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Abstract
In digital communication system design, the main objective is 
to receive data as similar as the data sent from the transmitter. 
It is important to analyze the system in term of probability 
of error to view the system's performance. Each modulation 
technique has different performance while dealing with signals, 
which normally are affected with noise. General explanation for 
probability of error is explained and simulated in this paper. It 
focuses on comparative performance analysis of basic M-ary 
PSK modulation schemes like BPSK, QPSK and 8-PSK. To 
better understand the M-ary PSK system, a Simulink-based 
simulation system is designed for M-ary PSK for M=2, 4 and 8 
using communication toolbox in Simulink. This paper indicates 
that increasing of M results in  increase of BER. Error rates of 
M-ary PSK system versus the signal-to-noise ratio (SNR) are 
used to evaluate the performance of M-ary PSK system. The 
BER curves for MPSK obtained after simulation are compared 
with theoretical curves. 
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I. Introduction
As the digital communications industry continues to grow and 
evolve, the applications of modulation techniques continue to 
grow as well. This growth, in turn, has spawned an increasing 
need to seek automated methods of analyzing the performance 
of digital modulation types using the latest mathematical 
softwares. The amplitude shift keying (ASK), frequency 
shift keying (FSK), Phase shift keying (PSK) and quadrature 
amplitude modulation (QAM) are all forms of digital modulation 
techniques. The use of amplitude modulated analog carriers 
to transport digital information in case of ASK is a relatively 
low quality, low cost type of digital modulation and therefore 
is seldom used except for very low speed telemetry circuits. 
FSK has a poorer error performance than PSK or QAM and 
consequently is seldom used for high-performance digital radio 
systems. So, PSK is the commonly used digital modulation 
technique. The PSK schemes have constant envelope but 
discontinuous phase transitions from symbol to symbol. 
M-ary PSK schemes are used in quasi-optical wireless array 
applications [1], compressed Image communication in mobile 
fading channel [2], space applications, Tracking and Data Relay 
Satellite System (TDRSS). BER has been analyzed for different 
values of M=2, 4, 8. The goal of our analysis is to compare the 
performance of various MPSK modulation techniques in terms 
of their error probability [3,4]. Simulink tool offers a simplified 
environment for the simulation of communication systems in 
general. The performance of each modulation is measured by 
calculating its probability of error with assumption that systems 
are operating with this additive white Gaussian noise and by 
doing so the performance of modulation techniques can be 
compared with theoretical values.

II. Bit error rate
In Digital transmission the number of bit errors is the number of 
received bits of a data stream over a communication channel 
that has been altered due to noise, interference, distortion 
or bit synchronization errors. The bit error rate or bit error 
ratio (BER) is the number of bits in error 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. The bit error probability Pb is the expectation 
value of the BER. 

Bit error Rate    (1)

The performance of each modulation is measured by calculating 
its probability of error with assumption that systems are 
operating with additive white gaussian noise.  High data rate 
like 8-PSK can transmit 3 bits per symbol. When a large amount 
of power is available, it is easy to reduce the bandwidth of 
a modulation scheme; similarly high power is not needed to 
achieve a low BER if a wide bandwidth can be tapped [5]. 
Modulation schemes which are capable of delivering more 
bits per symbol are more immune to errors caused by noise 
and interference in the channel. Moreover, errors can be easily 
produced as the number of users is increased and the mobile 
terminal is subjected to mobility. Thus, it has driven many 
researches into the application of higher order modulations 
[6].

III. Additive white gaussian noise
The term noise refers to unwanted electrical signals that are 
always present in electrical systems [7] and the term additive 
means the noise is superimposed or added to the signal that 
tends to obscure or mask the signal where it will limit the 
receiver ability to make correct symbol decisions and limit the 
rate of information transmission. The transmitted waveform 
gets corrupted by noise ‘n’, typically referred to an Additive 
White Gaussian Noise (AWGN), illustrated as -
Additive: As the noise gets ‘added’ (and not multiplied) to the 
received signal,
White: The spectrum of the noise is flat for all frequencies
Gaussian: The values of the noise ‘n’ follow the Gaussian 

probability distribution function p(z), where  is the variance

                         (2)                                                                                        

