Lecture8

Digital-to-Analog Conversion

Three techniques are there

1. ASK

2. FSK

3. PSK

4. QAM
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Before starting with the above listed techniques, some basic definitions need to be discussed. These are

Bit Rate

Baud Rate

Bit Rate: Bit rate is the number of bits during one second.

Baud Rate: Baud rate refers to the number of signal units per second that are required to represent those bits. 

BitRate = n * BaudRate, if each signal element is carrying n bits. So Baud Rate is either equal to or less than Bit Rate. 

Bit rate is the number of bits per second. Baud rate is the number of signal units per second. Baud rate is less than or equal to the bit rate.

An analogy can clarify the concept of baud and bits. In transportation, a baud is analogous to car, a bit is analogous to a passenger. A car can carry one or more passengers. If 1000 cars go from one point to another, carrying only one passenger (the driver) then 1000 passengers are transported. If each car carries four passengers, then 4000 passengers are transported. Not that the number of cars not the number of persons determines the traffic. Similarly it is number of bauds that determine the bandwidth and not the number of bits. 

Another important concept is defining the term Carrier Signal
In analog transmission, the sending device produces a high-frequency signal that acts as the basis for the information signal. It means that sending device has one information signal and one high frequency signal. This high frequency signal is called as the carrier signal and its frequency is called as carrier frequency. The receiving device is tuned to the carrier frequency (frequency of the carrier signal) that it expects from the sender. Digital information is then modulated on the carrier signal (modulated means by superimposing the information signal over the carrier signal, which can be achieved either by modifying amplitude, frequency or phase). This kind of modification is called as modulation (or shift keying) and the information signal is called as modulating signal.
In ASK, the strength of the carrier signal is varied to represent binary 1 and 0. Both frequency and phase remains constant while the amplitude changes. Which voltage represents 1 and which represent 0 is left to the system designer i.e. 1 can represent high amplitude (voltage) and 0 can represent low amplitude (voltage) or vice versa. Here bit rate is equal to baud rate.
Disadvantage: Disadvantage of ASK is that it is highly susceptible to noise interference. Here term noise refers to unintentional voltages introduced onto a line (medium) by various phenomenons such as heat or electromagnetic induction created by other sources.
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In FSK, the frequency of the carrier signal is varied to represent binary 1 and 0. Both amplitude and phase remains constant while the frequency changes. Which frequency represents 1 and which represent 0 is left to the system designer i.e. 1 can represent high frequency and 0 can represent low frequency or vice versa. Here bit rate is equal to baud rate.
Although FSK avoids most of the noise problems of ASK. Because receiving device is looking for specific frequency changes over a given number of periods, it can ignore voltage spikes. 
Disadvantage: The limiting factors of FSK are the physical capabilities of the carrier i.e. bandwidth limitations or sort of.
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In PSK, the phase of the carrier signal is varied to represent binary 1 and 0. Both amplitude and frequency remains constant while the phase changes. Which phase represents 1 and which represent 0 is left to the system designer i.e. 0o can represent 0 and 180o can represent 1 or vice versa. Here bit rate is equal to baud rate.
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The above method is often called as 2-PSK. A second diagram, called a constellation or 

phase-state diagram, shows the same relationship illustrating only the phases.
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Now instead of utilizing two variations of a signal, each representing one bit, we can use four variations and let each phase shift represent two bits, i.e. we will use 

00
0o
01
90o
10
180o
11
270o 

This way the Bit Rate is 2 times that of Baud Rate. Because number of bauds are still the same, but each baud is representing 2 bits instead of one. This PSK is called as 4-PSK
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We can extend this idea to 8-PSK. Instead of 90 degrees, we now vary the signal by shift of 45 degrees. With eight different phases, each shift can represent three bits at a time. So in this case Bit Rate is 3 times that of Baud Rate. 
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Advantage: PSK is not susceptible to noise degradation that affects ASK, and nor to the band-width limitation of FSK. 

Disadvantage: PSK is limited by the ability of the equipment to distinguish small differences in phase. This limits its bit rate.

Q) Given a bandwidth of 5000 Hz for an 8-PSK signal, what are the baud rate and bit rate?

Answer: For PSK the baud rate is the same as the bandwidth, which means the baud rate is 5000. But in 8-PSK the bit rate is 3 times the baud rate, so the bit rate is 15,000 bps. 

QAM (Quadrature Amplitude Modulation)

Since PSK is limited by the ability of equipment to distinguish small differences in phase, and thus it limits the bit rate, a better modulation technique is proposed. This technique is based on combinations of ASK or FSK with PSK. Now FSK cannot be combined with PSK, because FSK has bandwidth limitations due to its dependency upon physical characteristics of the carrier. Therefore ASK is combined with PSK. Then we can have x variations in phase and 2 variations in amplitude. Thus producing 2x variations and thus the corresponding number of bits per variation.

Below the diagram shows 8-QAM. In which again the Bit Rate is 3 times the Baud Rate.
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Analog to Analog Modulation
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Analog-to-Analog conversion is the representation of analog information by an analog signal. Radio, is an example of analog-to-analog communication.

This can be accomplished using three ways as said earlier.

1. AM (Amplitude Modulation)

2. FM (Frequency Modulation)

3. PM (Phase Modulation)

In AM Modulation, the carrier signal is modulated so that its amplitude varies with the changing amplitudes of the modulation signal. The frequency and phase of the carrier remains the same; only the amplitude changes to follow variations in the information.
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The bandwidth of an AM signal is equal to twice the bandwidth of the modulating signal. The bandwidth of an audio signal is 5KHz. Therefore AM radio station needs a minimum bandwidth of 10KHZ. AM stations are allowed carrier frequency anywhere between 530 and 1700 KHz. There are guard bands of 10 KHZ (one AM bandwidth) to avoid interference between two 

AM stations or their signals. 
In FM Modulation, the frequency of the carrier signal is modulated to follow the changing amplitude of the modulating signal. The peak amplitude and phase of the carrier signal remains constant, but as the amplitude of the information signal changes, the frequency of the carrier changes correspondingly.

The bandwidth of the FM signal is 10 times the bandwidth of the modulating signal. The bandwidth of an audio signal broadcast in stereo is almost 15 KHz. Each FM radio station, therefore needs a minimum bandwidth of 140 KHz. FM stations are allowed carrier frequencies anywhere between 88 and 108 MHz. Stations must be separated by 200 KHz to prevent their bandwidth from overlapping.
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Phase Modulation is used in system as an alternative to frequency modulation. In PM transmission, the phase of the carrier signal is modulated to follow changing amplitude of the modulating signal. The peak amplitude and frequency of the carrier signal remain constant, but as the amplitude of the information signal changes, the phase of the carrier changes correspondingly.
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