQH'Q {nadufqﬁ'on COOV?[Drm f

AR A ’~?"Ele-kéamphnaga
' Per

| JF we assume |
UtnTs) s dhe present sample  approumation of- |

|
|

:eraifca,se Ovtpot, then
|
| uftn-nr] - ann)

| _
\ : lagt &ample approxlmaﬁon of staiycace mv%vW-

|
- letue dofine q Quantity bik) In <ch a tway ot

|

| bim) . Asgnf e(nts)]

b . O ‘IF AnTg) > fny)
-4 F anrg) 4 1(n)



|

(

[ )

The  Sie Summer n the accomdaty MY
adds quantizer ouput ( +4) wih e 5

DN = Ua)Ts + binte)

Also it bnT) - +4 then a binay 4" is “transmitted
bin) = -4 -then a binawy 0" is Tansmitted

Heve Tg - sampllng interval.

TYansmitHes P_g__rf?

Envory
Fl3u; Shows ~the ansmittey. ‘if};ﬁed 120 ems)
=

' + €0 pmm ot
previovs Sample approumation . This glves ,' .'
present Sample approximation L “i

WO '
untg) = u(ni- B = — : '
«-T) + [24] Accomnplator B gy ey

F191¢ Detta Modulation —transnitter
“The gampled input Ggnal wnis) and shaivease  approximated
Signa) L(nTs) ave sbtracted o get enor signal e(nt)

I‘
1

Pecelues part
—_— = ACComu\ a‘hﬂ

The  accomulator 8 '
anv%“)@‘ FIL

. |

|

|

@eneva'l'e\s The stavcase
approximated  signal ovtput and

i delajed by one Sampjmg period | Delay
Ts. T+ is Then added T The '~-~~_'fshh__

Fig 16myDetta modulation veceiver

ﬁnpu‘f &gnal .
JF the input 1 bmary 4" Then i adds +4 ngP 1o e previous Mpafk

and f he inpu+ 3 b!n011 0 then one ﬁep A" is subhvacted Hrom the

delajed  signal - Then low-pass ity smoothens 4o skaircase signal o

E
Yeconetyuct oﬂgina} message 61‘300! 1ft).




=" -kiAdUanfag&s oF Derta Modvlation

1. he deHa modolation Transmik only one bit or one Sample , “Thevefore

“the ngnah‘ng yate and Transmisslon chame ! bandwidin is qUF"fe <small
~for detta modolation compared o PCM.
9. The hansmitter and yeceiver implementation is Very much Smple for
deta medulation . There is no analg 10 dig?'hal converte ¥ Yeg.:ffed in
! deHa modolation

| Drawbacks of Deta modulation

The delta modolation has oo major dvawbacks as unde -
h sJoFe ovevlpad distortion

9. Granvlay Mplse.

Sfope O\rerload Ddo rhon

5 aouer\o o 12
This distortion  arices becavce of = %w,mmon Giov
, | 7 Hanieose mat
Jarge dynamlc Yange oF “the :npui‘ s;gna) P&\ app”
As chown in -ﬁ‘g 1% The yate of vise Z)/ A

of input s:gnal Wt) is o hlgh “hat the ' . 4 b
:‘g 1+ Quan ization enor< in

Sayycace Slgna) Cannot  approvimate it Detta Modolation

"

e Step Size 4 becomes oo <mall oy ctalycace <ignal uft) o
low the - step Segment of i),

He '
nee, there js a Iarge ewor betoeen lhe <laiycace approumated

Signal
8 and The orlgrnal s:fanal D This ewoy or noice ¢ known Qs

Slopa overload dishorfion »



G0 G g e Yolse

Gronvlar or Gdle vokse cccovs when he Step Size is 1o Iarge
Compared ~to small Variations In The inpot Signal. This means That ot
Vevy small Varviatiens in “The ?npuf &gnal , The <staircase érgnal s

chan@ed by large amount (4) becavse of Iarge step Size.

Flgﬁ Shows that when he 7npu+ 618)7&] i almost Flat-, e

stacase Signal ult) keeps on osillating by x4 aroond The <sigal.

