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Abstract: Mobile communications and wireless network have experienced massive growth and commercial
success in the recent years. With the prevalence of higher bandwidth application, such as 3G, WiFi, WiMax,
UWB and other such technologies, the frequency selective fading issue becomes more important for wireless
network simulation. It will be of great interest to implement more functionality support for frequency selective
fading using genetic algorithm.

The methodology implemented involves simulating a GSM carrier frequency and bandwidth, and use pilot data
to estimate the channel phase. These are simulated in MATLAB environment using genetic algorithm toolbox.
The model was then integrated into image processing, which will give a better environment to simulate a
wireless network model. PSK, ASK and QAM modulation models are used to test the effect of different channels
to the received data.

The O-MPSK schemes were compared with MPSK scheme in terms of BER for SNR values of 0 to 20 dB. The O-

MPSK investigated include 7 /2 -QPSK, z/4 -8PSK, r /8-16PSK, z /16 -32PSK and 7 /32 -64PSK. The

results reveal that the O-MPSK schemes outperform the MPSK schemes for both MIMO-SM and MIMO-BF as
the O-MPSK schemes give relatively lower mean BER compared to the MPSK schemes

1. Introduction

The goal of an ideal digital wireless communication system is to produce the exact replica of
transmitted data at the receiver(Harjot, Bindiya and Amit, 2011). This has necessitated the corresponding
numerous tremendous researches carried out in digital communications industry which leads to rapid growth
recorded in the past two decades especially in its various applications (Gesse and Oladele, 2010). 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 software or programming language. Modulation is the process
by which some characteristics, usually the amplitude, frequency or phase of a carrier is varied in accordance
with instantaneous value of some other voltage, called the modulating voltage or signal (Carlson, Crilly and
Rutledge, 2002). Forms of digital modulation practically in use now include Amplitude Shift Keying (ASK),
Frequency Shift Keying (FSK), Phase Shift Keying (PSK) and Quadrature Amplitude Modulation (QAM) with
each having their distinctive features and characteristics. In the case of ASK, the use of amplitude modulated
analogue carriers to transport digital information always results in a relatively low quality output. Although it is
a low cost type of digital modulation, this is seldom used except for a very low speed telemetry circuits. FSK
has a poorer error performance than PSK or QAM and consequently is not used regularly for high-performance
digital radio systems (Proakis and Salehi, 2002).

The demands for high data rate wireless communication in recent years have continued to increase
rapidly for wireless multimedia services. Multiple-input, multiple-output (MIMO) systems are now the popular
approaches to meet these demands (Foschini and Gans, 1998). The use of multiple antennas at both transmitter
and receiver in wireless communication links provides a means of maximizing the system performance of
wireless systems. MIMO technology provides diversity by making the receiver to receive multiple replicas of
the same information-bearing signal; and this provides a more reliable signal reception (Gesbertet al, 2000).




American Journal of Engineering 2016

1. Previous Research

21 BER Performance of MPSK and MQAM in 2x2 Almouti MIMO Systems

Mindaudu and Miyim (2012) investigated the error performance of the 2x2 MIMO system using the Almouti
(1998) space-time coding with M-PSK and M-QAM modulation schemes of modulation orders M = 4, 8, 16, 32
and 64. The problem of increasing error rates and power consumption is associated with using the MIMO for the
provision of high speed multimedia wireless services. The aim of the investigation was to develop a MIMO
system that would mitigate error rates and also provide better efficiency in power and bandwidth consumption..
The simulation results show that the scheme with the M-QAM modulation gives better BER performance
compared to the M-PSK modulation. The proposed scheme shows good BER performance, but it is limited to
only a 2x2 MIMO antenna configuration. Also, the energy needed to achieving a given error probability
increases with the modulation order.

2.2 Performance Comparison of MIMO Systems over AWGN and Rician Channels

A dense multipath fading environment stands as a bottleneck to achieving high data rate wireless
transmission. Kaur and Kansal (2013) aimed at exploiting the multipath effect of the wireless communications
environment for the enhancement of diversity and capacity gains. The method involved utilizing a MIMO-
STBC system with zero-forcing (ZF) equalizer and higher order M-PSK modulation schemes; that is M = 32
and above. The system was simulated over a multipath Rician fading channel. Simulation results for 32-PSK,
64-PSK, 128-PSK, 256-PSK and 1024-PSK showed good BER performances due to space diversity provided by
the MIMO system. However, the BER increased with increase in the value of M for M-PSK as a result of
decrease in the space between different constellation points, and the energy needed to achieving a given BER
increases with the modulation order M.

