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ABSTRACT 

The combinations of amplitude shift keying (ASK) and phase shift keying (PSK) is

called QAM (quadrature amplitude modulation). Possible variation of QAM is numerous

such as 16-QAM, 32-QAM and 64-QAM. The minimum bandwidth required for QAM

transmission is the same as that required for ASK and PSK.

Quadrature Amplitude Modulation was developed to overcome the individual

constraints of excessively complex AM or PM, by using a combination of the two

simultaneously. By combining Phase and Amplitude Modulation at the same time, it is

possible to communicate significantly more bits per baud (or symbol) transmitted over the

aır.

QAM is also being used in the latest upcoming technology named as Coded

OrthogonalFrequencyDivision Multiplexing (COFDM)

This is a more sophisticated and very useful modulation scheme. It is used for all

high-speed voice band telephone line modems (e.g. the 14.4 Kbps V.32bis and 33.6 Kbps

V.34 standardmodems). The idea is to combine amplitude and phase modulationproducing

multi-level signaling "Constellations".This allows obtaining large M values in practice and

therefore increasing the bit rate for a fixed baud rate. As M increases, the advantage of

QAM over PSK grows. The constellation in a QAM scheme is the set of amplitude/phase

combinations,depicted as points on the complexplane of real and imaginary axes.
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INTRODUCTION 

In this Project, QAM and some of its based multi-media System such as modems,

receivers, transmitters, DVB-T, DVB-C, DVB-S, are studied with intensive care. The

Project consists of four chapters.

Chapter 1 gives an over-view of Quadrature Amplitude Modulation which includes

Amplitude Modulation, Phase Modulation, and Frequency Modulation in order to get a

complete knowledge of basic technique of Modulation.

Chapter 2 gives the basic ideology of Signal Processing relating Quadrature

Amplitude Modulation .Important aspects in the Communication and Noise Cancellation

are introduced, The transmitting and reception of signals are elaborated by Active and

Steady States.

Chapter 3 will cover the possible variations of QAM constellation such as 16-qam,

32-QAM, and 64-QAM and the eradication of Gaussian noise technique has been

introduced in the AWGN frame of reference.

Chapter 4 includes a detailed version of digital video broadcasting such as DVB-S,

DVB-T, DVB-C, DVB-MS. QAM is also used in the latest and emerging technology i-e­

Coded Orthogonal Frequency Division Multiplexing (COFDM) which is also discussed in

the same chapter.
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1. OVERVIEW OF QAM 

1.1 Modulation 

Modulation is the process of impressing a low-frequency information signal onto a

higher frequency carrier signal. Modulation is done to bring information signals up to the

Radio Frequency (or higher) signal Some systems even have two stage Modulation, where

the information is brought up to an Intermediate Frequency (IF), and then increased to the

transmission frequency, and theri increased to the transmission frequency. Base band

Signal is a term used to describe the unmodulated signal or in other words, the information

signal Carrier Signal is what the information signal is combined with to form the new

modulated signal. The frequency of the carrier is described as the center frequency of the

signal. Both the base band and carrier have bandwidth that matters for AM, but not for

FM/PM modulated band width.

Automatic modulation recognition is a rapidly evolving area of signal exploitation

with applications in DF confirmation, monitoring, spectrum management, interference

identification, and electronic surveillance. Generally stated, a signal recognizer is used to

identify the modulation type (along with various parameters such as baud rate) of a detected

signal for the purpose of signal exploitation. For example, a signal recognizer could be used

to extract.

Signal information useful for choosing a suitable counter measure, such as

jamming.In recent years interest in modulation recognition algorithms has increased with

the emergence of new communication technologies.In particular, there is growing interest

in algorithms that treat quadrature amplitude modulated (QAM) signals, which are used in

the HF, VHF, and UHF bands for a wide variety of applications including FAX, modem,

and digital.
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1.2 Amplitude Modulation (AM) 

Information signal is added and subtracted to and from a carrier signal. Amplitude

modulation means a carrier wave is modulated in proportion to the strength of a signal. The

carrier rises and falls instantaneously with each high and low of the conversation. Check

out the diagram below. See how the voice current produces an immediate and equivalent

change in the carrier.