The ewoy between he ‘inme and _apmemafed 5!3:10) % called

" Gyanvlay Nolse’

7 §_i+ _Ei“_er [ieﬁgnﬂ”ﬂ Qfe) 9:# Delta Modul@m
DeHa Modolation bt vafe (1 = Numjoer of biks vansmitte d |second
= Kb of Samples Jsec X No-oF bits | sample
£ X1
. 4
> Given A Stne Wave oOf —F}eguency £, and amplh‘ude Am app"ed'fo a
deHa modulatoy h“‘””ﬁ step sige A. Show “hat the <hbpe overload

\

distorion il occov i

Am > -*‘-_Es heve Ts 1 e :K'Ornp)m(ci period.

')
=
—

Let s congider -that The Sinewave I reFre_cen'h?d as

\

Ut) = Amsin (AThyt)

it may be noted “hot the Sbpe of a) ill be maximum when

ldeﬁuaf)ue of wt) with fespec‘?‘ +p 4 il be  mavimum-

E




&

e S — S — P

he  maumom Slope oF delta modulafor may be Gen a: A[
2

i Slope of sine wave is greafer “than Jlape of detra modolator i

d ﬂ
ma W
r At 11.[%)} 5

| maol I _dd%, ( AmEin :)ﬁ,l;q’c)l

mmll Am Co< (aTih,t) - 8lifny , z %

A b > B
e

Am > B Hence proved
e T i

—
=

i
s A detta modolator System s dasngned “o OP”mLe at five imes The

LN-IfiUISJr Ya+e fov a, Ssgna haumg O bandwtd')h qual o SKHIS,

Calcolate —he -maximum amP}rh)dg o{i a okhy input SInusoidal J/gnal

fov which —the delta modvlatoy does rot haug‘glnpe overlbad- QGiven

: dhe Jormula that
that the gdanﬁ%mQ step Sge s 950m\ Ao denve m

You sevse -

Sn -the above erample , we have derived -the velation ~for slope overlpad

i'!‘hu.s, slope over load distottion aill not occot i A g MG Ts

distortion which cill - occoY i+

A
M Ts

Amy >
)

Step size A T2
Mavimom \dape g _E_.i_, P e - ks
Samplmg peri od s Y= mute

4 > rr;‘}'_;

We know that, <lope overload distorfion ) take place o é

bandwidth-

n




“he maiimum —Ffeczuency tn The 5!3:10! 13 -fm :5KH.3~

e knpw he Nqquist yate k 4+ : m
- axd3x 0 - Gklly

Gven  sampling Hrequency = 5 fimes o Nyguist vate
—Es. = AXbk :305"’59

Hence, 6amplm8 inteyval
.-"ES - .__‘f_-- = ._f.—-—-' Lec
T f o 3003
Given 4 : 50mV , 7£m o 3)\’!0393 )
oy & “Tam b

[ PR

2 agoxw‘g

—

50b£ﬁ‘fuﬁn3 all he \alves in

X314y xaX I3 X _!
3003

L 0.6V

, Modolation
Malmom Sianal —to Nolse Yoo n Detta MO ’

g
——

——

e know the condition o auoid -the <ope overload d-l.s-}‘arﬁon L

g2 B -6
IEnTs

“herefore, he marimom valve of he output <ignal pocer X

mm,»( )

'( X—- = — i = oS "@
MnTs) & TR B> QT
The guantization ewoy in delta modvlation %Ci)
lfaa
s &iudllf tkely o lie  anywhere n The inteyva) |
i( 8, 1). B S S
“Thic enor is assumed Un‘nﬁjmw dishi buted T

Yandom vaviable .

Fig - P of Quartgatiol




Thus, the PDF of Uniform dishibution function can be deﬂbed a;i

£ (¢)> ig’z for 4 () 24

0  Cherwlse
The mean <quave valve of e quantization mokse is gven by
A
er - [ 2he) de

=)
A

3.4

(e g . L[
- 24 T oan| 3 A

288 . 8%
[A3+a3_'] g = P

e
it Wi

60
Nx

—

'heYefOYE, MOYmahfsed Czuan-h’%a'ﬁon nolse  poweY MQ; - =

M

The derta modvlated  signal is passed
Ip_|lovpass | ofp . |
‘l‘hwugh a Yeconstyction low pass fittey 7| ppp.
(LPF) of the output of a DM Yeceivey. 6P -
M

