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whm t!w steps are uniform in size, thu TUR |

' th tlw oy enomnator (1o, qunnnuhm my .
E;mmtm arder is quite small for small amplitude signals and hm ffm

Bemieved through companding.

}H‘ Companding in PCM

As discussed earlier, the quantizatic

ok S

: e e
% the same «

mpﬁmdesmls Now, Mwmmmammdw
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| le.vlnls_. the only way to have a uniform signal to quantization noise ratio is to
- adjust the step size in such a manner that the ratio remain constant. This
- moans that the step size must be small for small amplitude signals and large
The effect of an adaptive step size may'als'b be achieved in a more feasible
way by distorting the signal before the quantization process. An inverse d.Jstior- |
tion has to be introduced at the receiver to make the overall transmission
distortionless, | ' o
Thereforq'the signal is amplified at low signal levels anfl_gttenuate'd at
high signal levels. After this process, uniform quanhﬁvzfli:ior}_i? used. This is
- equivaléent. to more step size at low signal levels and small step size at high
signal levels. At the receiver a reverse E@égéwlgaé'ﬁéf’i‘i_ﬁéﬁﬁ signal is attenu-
ated at low signal leveld and amplified at high signal levels to get original -
signal. Thus the compression of signal at transmitter and expansion at re-
~ ceiver is called combinely as compqﬂdingr}“ig 3.9 shows compression and ex- .
. pansion gurves. et T L PR e 2%

7 "B"’%*.&"H" i}f: ‘/(' 7 4 R : ) .
1;33 Shase ¥ J k - S y Compression -
NP e » : : \ : ' i ol
\ = ?,*JL o V()(max) """"" N
fag o 20 ST e ;
G T T T | i
. , 7 Expansmn_
Pl i 1 ]
o /‘ / l ) .
: e e / jLinear characteristics
A A i i(min) ‘ ) ‘ ' ' '
‘Expansion —__ ~ 24 fry g {max) (el
. atreceivert - /2~ 7 [ * )
AY By P4 . 1 4 } .
i e S : : : :
’ o v ‘. ‘1 y ” ] e R
‘Comipression’ S N ey -‘-."V‘J’(I“"*’.‘.) ' e
. attransmitter I ey T

SR M R Ry ‘ th39- CompandingcurvesforpCM'. : ]
o omeaiibe seen form kg 3.9, at the receiver, the signalic. i ik N
OPPOsite to compression curve at transmitran o v BRA118 expanded exactly
D the Fig.51g apression curve at transmitter to pafided exi

~ticmeans compression and exp

= ‘2 ’IA 'l Mnr]n]n‘-‘ N s et =
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- 3.15. Delta Modulation,,” , i B TR
We have observed in PCM that it transmits all the bits which are used to code

the sa.mple. H&ce signaling rate and transmission channel bandwidth are - |
large in PCM. To overcome this problem, Delta Modulafion is used, "

" Delta modul%n.traﬁsmj&g only gne bit\pél‘ssamplg, Here, the present

sample value is compared with the mample"@lue ang this result whether
the amplitude is increased or decreased is transmitted (Input signal x(¢) is.
approximated to step signal by the delta modulator. This step size is kept fixed.
- Ifthe difference between the input signal x(¢) and staircase approximated sig-
~ nal confined to two levels, i.e., + § and — 8. Now, if the difference is positive,
then approximated signal is increased by one step, i.e., ‘5’. If the difference is

""" negative, then approximated signl is reduced by ‘6’. When the step is reduced,

‘0’ is transmitted and if the step is increased, ‘1’ is transmitted. Thus for each
sample, only one binary bit is transmitted. [Fig 3.14 shows the analog signal
x(t) and its staircase approximated signal by the delta modulator. LS o
- Thus, The principle of delta modulation can be explained by the following

equations. T W - | ' e L 5
. - The error between the sampled value ofx(t) and last approximated sample
AEEIVERIABY - - B T -y R NS
© emT) =xnT)-%i(nT,) = g v ."-""(3,;45')

' Here, e(nT,) = error atpresentsample b ' R L R T
i\ {seT,) = Sampledsignalofz@) T Lo
¥ R £(nT,) = Lastsample apprqximation of the staircase wav.eform‘., Vel

4F S
A AT

i
]
b
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i | sample period 7. The sampled input signalx(;

" are used, The accumulator generates the staircas

Pl ¢ approxim 1tput:
& ,jand is delayed by one sampling perlodT Ttis then ad%ed to fﬁz?ﬁ;ﬁ:ﬁ;;a{) If‘

s S W_

‘Digital (;qmmunicq_tiqm

Amplitude —— -

. Binary one —w !
bit sequence

"1

[

oy Sl '
p : J ; ' I
[ : I RS T
; oy Ky i Wy (I
I o et 1 1 Sampling |
1 o Lo L 1 period 1
N | | L U 11 Ao, v
) . g LSRR L
: Vo b T . : J
| i ! |
! l | 1
l 1 11 ]
e

[
i e
—i

k]

=]

Fig 3 14. Delta modulation waveform.

