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Figure 6.1 Sampled signal and its Fourier spectrum.



Figure 6.5  Spectra of 3 sam
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(a)'Spectrum of a signal. (b) Spectrum of an undersampled
version of the signal exhibiting the aliasing phenomenon.
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(a) Spectrum of a signal. (b) Spectrum of an undersampled
version of the signal exhibiting the aliasing phenomenon.
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Figure 6.8 Pulse-modulated signals.

Figure 6.9 Time-division multiplexing of two signals.
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A baseband is the original information signal in a communication system. The.
band of frequencies it occupies is the baseband bandwidth which usually starts from|

0 Hz and is often quoted as a single figure, BHz. ~ .

Classification of modulation types

. Frequency translation: The baseband is moved to a higher-frequency range by
arranging for it to alter some property of a higher-frequency carrier.

2. Sampling: The baseband waveform voltage is allowed through for short periods
of time at regular intervals and these values only are sent, either coded or uncoded. |
The signal, although much changed in form, still remains essentially baseband in |
nature.

Advantages of using modulation

There are several general reasons for modulating a baseband signal. Some have been ‘
mentioned already but are included again in this summary.

1. Advantages produced by frequency translation

(i) Use of frequency division multiplexing (FDM): This allows many signals to be
sent simultaneously down the same communication channel. It gives economic |
use of equipment and enables complex systems to be designed.

(i1) Use of correct transmission frequency to give best transmission conditions: This.
is especially important in radio links where aerial efficiency increases with
frequency and the best frequencies may need to be selected for propagation
through the troposphere or via the ionosphere.

2. Advantages produced by sampling

(iii) Use of time division multiplexing (TDM): This allows many signals to be sent
simultaneously along the same communication link by interleaving them in time. |
Gives similar economic and design advantages as (i).

3. Advantages produced by coding |

(iv) Reliability of transmission greatly increased. Noise corruption very much less
likely. Received baseband reproduces original signal very accurately.

(v) Signal processing much easier using standard logic and computing techniques.
Facilitates design and production of complex systems at their most economic
and reliable as in modemn telephone systems.
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The basic elements of a PCM system.
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Quantization Error :
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Digit | Binary equivalent | Pulse code waveform Figure 1.6 Example of a binary pulse code.
0 0000 NN
1 0001 N—
2 0010 n
3 0011 B
4 0100 N
5 0101 i
6 0110 1
7 0111 S TTR
8 1000 [ |
9 1001 -
10 1010 B
1 1011 = am
12 1100 am
13 1101 5 LN R
14 1110 AN
15 1111 SiLLl
A negalc\ve_ pu\se_ \s ok Ssxﬁr\e_o\ to \o'ma.rﬁ 0, and

o posikive ?u\Se 1S o«ss\ﬁ\nec\ t o \>'mar_j 1.

Example L

In ’ce\e_?\'\ong, rhe S\De_e_c_\r\ 5'\ﬁna\ \s \Damﬂim'tl:ecl
o 3-4\4\5\2. “Then, o SOWP\"“j rake o¥ 8oao
Samples @er second (BkWD s \lse&kto
Sdm?\'e +he ssfe.e,c_\'p Each sqmF\& VS

quan'\:'\zeé ko L = 254 \e_ve_l) Wi

\reﬂu‘\re,s R \o\nqrj \:\x\ses Yo encode

cach sample (2°= 256).

= The r&su\t\nj bit rate = 8% R6co =264 kbik/s



Example 2

Mus ¢ CQMFac% disc (CD> 1S a recent
a??\\ca-’c\\on of PCM. The audie kaho{hﬂ.a“:[_k
is \S \4\3«_, ahd hence the Nac]uxls{-_ SQmP“"j
kd."ce ‘\ S 30\&“2 . \'\owe_ve_f‘, t\\_e a Qtud_l
samF\'\nj rate 15 441 kHz. TR numbep

ok o‘udn’c‘\'zo(‘\:;.xon \evels 1s L= 65,53¢L.

Se, each quqn\:izeo' sample s encoded

| 16

\03 \b \o'\\narj ?\1\595 2 = b5,536.