The bandwidih of This LPE is -4y <uch that ng 8: Low pass fittey (LPF)
at deHa

)

.ﬁmz% and -ﬁmé./,%
Now, assoming that the Quantization molse power Ng is
dishibuted  tniformly over the requency band upto £, he output
guantization woise power cith i e  band width Fy 18 Guen by

Normalized molse power at the Hitter output,

2
Nf' . D%y Hy _
3 _& @
Heve, subshtoting he wales —rom €9 @, #H 6 we obtain e

IelP{B&Sion for OLHPU“f‘ signal 1o Quanﬁgaﬂm nose rvatio as onder .
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[..'_S.-—] . Pmal
N 0 = ”9'

Y T ST
81 ™ 92 fm 8 Uaﬁmﬁ-ﬁm

[ S 3

HJo OgnE RS

A sinusoidal \oice 5i8nal 1ft) - cos(eoooTt) s —To be “yansmitted
PcM or DM. TThe éamplmg yate Hfor PCM System 15 8kH3

USmg efthey

and Hor he “ansmission wih DM, The sep gze A ls decided 1o

be of 3195m\ - The 5IOPe ovevload distortion s 1o be auoided. Assume

Hor a PcM Systemn s 64

that the nuvmbeY of @uon*hgja—Hon leve ls
d also

Defermine the ignaling yates of both hese Systems an
Comment on The Yesutt -
Given ) - Cos( 6o ooTt)
£ of PcH - 8KkHgx
A - 3LQsmV
No- of quantization levels in Pem : 9 - 64

S.‘gnalh‘ng vate of Pcq g DM 9

ke know That -he Signalnng rode Sn  PeM &jfbfﬂ ks

Y- b
9 : 6y
9% 6y
b log 64 - !o(cfcg/aé;
Y: gxgxio’
© hskhy

ST S e




|
!
|

|
|

———— e

The Sn‘gnahng vate of a Dela Modulation s equal 4 fs

gampﬁng vatp £ - le know that the CondHion o avoid he sloPe

Overload distprhion is giuen by

A ¢ 2 = AL ok
AMfm Ts Afm

—% ¥ M A
4.

Given 1@) . coc (600 07Tt)
A ;JVJ Wm = 600011

+n - 3000 - 3kHz .

fe > OMx3xin®x)

3 95¢15°3

+

—_—

60348%3 .

Thevefore, Signahmg Yate of DM > 603.18KHy .

Corment © To Hansmit e same \oice signal , the DM meeds a

' ye compayed o PcM. TThis s The
| vy lavge Sf@na“mg vale as p

ba‘ageg—}’ drawbagk of Dm which mokes it an ‘}mpmcfrcal systern .

= Determine  the output ngnal_—fo, yolce Yoo of a lineay delta

modolotion  System +for a Ik Sinvsoidal ?npuf’ ngnal sample d at
Clkhy 510)99 ovevload distortion is not PregenJr and e Pﬂf}’

Yeconstiuction fiHer has a bandwidth of 4khy .

Given dota s f . 3Kz

s . 64 kHz
| _’EMS Akhs
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|
| Ue wnow hat the  (SNR), of deHn modulation ic
5 o |
($np), - 3k
g1 L2

3% (euxiod)?
82X (2%i0®)*x yuio?

($NB) Indg - 10 iagm (622.51)
: 9% 94 dB.
.}d LG'{ ’The same :51"’7()307(‘0, ?r‘aPU'}’ Oﬁ abﬁ\le Pyob
ﬁt @wnﬁ;&ah‘m .ﬂ‘ol;se vahe of a PcH Sy.sf'em )
|: of équbifsjéec. The éamPJing —F{gqugncj

-'éample e MZF. Commofﬂ‘ on “+he YesuH

‘52’\ “he _Signai 45 Moise vatio of @ Sinuso
(NB), = (-8 +6u)dB.

| - (1-846x8)
: 49.848

Comment: ~The sug of a DM System s

- 05 Compared To 43.8

| 'iheampnciﬁ of DM, it cannot pef-form

adal é?g

de of an 8-bH Pam System . TThus, o

e e ey

2 699, 5)

lem . Coleolate TThe Si(?nal

hich has e same data

i gz and The mo of bits per

ol i Pcm sysem &

Guen N:=8:4 1

9% 9y dB ¢eohich 1s oo poor

y all

as ell as an g-birt pcM .
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!l. Reason To vse Adapﬂje q_e;_Hn Mpdu lation
G ad and