Thus, AWGN is the effect of thermal noise generated by thermal 
motion of electron in all dissipative electrical components i.e. 
resistors, wires and so on [7]. Mathematically, thermal noise is 
described by a zero-mean Gaussian random process where the 
random signal (z) is a sum of Gaussian noise random variable 
(n) and a dc signal (a) that is

                                                            (3)                                                                                                                     
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A simple model for thermal noise assumes that its power spectral 
density  is a flat for all frequencies and is denoted as

                                                       (4)                                                                                                                                              

where the factor of 1/2 is included to indicate that  is a 
two-sided power spectral density  and  indicates that half the 
power is associated with positive frequencies and half with 
negative frequencies. When noise power has such a uniform 
spectral density, it is referred as white noise. The word Gaussian 
in the phrase additive white Gaussian noise is due to a Gaussian 
distribution of the amplitude of the noise. AWGN leads to simple, 
tractable mathematical models useful for gaining insight into 
the underlying behavior of a system [8,9]. Since thermal noise 
is present in all communication systems and is a prominent 
noise source for most system, the thermal noise characteristics 
that are additive, white and Gaussian are most often used to 
model the noise in communication systems.

IV. Digital modulation techniques
Modulation is defined as the process by which a carrier wave is 
able to carry the message or digital signal (series of ones and 
zeroes) [10]. There are three major classes of digital modulation 
techniques used for transmission of digitally represented data 
(i) Amplitude Shift Keying (ASK), (ii) Frequency Shift Keying 
(FSK), (iii) Phase Shift Keying (PSK) and (iv) QAM. All convey 
data by changing some aspect of a base signal, the carrier 
wave (usually a sinusoid) in response to a data signal. For 
ASK, FSK and PSK, the amplitude, frequency and phase are 
changed respectively. As the frequency and phase modulation 
has constant amplitude envelope, so the effect of non-linearity 
and noise interference is minimum in case of FSK and PSK. 
However, these effects are more prominent in case of ASK. 
Also, the use of amplitude modulated analog carriers in case 
of ASK to transport digital information is a relatively low quality, 
low cost type of digital modulation and therefore is seldom 
used except for very low speed telemetry circuits. Even though 
the generation of BFSK is easier but its BW is almost double 
the BW of BPSK. Also, FSK has a poorer error performance 
than PSK or QAM and consequently is seldom used for high-
performance digital radio systems. Its use is restricted to 
low performance, low cost, asynchronous data modems that 
are used for data communications over analog voice band 
telephone lines. Therefore, M-ary PSK is the most commonly 
used digital modulation technique.

V. Performance analysis of M-ary digital modulation 
techniques over AWGN channel
The basic concept behind digital modulation is to identify 
efficient schemes taking M different symbols in given digital 
information and transforming them into waveforms that can 
successfully transmit the data over the transmission channel. 
In an M-ary signaling scheme, we may send one of M possible 
signals,  during each signaling 
interval of duration T. For almost all applications, the numbers 
of possible signals are M= , where m is an integer. The symbol 
duration T = m  , where  is the bit duration. The BER for all 
of these modulation techniques will be discussed and analyzed 
in detail using graphical plots [11]. PSK is one of the most 
commonly used modulation scheme in digital communication 
systems. It is widely used in industries, military, deep space 
telemetry and commercial applications [11]. The bandwidth 

efficiency of the PSK modulation scheme is increased by using 
M-PSK modulation. Note that a more efficient use of bandwidth 
is achieved when each signaling element represents more 
than one bit. A more common types of phase modulation is 
Quadrature Phase Shift Keying (QPSK/4PSK) and Octal Phase 
shift Keying (OPSK/8PSK).However, increasing the bandwidth 
efficiency in this way usually increases the bit error rate. This 
paper considers M-PSK modulation types where M = 2, 4 and 
8 which corresponds to m = 1, 2 and 3 data bits. An M-PSK 
signal can be represented mathematically as [13]  

i=1,2,3…            (5)
Where A is the signal Amplitude, M is the number of possible 
phases of the carrier, and fc is the carrier frequency. As the 
order of PSK is increase, the performance will be degraded 
since the order of constellation is more susceptible to noise 
[14].
The simplest form of PSK is Binary Phase Shift Keying (BPSK), 
where m=1 and M=2. Therefore with BPSK two phases are 
possible for the carrier. One phase represents a logic 0 and the 
other phase represents a logic 1.As the input signal changes 
state, the phase of the output carrier shifts between two angles 
that are separated by 1800 i.e. data are represented by two 
signals with different phases in BPSK. Typically these two 
phases are 0 and π. Probability of error or BER for BPSK is 
given by the following equation [15]. 

