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Abstract The process of changing some characteristics
(e.g. amplitude, frequency or phase) of a carrier wave in
accordance with the intensity of the signal is known as
modulation. This process is needed to reduce practical
antenna length, to increase operating range, and efficient
radiation of an antenna. Generally this modulation involves
amplitude modulation, frequency modulation, and phase
modulation. Only this is not enough study in communication
in deep we need more modulation sub classes such as PAM,
QAM, PSK, BPSK etc which is useful in communication
system . But those systems have some complexity and
various relative disadvantages. Most powerful relative
disadvantage is symbols error rate. So for less error free
communication we need analysis PAM, QAM, PSK, and
BPSK.
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1. Introduction
In electronics modulation is the process of varying one or
more properties of a high frequency periodic waveform
called the carrier signal, with respect to a modulating signal.
This is done in a similar fashion as a musician may modulate
a tone from a musical instrument by varying its volume,
timing and pitch. The three key parameters of a periodic
waveform are its amplitude, its phase and its frequency, all of
which can be modified in accordance with a low frequency
signal to obtain the modulated signal. Typically a
high-frequency sinusoid waveform is used as carrier signal,
but a square wave pulse train may also occur [1].
In telecommunications, modulation is the process of
conveying a message signal, for example a digital bit stream
or an analog audio signal, inside another signal that can be
physically transmitted. Modulation of a sine waveform is
used to transform a baseband message signal to a pass band
signal, for example a radio-frequency signal (RF signal). In
radio communications, cable TV systems or the publi
switched telephone network for instance, electrical signals
can only be transferred over a limited pass band frequency
spectrum, with specific (non-zero) lower and upper cutoff

frequencies. Modulating a sine wave carrier makes it
possible to keep the frequency content of the transferred
signal as close as possible to the centre frequency (typically
the carrier frequency) of the pass band. When coupled with
demodulation, this technique can be used to, among other
things, transmit a signal through a channel which may be
opaque to the baseband frequency range (for instance, when
sending a telephone signal through a fiber-optic strand). In
music synthesizers, modulation may be used to synthesis
waveforms with a desired overtone spectrum. In this case the
carrier frequency is typically in the same order or much
lower than the modulating waveform. See for example
frequency modulation synthesis or ring modulation. A
device that performs modulation is known as a modulator
and a device that performs the inverse operation of
modulation is known as a demodulator. A device that can do
both operations is a modem[2-4].
Rest of the paper we discuss following section: section 2
Bbit error rate, section 3 modulation technique, section 4
presentation of modulation techniques, section 5 simulation
result, section 6 conclusion.

2. Bit Error Rate
The bit error rate or bit error ratio (BER) is the number of
bit errors divided by the total number of transferred bits
during a studied time interval. BER is a unit less
performance measure, often expressed as a percentage [5-6].
The bit error probability is the expectation value of the
BER. The BER can be considered as an approximate
estimate of the bit error probability. This estimate is accurate
for a long time interval and a high number of bit errors . In
this paper the error probability is expressed as
complementary cumulative distribution function (CCDF).
By using CCDF we compare bit error rate for BSK, 4QAM,
4PAM, 4PSK, 16QAM, 16PSK system [8].
3. Modulation Techniques
The most fundamental digital modulation techniques are
based on keying:
(i)In the case of PSK (phase-shift keying), a finite number
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of phases are used.
(ii)In the case of FSK (frequency-shift keying), a finite
number of frequencies are used.
(iii)In the case of ASK (amplitude-shift keying), a finite
number of amplitudes are used.
(iv)In the case of QAM, a finite number of at least two
phases and at least two amplitudes are used.
(v)In QAM, an in phase signal and a quadrature phase
signal are amplitude modulated with a finite number of
amplitudes, and summed.
It can be seen as a two-channel system, each channel using
ASK. The resulting signal is equivalent to a combination of
PSK and ASK. In all of the above methods, each of these
phases, frequencies or amplitudes are assigned a unique
pattern of binary bits. Usually, each phase, frequency or
amplitude encodes an equal number of bits. This number of
bits comprises the symbol that is represented by the
particular phase, frequency or amplitude.
There are also two types of modulation:
(i) Analog modulation and
(ii)Digital modulation
In analog modulation, the modulation is applied
continuously in response to the analog information signal.
Common analog modulation techniques are amplitude
modulation, angle modulation [9,10].
BPSK (also sometimes called PRK, Phase Reversal
Keying, or 2PSK) is the simplest form of phase shift keying
(PSK). It uses two phases which are separated by 180° and so
can also be termed 2 PSK. It does not particularly matter
exactly. This modulation is the most robust of all the PSKs
since it takes the highest level of noise or distortion to make
the demodulator reach an incorrect decision. It is, however,
only able to modulate at 1 bit/symbol (as seen in the figure)
and so is unsuitable for high data-rate applications when
bandwidth is limited. In the presence of an arbitrary
phase-shift introduced be communication channel, the
demodulator is unable to tell which constellation point is
which. As a result, the data is often differentially encoded
prior to modulation.
The general form for BPSK follows the equation:

=
sb (t )

2 Eb
cos(2π f c t +=
π (1 − n)), n 0,1.
Tb

s1 (t ) =

where fc is the frequency of the carrier-wave [5].
In digital modulation, an analog carrier signal is
modulated by a digital bit stream. Digital modulation
methods can be considered as digital-to-analog conversion,
and the corresponding demodulation or detection as
analog-to-digital conversion. The changes in the carrier
signal are chosen from a finite number of M alternative
symbols.
The most common digital modulation techniques are used:
Binary PSK (BPSK), Quadrature PSK (QPSK), MPSK,
Differential PSK (DPSK), Differential QPSK (DQPSK),
Offset QPSK (OQPSK).In this Paper, we would like to
analysis of symbol error rate of BPSK, 4-PAM,
4-QAM,16-QAM, and 16-PSK

4. Presentation of Modulation
Techniques
A. BPSK
Hence, the signal-space can be represented by the single
basis function

φ (t ) =

2E
2 Eb
−
cos(2π f ct )
s0 (t ) = b cos(2π f ct + π ) =
Tb
Tb
for binary "0"

2
cos(2π f c t )
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where1 is represented by

Eb φ (t ) and 0 is represented by

− Eb φ (t ) . This assignment is, of course, arbitrary.
The use of this basis function is shown at the end of the next
section in a signal timing diagram. The topmost signal is a
BPSK-modulated cosine wave that the BPSK modulator
would produce. The bit-stream that causes this output is
shown above the signal (the other parts of this figure are
relevant only to QPSK).
The bit error rate (BER) of BPSK in AWGN can be
calculated as:

Pb = Q

This yields two phases, 0 and π. In the specific form, binary
data is often conveyed with the following signals:
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Since there is only one bit per symbol, this is also the symbol
error rate [4].
B. QAM
As with many digital modulation schemes, the
constellation diagram is a useful representation. In QAM, the
constellation points are usually arranged in a square grid
with equal vertical and horizontal spacing, although other
configurations are possible (e.g. Cross-QAM). Since in
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digital telecommunications the data are usually binary, the
number of points in the grid is usually a power of 2 (2, 4,
8 ...). Since QAM is usually square, some of these are
rare—the most common forms are 16-QAM, 64-QAM,
128-QAM and 256-QAM. By moving to a higher-order
constellation, it is possible to transmit more bits per symbol.
However, if the mean energy of the constellation is to remain
the same (by way of making a fair comparison), the points
must be closer together and are thus more susceptible to
noise and other corruption; this results in a higher bit error
rate and so higher-order QAM can deliver more data less
reliably than lower-order QAM, for constant mean
constellation energy.
If data-rates beyond those offered by 8-PSK are required,
it is more usual to move to QAM since it achieves a greater
distance between adjacent points in the I-Q plane by
distributing the points more evenly. The complicating factor
is that the points are no longer all the same amplitude and so
the demodulator must now correctly detect both phase and
amplitude, rather than just phase. 64-QAM and 256-QAM
are often used in digital cable television and cable modem
applications. In the US, 64-QAM and 256-QAM are the
mandated modulation schemes for digital cable (see QAM
tuner) as standardized by the SCTE in the standard
ANSI/SCTE 07 2000. Note that many marketing people will
refer to these as QAM-64 and QAM-256. In the UK,
16-QAM and 64-QAM are currently used for digital
terrestrial television and 256-QAM is planned for
preview-HD. Communication systems designed to achieve
very high levels of spatial efficiency usually employ very
dense QAM constellations. One example is the ITU-T G.hn
standard for networking over existing home wiring (coaxial
cable, phone lines and power lines), which employs
constellations up to 4096-QAM (12 bits/symbol).
Expressions for the symbol-error rate of rectangular QAM
are not hard to derive but yield rather unpleasant expressions.
For an even number of bits per symbol, k, exact expressions
are available. They are most easily expressed in a per carrier
sense:

1  
3 Es

2 1 −
P
=
sc
 Q  M − 1 N
M  

0


 .
 ,

so

Ps =1 − (1 − Psc ) 2 . .
The bit-error rate depends on the bit to symbol mapping,
but for a Gray-coded assignment—so that we can assume
each symbol error causes only one bit error—the bit-error
rate is approximately

4
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Pbc ≈ Psc / (k / 2) =
−
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Q
k 
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 .
.

Since the carriers are independent, the overall bit error rate is
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the same as the per-carrier error rate, just like BPSK and
QPSK.