2.3 Bit Error rate Performance of MIMO Spatial Multiplexing with MPSK Modulation

The achievable data rate of the MIMO system with space-time trellis codes (STTC) is limited by the
complexity of the ML decoder which grows exponentially with the number of bits per symbol. With a view to
reducing the complexity of the ML decoder in a MIMO system, Vishal and Mahesh (2013) investigated the
BER performance of MIMO system utilizing a layered space-time coding (LSTC) technique with MPSK
modulation schemes and ZF receiver. The system was simulated over the Rayleigh fading channel. Simulation
results showed significant improvement in BER for the proposed technique compared to the STTC technique.
The BER of the system, however, increases with increasing modulation order.

24 Performance Comparison of MIMO-OFDM Transceiver Wireless Communication System

The MIMO system helps to achieve high spectral efficiency, but the system still suffers from the
problem of inter-signal interference (ISI) in a frequency-selective mobile communication environment. The aim
is to mitigate the problem of ISI in MIMO systems at the same time achieving high spectral efficiency in mobile
communication environments. Mangla and Singh (2013) compared the BER performances of higher order M-
QAM and M-PSK modulation schemes in a MIMO-OFDM system. The system was simulated for M = 16, 64,
256, 512 and 1024. The results showed that spectral efficiency increases with increasing modulation order M.
Also, M-QAM gives better BER performance than M-PSK. The BER of the higher order modulations can be
reduced but at the cost of increasing the SNR. Increasing the SNR is however not advisable because excessive
power consumption would adversely affect system lifespan.

I11. Methodology
3.1 Design of the Offset MPSK Schemes
A modulated signal consists of a combination of the carrier signal and the message (or information)
signal. The M-ary PSK modulation is achieved by shifting the carrier in phase according to the message data. A
modulated signals(t) in time (t) domain can be expressed as:
s(t) = Re{g(t)expifiw,t)}
3.1 where Re{.} denotes the real component of the complex function indicated by j,
w, = 21f,,
f. = The carrier frequency,
g(t) = The complex baseband envelope of s(t).
This complex baseband envelope g(t) is a function of the message signal m (t) and can be expressed as:
g(t) = Am(t)expifjo(t)] 3.2
whereA is a constant amplitude
and, 6(t) = The phase of the signal
Substituting equation (3.2) into (3.1) gives:
s(t) = Am(t)cosifiw,t + 6(t)] 3.3
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Applying trigonometric identity to Equation 3.3, the equation can be expressed in cosine and sine forms as:
s(t) = Am(t)[cosw, tcosO(t) — sinw,tsinb(t)] 34

The constant amplitude A is a function of the signal power; and it is given as:

A =+2P 35
whereP is the signal power. Also, P is a function of the energy contained in a symbol duration; and is given as:
E
p==Lt 3.6
Ts

whereT; is the symbol period;
E is the energy contained in the symbol period.
Substituting Equation 3.6 into 3.5 gives:

A= [Z 3.7
Ts
With A - into equation 3.4 gives:
s(t) = m(t)\/zTE [cosw, tcosOt — sinw, tsindt] 3.8
By shifting the carrier in phase, Equation 3.8 becomes:
s(t) = m(t)\/zTE [cosw, tcos(8; — By)t — sinw,tsin(0; — 0y)t] 3.9
With 6, = 2%i, fori=123,..M 3.10
andé, is the initial phase given as:
8y == 3.11

whereM is the constellation size of the M-ary PSK; the phase takes on one of M possible values.
Equation 3.9 represents an M-ary PSK modulated signal. The phases of an MPSK constellation can be
represented with a polar diagram in Inphase/Quadrature (1/Q) format. The cosine component of the modulated

signal s(t) takes the inphase axis while the sine component takes the quadrature axis.
The offset MPSK (OMPSK) modulation can be implemented by delaying the input bit stream of the
quadrature part by one bit period T, . The bit period is given as:
T T

T, =—=—" 3.12
k log , M

where k is the number of bits that represents a symbol. Therefore, the conventional MPSK modulation Equation
3.9 can be modified for the OMPSK as:

2E
s(t) = m(t) T—[cos o tcos( 0, —0,)t—sin o _tsin[( 8, —0,)(t-T,)1] 3.13
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IV. Result and Discussions
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Figurel: Comparison of the O-MPSK in 2x2MIMO-SM over Rayleigh Fading Channel

The mean BER values for 7 /2 -QPSK, 7 /4 -8PSK, z /8 -16PSK, z /16 -32PSK and 7 /32 -64PSK
in MIMO-BF are 0.0016, 0.0025, 0.0038, 0.0064 and 0.0107 respectively. Also, the mean BER values for ;z/z -
QPSK, 7 /4 -8PSK, 7 /8 -16PSK, 7 /16 -32PSK and z /32 -64PSK in MIMO-SM are 0.0024, 0.0040, 0.0085,
0.0183 and 0.0360 respectively. The results reveal that the best BER performance is obtained with = / 2 -QPSK
of MIMO-BF and the worst with 7;/32 -64PSK of MIMO-SM.