UNMODULATED AUU~fıUAı~n~~u~~~A~MM.M. ·.'
CARRIER. rVVV~VTVVnn~n ijV~U ~ Wı~Y ~n ij V 

VOICE. CURRENT ~~J'\._ ____..-~

•M00UL.Ai£D"
CARRIC:R

Figure 1.1 Loading the voice on a carrier

Low frequency commercial broadcast stations in the "A.M band" use amplitude

modulation. Most C.B. or citizens band radios use it too. It's a simple, robust method to

form a radio wave but it suffers from static and high battery power requirements, reasons

enough that few personal communications devices use it.

1.3 Frequency Modulation (FM) 

Information signal varies a constant Amplitude carrier signal's frequency directly in

proportion to the information's frequency.

Frequency modulation confuses many people but it shouldn't. FM is not limited to

the FM band. It is not frequency dependent, that is, it can be used at high or low

frequencies. That's because it is a modulation technique, a way to shape a radio wave, not a

service by itself. The word frequency in FM relates, instead, to the rate at which this

method varies a carrier wave, not to any particular radio frequency it is used on. This will

become clearer as it goes on. The virtues of an FM signal are readily apparent by listening
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to the FM band low distortion, little static, good voice quality and immunity from electrical

and atmospheric interference. It's why television audio and analog cellular use it. FM also

exhibits a capture effect, whereby the receiver seizes on the strongest signal and rejects any

others. No other signals fading in and out like with A.M. What's more, F.M. needs far less

power to transmit a signal the same distance than A.M.

It doesn't have the modulated carrier varying in amplitude, as with A.M., but in the

number of cycles or rate. Although perhaps not obvious at first, the right hand side does

differ from the left hand side.

Fig 1.2 The difference in the waveform

Frequency modulation varies the carrier at a rate of 440 cycles per second, matching

the original signal. This differs dramatically from A.M. as it is seen above, where a wildly

swinging sine wave would be produced instead. In F .M. a quick change in audio frequency

results in a quick rate change to the carrier. Despite this seemingly complicated operating

method, F.M. circuitry after sixty years is now well established, cheap and simple.

1.4 Phase Modulation (PM)

Information signal varies a constant amplitude carrier signal's phase directly ın

proportion to the information's frequency. Both FM and PM are form

Three ways exists to modulate a signal: by amplitude, frequency or phase. And

although there are dozens of modulation techniques, under the most confusing names

possible, all of them will fit into one of these categories. As looked at amplitude

modulation, which changes the carrier wave by signal strength, and frequency modulation,

which converts the originating signal. into cycles? Now if looked at phase modulation,
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which changes the angle of the carrier wave. Phase modulation is strictly for digital

working and is closely related to F.M. Phase in fact enjoys the same capture effect as F.M.

A digital signal means an ongoing stream of bits, Os and 1 s, on and off pulses of

electrical energy. Like those signals running around the inside computer. Well, how do it is

transmitted that staccato beat of electrical pulses? one put it on a carrier wave.

Figure 1.3 Scale diagram of a digital signal

One might think that it could send digital without a carrier wave, like the earliest

wireless telegraphs but results wouldn't be good.

Radio technology is built on carrier waves. No matter how one transmits RF energy,

there is always some type of 'carrier' involved. Ever hear an A.M. radio station go silent for

a minute or two? If they are off the air completely would be heard as static. But if they have

simply lost audio for a while one will hear a silence. That's the carrier wave.

" \" I" O degrees 180 360

v270
Figure 1.4 Transmission of analog or digital signal

A continuous wave produced to transmit analog or digital information. The phases

or angles of a sine way give rise to different ways of sending information.
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When a coherent modulator is used to generate FSK the exact signal frequency and

phase are controlled. The modulator shown above offers the possibility to shape the

resultant carrier phase trajectory at base band either with analogue filtering or digital signal

processing and a DAC. This can be used to generate both constant amplitude and amplitude

modulated signals. Use of the term coherent with respect to the act of demodulation refers

to a system that makes a demodulation decision based on the received signal phase, not

frequency. The high level of digital integration now possible in semiconductor devices has

made digitally based coherent demodulators common in mobile communications systems.

