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ABSTRACT: This paper proposed new detection scheme to
improve the performance of terminals mobile transmissions at
high speeds, low cost and low power consumption. Indeed, the
increase in rates implies that the transmission channels are
more difficult, making the task of receivers more difficult, we
are interested in solving the classical problem of detection of a
linear mixture of Gaussian noise for MIMO OFDM
telecommunication systems from a noisy observation of an
input signal mixed with a known matrix representing the
behavior of the channel, we seek the vector minimizing the
Euclidean distance between the noisy output and the noiseless
one. MIMO OFDM systems have large frequency diversity. In
this context, we investigate in a first part in the study of
performance of conventional equalizers (ML, ZF, MMSE...). In
a second part, we propose a detection algorithm and power
allocation process with near-optimal performance in terms of
bit error rate BER very close to ML called PSO (Particular
Swarm Optimization) for its complexity relatively small
compared to other detectors.

Keywords: MIMO, OFDM ,ZF , MMSE, ML ,PSO, BER ,
SNR,PA.

LINTRODUCTION

The area of wireless communication and mobile
communication are significant challenges. Over time, several
generations have passed to improve the speed and capacity
while maintaining an appreciable quality of service. By using
multiple antennas at both transmitter and receiver (MIMO
system) the throughput can be increased by simultaneously
transmitting different streams of data on the different transmit
antennas but at the same carrier frequency. In addition, the
orthogonal frequency-division multiplexing (OFDM) has a
potential to increase spectral efficiency. The combination of
the throughput enhancement of MIMO system with the
robustness of orthogonal frequency division multiplexing
(OFDM) against frequency-selective fading caused by severe
multipath scattering and narrowband interference is regarded
as a very promising basis for future high speed data
communication.
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In this paper proposed some solutions to improve the
performance of terminals mobile transmissions at high
speeds, low cost, and low power consumption. Indeed, the
increase in rates implies
that the transmission channels are more difficult, making the
task of receivers more difficult. we are interested in solving
the classical problem of detection of a linear mixture of
Gaussian noise for MIMO OFDM telecommunication
systems from a noisy observation of an input signal mixed
with a known matrix representing the behavior of the
channel, the vector minimizing the Euclidean distance
between the noisy output and the noiseless one. MIMO
OFDM systems have large frequency diversity. In this
context, first investigated performance of different
conventional equalizers like ML, ZF, MMSE and later
proposed a detection algorithm with near-optimal
performance in terms of bit error rate BER very close to ML
called PSO (Particular Swarm Optimization) for its
complexity relatively small compared to other detectors.

However, for these systems symbol detection is
required at the receiver for coherent demodulation, but
MIMO detection is computation extensive and not a trivial
work. Various algorithms such as maximum likelihood (ML),
zero forcing (ZF) and minimum mean square error (MMSE)
algorithms have been proposed to detect symbols. Although
the implementation of ZF and MMSE are quite easy and also
less complex algorithm, it underperforms in fast fading and
time varying environments. In comparison with other
algorithm, ML algorithm reveals excellent performance in these
environments. But the main drawback of ML is its extremely high
computational complexity. It searches the candidate symbol
vector on each subcarrier and Euclidean distance between
received and actual symbol is computed in all the possible
combinations of transmitted symbols. In addition to this, search
space grows exponentially with the number of transmitter and
receiver antennas, so computational complexity becomes
intensive.
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In this research work, different detection algorithms are
analyzed their performances and in order to reduce the search
space of ML detector and to reduce the computational
complexity, proposed a heuristic approach PSO.

II.LPROBLEM FORMULATION

Before introducing the signal detection, briefly describe a
MIMO-OFDM system. Figure 1 shows the simplified block
diagram of MIMO-OFDM system. For this system, we
consider Ny, transmit, N, receive antennas, n OFDM

symbols and K subcarriers. Data stream is mapped on to
complex symbols considering modulation type. The
transmitted symbol vector is expressed as
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Fig.1.Block diagram of MIMO-OFDM system
S, K1=[S1 (1K), ..., Syex(n, k)], k=0....1 ()

Where S;[n.k] is symbol which is transmitted at the ny,
symbol, k,, subcarrier and i,, antenna. [.]" is transpose
operation. By applying inverse fast Fourier transform (IFFT),
symbol vectors are turned into OFDM symbol:

- jmm
S, [m] =kath k=lgtn Kle &, m=01,...k 2

To eliminate inter symbol interference (ISI) added
cyclic prefix (CP), and then signal vectors are fed though the
ith, transmitter antenna. In reception CP is removed from

signal vector at ¢y, receiver antenna and fast Fourier

transform (FFT) is applied.
Then the received signal vector can be expressed as

Y, I K=SAZ8Hy I K S k] + W K] ®)
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H; [n, k] is channel impulse response vector and Wq