: Ifwe assume u(nT ) as the present sample approximation uf staircase out-
| PR S
then, _u[(n = 1)T;] = i'(nT ) Bl ook : (3 .46)

* = Last'sample approximation of staircase wavefarm

Let us deﬁne a quantity 8(nT) in such a way that,
P b(n’]‘) Ssgn le( (nT )J "“ S e P R ) £ 1 47)

Thls means that depending on the sign of errore(nT), the sign of step size
' 6 is declded In other words, we can write

b(nT) +8 ifx(nT) 2 x(nT,) ‘ .
e ey e = i ifx(nT) < (nT,) <t ...(3.48)
- Also,If bnT) = +8;" a binary ‘1’ is transmitted ' :
‘ and if : | - bnT) = -8 a binary ‘0’ is transmitted.

T, = Sampling mtu val,

__ Flg 3 15(a) shows the transnditter (i.e., generation of Dt.lta Modulatt,d elg
nal) based upon equations (3.47) to (3.49).

The summer in the accumulator adds quantizer output (+8) Wlth i prew‘,

e sample approximation. This gives present sample approx;matmn Lagu,
s cunT) = ulnT -TH+[£8] [ _
.‘drf R u(nT) = uln-1T] +bnT 0| &y

(3 49)
.. The previous sample approximation u[(n -

1T and stalrca*a(. approxunated
signal £(nT,) are subtracted to get error mgnale(nT L

" Thus, depending on the sign ofe(nT.), one bit quantxz ‘ ; g
put of + & or ~ ~ 8. If the step size is +§, fhen bmary er generatf,q an ou

iy 1s tr tis
~ 8, then binary ‘0’ is transmitted. - ansm:tted 1qd ifi o

At the receiver shown in Fig 3. 15(b} thg_ ﬁtcumulator ik e pdss hlte

w i o |10
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put 15 bmary 1 then it adds - 6 step to the 1 oy
previous '
'iﬂy ed). If input.is binary 0" then one step 8; is subtractzldtg-ldfr;n(‘:}}:;cdleiZ}('ieed g

- ‘gignal. The low-pass filter has the cutoff fre
: quency e
.m x(¢). This filter smoothens the stalrcase signal {o g;ci)l::t:‘l;iliat)frequency

Samplcd Error

%@& omeen] BTy
2(nTy). ' quantizer’ —+ Quiput

h:“ ) - ’ ia
x(nT.) D (8} -
; _____________ .
\ u[(n ~1)7)
0 Summer
! , ’ '—'.;I‘
: Delay
I Te |
Accumul-:—xt:)r— RTINS
(a)
Accumulator ‘ :
, oo aemia a s S s et A 3 2o
e Vg : » Output
Input = : ‘ ‘?li‘ow({);;; —+ (demodulated ' .
. » iier Slgnﬂ])

- it am e mm e Em
‘

i s ol (mm G e g ] g g e ] P —

Fig. 3 15. (a) A Delta modulation transmitter
(b) A Delta modulation receiver

Advantages' ofDelta Modulation
The delta modulation has certain advantages over PCM as under

] 1 “Since, the delta modulatlon transmits only one bit for one sample therefore
the sagnalmg rate ard transmission channel bandw1dth is qu1te small
for ‘delta modulation compared to PCM. ‘

o The transmitter and receiver 1mplementat10n is very much mmple for .
delta modulation. There 1s no analog to. dlgltal COnverter requlred in

‘delta modulation. . el o oa T S . ...j
-Dlsadvantge.s of Delta Modulation / o et (it "Bl 5
The delta modulation has two major drawbacks asunder: oy
29 Sldpe overload distortion, . ‘ L

v(‘f ) Granular or Idle noise
_Now, let us discuss: these two drawbacks in detaﬂ | N
. (i) Slope Overload Dlstortlon W arlses because Oflarge‘ i
dynamxc range of the input signal. ) :
“As can'be observed from Fig 31

6; the rate of rise-of 1nput 51gna1 x(t) is so"
e ig s

: 'hlgh that the staircase signal cannot appmmw the step size ‘0’ becomes

5 too Smallfor stairoasew) to follow: the step segment ofx(t)dH}f;‘nce, th___g_ggl
Wa ‘arge error between {he statrcase apprommatEd 51gn alang > Le. orxgma ‘
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~the input signal (to reduce slope over
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input signalx(#). This error or noise isknown as slop’eoverl'oad_tcﬂh'sto;-tmr.,-_
" Toreduce this error, the step size must be increased lwhen'slope of sign x(t)-_ls |
S - - Tt U ‘ ' e WL
Eii n® =, ' : CGranular noise
‘Slope-overload -
distortion -

x()

Staircase
approximation

u(t) - | N
Y - Fig. 3.16. Quantization errors in delta modulation. _
- ‘Since the step size of delta modulator remains fixed, its maximum or mini-
mum slopes occur along straight lines. Therefore this modulator is also known
“as Linear Delta Modulator (LDM). e B

(Zi) Granular Noise\«(}r/anular or Idle noise occursv_vbén the step size is
- toolarge compared to small variations in the input signal. This means that for
~ very small variations in the input signal, the staircase signal is changed by
- large amount (8) because of large step size. Fig. 3.16 shows that when the input
.signal is almost flat, the staircase signalu(¢) keeps on oscill:atihg by + & around
\me.signal, The error betwet?n the input and approximated siggial_is called granular
- noise. The solution to thlyrqblgm 1s to make St@Pﬁ’i?@ small. | -———-—- 3
... Therefore, large step is required to accommodate wide dynamic range of
d small steps are re-

1€ Inpt | 7 e 8 | tload distortion) an
quired to reduce granular roise, Infact, Adaptive deltn m
'ﬁca-tiog-to_overcome theseerrors. - .
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