1.6 Frequency Shift Keyed (FSK)

As previously stated applying modulation in wireless communications involves

modifying the phase or amplitude, or both, of a sinusoidal carrier. One of the simplest, and

widest used system, is frequency modulation. This exists in a great variety of forms, as will

be discussed later, but in essence involves making a change to the frequency of the carrier

to represent a different level. The generic name for this family of modulation is Frequency

Shift Keying (FSK).

Figure 1. 7 Binary (2 level) FSK modulation

FSK has the advantage of being very simple to generate, simple to demodulate and

due to the constant amplitude can utilize a non-linear PA. Significant disadvantages,

however, are the poor spectral efficiency and BER performance. This precludes its use in

this basic form from cellular and even cordless systems.
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1.7 Minimum Shift Keyed (MSK)

Minimum Shift Keying is FSK with a modulation index of 0.5. Therefore the carrier

phase of an MSK signal will be advanced or retarded 90° over the course of each bit period

to represent either a one or a zero. Due to this exact phase relationship MSK can be

considered as either phase or frequency modulation. The result of this exact phase

relationship is that MSK can't practically be generated with a voltage controlled oscillator

and a digital waveform. Instead an IQ modulation technique, as for PSK, is usually

implemented. Coherent demodulation is usually employed for MSK due to the superior

BER performance. This is practically achievable, and widely used in real systems, due to

the exact phase relationship between each bit.

1.7.1 Gaussian Minimum Shift Keyed (GMSK)

A variant of MSK that is employed by some cellular systems (including GSM) is

Gaussian Minimum Shift Keying. Again GMSK can be viewed as either frequency or

phase modulation. The phase of the carrier is advanced or retarded up to 90° over the

course of a bit period depending on the data pattern, although the rate of change of phase is

limited with a Gaussian response. The net result of this is that depending on the Bandwidth

Time product (BT), effectively the severity of the shaping, the achieved phase change over

the bit may fall short of90°. This will obviously have an impact on the BER, although the

advantage of this scheme is the improved bandwidth efficiency. The extent of this shaping

can clearly be seen from the' eye' diagrams in Figurel.8 below for BT=0.3, BT=0.5 and

BT=l.

...--..----,-----,----,

-.n ıJ~

'Ti,.:ı

•. ,
iin:ı

Figure 1.8 Eye diagrams for GMSK with BT=0.3 (left), BT=0.5 (centre) and

BT=l (right)
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This resultant reduction in the phase change of the carrier for the shaped symbols

(i.e. 101 andOlO) will ultimately degrade the BER performance as less phase has been

accrued or retarded therefore less noise will be required to transform a zero to a one and

vice versa. The principle advantages of GMSK, however, are the improved spectral

efficiency and constant amplitude. The resulting signal spectra's for BT= 0.3, 0.5, 1 and

MSK are shown below in Figure

Figure 1.9(a). BT=0.3 Figure 1.9(b). BT=0.5

All the waveforms displayed above (GMSK and MSK) have constant amplitude.

That is to say that their quadrature phase trajectory never leaves the unit circle. This can be

a significant property, particularly as it allows the Power Amplifier device to be operated

further into compression yielding improved efficiency and increased output power, without

significant spectral re-growth.

1.8 Phase Shift Keyed (PSK)
An alternative to imposing the modulation onto the carrier by varying the

instantaneous frequency is to modulate the phase. This can be achieved simply by defining

a relative phase shift from the carrier, usually equi-distant for each required state. Therefore

a two level phase modulated system, such as Binary Phase Shift Keying, has two relative

phase shifts from the carrier, + or - 90°. Typically this technique will lead to an improved

BER performance compared to MSK. The resulting signal will, however, probably not be

constant amplitude and not be very spectrally efficient due to the rapid phase

discontinuities. Some additional filtering will be required to limit the spectral occupancy.

8



Phase modulation requires coherent generation and as such if an IQ modulation technique

is employed this filtering can be performed at base band.

1.8.1 Binary Phase Shift Keyed (BPSK)

The simplest form of phase modulation is binary (two level) phase modulation.

