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J 11.27. DELTA MoDULATION

The delta modulator, often denoted A modulator, is a process that
a sammpled data feedback loop that operates at rates far in excess of th _ ]
The motivation for using Delta modulation technique is our awareness that in th? conversion process, ape;ed is
less expensive than precision, and that by being clever one can use faster signal processing to obtain higher precision.

embeds a low resolution A-to-D converter jn
e signal's required Nyquist rate,

(i) Reason to use Delta Modulation

We have observed in PCM that it transmits all the bits which are used to code a sample. Hence, aig!mli.ng rate
and transmission channel bandwidth are quite large in PCM. To overcome this problem, Delta Modulation is used.

(ii) Working Principle
Delta modulation transmits only one bit
per sample. Here, the present sample value is
compared with the previous sample value and
this result whether the amplitude is increased
or decreased is transmitted. Input signal x(t)
is approximated to step signal by the delta
modulator. This step size is kept fixed. The
difference between the input signal x(t) and
staircase approximated signal is confined to i
two levels, i.e., + A and — A. Now, if the difference :
is positive, then approximated signal is '
'
1

-1 -

wl
18-
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Amplitude —s

increased by one step, i.e., ‘A". If the difference

is negative, then approximated signal is reduced

by ‘A’ !
When the step is reduced, ‘0’ is transmitted pj saquence  1°

and if the step is increased, ‘1’ is transmitted.

Hence, for each sample, only one binary bit is Fig. 11.27. Delta modulation waveform

transmitted. Figure 11.27 shows the analog

signal x(t) and its staircase approximated signal by the delta modulator.
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(iii) Mathematical Expressions

Thus, the principle of delta modulation can be explained with the help of few equations as under:
The error between the sampled value of x(t) and last approximated sample is given as

e(nT,) = x(nT,) - %(nT,) ...(11.55)
where e(nT,) = error at present sample

x(nT,) = sampled signal of x(t)

x(nT,) = last sample approximation of the staircase waveform.

If we assume u(nT,) as the present sample approximation of staircase output
then, u[(n-1)T,] = %(nT,)

, ...(11.56)
= last sample approximation of staircase waveform
Let us define a quantity b(nT,) in such a way that,
b(nT,) = A sgn [e(nT,)] (11.57)

This means that depending on the sign of error e(nTy), the sign of step size 4 is d ided
ecide

: we
can write . In other words.
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b(nT) = ":2 :: x(nT,) 2 ¥(nT,) .(11.58)
Also, If b(nT,) X(oT,) <x(aT,)

: =+ Athen a bing
and if b(nT,) = - A then 4 binary

e ~ T, = Sampling inte
(iv) Transmitter Part
Figure 11.28 (a) shows the t, ) _
signal)- ransmitter (i.e., generation of Delta Modulated DO YOU KNOW?
The summer in the accumulator gdq
sample approximation. This gives pre

‘T’ is transmitted
Ty ‘0’ is transmitted.
rval.

Delta modulation transmits only

8 quanti : : o ns
quantizer output (+ A) with the previous one bit per sample, indicating

sent sa : rii .

u@l) = u(aT, - T)+ (e g mple approximation. i.e., whether the signal level is

or u(nTu) = uf(n- 1) Ts]' +b(nT ') increacing or decres_:smg. but it
The previous sample approxima .1159) | ocds g higher sampling rate than

_ tion uf(n - 1) T i ing  PCM '
one gﬂm-p]e period T,. The sampled input sig-nLJl x(n'l‘)n)ll;'xladl Zm::r:;ﬁzﬁ for equivalent results.
signal (nTy) are subtracted to get error signal e(nT,)

Tl.ms’ depending on the sign of e(nT)), one bit Sampled
quantizer generates an output of + A or — A. If the )

step lsize is + A, then binary ‘1’ is transmitted and input 75 &(nT,)
if it is — A, then binary ‘0’ is transmitted. nT) §-

(v) Receiver Part

At the receiver end, shown in figure 11.28 (b), :
the accumulator and low-pass filter (LPF) are used. :
I

]

-------------

Summer

The accumulator generates the staircase
approximated signal output and is delayed by one
sampling period T. It is then added to the input - ~—--=-=-----"""°

signal. If input is binary ‘1’ then it adds + A step to @)

the previous output (which is delayed). If input is Accumulator

binary ‘0’ then one step ‘A’ is subtracted from the Fr-----=-=°=77=77777 " Output
delayed signal. Also, the low-pass filter has the cutoff Input oy [+ (demodulated
frequency equal to highest frequency in x(t). This signal)
low-paes filter smoothens the staircase signal to
reconstruct orignal message signal x(t).

11.27.1. Advantages of Delta Modulation: -
Salient Features of Delta Modulation® SR, . S
The delta modulation has certain advantages (b)
over PCM as under: Fig. 11.28. (a) A Delta modulation transmitter
(i) Since, the delta modulation transmits only (b) A Delta modulation receiver

one bit for one sample, therefore the signaling
rate and transmission channel bandwidth is quite small for delta modulation compared to PCM.