[n, k] is additive white Gaussian noise. The task is detecting

Ny, transmitted symbols S from a set of N,, observed

symbols Y that have passed through a non-ideal
communication channel H, typically modelled as a linear

system followed by an AWGN.
A

PARAMETR 1

Y

PARAMETR 1

ZF, MMSE and ML equalizers performances:

In MIMO systems let the channel is multi — fading to
compare the characteristic BER according to the SNR for
MMSE, ZF and ML Equalizer, for simulation used QAM-4
modulation for 2 x2 MIMO-OFDM system with 64
subcarriers and length of the Cyclic prefix is 16. The result of
this comparison is shown in the Figure 2.
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Fig.2 BER according to SNR for ZF, MMSE and ML detector

In Figure 2, the bit error rate (BER) versus the
signal-to-noise ratio (SNR) performance of symbol detectors
in the 2 x 2 MIMO- OFDM systems is shown. As it can be
seen, the ML has better performance than ZF and MMSE
algorithms. For optimal solution of ML detection, all M Ny,



International Journal of Ethics in Engineering & Management Education
Website: www.ijeee.in (ISSN: 2348-4748, Volume 3, Issue 6, June 2016)

possible combination of transmitted symbols must be
searched. For this reason, the computational complexity
increases with transmitter antenna.

IIL.SYMBOL DETECTION

Transmitted symbols from a known finite alphabet v =
{x1,-» X)yp of size M are passed to the channel. The

detector chooses one of the M"™ possible transmitted
symbol vectors from the available data. Assuming that the
symbol vectors x€Vy, are equiprobable, the maximum
likelihood (ML) detector always returns an optimal solution
according to the following:

X=argye Vg Max P (v is observed was sent) 4)

Assuming the additive noise w to be white and Gaussian, the
ML detection problem can be expressed as the minimization
of the squared Euclidean distance to a target vector y over
Ny,-dimensional finite discrete search set

X=arg xe Vi min 11y — Hx 112 5)

The optimal ML detection scheme needs to
examine all My, or PR symbol combinations (b is the
number of bits per symbol). The problem can be solved by
enumerating over all possible x and finding the one that
causes the minimum value as in above equation. Therefore,
the computational complexity increases exponentially with
constellation size M and the number of transmitters Ny, ,

present PSO algorithms-assisted MIMO-OFDM symbol
detectors thus viewing the MIMO symbol detection issue as
a combinatorial optimization and approximate the near
optimal solution iteratively with lesser than ML
computational complexity.

A swarm consists of No. of particles (possible
solutions) that move (fly) through the feasible solution space
to explore the optimal solution that can be coded as binary

strings or real valued vectors. The particles are capable of

interacting with each other in a given neighborhood and
traverse a search space where a quality measure, fitness, can
be evaluated. The particles are evolved through cooperation
and competition among themselves over iterations. The
coordinates of each particle represent a possible solution
associated with two vectors, position (X;) and velocity (V).

Each particle experiences an iterative procedure of adaptation
to two types of major information, i.e. individual learning and
cultural transmission, which means that the procedure
accelerates particles at each time step towards personal best
(best value recorded by each particle) and the position of the
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most recent global best point (best position returned from the
swarm).

A key attractive feature of the PSO approach is its
simple mathematical model involving two model equations
and fewer parameters to adjust [66].

IV.DETECTION ALGORITHM

An important step to implement PSO is to define a fitness
function; this is the link between the optimization algorithm
and the real-world problem. The fitness function is unique for
each optimization problem. The fitness function using the
coordinates of the particle returns a fitness value to be
assigned to the current location. If the value is greater than
the value at respective personal best (pbest) for each particle
or global best (gbest) for the swarm, then previous locations
are updated with the present locations.

The velocity of the particle is changed according to
the relative locations of pbest and gbest. Once the velocity of
the particle is determined, it simply moves to the next
position. After this process is applied on each particle, it is
repeated till the maximum number of iterations are reached.

Initialize particles with random position

and velocity vectors

!

‘ For each particle position (p)evaluate fitness ‘

Loop until all l
particles ‘ If fitness (p) better than fitness (pbest) then pbest=p ‘
exhaust l

Set best of pbests as gbest

l

‘ Update particles velocity and position ‘

!

‘ Stop, giving gbest. Optimal solution ‘

Fig.3. Flow chart depicting the PSO Algorithm

The proposed MIMO detection algorithm based on standard
continuous PSO [67] is described below:

1. Initialize the particle size (swarm) by taking the initial
solution guess. Initialize the algorithm parameters.

2. Fitness of each particle is calculated using (5):
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Minimum Euclidean distance for each symbol represents the
fitness of solution. Find the global best performance ‘gbestid’
in the population that represents the least Euclidean distance
found so far. Record the personal best ‘pbestid’ for each bit
along its previous values.
3. Velocity for each particle is computed using the following
PSO velocity update equation:
Via(k) = Viqg (k — 1) + ¢; rand [pbestis — Xijg(k — 1)] +
dorand,[ gbestic—xXia(k—1)] ()
4.The particle position is updated depending on the following
PSO velocity update equation:

X3 0) = x; k= 1)+ v, (k) ®)
5. Repeat from step 2 until maximum number of iterations are
reached. Here ‘k” is the number of iterations. An optimum
number of iterations are tuned for efficient performance. The
solution gets refined iteratively.