With theoretical BPSK the carrier phase has only two states, +/- J1/2. Obviously the

transition from a one to a zero, or vice versa, will result in the modulated signal crossing

the origin of the constellation diagram resulting in 100% AM. Figure below shows the

theoretical spectrum of a 1 Mbits BPSK signal with no additional filtering. Several

techniques are employed in real systems to improve the spectral efficiency. One such

method is to employ Raised Cosine filtering. Figure 1 .9(b) below shows the improved

spectral efficiency achieved by applying a raised cosine filter with J1=0.5 to the base band

modulating signals.

~ ! .... ı••.. I
"' ... , "" - - ~ ~

i. Mo , 'II .LI ı. '~:. --, ~ I' ., r ""il
....
~.

-e

~

Figure 1.lO(a). Theoretical BPSK Figure 1.lO(b). Raised Cosine BPSK

~=0.5

The improved spectral efficiency will result in some closure of the eye as can be

seen in figurel.11 (a) and 1.1 l(b).
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Figure 1.ll(a). Theoretical BPSK Figure 1.ll(b). Raised Cosine BPSK

~=0.5

One potentially undesirable feature of BPSK that the application of a raised cosine

filter will not improve is the 100% AM. In a real system the shaped signal will still require

a linear PA to avoid spectral re-growth. Further hybrid versions of BPSK are used in real

systems that combine constant amplitude modulation with phase modulation. One such

example would be Constant Amplitude '50%' BPSK, generated with shaped I and Q

vectors designed to rotate the phase around the unit circle between the two constellation

points. For a 010 data sequence the trajectory spends 25% of the time traveling from one

point to other, 50% of the time at the required point and 25% of the time returning. The

resulting carrier phase shift is shown in Figure 1.12 below.

Hiıs

Figure 1.12 Constant amplitude '50%' BPSK.

1.8.2 Quadrature phase shift keying (QPSK)

Let's discuss the awesomely titled quadrature phase shift keying or QPSK. This

scheme, used by most high speed modems, allows quicker data transfer than FSK. And it

gives at least four states to send information. There's a good chance we have heard this type

as our modem makes a dial up connection. IS-136 uses this technology to enable its digital
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control channel, allowing PCS like services for conventional cellular. GSM also uses a

variation, called, Gaussian Minimum Shift Keying,

Quadrature phase shift keying changes a sine wave's normal pattern. It shifts or

alters a wave's natural fall to rest or O degrees. By forcing changes in a

90"'

" O degr-ees t /
270

o

Figure 1.13 As an example, 90 degrees, O degrees, 180 degrees, and 270 degrees might be

represented by binary digits 00, 01, 10, and 11 respectively.

When arrange the circuit that at each point, it transmits a bit of force a shift in the

sine wave. The receiver expects these shifts and decodes them in the proper sequence.

Again, by putting digital information on a carrier wave. The shaping of a carrier wave to do

this, to carry more pulses more efficiently.

Wireless services use amplitude, frequency, and phase modulation to send both

analog and digital radio signals. But what converts an analog signal to digital in the first

place? An encoding scheme. Pulse amplitude modulation first measures or samples the

strength of an analog signal. Pulse code modulation encodes these plots into binary words,

namely Os and 1 s. These binary digits are represented by on and off pulses of electrical

energy.

A digital signal thus produced usually modulates the current carrying the signal

within a landline. Modulation and pulses, therefore, get digital messages going. Once
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completed, the resulting digital signal can be sent over the air with another modulation

technique for doing just that.

Higher order modulation schemes, such as QPSK, are often used in preference to

BPSK when improved spectral efficiency is required. QPSK utilizes four constellation

points, as shown in figure below, each representing two bits of data. Again as with BPSK

the use of trajectory shaping (raised cosine, root raised cosine etc)will yield an improved

spectral efficiency, although one of the principle disadvantages of QPSK, as with BPSK, is

the potential to cross the origin, hence generating 100% AM .

• •
• •-ı

-ı o
Quedrauıre Co:nıpı:m:o:ıt:

Figure 1.14 Constellationpoints for QPSK.

1.8.3 JI/4Quadrature Phase Shift Keyed (JI/4-QPSK)

A variant of QPSK that is employed in several digital systems is JI /4-QPSK. As

with QPSK two bits are coded onto each symbol, although the quadrature constellations for

adjacent bits are offset by JI /4 radians. The two sets of constellation points are shown in

figure 1. 15.
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