The comparison between MIMO-SM and MIMO-BF for ;z/2 -QPSK is illustrated graphically in

Figure 1. The mean BER values obtained for MIMO-SM and MIMO-BF are 0.0024 and 0.0016 respectively;
this shows that MIMO-BF gives a lower BER compared to MIMO-SM. Figure 2 shows the comparison between

MIMO-SM and MIMO-BF for ;r/8 -16PSK. The BER values obtained for MIMO-SM and MIMO-BF are
0.0085 and 0.0038 respectively; this also shows that MIMO-BF gives a lower BER compared to MIMO-SM.
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Figure 2: Comparison between 2x2 MIMO-SM and 2x2 MIMO-BF with n/32 -64PSK

V. Conclusion
In this work, offset MPSK (O-MPSK) modulation schemes in wireless communication using genetic

algorithm were developed and the performances evaluated in 2x2 MIMO-SM and 2x2 MIMO-BF
communication systems over Rayleigh fading channel. The O-MPSK schemes were compared with MPSK

scheme in terms of BER for SNR values of 0 to 20 dB. The O-MPSK investigated include = /2 -QPSK, = /4 -

8PSK, 7z /8-16PSK, /16 -32PSK and 7 /32 -64PSK. The results reveal that the O-MPSK schemes

outperform the MPSK schemes for both MIMO-SM and MIMO-BF as the O-MPSK schemes give relatively
lower mean BER compared to the MPSK schemes. Also, the results reveal that the best performance is obtained

with the /2 -QPSK scheme.

(1
[2]
(3]
(4]
(5]
(6]
[71
8l
(9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

[18]
[19]

[20]

References
Adeyemo, Z. K. (2009), Performance Evaluation of Digital Mobile Communication over Fast and Frequency Non Selective
Rayleigh Fading Channels, Unpublished PhD Thesis, LadokeAkintola University of Technology, Ogbomoso, Nigeria.
Adeyemo, Z. K. and Ajayi, O. O. (2011), “Effect of Subcarriers on Orthogonal Frequency Division Multiplexing at Different
Mobile Speeds,” Journal of Theoretical and Applied Information Technology, vol. 29, no.2, pp 61-68.
Almouti, S. M. (1998), “A Simple Transmit Diversity Technique for Wireless Communications,” IEEE Journal on Select Areas
in Communications, vol. 16, no.8, pp 1451-1458.
Antti V. R. and Arto L. (2003), “Radio Engineering for Wireless Communication and Sensor Applications”, Artech House,
Boston, London.
Amin, A. (2011), “Computation of Bit-Error Rate of Coherent and Non-Coherent Detection M-ary PSK with Gray Code in
BFWA Systems,” International Journal of Advancements in Computing Technology, vol. 3, no.1, pp 27-38.
Asad, M., and Abas, M. (2010),“Characterization and Channel Modelling for Satellite Communication Systems,”Blekinge
Institute of Technology, Sweden, pp. 134-151. Retrieved from http://www.intechopen.com/
Bernard S. (1997), ‘‘Rayleigh Fading Channels in Mobile Digital Communication Systems Part 2: Mitigation,”” IEEE
Communications Magazine.
Cao, L. and Beaulieu, N. (2004), “Bit Error Rate analysis of hybrid selection/ maximal ratio with channel estimation error,” IEEE
Global Telecommunications Conference, vol.1, pp 446 — 451.
Carlson, A. B., Crilly, P. B and Rutledge, J. C. (2002), “Communication Systems: An Introduction to Signals and Noise in
Electrical Communication ”, 4th edition, McGraw Hill, London.
Dang, X. (2009), Offset QPSK in SISO and MIMO Environments, PhD Dissertation, Brigham Young University, Provo, Utah.
Dennis, R. (2001), Satellite Communications, 3 Ed. Tsinghua University Press.
Gaudenzi R. (2002), European Space Agency, American Institute of Aeronautics and Astronautics paper.
Foschini G. J. and Gans M., “On Limits of Wireless Communications in a Fading Environment when using Multiple Antennas,”
Wireless Personal Communications, vol 6, pp 311-335, March 1998
Frenzel L. E. (2008), “Principles of Electronics Communication Systems”, 3rd edition, McGraw Hill, London.
Fuqin X. (2006) “Digital Modulation Techniques,” 2nd edition, Artech House.
Gesbert D., Bolcskei H., Gore D. and Paulraj A., (2000) “MIMO Wireless channels: Capacity and ~ Performance Prediction,” in
Proc. IEEE Globecom, San Francisco, CA, Nov 2000, pp 1083 - 1088
Gesse, M. K. and Oladele O. P. (2010) “Performance Evaluation of LTE Downlink with MIMO Techniques,” M.Tech Thesis,
Blekinge Institute of Technology, Karlskrona, Sweden.
Goldsmith A. (2005), “Wireless Communications”’, Cambridge University Press, Cambridge, United Kingdom
Harjot K., Bindiya J. and Amit V. (2011), “Comparative Performance Analysis of M-ary PSK Modulation Schemes using
Simulink” International Journal of electronic & Communication Technology, vol. 2, no. 3, pp 204 — 209.
Ippolito, L.J. (2008), Satellite Comunications Systems Engineering, John Wiley and Sons, Ltd.