Pbc = Psc
For odd k, such as 8-QAM (k = 3) it is harder to obtain
symbol-error rates, but a tight upper bound is:


3kEb 
Ps ≤ 4Q 
 .
(
M
−
1)
N
0 

.
Two rectangular 8-QAM constellations are shown below
without bit assignments. These both have the same minimum
distance between symbol points, and thus the same
symbol-error rate (to a first approximation). The exact
bit-error rate, Pb will depend on the bit-assignment. Note that
both of these constellations are seldom used in practice, as
the non-rectangular version of 8-QAM is optimal [7].
For 4-QAM symbol error rate
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C. PSK
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Phase-shift keying (PSK) is a digital modulation scheme
that conveys data by changing, or modulating, the phase of a
reference signal (the carrier wave).
Any digital modulation scheme uses a finite number of
distinct signals to represent digital data. PSK uses a finite
number of phases, each assigned a unique pattern of binary
digits. Usually, each phase encodes an equal number of bits.
Each pattern of bits forms the symbol that is represented by
the particular phase. The demodulator, which is designed
specifically for the symbol-set used by the modulator,
determines the phase of the received signal and maps it back
to the symbol it represents, thus recovering the original data.
This requires the receiver to be able to compare the phase of
the received signal to a reference signal — such a system is
termed coherent (and referred to as CPSK).
Alternatively, instead of using the bit patterns to set the
phase of the wave, it can instead be used to change it by a
specified amount. The demodulator then determines the
changes in the phase of the received signal rather than the
phase itself. Since this scheme depends on the difference
between successive phases, it is termed differential
phase-shift keying (DPSK). DPSK can be significantly
simpler to implement than ordinary PSK since there is no
need for the demodulator to have a copy of the reference
signal to determine the exact phase of the received signal (it
is a non-coherent scheme). In exchange, it produces more
erroneous demodulations. The exact requirements of the
particular scenario under consideration determine which
scheme is used [10].
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For 16-PSK symbol error rate
𝐸𝐸

D. PAM
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Pulse-amplitude modulation, acronym PAM, is a form of
signal modulation where the message information is encoded
in the amplitude of a series of signal pulses.
Example: A two bit modulator (PAM-4) will take two bits at
a time and will map the signal amplitude to one of four
possible levels, for example −3 volts, −1 volt, 1 volt, and 3
volts. Demodulation is performed by detecting the amplitude
level of the carrier at every symbol period. Pulse-amplitude
modulation is widely used in baseband transmission of
digital data, with non-baseband applications having been
largely superseded by pulse-code modulation, and, more
recently, by pulse-position modulation. In particular, all
telephone modems faster than 300 bit/s use quadrature
amplitude
modulation
(QAM).
(QAM
uses
a
two-dimensional constellation) [7].
For 4-PAM symbol error rate
𝑃𝑃𝑠𝑠,4𝑄𝑄𝑄𝑄𝑄𝑄 =
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several bits of data. The symbol rate is related to, but should
not be confused with, thegross bit rate expressed in
bit/second. The symbol error rate of BPSK is lower compare
to the 4-QAM. On the other hand symbol error rate of
4-QAM is lower than the 4-PAM. Similarly symbol error
rate of 4-PAM is lower than that 16-QAM and symbol error
rate of 16-QAM is lower than the 16-PSK. So we can
conclude that if we can use BPSK modulation technique the
symbol error rate is lower than all other method in this
respect BPSK is best although it has many disadvantages
also.
Symbol error probability curve of advanced modulation
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Figure 2. Comparison of symbol error rate

6. Conclusion

Figure 1. Flow chart for BER calculation on different modulation
techniques.

5. Simulation Result
In digital communications, symbol rate is the number of
symbol changes made to the transmission medium per
second using a digitally modulated signal or a line code. The
Symbol rate is measured in baud or symbols/second. In the
case of a line code, the symbol rate is the pulse rate in
pulses/second. Each symbol can represent or convey one or

Without modulation the radiate power from transmitting
antenna is not enough to transmit long distance. To increase
the radiate power efficiency in wireless communication
modulation is needed. But different modulation has different
disadvantages and advantages in wireless communication
system. Our interest to find the comparison between
different advanced modulation techniques such as BSK,
4QAM, 4PAM, 4PSK, 16QAM, 16PSK system. The power
required to represent large number of bits is greater than that
of the lower number of bits. Therefore as the distance
increase from the base station to the mobile station signal
represent as lower number of bits. In other word greater the
distance between the base stations to the mobile station,
lower number of bit is required to represent the signal. Signal
reconstruction in receiver is very difficult for many numbers
of bits than the lower number bits. Therefore signal to noise
ratio is lower value for large number of bits. From fig. 2 it is
clear that bit error rate increasing from BSK to 4QAM to
4PAM to 4PSK to 16QAM to 16PSK for same signal to
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noise ratio. This bit conversion is made by adaptive method
with distance.For precise communication system symbol
error rate should be lower value so in this purpose we can use
BPSK modulation technique. The obtained results show that
a significant improvements in terms of bit error rate (BER)
and throughput can be achieved demonstrating the
superiority of the BPSK modulation schemes compared to
other transmission schemes.
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