= Resu\’c'\nj bit vate = 44.1xV6 ="]05:6 kbi/s



1 was Found that, for uncOmPrcsse_d Pcm, the

Lt
sukput SNR \s gwen by
(A
Se_ oz 3® - 3 3® 2. 330 (3)
NO ml m‘L m-)_ ’
v Y P

P\‘So/ Fov Com?resse_a’ PCM usinj o\/.{-\aw

ComPotnAor .

' 2n
Se a3V = 3 L (2)
N, Y_\.n(\-\-/u_}]L LinCr+m3?
28 W
> __ ()"

—t

BEERTSSTIURE
the SNR increases exponentially

1\\0‘\:6_ "c.x\ol'{-_
\_;d\‘\'_\.\ %T .
Ex amp\e :

A 5‘\3\'\&\ m(bY s \bahck\.\m.\‘\;ea to 3\L\\2) and

s  sampled at 3339, higher thapn the Nyquist
rake. The wmaximum a cceptrable c\uan-‘c'xza-’c\on
0:5%, of the Fﬁak am?\\’cuo{e Mp*

exror ‘\S
samples are \o‘\harj coded.

The 9w ankized

F‘\Y\o‘ "C\\e Tf{\h'\mum Banclw\o\f\\ orr
transmik the Pam s'\gna\. T¢

divisien- mult) F\&X EC’,

e | c\’\anne\

\re,c\u'w ed to

2L Such S‘\gno\\s are Yime-—

determine the minimum transmission bandwid+h

Y&q\i\\ra& *to ransmit -*:\\e mu\’c'\?\execl 5'\3na!‘



e ~ 2 %3000 = booo W=z,
N\jo\u\St rake

Ne bual '\pa‘ce = éoooXQ %):3000 Wz,

|
AV Me _ 6-85 L_ 25
2 v aa T > °

But L wmust be a power ot 2,
L =256 = 2"

n =g \O“"CS/SO(MP\Q-

Bit Roate = 8% Booo = b4 kbit/g .

B_‘. - 32\(\'\1.

Tovr Xhe mu\-‘c\?\exe_& s\ﬂ\r\a\:
Bz 2L x32 = 368 k Yz .

EdeF\e_:
A 5‘\3“0\\ mik) of L;.k\-\z bandwidih Vs
transmitkied U\s\ng o \D'\ndrj ch\aatnAeo\

Pc™M wWitw M=loo. Cow\?are the case
oF L =py with khat ofF L 250 from the
Poinkt of View of LransmissSion bandwidth

and cu’k?u'\: SNR.

—

Yovr \_=‘:l+) n=5b
B, = nW = 24 kHz .

L
Se - = 3L = Q(-,\.\:zq'l#q dBR




For L= 2563 n=2

B—:n\’\} = 3% Looo = 32 \(Hz

\

‘ 2
Ss - 3L - 2392 = 39.49 4R
N, DinCied?
Nokte the ‘necrease 1n B and  SNR for

. = 256.

A Tl Conr‘r‘\e.‘r Sjstem :

Thn this system, 2. audio vatce channelc
Ay e Samp\eo\ 'n .Sequence \:>3 U.s‘\ng \r{xg\-\
S?QQA e\e.C.AC.Y‘ On € SW‘\“C C\’\.\Y\j C‘\TCU‘\{S .

e Soxm?\er o\x‘cPu\: ?‘roa\\kces a ’c\me~

A 1vision- mu\’c.\?\exec\ TAM s‘\ancx\- Then,

ks mu\’c'\?\exeo\ PAM s d?p\.\ec; at gquantizer

onr\A encerv, where each o\ucm\:‘\'Le_o\

Sam?\e Vs e,nc.oo\e_J nxe ek\s\\\; \D\na'j

?u\se_s. The T1  multiplexed s'tgnal has

a bit rate of .54y Mb‘l\:/s~[:2+V0i&Si‘9nu\$.

ath complid o BEH2 ad entoded a5 61&\*5[3&\1})\& -4 bk is added for

%nt\\om ahin per frame o give: Ro.’rc—.-; ?f:oSo 7':"4-:4\&6;‘9‘_{:753.
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Figure 6.15  T1 carrier system.