.i

| To overcome the guon-ﬁgaﬁon eyrors doe o slope overlo

J »
j varyafions in

1' gmnular yoise , e s+eP Size (0) is made ada/ﬁve'fb ar; j

Farficolarly in The Steep JBgmerrf’ of ne SJgnal

f The ?npﬁ sﬁnal 1lt).
f ), the step Size 1 incveased -

| Also, if the nput 15 Vavging dowly,

|
|

: | ”
!‘ﬂﬁs method s known Qs ° Adapﬂue DeHn Modvlation (ADM -
’ .

| + [T%T ir
;3' “Wansmiter Pa : ’i_} QJQ\{
— —_— b‘

£ig \9 chows the Wansmitter .
| g Jnp N 2 i One bit
Abe) :(,:‘,tcm Quartizes - 7 op

foﬁ adapﬁue data Mo dulatoy - The '

;’Iagrc Hfor step Size control is added :“ “\“@nim;a ;"E'!___gomu
| T !

lin the diagram - |
' ' a . D—Ela‘-j {uCnT.c) :
%’

The step Size ¥ vedvced. “Then,

t

|
I’ The s+eP Size incYeasges OY decreqases il
jaCCoYdrna o a.speciFied yole dependmg T i TG

)on one bit guantizer ovtpot- |
As an example, if ene bt Quantizer outpot is h!gh (e 1) ,Then
Step size may be doobled for mert sample. IF one bit guantizer

foufme Is low, Then sfep $ze  may be Yeduced by one step.
Jj ﬁig shows the Stavcase waveform of Adaptive  delta modolation
[

|

‘ond e Sequence of e bk o be hansmitted.

3. Recotves Part :

In the veceiver of adapﬁue deMa  ropdulatey as <hown n -ﬁgzo

E

1

i"!“heve arg —Two Pofﬁongc‘ The fitst portion  produces The sﬁap Size “+om




ach 'incorning bit- Eactly the same process is Hollowed A< that In e
Hansmitter. The previous nput and present input decides The <tep sizp.
¢ which builds yp Shaircase waveform .

H 1s then applied To The accomulato

E——

The low pass filey Then smoothens out the Sfaircase waveform o

Yeconstvet the oriama! Slgnal-
= _Accomplatos_

PU-}' = — 119—(’?' :;S —> OU‘*‘PII'
]
Loqu for '
7 stepsize Ezgay - 'r
] ]
Corrhiol S s .

ngo-. Adopﬁve Delta Modvlator Receiues -

Amph’h) d

—>time+ -

o Aduani'ag%s Q’C iciopiqe Deta Modvlation

). The ‘Slgnql‘i'v"mise Yatio becomes better Than ord;nap]; deHa modolation
becavse of the Yeduction in slope ovey Ibad dictorion and dle Noise.

3. Becawse of he variable sﬂzzp Size, The dynamic range of AbM ls widey

“han 5imp}e DM .
2. U-Hhﬁ,aﬁon of Bandwidih k& beHer Than deHa modolation .




Modolation (DPLM)

L

=4 Differential Pulse code

!\P?Ba.Soni'U tge OPCM
Tt may be observed “that the cSarnples of a Sl‘ana, ave hfghl.{
cachothesr - Thié s dve 0 the —fact Tthat any ngnal does

| cowelated  with
ns dhat He valve From present Jample-fv

not chanae Hact. This mea

| mext &mple does m{? differ by lavge amourtt:
nal  Comy e Same Information
a standard

Wrth these Samples of the ér‘g

d b
with a lttie difference . Khen these éam]Dle«s are encode Y

\PcM System | the yesotkarrt  éncoded Slgnal Contain Some vedundand

f 092 s Yedundant tnfor mation -
fnformaHon - Fig 22 Nustyates g . ,}ﬁqﬁmugu
2. Redondant lnformation in PCM g gg R
Fig 22 Shows a Corrfinous ime agnal 1) | 4 AR
101 4 "8\;57 A1 ' eeg ~
1 - \
by dotted fine. his SJana! is Somplecl by {4 %f _ \;

flat op Samphing at infewvaks T, 9%, 3G .- M- 4 |

h]ghe\r fhan nyquist vate. “he Samples are encoded 001 1
q

o T G e'ij';&'gk‘ s s

quanhzed 1o the mMeavest dn‘gH‘al leve| as g}

Figa2:Tilustation of redundart
information in pem.

