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Department of Communications Engineering, College of
Engineering, University of Diyala

Digital Communication |

Lecture # 2

Pulse Modulation Techniques: PAM, PWM, PPM, Noise in Pulse modulations
Introduction:

e We know that in analog modulation systems, some parameters of a sinusoidal carrier is
varied according to the instantaneous value of the modulating signal.

e In pulse modulation methods, the carrier is no longer a continuous time signal.

e In pulse modulation, the carrier consists of a pulse train.

e Some parameters of the pulse are varied according to the instantaneous value of the
modulating signal.

Ac. (t,)q = rct (t _T to)
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e There are three parameters can be changed in the pulse signal:
1. The amplitude of the pulse A, this gives Pulse Amplitude Modulation (PAM).
2. The width/duration of the pulse 7, this gives Pulse Width/Duration Modulation
(PWM or PDM).
3. The position of the pulse tp, this gives Pulse Position Modulation (PPM).

e In general, Pulse Modulation consists of two categories, analog modulation and digital
modulation
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e In this lecture, we will study the Analog Pulse Modulation types.
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1. Pulse Amplitude Modulation

Flat-Top PAM Natural-Sampled (Gating) PAM

H [ : NV

e Flat-Top PAM is most popular and is widely used.

e The reason for using Flat-Top PAM is that during the transmission, the noise interferes with the
top of the transmitted pulses and this noise can be easily removed if the PAM pulse has Flat Top.

e In case of natural samples PAM signal, the pulse has varying top in accordance with the signal
variation. Then it becomes quite difficult to determine the shape of the top of the pulse and thus
amplitude detection of the pulse is not exact due to noise.

e Due to this, errors are introduced in the received signal. Therefore, flat top sampled PAM is
widely used.
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Example: Proof that the bandwidth of any type of PAM is BW < Z—IT where 7 is the duty cycle of the
pulse.
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TABLE 5.1. Performance Comparison of PAM, PPM and PDM

S. Pulse Amplitude Pulse Width/Duration Pulse Position
No. Modulation (PAM) Modulation Modulation
(PWM) or (PDM) (PPM)

Waveform Waveform Waveform
| | | | | | | i | |

g

Time : g Time

Amplitude of the pulse i8 | Width of the pulse is propor- | The relative position of the
proportional to amplitude of | tional to amplitude of | pulse is proportional to the
modulating signal. modulating signal. amplitude of modulating
signal.

The bandwidth of the trans- | Bandwidth of transmission | Bandwidth of transmission
mission channel depends on | channel depends on rise time of | channel depends on rising

width of the pulse. the pulse. time of the pulse.

The instan.taneous' power of | The instantaneous power of the | The instantaneous power of

the transmitter varies. transmitter varies. the transmitter remains
constant.

Noise interference is high. | Noise, interference is mini- Noise, interference is mini-

System is complex mum. mum

Similar to amplitude modula- Simple to implement similar to | Simple to implement similar

tion. frequency modulation. to phase modulation.

SUMMARY

There are two types of signals, continuous time signal and discrete-time signals.

Due to some recent advance development in digital technology over the past few decades, the inexpensive,
light weight, programmable and easily reproducible discrete-time systems are available. Therefore, the
processing of discrete-time signals is more flexible and is also preferable to processing of continuous-
time signals.

The sampling theorem is extremely important and useful in signal processing.

With the help of sampling theorem, a continuous-time signal may be completely represented and recovered
from the knowledge of samples taken uniformly.

The concept of sampling provides a widely used method for using discrete-time-system technology to
implement continuous-time systems and process the continuous-time signals.

Sampling of the signals is the fundamental operation in signal-processing. A continuous time signal is
first converted to discrete-time signal by sampling process.

The sufficient number of samples of the signal must be taken so that the original signal is represented
in its samples completely. Also, it should be possible to recover or reconstruct the original signal completely
from its samples. The number of samples to be taken depends on maximum signal frequency present in
the signal.