American Journal of Engineering 2016

[21]

[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]
[30]
[31]

[32]

[33]

[34]
[35]
[36]
[37]

[38]
[39]

[40]

Jaiswal A. K., Kumar A. and Singh A. P. (2012), “Performance Analysis of MIMO-OFDM System in Rayleigh Fading
Channel,” International Journal of Scientific and Research Publications, vol. 2, Issue 5, pp 1 — 5.

Kaur N. and Kansal L. (2013), “Performance Comparison of MIMO Systems over AWGN and Rician Channels with Zero
Forcing Receivers,” International Journal of Wireless and Mobile Networks, vol. 5, no 1, pp 73 — 84.

Kamilo, F. (1983), Digital Communications: Satellite / Earth Station Engineering, Prentice-Hall Inc.

Kolimbiris H. (2000), “Digital Communications Systems ", Prentice Hall, USA.

Krzysztof, W. (2002), “Mobile Communication Systems”, \West Sussex, England.

Lou F. (2012), “Understanding Modern Digital Modulation Techniques”, a tutorial on the most common digital modulation
techniques Jan. 23, 2012http://electronicdesign.com/communications/

Mangla R. and Singh M. (2012) “Performance Comparison of MIMO-OFDM Transceiver Wireless Communication System
using QAM and QPSK Modulation Schemes,” International Journal of Advances in Engineering Science and Technology, vol. 1,
no 2, pp 66 — 72.

Mindaudu, A. S. and Miyim, A. M. (2012), “BER Performance of MPSK and MQAM in 2x2 Almouti MIMO Systems,”
International Journal of Information Sciences & Techniques, vol. 2, no 5, pp 1 - 10.

Nelson, T. and Rice, M. (2006), “Mimo Communications using offset modulations,” Proceedings of IEEE International
Waveform Diversity and Design Conference, pp 23 — 27.

Pasupathy, S. (2003), ‘Minimum shift keying: a spectrally efficient modulation,”” IEEE Communications Magazine.

Peppas, K.P.; Nistazakis, and Tombras, G.S. (2011), “An Overview of the Physical Insight and the Various Performance Metrics
of Fading Channels in Wireless Communication Systems,” Advanced Trends in Wireless Communications. Retrieved from
http://www.intechopen.com/

Poongodi, C., Ramya, P. and Shanmugam A. (2010), “BER Analysis of MIMO OFDM System using M-QAM over Rayleigh
Fading Channel,” International Conference on Communication and Computational Intelligence, Kongu Engineering College,
Perundurai, erode, T. N., India, pp. 284-288.

Prasad, K. V. (2003),Pinciples of Digital Communication Systems and Computer Networks,Dreamtech Press, 1st Edition,
Massachusetts, USA

Proakis, J. G. (2001),Digital Communications, McGraw — Hill Companies, inc, International Edition, New York City, USA
Proakis, J. G. and Salehi, M. (2002), Communication Systems Engineering, 2™ Ed., Prentice-Hall Inc., USA.

Rappaport, T. S. (2002), Wireless Communications — Principles and Practice, 2" Ed., Prentice-Hall Inc., USA.

Sklar, B. (1997), “Rayleigh Fading Channels in Mobile Digital Communication Systems,” IEEE Communications Magazine,
July, pp. 90-100.

Sklar, B. (2001), “Digital Communications: Fundamentals and Applications”, 2nd edition, Prentice Hall, USA.

Sulyman, A. 1. (2008), “Performance of MIMO Systems with Antenna Selection over Nonlinear Fading Channels,” IEEE Journal
of Selected Areas in Communications, vol. 2, no 2, pp 159 — 170.

Sydaap Technologies Pvt. Ltd. (2010), "Multiple Input Multiple Output (MIMO)" a tutorial on Multiple Input Multiple Output
(MIMO) Jan. 7, 2010http://www.sydaap.com/docs/MIMO.pdf