(ii) The transmitter and receiver implementation is very much simple for delta modulation. There is no analog
to digital converter required in delta modulation.

11.27.2. Drawbacks of Delta Modulation**
The delta modulation has two major drawbacks as under:
(i) Slope overload distortion,

(ii) Granular or idle noise
Now, let us discuss these two drawbacks in detail.

-".-_-————1——

At & matter of fact, digital signals come from a variety of sources. Some sources ;;‘??ﬂ?m—mﬁie_rs_a;ﬁ,; o

digital. Some sources are analog, but are converted into digital form by a variety of techniques such
modulation (DM). as PCM and delta

" Since signal msmj_!gion i.nevitnbly is subjected to channel I:Ioi.se, such noise will

&t the receiver output, which is a highly undesirable phenomenon th be integrated and will accumulate

at is 2 major drawback of DM.
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(i) Slope Overload Distortion Slope-overioad

This distortion arises because of large dynamic range distortion
of the input signal.

As can be observed from figure 11.29, the rate of rise L:i::b
of input signal x(t) is so high that the staircase signal cannot L
approximate it, the step size ‘A’ becomes too small for staircase A __l T |___
signal u(t) to follow the step segment of x(t). Hence, there  giaircase ‘
is a large error between the staircase approximated signal approximation T
and the original input signal x(t). This error or noise is uft)
known as slope overload distortion. To reduce this error, Fig. 11.29. Quantization errors In deita modulation
the step size must be increased when slope of signal x(t) is -
high. Since the step size of delta modulator remains fixed, its maximum or minimu
lines. Therefore, this modulator is also known as Linear Delta Modulator (LDM).

(ii) Granular or Idle Noise

Granular or Idle noise occurs when the step size is too large 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 (a)
because of large step size. Figure 11.29 shows that when the input signal is almost flat, t!:ne sta1rc:aae signal u(t)
keeps on oscillating by + A around the signal. The error between the input and approximated signal is called
granular noise. The solution to this problem is to make step size small.

x(t}

m slopes occur along straight

™ Important Point: Therefore, a large step size is required to accommodate wide dynami'c range of the input
signal (to reduce slope overload distortion) and small steps are required to reduce granular noise. Infact, Adaptive '
delta modulation is the modification to overcome these errors.

11.27.3. Bit Rate (i.e., Signaling Rate) of Delta Modulation*

Delta modulation bit rate (r) = Number of bits transmitted/second
= Number of samples/sec x Number of bits/sample = f, x 1 =f,

Key Point: Therefore, the delta modulation bit rate'ia'(llN) times the bit rate 6f a PCM system, where N is the .
number of bits per transmitted PCM codeword. Hence, we can say that the channel bandwidth for the Delta
modulation system ia__redl._:ped to a great extent as compared to yhat for the PCM system. o

OiTustrative Examples on Delta Modulation s

EXAMPLE 11.13. Given a sine wave of frequency f,, and amplitude A applied to a delta modul tep size
A. Show that the slope overload distortion will o::cur if ulator having step

A
> nt,T,
here T, is the sampling period.
Solution: Let us consider that the sine wave is represented as,
x(t) = A, sin(2xf, t)

It may be noted that the slope of x(t) will be maximum when derivati
maximum slope of delta modulator may be given as, " derivative

of x(t) with respect to ‘t' will be maximum. The

Maximum slope = _ Stepsize A

Sampling period T,

— e — —— — —— — ——— ——

 * Delta modulation, in comparison to PCM (and DPCM), it i e, .
A 1-bit codeword in DM makés word framing unnecessary at the rapeseisr inexpensive method of A/D coaversion
Tallows us to use_fdwgr bltammfm‘ encoting & baseband sign the receiver. In fact, this strategy

— — — —
— — —
. T e s " —— — —— — —



d .
or maz|3 s, sin (2nt 2
or max | A 2nf_ M(Mmt)l:"e'
T,
or Ani"u fm }i
T.
or Ap> A

i, Hence Proved.

AMPLE 11.14. A delta modulator system is designed to operate at five times the Nyquist rate for a signal having &

. . . : i fi
ndwidth equal to 3 kHz bandwidth. Calculate the maximum amplitude of a 2 kHz input sinusoidal signal for

ich the delta modulator does not have slope over load. Given that the quantizing step size is 2560 mV. Also, derive

» formula that you use.
lution: In last example, we have derived the relation for slope overload distortion which will occur if,

A ..
b G
Thus, slope overload will not occur if,

A ...(ii
S S i, ah
The maximum frequency in the signal is,
f, =3kHz
Hence, Nyquist rate = 2f_ =2 x 3 kHz=6kHz
Sampling frequency = b times Nyquist rate
or f, =5x6kHz=30kHz
Hence, sampling interval,
T, = % = 0x10° seconds.
Given that step size A=250mV=250x103V=0.25V
Again, Given that £, =2kHz=2x10°Hz
Substituting all these values in equation (ii), we get
0.25
s 03 1
2nx2x10° x 20X 10°

Simplifving, we obtain A_ < 0.6 volts Ans.