The encoded blnavy valoe of each gample 1s written on e 'fbp of

]

Ei

The .sampl'.na Frequency . is selected v be olb ﬂ.ﬂ
/

by usmg abit (#levels) PcM. The Semple 1s =+

Shown by $mall oneles n he ﬁgure 99

fhe <amples - We can observe ~from —Fiaﬂz fhat the Samples -taken at

e 5T and 6T o encoded b same valve of (o)

Thie Information con be carvie d Onlf one &ample . But “Three samples ave

e B

Caﬂying Hhe same  ‘informahon means that W I redondant’

EEEEE——
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ora
L4

he We conddesy  angthey e1ample of cSamp!aS “Jaken at 49T and ,5"7\_5"_[;)6
difference  between hese Samples only due fo last bit and fivst two bik
Qe yedmdant | Since “hey do not change
1 his Yeduncioncj is vedoced , Then overall brt Yate will decvease
and Mo. of bite Yequived o Transmit one sample  will also be redoced.
This type of d!ai‘f'al pulse modulation Scheme 16 known as “ Differerttial

Pulse code Moddation (DPcr).

3 Hofkrna F)’_"_E’_—C"PL‘?

W worke on the [DYInc;PIe of Pfecifcﬂbn'The valve OF The pre&en'f‘

Sample s edicted Hom_, T
P “ﬂ))@@ Quartize ¥ ee(m.s) Encodes

The past <amples - Sampled T —
"IP Ln1s) DpPcH
“The pred:cﬁon maq not | gj Signal
be eract but it is very close 1o —>(2
“the actva) Sample valve. e | Prediction

fittes |

_ : (s

ﬁia% Shows the Transmitfer. ' () PSR
- ' Fig23: Differertial pulse code Modolation

of Diffevertial Pulse code |

Mbﬁdaﬁbn (Dpcm) Lystem-
“The Somf)lecl sl'anql v denoted bf _1(71‘&) and The predrd'ed slgnal
¥ denoted by 3 (nil) - The COmParaJroY finds out the diffevente between The

actval cample valve  1nTs) and predfded Sample Valve Lnte). “Hhis &

town as  Pedichion ervor. and it 15 denoted by €nT). 3t can be defined as

eNTE) - 1(nTe) = L (nT) —()

e quantizey  ouiput él(?nal gap  €q(nks) end pevious prediction i added

|
and given as input o fhe prediction fittey . This signal s called @ 29078)

1



his makes he pmchcﬁon moye and moye 61069 ‘10 0” aa’val <a p/ﬁd%
mple

Signal We can Obsewe -hat the czvanff.ged eror Jfgm/ €9(n7s) tsvery Smal)

‘and can be encoded by bsing Small 0. of bits . Thus | np. of biks Pey

i&ample ave vedvced tn bDpewm.

The Quantizer ovtput Can be written as
Eg(Nis) = e(ns ) + 9NT) — (3)

there UnTe) is The Quartization eyyoy.

| XgN&): (%) + e90n%) -(3)
} Sobs—B‘hfhng € 9 in@ -then
19Ty ) - .Q[Yl'&) + enTs) + 9n%) - @

| SUbJﬁﬁﬂﬁng & O n @ hen
G0T) - LnE) + 1) - LR + 9onTe)

90T) = XUnTs) + 9nTc)

Y- Pecoptt g g |
Keception of ppert Signal prgy
F/gzqshows the block d;agmm ol DPCW

Receiver. The decodess -first veconstruck e

Quantized evoy signal from Incoming
binavy Signal. The prediction fittey output
and  quantized  eror Signals are sommed vp fo gve e quantized version

Ffﬂ‘ﬂ;.‘ DPCM Receiyey -

of The origmal sgnal. Thus the éy'gna! at the veceivey differs —rom
ackual sfﬁnal by Quantization enoy gents) , which i introduced
| Permanenﬂj in “the reconstructed signal.
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