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Modulation
• The main purpose of any communication system is to facilitate the transfer of an

information-bearing signal from one point in space to another, with an acceptable

level of quality.

• Consider, for example, two people communicating through their cell phones. The

sound of the person who acts as the information source is detected by the

microphone on his or her phone, converted to an electrical signal for processing

within the phone, and eventually converted to an electromagnetic signal which is

transmitted from the antenna of the phone.

• This electromagnetic signal is received by the antennas within the cell phone

network, transmitted from cell to cell as needed, possibly travels through various

types of connections such as fiber optics and satellite links, and finally reaches the

antenna of the phone that is designated as its destination. Within the receiving

phone, the electromagnetic signal is converted back to an electrical signal and is

eventually converted to sound.

• Thus, any communication system has a transmitter and a receiver. The collection of

all systems between the transmitter and the receiver is referred to as the

communication channel.



Modulation
• Modulation is the process of embedding an information-bearing signal, referred to

as the message signal, in another signal known as the carrier.

• The carrier by itself does not contain any information, yet it may have other features

that make it desirable. Some examples of these desirable features are:

1) suitability for transmission through a particular medium

2) better performance in the presence of noise and interference

3) suitability to more efficient utilization of resources
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Modulation

Types of Modulation

The type of modulation used in a communication system depends on

1. The type of carrier used (sinusoidal, pulse train, etc…)

2. The particular parameter of the carrier that is utilized for embedding the 

message signal into it (Amplitude, frequency, phase, etc…)

Forouzan, Behrouz A. Data communications and networking. Huga Media, 2007.



Modulation

Analog Modulation

The particular parameter of the carrier that is utilized for embedding the analog 

signal into it (Amplitude, frequency, phase)



Modulation

Amplitude Modulation

The type of modulation used in a communication system depends on

• A carrier signal is modulated only in amplitude value

• The modulating signal is the envelope of the carrier

• The required bandwidth is 2B, where B is the bandwidth of the modulating 

signal

• Since on both sides of the carrier freq fc, the spectrum is identical, 

we can discard one-half, thus requiring a smaller bandwidth for transmission.



Modulation

Frequency Modulation

• The modulating signal changes the frequency fc of the carrier signal

• The bandwidth BFM = 2(1 + β)B. Where β is usually 4. 

The bandwidth for FM is high. It is approx. 10x the signal frequency



Modulation

Phase Modulation

• The modulating signal only changes the phase of the carrier signal.

• The phase change manifests itself as a frequency change, but the 

instantaneous frequency change is proportional to the derivative of the 

amplitude.

• The bandwidth is higher than for AM. 

The total bandwidth required for PM can be determined from the bandwidth and 

maximum amplitude of the modulating signal: BPM = 2(1 + β)B. 

Where β = 2 most often.



Modulation

Digital to Analog Conversion

• Digital data needs to be carried on an analog signal.

• A carrier signal (frequency fc) performs the function of transporting the digital 

data in an analog waveform.

• The analog carrier signal is manipulated to uniquely identify the digital data 

being carried.

• Bit rate, N, is the number of bits per second (bps). 

• Baud rate is the number of signal elements per second (bauds). 

• In the analog transmission of digital data, the signal or baud rate is less than 

or equal to the bit rate. S=Nx1/r bauds Where r is the number of data bits per 

signal element.



Modulation
Amplitude Shift Keying (ASK)

• ASK is implemented by changing the amplitude of a carrier signal to reflect 

amplitude levels in the digital signal.

• For example: a digital “1” could not affect the signal, 

whereas a digital “0” would, by making it zero. 

• The line encoding will determine the values of the analog waveform to reflect 

the digital data being carried.

• The bandwidth B of ASK is proportional to the signal rate S. B = (1+d)S

“d” is due to modulation and filtering, which lies between 0 and 1.



Modulation

Frequency Shift Keying

• The digital data stream changes the frequency of the carrier signal, fc.