                (6)                                                                                                       
where Eb/No= Signal to noise ratio or ratio of signal energy 
per bit to noise spectral density. The BW of BPSK is fb. As we 
increase the transmitted signal energy per bit, Eb for a specified 
noise spectral density No, the message points corresponding 
to symbols 1 and 0 move further apart and the Probability of 
error reduces.  The theoretical BER Vs SNR curve obtained by 
using MATLAB  for BPSK is shown in Fig. 1.
The general formulae for probability of error or bit error rate of 
MPSK for AWGN channel is given as

                          (7)                                                                            
where M=2m , m = 2,3,........ 
By putting m=2 in equation (7) we obtain the value of  for 
QPSK which will be same as that of BPSK as shown in Fig. 2. 
BER for BPSK is same as that of QPSK, but QPSK uses only 
half of the channel bandwidth

Fig. 1: Bit error rate probability for BPSK over AWGN channel
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Fig. 2: Bit error rate probability for QPSK over AWGN channel

i.e. a QPSK system transmits information at twice the bit rate 
of a BPSK system for the same channel BW due to which QPSK 
is mostly used in practice. Its advantage is that BW reduces 
with increase in number of bits per symbol and disadvantage is 
that BER increases with increase in number of bits per symbol. 
Special characteristics of QPSK are twice data can be sent in 
the same bandwidth compared to Binary PSK (BPSK) and QPSK 
has identical bit error probability to that of BPSK. 

By putting m=3 in equation (7) we obtain the value of  for 
OPSK which is represented graphically as in Fig. 3 and given 
by

                                   (8)

Fig. 3: Bit error rate probability for 8PSK over AWGN channel.
The 8-PSK is also known as octa phase shift keying. The 
Bandwidth for octa PSK is fb/3. As the value of M increases 
the probability of errors also increases as the number of bits 
per symbols increases and constellation points come closer 
as the distance between them decreases; but BW decreases 
with increase in value of M.

Fig. 4: Comparative performance analysis of bit error rate 
probability for MPSK for M= 2, 4, 8 over AWGN channel.

The probability of error Vs Eb/No for BPSK, QPSK and OPSK 
are compared graphically by generating Mcode in MATLAB as 
shown in Fig. 4.

VI. Performance analysis of MPSK using SIMULINK
Simulink, developed by The Math Works, is an environment for 
multi-domain simulation and Model-Based Design for dynamic 
and embedded systems. It provides an interactive graphical 
environment and a customizable set of block libraries that let 
you design, simulate, implement, and test a variety of time-
varying systems, including communications, controls, signal 
processing, video processing, and image processing. With 
Simulink, you build models by dragging and dropping blocks 
from the library browser onto the graphical editor and connecting 
them with lines that establish mathematical relationships 
between blocks. We can set up simulation parameters by 
double clicking the block. The baseband simulation models 
of M-ary PSK for M=2, 4, 8 i.e. for BPSK, QPSK and OPSK are 
given in Fig. 5(a), (b) and (c). 
The parameter settings for each block are given in table I. The 
Bernoulli Binary Generator block generates random binary 
numbers using a Bernoulli distribution. The Display block shows 
the value of its input, the amount of data displayed and the 
display format can be control by selecting a Format choice: 
short, which displays a 5-digit scaled value with fixed decimal 
point. The Decimation parameter enables you to display data 
at every nth sample, where n is the decimation factor. The 
default decimation, 1, displays data at every time step. The 
Sample time parameter enables you to specify a sampling 
interval at which to display points. In this simulation, a generic 
m file is used together with simulink to simulate the BER vs.  
Eb/No graphs. 