A continuous-time signal may be completely represented in its samples and recovered back if the sampling
frequencyisf 22 f . Here f, is the sampling frequency and f  is the maximum frequency present in the
‘signal.
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When the sampling rate becomes exactly equal to 2 f, samples per second, then it is called Nyquist rate.
Nyquist rate is also called the minimum sampling rate. It is given by

f =21,
Maximum sampling interval is called Nyquist interval. It is given by

1
Nyquist Interval T, = 3¢ seconds.
m

The low pass filter is used to recover original signal from its samples. This is also known as interpolation
filter.
A low-pass filter is that type of filter which passes only low-frequencies upto a specified cut-off frequency
and rejects all other frequencies above cut-off frequency.
The process of reconstructing a continuous-time signal x(t) from its samples is called as interpolation.
Aliasing is the phenomenon in which a high frequency component in the frequency-spectrum of the
signal takes identity of a lower-frequency component in the spectrum of the sampled signal.
Because of the overlap due to aliasing phenomenon, it is not possible to recover original signal x(t) from
sampled signal g(t) by low-pass filtering since the spectral components in the overlap regions add and
hence the signal is distorted. :
Since any information signal contains a large number of frequencies, so, to decide a sampling frequency
is always a problem. Therefore, a signal is first passed through a low-pass filter. This low-pass filter
blocks all the frequencies which are above f, Hz. This process is known as band limiting of the original
signal x(t). This low-pass filter is called prealias filter because it is used to prevent aliasing effect.
To avoid aliasing, we must have :

(i) Prealias filter must be used to limit band of frequencies of the signal to f Hz.

(ii) Sampling frequency ‘f,’ must be selected such that

£ >21..

The bandpass signal x(t) whose maximum bandwidth is 2f  can be completely represented into and
recovered from its samples if it is sampled at the minimum rate of twice the bandwidth. Here, f | is the
maximum frequency component present in the signal.
In analog modulation systems, some parameter of a sinusoidal carrier is varied according to the instantaneous
value of the modulating signal. In pulse modulation methods, the carrier is no longer a continuous
signal but consists of a pulse train. Some parameter of which is varied according to the instantaneous
value of the modulating signal.
There are two types of pulse modulation systems as under :

(i) Pulse Amplitude Modulation (PAM)

(i) Pulse Time Modulation (PTM)
In pulse amplitude modulation (PAM), the amplitude of the pulses of the carrier pulse train is varied in
accordance with the modulating signal whereas in Pulse time modulation (PTM), the timing of the
pulses of the carrier pulse train is varied.
There are two types of PTM :

(i) Pulse width modulation (PWM)

(ii) Pulse position modulation (PPM).
In Pulse width modulation, the width of the pulses of the carrier pulse train is varied in accordance with
the modulating signal whereas in Pulse position modulation (PPM), the position of pulses of the carrier
pulse train is varied.
It may be noted that all the above pulse modulation methods (i.e., PAM, PWM and PPM) are called
analog Pulse modulation methods because the modulating signal is analog in nature in PAM, PWM and
PPM.

GLOSSARY

Aliasing : Distortion created by using too low a sampling rate when coding an analog signal for digital
transmission.

Digital Signal Processing (DSP) : Filtering of signals by converting them to digital form, performing
arithmetic operations on the data bits, then converting back to analog form.

Flat-topped Sampling : Sampling of an analog signal using a sample-and-hold circuit, such that the
sample has the same amplitude for its whole duration.

16
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4. Foldover Distortion : See aliasing

5. Pulse-Amplitude Modulation (PAM) : A series of pulses in which the amplitude of each pulse represents
the amplitude of the information signal at a given time.

6. Pulse-Duration Modulation (PDM) : A series of pulses, in which the duration of each pulse represents
the amplitude of the information signal at a given time.

7. Pulse-Position Modulation (PPM) : A series of pulses, in which the timing of each pulse represents the
amplitude of the information signal at a given time.

8. Sample and Hold Circuit : A device that detects the amplitude of an input signal at a particular time
called the sampling time and maintains its output at or near that amplitude until the next sampling time,

SHORT QUESTIONS WITH ANSWERS

Q. 1. What is sampling ?

Ans. The process of converting an analog signal into a discrete signal or making an analog or continuous
signal to occur at a particular interval of time is known as sampling.

Q. 2. What do you mean Nyquist rate ?

Ans. f 22f ,i.e.,sampling rate greater than or equal to twice of the message bandwidth or highest frequency
component of the message signal (f_) is called Nyquist rate.

Q. 3. What is Guard band ?

Ans. When the sampling rate is chosen much higher than the Nyquist rate then a small space occurs between
the samples. This space is said to be Guard band. This is the desired one for sampling the signals.