V.POWER ALLOCATION

The received signal can be modeled under flat fading MIMO-
channel as

L7h1 T 71
Yo hii a2 - - - Ry To o
i haoy hoo . . . haoy
— . = . * +
h-'rl h-'r2 RE_RC h‘?‘t ¥
Yr Ty Tl

y=Hzx+n
Constant Instantaneous Total Rate (CITR)
Using CITR we can minimizes transmit power while keeping
constant rate.
Now problem is defined as

T
minimize E P;

=1

gt E'= Z log2(1 +

=1

)

2
g2

To obtain the solution for optimization problem, we again use
Lagrangian theorem
T

n P 2
L= P+ AC - log2(1 + =52

i=1 i=1
Now differentiate equation with respect to Pi and put equal to
zero,

=53
1+ X(— o= ___Ylogze = 0O
1 4 —gd
P;o2 - .
1+ ::;1 — (Alogs €)ooz fo=

Channel capacity can be rewritten as
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As power has to be positive
VLSIMULATION RESULTS

The performance of PSO detector compared with ZF,
MMSE and ML wsing64 subcarriers, CP length is 16, BPSK for
modulation and 2 x 2 MIMO-OFDM systems.

Fig5.5 shows the BER versus Eb/No- performance of ZF,
MMSE, ML and PSO detectors compared with ML for 2 x 2
MIMO-OFDM system. As it can be seen, PSO has better
performance than ZF and MMSE algorithms and the BER
performance PSO is close to the ML detectors. For instance,
the BER difference between PSO and ZF is more than 10 at
a 17-dB SNR value. However, a substantial ML complexity
reduction is achieved using this proposed system. Here
examined the computational complexity of the reported PSO-
MIMO detector and formulate a theoretical expression for
computational complexity.

A comparison with the conventional ML optimal detection
method is also drawn. As the hardware cost of each algorithm
is specific implementation, we try to provide a rough estimate
of complexity in terms of the number of complex
multiplications.

The computational complexity is computed in terms of the
Ntx, Nrx and the constellation size M. For the ML detector as
seen from (5) MNy, (N,..N,,) multiplications are required for

matrix multiplication operation and additional
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Fig.4 BER accordingto SNR for ZF, MMSE, ML and PSO detector
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M NN, multiplications are needed for square operation [8].
Therefore, ML complexity becomes

fML - er (Ntx ) MNtx ©)

For the proposed detector, first fitness of each particle in
population Np using (5) is calculated. Multiplication

complexity (Cpg) becomes

<pso =N, Ny Npp) (10)

Velocity update in 2SO and pheromone updates require u,,,;

additional multiplications per iteration from (7). To reduce
some complexity w = 1 and ¢;= ¢#»=1 is assumed. Therefore,

the complexity becomes

éPSO - Np (Nltx er el )

This procedure is repeated Ny,

optimal BER performance. Therefore,

an
times to converge to the near

fPSO - Np (Ntx er e )Nitr (12)

The complexity of ML is exponential with NV, and M.
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This increase is even significant with higher-order modulation
schemes in MIMO systems with more transmitters. However,
this complexity estimate is only meaningful in the order-of-
magnitude sense since it is based on the number of complex
multiplications only. The above complexity is estimated on
subcarrier-by-subcarrier for the MIMO-OFDM system [7].

VII.CONCLUSION

The synthesis of new systems aims to transmission of
digital information at higher bandwidths and service for a
quantity more demanding. After the presentation of the basic
principles of digital transmission and exposure characteristics
of the linear model of the wireless channel, examples of
systems studied in the literature and depicted as linear
radio channels are given and an analysis of detection
techniques under optimal suboptimal most popular is
described. These sensors have no compromise between
performance and complexity; note for example that the simple
linear detectors have poor performance as maximum
likelihood detectors which have a computational complexity
much more complex. The different detection algorithms such
as ZF, MMSE and ML results shows that ML is the optimal
detector, but with a search space and the high computational
complexity. So, proposed PSO approach particle detection
swarm PSO shows promising results. Their simple
mathematical model, reducing the complexity of
implementation, resistance to being trapped in local minima,
convergence guaranteed with a reasonable solution to make
fewer iterations these techniques inspired by nature a suitable
candidate for the detection symbol in real time in the MIMO-
OFDM system. The PSO algorithm has its own means of
ingenious natural to explore the search space to find an
optimal solution from a surface complexity of ML detector
expensive. The effectiveness of algorithm is also a simple
calculation code in the central algorithm with few parameters
to adjust. Reducing the computation time with higher order
modulations and antenna transmission make these detection
algorithms proposed system particularly useful for high rate
data transmission.
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