First, the simulation is done by running the concerned .mdl 
file. Once the output values are stored in the workspace, the 
associated .m file is typed under the command window and it 
is run. Finally, BER graph Vs Eb/No graphs are obtained once 
the simulation is completed. The AWGN Channel block adds 
white Gaussian noise to a real or complex input signal. When 
the input signal is real, this block adds real Gaussian

Table 1: Parameter settings for BPSK, QPSK and OPSK
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Name of the 
Block

Name of the 
Parameter

BPSK/QPSK/
OPSK

1.Bernoulli  
Binary 
Generator

Probability of a 
Zero
Initial Seed

Sample Time
Frame Based 
Output
Samples per 
frame
Output Data Type

0.5

Any Positive 
integer 
1/symbol rate
Checked

1000
Double

2. Modulator 
Baseband

Phase Offset
Constellation 
ordering
 Input type
Output Data Type

(pi/2)/(pi/4)/
(pi/8)
Binary

Integer
Double

3.AWGN 
Channel

Initial Seed

Mode
Eb/No (dB)

No. Of Bits per 
Symbol
Input Signal 
Power(watts)
Symbol period (s)

Any positive 
integer
SNR(Eb/No)
Constant or 
variable
1/2/3

1
1
1

4. 
Demodulator 
Base band

M-ary number
Phase offset(rad)
Constellation 
ordering
Output type

2/4/8
0/ pi/4/ pi/8
Binary

Integer

5. Error rate 
calculation

Receive Delay
Computation 
Delay
Computation 
Mode
Output Data
Reset Port
Stop simulation
Target No. of 
Errors

0
0
Entire Frame
Port
Unchecked
Checked
100

6. Display Format
Decimation
Floating display

Short
1 
Unchecked

7.Signal to 
Workspace

Variable Name
Limit data point 
to last
Decimation 
Frames

Log Fixed point 
data as a fi object

BER
1

1
Concatenate 
frames (2-D array)
Unchecked

noise and produces a real output signal. When the input 
signal is complex, this block adds complex Gaussian noise 
and produces a complex output signal. 

Fig. 5(a): Simulation model for BPSK/2PSK

Fig. 5(b): Simulation model for QPSK/4PSK

Fig. 5(c): Simulation model for OPSK/8PSK

VII. Simulation Results 
The results of BER performance of M-ary Phase Shift Keying 
for M=2, 4 and 8 obtained using communication toolbox in 
SIMULINK are shown in Fig. 6 (a), (b) and (c).
The comparative performance analysis of simulated and 
theoretical curves for BER vs Eb/ No (signal to noise ratio) for 
BPSK, QPSK and 8-PSK over AWGN channel are given in Fig. 
7(a), (b) and (c).

Fig. 6(a): BER performance of BPSK over AWGN Channel using 
Simulink
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Fig. 6(b): BER performance of QPSK over AWGN Channel using 
Simulink

Fig. 
6(c): BER performance of 8-PSK/OPSK over AWGN Channel 
using Simulink.

Fig. 7(a): Comparative performance analysis of BPSK over 
AWGN Channel using Simulink.

Fig. 7(b): Comparative performance analysis of QPSK over 
AWGN Channel using Simulink

Fig. 7(c): Comparative performance analysis  of 8-PSK over 
AWGN Channel using Simulink.

VIII. Conclusion
The mathematical analysis and simulations using SIMULINK 
tool shows that the BER for all the M-ary PSK based digital 
modulation schemes decrease monotonically with increasing 
values of Eb/No. A QPSK system transmits information at 
twice the bit rate of a BPSK system for the same channel 
BW due to which QPSK is mostly used in practice. In case 
of 8-PSK the probability of error is greater as constellation 
points come closer, but BW of 8-PSK is one third of the BW of 
BPSK. So, a 8-PSK system transmits information at thrice the 
bit rate of a BPSK system.  It is observed from the simulation 
curves and the mathematical analysis of the signals that as 
the number of signals or number of M increases, the error 
probability also increases over AWGN channel. It is seen that 
higher-order modulations exhibit higher error-rates; in exchange 
however they deliver a higher raw data-rate. Increasing the data 
rate will increase the SNR, however, increasing Rb (Bit rate in 
bits /second) will also cause more noise and noise term also 
increases, since more bits are packed closer and sent through 
the channel. So, we cannot increase SNR by simply increasing 
Rb. We must strike a compromise between the data rate and 
the amount of noise our receiver can handle. 
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