Tw the tra ' ‘
NSrviss5ion meo\\um) r‘eﬁer\e\ra’c:ve

re?eo\’cer:, S?O.C_tol Eooo {‘e_e_’c O_qut) detec_k
the pulses and Eranseit new pulses,
At '\:\'\e re,c_e‘\var) ‘h\\.e_ J-E_COAE_Y‘ Ctharh

rhe Linqyj pulses ‘\ntq Semples. The samples

oY e A-&.mu\‘\:‘\p\ﬁ)(ea and A\ strivuted o edc)
eac\«\ ok ‘he 2L c\rwm\r\e,\s. The AQS\Y‘QA

“

audis  Stignal s reconstruckted )oﬁ Fmss‘mj

rhe SOKM.P\C-‘ ‘h‘\ro\xg\\ a LPF \n each C\'\qr\y\l
el.



Ch. 1 > Ch.2 ~Jl . |L4 Ch. 24
Frame nos. IFp11213141516171841121314(516478¢-.-11121314151617|8
1,7,13,19, . . . . P - . § )
Information Information Information
bits bits bits
Framing Signaling
bit bit

Frame no.

Framing
bit
except F{1]2(314]516178]1]213]14]516}7(8] --J1]213]4]5]6]718]
1,7,13,19, .. " N g} ) . . D)
Information Information Information
bits bits bits

Figure 6.16  T71 system signaling format.



Differential Pulse Code Modulation (DPCM):

This technique is a variation of normal PCM, and it is particularly
more efficient when the sampled signal has high sample — to -
~ sample correlation. In the transmission of picture information,
considerable portions of the signal describe background
information containing very little changes. Hence, in such a
situation if we use normal PCM, then we are essentially
transmitting repeated sample values. We can improve the situation
by sending only the digitally encoded differences between
successive samples.

In conventional PCM, the bit rate is determined by the highest
frequency and highest amplitude of the source signal. For radio
and video signals, neither the maximum amplitude nor the highest
frequency is continuously present in the signal. Hence, the
majority of the adjacent PCM words will have only small
differences.

It can be readily understood that a considerable amount of bit rate
reduction is achieved when the differences between successive
samples rather than the sample values themselves are encoded.

A picture that has been quantized to 256 levels (8 bits) may be
transmitted with comparable fidelity using 4 bits DPCM. This
reduces the transmission bandwidth by a factor of 2.
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t T S t L N signal
L range
Sample difference
signal
Sampled :
signal Quantizer Differentially
Signal —( X . - T and pulse }—————-encoded
L : encoder output
. Delayed
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'De_\*‘cu. Moc\&\ ation {(O™M)

In *G\S‘\S Sc\r\e.m.e_j Samp\e Carrelakion Used in
DPCM s further ‘nevreased Bj oversam?\\ng
(d\oou’c L ¥imes the N:\qu\\s*z rate) the Saseb and
S\\ﬁnm\‘ This  ‘ncreased Ccrfela.-k;on between

1 L) LY \ J-'
addaceh% Sam_—f\es mintmyZ€s the ?re,o\xcuo;\

ercoer whidh  can be e ncoded uslnj only

2

ont \D‘\‘t (\_ :.2> .

A

_T;\As, DM 1S o 1-bx DPCwm thak uses on\ﬁ
e \E’_\/E_\S (L-:Z) ¥Qr qﬁdh{‘\lci“\l‘\dh ok m(k)_{;‘nqzk)

m(k] diR] da(k] Figure 6.19  Delta modulation is a special case of :

e | Quantizer DPCM.

Accumulator

malk]

ma(k - L Delay Ts |- t

DM \$ Verj &de Ciho, ‘xnexfenswe wa;xj

ok A/D Lenversion.



In DM) we wse a time &&\a\ﬁ °¥ TS.

™M q Lk] - mqik_lj_;. Aq\’.\d R T
A - - (2)
w\o\w-n = mc\w-u X Aq\_\(-ﬂ

Su\os\-_'\—‘c,\x-\-,\“a () w (D 3\\)9.5 1

| -1
ma Lk = g Lk =23+ dq LK)+ dql K 1

ASSum'\nS ™ q(o".\ =9,

¥
4 Mz=a

This  shows +that the cecewver s J4USE an

the Feedba c\<

accumulater (ao\der), Hence,

portion of the vecelveyr can be replaced
\0\3 an 'tnke_jra{:or. The sSame -\;\,\‘\n3 a??\\ES
ta the ™M Lransmikter.

The ?\A\Sef X vdin c\q[\(] \s ’c\\.e, O\Q\"Cd - |

modulaked \:\A\Se rain.
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Figure 6.20 Delta modulation.



