Australian Journal of Basic and Applied Sciences
Research Article

2018 May; 12(5): pages 31-38
DOI: 10.22587/ajbas.2018.12.5.7
AENSI Publications

BER Vs Eb/N0 BPSK Modulation over Different Types of Channel
1

Mustafa Maad Hamdi and 2Mohammed Jabbar Mohammed

1

Al-Maarif University College. Department of Computer Engineering Techniques, Alanbar. Iraq
Al-Maarif University College. Department of Computer Engineering Techniques, Alanbar. Iraq

2

Correspondence Author: Mustafa Maad Hamdi, Al-Maarif University College
E-mail: Meng.mustafa@yahoo.com
Received date: 23 March 2018, Accepted date: 25 April 2018, Online date: 25 May 2018
Copyright: © 2018 Mustafa Maad Hamdi and Mohammed Jabbar Mohammed. This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source
are credited.

Abstract
This paper derives a brief comparison using MATLAB simulation between the response of BPSK over different type of channels.
The first one is when the transmitting signal affected by AWGN channel, the second one is when the channel is Rayleigh flat fading,
and the last one is when the BPSK simulated over Rician fading channel. This simulation is used to determine the bit error rate (BER)
which is the number of bit errors divided by the total number of transmitted bits over a channel. The result shows a good agreement
between the simulated and theoretical plots for BPSK modulation that there is no difference between the BER performance of BPSK
over Additive White Gaussian Noise (AWGN) channel and the theoretical Energy per Bit to Noise Power (E b/No) this is due to the
180o phase shift between the two bits (symbols). The result also shows that the BER response with Eb/No over Rayleigh channel is
also the same but with slow response compared with AWGN. With AWGN, the BER performance reaches 10 -02 at 4dB, but with
Rayleigh it takes 13dB to reach the same value. That is there is 9dB difference as an example for the BER to reach 10 -02. The
response of Rician channel shows that it depends on the k factor which it the ratio between the powers of the dominant signal to the
power of the scattering one. If the power of the dominant one is large due to the others; that is there is little amount of signal scattered
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during transmission,
theNoise;
response
willEb/No;
be as the
response of BPSK with AWGN. The application here in this paper is to transmit an
image over different types of noisy channel.
INTRODUCTION
1.1 BPSK at AWGN channel:
BPSK stands for Binary Phase Shift Keying. It is one of the digital modulation techniques that depend on changing the phase between transmitting symbols
called phase shift keying (PSK). In BPSK; a series of binary input message bits of which 1's are represented by 1V and 0's are translated as -1V. In this technique;
Non-return to zero coding (NRZ) which means that two bits are transmitted separated by 180 degrees and no matter exactly where the constellation points are
positioned. In figure 1 below, the bit (1) is at 0 degrees and the bit (0) is at 180 degrees (Leung, 2011).

Fig. 1: BPSK constellation diagram
This type of modulation is considered robust since it takes the highest level of noise or distortion to make the demodulator reach an incorrect decision. But in
the other hand, it is unsuitable for high data-rate applications since the modulator can only modulate 1 bit/symbol (Bhambare and Raut, 2013).
The channel in any wireless communication must be considered, it depends on how the channel is. The most generally accepted model for thermal noise is
AWGN (Sklar, 1997), it's assumed that:
a. The noise added to the transmitted signal.
b. The power spectral density is flat, with unity variance and zero mean.
c. The noise has a Gaussian distribution.

(1)
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with

and

In a mathematical form, the received signal "y" can be represented as: y = aS + n where "n" represents the added noise to the transmitted symbol "S", and "a"
is the scaling factor of the transmitted signal.
Assume that the received signal at each time is:
(2)
when bit 1 is transmitted and has

as an analog level in the constellation diagram according to the energy of bit. And;

when bit 0

is transmitted and has
as an analog level in the constellation diagram according to the energy of bit.
The conditional probability of "y" for the two cases is as shown in figure 2.