Q. 4. What is Sampling Theorem ?

Ans. Let m(t) be a signal which is bandlimited such that its highest frequency spectral component is fy;. Let
the values of m(t) be determined at regular intervals separated by times T, < 1/2fM, 1.e., the signal is periodically
sampled every T, seconds. Then there samples m(nT,) where n is an integer, uniquely determine the signal,
and the signal may be reconstructed from these samples with no distortion.

Q. 5. What do you mean by aperture effect ?

Ans. During flat top sampling, to convert varying amplitudes of pulse to flat top pulses we use a sinc
function. Because of this, there would be decrease in the amplitude. This distortion is named as Aperture
effect.

This may be eliminated by using an equalizer in cascade with the output low pass filter.

Q. 6. What is Pulse Amplitude Modulation (PAM) ?
Ans. The process in which amplitudes of regularly spaced rectangular pulses vary with the instantaneous
sample values of a continuous message signal in a one to one fashion is known as pulse amplitude modulation.
Q. 7. What do you mean by Pulse-time Modulation ?

Ans. The modulation technique in which the time (or) duration of the pulses is varied in accordance with the
amplitude of the message signal keeping the amplitude of the pluses constant is referred to as pulse-time
modulation. =

Q. 8. What are the different types of PTM systems ?

Ans. There are two kinds of Pulse-time modulation schemes. They are :
(i) Pulse duration (or) pulse width (or) pulse length modulation (PDM (or) PWM (or) PLM).
(i1) Pulse position modulation.

Q. 9. What is Pulse duration modulation (PDM)?

Ans. The method in which the samples of the message signal are used to vary the duration (or) width of the
individual pulses. This is referred to as pulse duration modulation.

Q. 10. What is pulse position modulation (PPM)?

Ans. In PPM, the position of a pulse relative to its unmodulated time of occurrence is varied in accordance
with the message signal.

17
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REVIEW QUESTIONS

1. State and prove sampling theorem in time domain.
What is Nyquist rate and Nyquist interval ?
3. A bandlimited signal x(t) is sampled by a train of rectangular pulses of width t and period T.
(i) Find an expression for the sampled signal.
(ii) Determine the spectrum of the sampled signal and sketch it.

4. What is aliasing and how it is reduced ?

NUMERICAL PROBLEMS

1. Determine the Nyquist sampling rate and the Nyquist sampling interval for the following signals:
(a) sin ¢(100 7t) (b) sin c2(100mt)
(¢) sin ¢(1007nt) + sin ¢ (50xt) (d) sin ¢(100xnt) + 3 sin ¢ (60xt)
(e) sin ¢(100xrt) sin ¢ (100xt)
2. A signal g(t) band-limited to B Hz is sampling by a periodic pulse train pT,(t) made up of a rectangular

1
pulse of with gB seconds (centred at the origin) repeating at the Nyquist rate (2B pulses per second).
Show that the sampled signal 8 (%) is given by

g(t)

1 o D DT
—g(t) + —sin| — |g(t) cos nu_t
250+ 3 = L”g() snu,

®. = 4nB

Show that the signal g(t) can recovered by passing B(t) through an ideal low-pass filter of bandwidth
B Hz and a gain of 4.

3. Signal g,(t) = 104 rect (104t) and g,(t) = 8(t) are applied at the inputs of ideal low-pass filters
H;(w) = rect (w/40, 000m) and H,(w) = rect (w/20, 0007) (Figure 5.24). The outputs y;(t) and y,(t) of these
filters are multiplied to obtain the signal y(t) = y,(t) y,(t). Find the Nyquist rate of ¥1(t), ¥5(t), and y(2).

(GATE Examination, 1998)

g4(t) y4(t)

t) =y;(®)

E; y(t) = y4(t) ya(t)

9,(t) ya(t)

Fig. 5.24.
4. A signal g(t) sin c¢? (5nt) is sampled (using uniformly spaced impulses) at a rate of : (i) 5 Hz : (ii) 10 Hz :
(iii) 20 Hz. Now, for each of the three cases :
(a) Sketch the sampled signal.
(b) Sketch the spectrum of the sampled signal.
(c) Explain whether you can recover the signal g(t) from the sampled signal.

(d) Ifthe sampled signal is passed through an ideal low-pass filter of bandwidth 5Hz, sketch the spectrum
of the output signal.

18