• For example, a “1” could be represented by f1=fc +∆f, and a “0” could be 

represented by f2=fc-∆f.



Modulation
Phase Shift Keying

• The digital data stream changes the phase shift of the carrier signal to 

represent digital data.

• The bandwidth requirement, B is: B = (1+d)xS

• PSK is much more robust than ASK as it is not that vulnerable to noise, 

which changes the amplitude of the signal.
Binary phase shift keying



Modulation
Quadrature Phase Shift Keying

• To increase the bit rate, we can code 2 or more bits onto one signal element.

• In QPSK, we parallelize the bit stream so that every two incoming bits are 

split up and PSK a carrier frequency. One carrier frequency is phase shifted 

90o from the other - in quadrature.

• The two PSKed signals are then added to produce one of 4 signal elements. 

L = 4 here.



Modulation
Pulse Modulation

• Digital Carrier – Analog Data

• Pulse modulation is further divided into analog and digital modulation. The 

analog modulation techniques are mainly classified into Pulse Amplitude 

Modulation, Pulse Duration Modulation/Pulse Width Modulation, and Pulse 

Position Modulation.



Modulation
Pulse Amplitude Modulation (PAM)

• The amplitude of the pulsed carrier signal is changed according to the 

amplitude of the message signal.



Modulation
Pulse Width Modulation (PWM)

• The width of the pulses is varied according to the amplitude of the message 

signal. The figure below shows the pulse width modulated signal.



Modulation
Pulse Position Modulation (PPM)

• The position of the pulses is changed in accordance with the amplitude of the 

modulating signal.



Modulation
Pulse Code Modulation

PCM consists of three steps to digitize an analog signal:

• Sampling

• Quantization

• Binary encoding



Modulation



Bandwidth Utilization

Multiplexing 

Multiplexing is the set of techniques that allows the (simultaneous) transmission of 

multiple signals across a single data link to achieve efficiency.



Bandwidth Utilization

Multiplexing 

• Frequency-Division Multiplexing

• Wavelength-Division Multiplexing

• Time-Division Multiplexing



Bandwidth Utilization

Frequency-Division Multiplexing

• FDM is an analog multiplexing technique that combines analog signals.

• It uses the concept of modulation 



Bandwidth Utilization

Frequency-Division Multiplexing



Bandwidth Utilization

Example: Frequency-Division Multiplexing

Assume that a voice channel occupies a bandwidth of 4 kHz. We need to combine

three voice channels into a link with a bandwidth of 12 kHz, from 20 to 32 kHz. Show

the configuration, using the frequency domain. Assume there are no guard bands.



Bandwidth Utilization

Wave-Division Multiplexing

• WDM is an analog multiplexing technique to combine optical signals.



Bandwidth Utilization

Time-Division Multiplexing



Bandwidth Utilization

Time-Division Multiplexing

• The data rate of the link is n times faster

• The unit duration is n times shorter.



Bandwidth Utilization

Example: Time-Division Multiplexing

Figure below shows synchronous TDM with 4, each1Mbps data stream inputs and 

one data stream for the output. The unit of data is 1 bit. Find 

(a) the input bit duration, (b) the output bit duration,                                                   

(c) the output bit rate,      (d) the output frame rate.



Bandwidth Utilization

Example: Time-Division Multiplexing

Solution

a. The input bit duration is the inverse of the bit rate: 1/1 Mbps = 1 μs.

b. The output bit duration is one-fourth of the input bit duration, or ¼ μs.

c. The output bit rate is the inverse of the output bit duration or 1/(4μs) or 4 Mbps. 

This can also be deduced from the fact that the output rate is 4 times as fast as any 

input rate; so the output rate = 4 × 1 Mbps = 4 Mbps. 

d. The frame rate is always the same as any input rate. So the frame rate is

1,000,000 (1 M)frames per second. Because we are sending 4 bits in each frame.

We can verify the result of the previous question by multiplying the frame rate by the

number of bits per frame.
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