(3)

(4)

Fig. 2: The conditional probability of "y"
Assuming that the reciever is assumed to be hard dicision reciever, that is the two symbols must be equally probable, and 0 is the decision threshold. If the
received signal is greater than 0, then the receiver assumes S1 was transmitted, and assumes S0 if the received signal is less than or equal to 0. The error probability
of the BPSK modulation scheme is derived when assuming the probability of error given S1 or S0 was transmitted respectively. According to figure 2, the total
probability of bit error of BPSK is:

(5)
1.2 BPSK at Rayleigh channel:
The AWGN is not the only channel affects the transmitted signal. If the transmission is in urban environment, the result is a received signal as a sum of
scattered signals due to the environment(Babu and Rao, 2011). This channel is called Rayleigh channel that affects the amplitude of the transmitted symbol
according to a Rayleigh distribution. It means that the transmitted symbol affects by the sum of two uncorrelated Gaussian random variables. It should be noted in
Rayleigh model there is no dominant. In this way all the signal paths will vary and can have an impact on the overall signal at the receiver(Zehavi, 1992).
At the receiver, all received signals are combined with each other to result the overall signal that is a combination of all the signals that have reached the
receiver. The phase of the signal is being important dependent upon the way in which these signals sum together.
In Rayleigh channel, the received signal y can be represented as:
Y = hx + n

(6)

where n is the noise by AWGN and h is the complex channel amplitude scaling factor that follows Rayleigh distribution. It consists of two parameters, the
first one is the real parameter and the second one is the phase (imaginary)(Ajose et al., 2017).
(7)
where hre and him parts are zero mean independent and identically distributed Gaussian random variables with mean 0 and variance
.
The channel is usually flat fading randomly varying in time; it means that the multipath channel has only one tap. So, the convolution operation reduces to a
simple multiplication, and
each transmitted symbol gets multiplied by a randomly varying complex number
. Since
is modeling a Rayleigh channel, the real and imaginary parts
are Gaussian distributed having mean 0 and variance 1/2(Alam et al., 2018).
In order to demodulate the received signal, coherent detection is usually used that is the response of the channel is well known at the receiver. This means
that the channel
is known at the receiver by sending test signals to know the response and the phenomena of the channel response. The received signal in this
case will be:
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(8)

Where
is the additive noise scaled by the channel coefficient.The bit error rate of BPSK over AWGN is,

(9)
However in the presence of channel

, the effective bit

energy to noise ratio is, so the bit error probability for a given value of

is,

(10)

Where
The probability density function of

is,

(11)

So the error probability is,

(12)

(13)
To detect the received signal, the hard decision that is used when transmitted over AWGN channel is still valid, that is:
r = real (y)
If r > 0 , then the received bit is 1 , and
If r <= 0 , then the received bit is 0.
1.3 BPSK at Rician channel:
Rayleigh fading is the special model for Rician channel, there is no line of sight signal in Rayleigh. But in other hand, some channels considered the line of
sight signal that is the received signal arrives at the receiver by several different paths including the direct path. In this case, Rician fading is considered, and the
line of sight signal, is much stronger than the other received one. In Rician fading, the amplitude gain is characterized by a Rician distribution(Purkayastha and
Sarma, 2015).
Because of there are two types of received signal, one of them is the Line Of Sight (LOS) and considered to be Gaussian random variables X and the other
one is Y which is the random scattered received signals. X has non-zero mean (m) and Y has zero mean and both have equal variance σ2.(Hasan et al., 2017) The
Rician transformation is:
(14)
Rician depends on the power received that is the resulting signal depends on the power ratio of all types of received signals (LOS and others). K is the ratio
of the power and it is equal to:
(15)

As shown in figure 3, Because of the Rician is the general form of Rayleigh, The simulation strategy is very similar for both of them, the only difference here
is the k factor.
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The theoretical BER for BPSK over Rician Fading Channel with AWGN noise(Naidu and Rao, 2016). is given by the following expression:

(16)

Fig. 3: BPSK with Rician channel
2. Problem Statement:
Digital modulation techniques are the most important process in digital communication. The main thing of choosing a suitable modulation to use for
transmission is to know the channel response. Most of researches study in practice the response of digital modulation over AWGN, or over Rayleigh distribution or
over Rician channel individually. Because of the BPSK modulation is a basic modulation scheme and considered reference to other higher order modulation. This
paper aims to give a full comparison between using different types of channel.
3. Objectives:
The objectives of this paper are:
1. To compare the response of different types digital channel.
2. Studying briefly the concept behind choosing the suitable channel estimation for digital communication especially for multipath signaling with and without
presence of LOS signal or not.
Where does channel estimation used:
This paper is considered the simulated study of transmitting information (voice, data, image, …..) over different types of digital channels when modulated the
signal by digital modulation scheme.
Rayleigh distribution naturally arises is when wind velocity is analyzed into its orthogonal 2-dimensional vector components. Rician distribution is used
when LOS signal is to be considered.
4. Methodology:
As discussed in the introduction section, the methodology of simulating the response of BPSK as a modulation scheme in the presence of AWGN channel,
Rayleigh channel and Rician channel can be as follow:
1. Using MATLAB as a simulation tool.
2. The code used for simulation contains:
- Generation of random binary bits, and matched every bits to the corresponding symbol (binary bit "1" will be "1" as symbol, and binary bit "0" will be "-1"
as symbol).
- Passing them through Additive White Gaussian Noise channel.
- Demodulation of the received symbol using hard decision.
- Counting the number of errors
- Repeating the same for multiple Eb/No value.
- Compare the results with the theoretical probability of bit error of BPSK.
- Repeat the previous when the channel is Rayleigh and Racian.
- Compare the results obtained from the three systems.
- Apply the system to transmit an image.
The flow chart of simulating the three channels to obtain Eb/No versus bit errors is:
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The flow chart of simulating transmission an image over the three channel:

RESULTS AND DISCUSSION
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The output figure from the BPSK MATLAB code is as shown in figure 4. The x axis in this figure is the signal to noise ratio (SNR), and the y axis is the
BER of the symbols.
The figure shows that using this type of modulation can results an optimal curve that can use as a reference error performance of other carrier modulation
schemes. This is also the best possible error performance any BPSK modulator-demodulator can achieve in presence of AWGN.
Careful observation on figure 4, reveals that about 9.6 dB of Eb/No is necessary to achieve a BER of 10 -5 while an Eb/No of 8.4 dB implies an achievable
BER of 10-4 In figure 5, the output shows that the Rayleigh channel affects the BER performance of BPSK, the result shows that BPSK in the presence of AWGN
is faster than BPSK in Rayleigh channel. The BER performance reaches 10-02 at 4dB with AWGN, but with Rayleigh it takes 13dB to reach the same value. That is
there is 9dB difference as an example for the BER to reach 10-02.

Fig. 5: BER performance with
Figure 6 shows the response of BER performance during transmission over Rician channel. The figure shows that k plays an important role in the response of
the channel. When k is small, the BER performance is slower than when k increase. The larger k means more fast response of BER. When k equal 1, the response
reach 10-02 at 13dB, and its equal to the response of Rayleigh channel because k=1 means that there is no LOS signal. The system reached 10 -02 at 5dB when k
equal 30, and this means that all power received is from the LOS signal and it also means that there are few amount of signal scattered. This equals to the response
of the system with the presence of AWGN only.

Fig. 6: BER performance with Rician
To satisfy the output of transmitting a signal over AWGN and Over Rayleigh channel, using an image as information to be transmitted over the two channels,
the result is as shown in figure 7. The figure satisfies the concept of transmitting over AWGN resulting less error in transmission than transmitting over Rayleigh.
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Fig. 7: Transmitting an image over AWGN channel and Rayleigh channel
Transmitting the same image for rician channel with different value of K, the results are:

The response of the image is the same as Rayleigh because when k=1 there is no LOS.
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When K increases, the response is reached to the response to AWGN
Conclusion:
In this paper; theoretical principle of BPSK as a type of PSK modulation techniques was discussed. The BER performance also was discussed practically by
using MATLAB simulation with the presence of different types of channel. The first simulation was with AWGN channel. The simulation result was compared
with The second simulation was with the Rayleigh channel, the simulation result shows that the BER response over AWGN is faster than the response over
Rayleigh, this is because Rayleigh detectors depends on the magnitude and phase of the received signal which is formed from different amount of scattered signals
during transmission.
The third simulation was with the Rician channel with different k values. The simulation shows that the BER response is fast when k has a large value. It’s
accepted because when k is small. It means that the power of LOS received signal is smaller than the power of scattered one. That is when k is small, the response
will be the near the response of Rayleigh channel. But with a large value of k; the response is near the response of the AWGN channel because the large value of k
means that the power of LOS received signal is the major power in the system, and there are a few amount of scattered signal. the theoretical Eb/No. it shows that
there is a good matching between them. Because of this, the resulting curve can use as a reference error performance of other carrier modulation schemes. We can
conclude from the above results that this type of modulation is robust but is unsuitable for high data-rate applications since the modulator can only modulate 1
bit/symbol.
Contribution:
This paper makes the following contributions:
1. It compares using MATLAB simulation between the response of BPSK over different type of channels
2. It presents to transmit an image over different types of noisy channel.
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