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With the radio channels physical limits, achieving higher data rate in
the multi-channel systems is been a biggest concern. Hence, various spatial
domain techniques have been introduced by incorporating array of antenna
elements (i.e., smart antenna) in recent past for the channel limit expansion in
mobile communication antennas. These smart antennas help to yield
the improved array gain or bearm forming gain and hence by power
efficiency enhanmaent in the channel and antenna range expansion. The use
of smart antenna leads to spatial diversity and minimizes the fading effect
and improves link reliability. However, in the process of antenna design,
the proper channel modelling is is biggest concern which affect the wireless

MIMO system system performance. The recent works of MIMO design systems have
P_SO . . discussed the issues in number of antenna selection which suggests that
Signal to noise ratio (SNR) optimization of MIMO channel capacity is required. Hence, a Particle Swarm
Smart antenna Optimization based channel capacity optimzation for MIMO system

incorporated with smart antenna is introduced in this paper. From the outcomes it
is been found that the proposed PSO bhased MIMO system achieves better
convergenece speed which results in better channel capacity.
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1. INTRODUCTION

The channel capcity has became an majorly considerable paramerter in todays and upcoming
wireless systems for the communication [1]. Generally, the channel capacuty of an fading channel can be
referred as the sum of all the narrow band flat fading channel capacities at every discrete frequency
points [2]. Hence, various radio techniques have been evolved in recent past where wideband technique has
come up with better data communication rate for the short range wireless system [3]. The reason behind
the higher data communication with the wideband technique is that it exhibits highe bandwidth of 3.1GHz to
10.6GHz [4, 5]. The channel capacity of MIMO system in a wirelss communication system is higher than
the conventional system under multi-path environment scenario [6]. Most of the existing systems ave
discussed the channel capacity of the MIMO system but lack with researches associated with the smart
antenna and MIMO system channel capacity optimization mechanims [7, 8]. The previous work of
Shivapanchakshari and [9, 10] have discussed about the complexity impprovement as well as performance
enhancement for the smart antenna system. This paper aims to extend the work of [9, 10] with respect to
channel capacity optimization and array pattern in MIMO and Smart antenna system by introducing an
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optimizer based on particle swarm optimization (PSO technique). In this, paper the cost function is
considered with PSO for non-smooth and discontinous anttenna pattern. The manuscript is catogorized into
different sections which includes: review of exisiting researches intended to enhance the channel capacity if
MIMO-smart antenna by adapting various methodologies (section 2) along with research gap and problem
statement. The adapted research methodology (section 3) along with the algorithm implementation is
discussed in section 4. The analysis of the simulation results are discussed in section-5 while the comclusive
points and future scope of the manuscript is highlighted in section 6.

2. REVIEW OF LITERATURE AND RESEARCH GAP

This section discusses various researches towards perfroamnce enhancement in the wireless
communication with the MIMO systems. A recent work of Piazza et al.,, [11], have intvestigated
the performance scenarios in broadband and narrowband MIMO systems by introducing the bi-port
reconfigurable patch antenna. The study has considered field measurements from the indoor environment for
channel capacity at noth communication ends. The outcomes were analysed with nonline of sight and line of
sight cases of polarization and found that the techniques can be applicable to both broadband and narrowband
MIMO systems. A work of Nielsen et al., [12] MIMO channel capacity measurement for the smartphone
under data mode operation. The channel measurement is carried out for different frequency bands from
the base station in free space with 12 users. The outcomes are measured for random channel capacities in
terms of outage capacity. The limitation factor of this [12] work is that it has not conducted the performance
anlysis with the existing research. An interesting work of Chang and Hu [13] has discussed the design
prospectives of the smart antenna and their implemention in the advanced communication system. The work
suggests that the use of the smart antenna in the communication system enhances the network capacity.
The author has the expanded his ideas with the different smart anttena analysis, multibeam MIMO antenna
etc. The performance analysis of the handheld MIMO channel under noise and interference conditon is
conducted in Plicanic et al., [14] by using 3-antenna (multiple) configuration. The communication
performance is measured by considering the multipath channel under interference and noise condition which
obtains the improved channel capacity. Rosas and Oberli [15] have introduced an attractive MIMO technique
to minimize the power consumption where the MIMO channel capacity is improved with large diversity gain
and optimal power usage. Shelzinger et al. [16] have presented a Gaussian channel capacity for MIMO under
power contrained condition and achieved the secrecy capacity improvement.

The recent work of Leftah and Alminshid [17] have presented a discrete transform based
MIMO-OFDM system under channel fading condition and used different amplitude modulation techniques.
The performance of the system is been measured with Bit Error Rate (BER) and system channel capacity.
From the comparison with the existing system it is been observed that the discrete transform based
MIMO-OFDM offers better channel capacity than the conventional MIMO-OFDM systems. Similar kind of
work is observed in Duong [18] (improved channel capacity), Singal and Kedia [19] (performance analysis of
MIMO antenna selection mechanism).

Also, other researches were tried to imporove the MIMO channel capcity using different techniques
i.e., Wong et al., [20], Xu et al., [21], Yang Li et al.,, [22], Yixin Li et al., [23, 24], Zhang et al., [25],
Guo et al., [26], Shafie et al. [27], Jiang et al. [28, 29], Wang et al. [30], Wong et al. [31], Akhtar and
Gesbert [32], Ho et al., [33]. From the above research survey, it is been observed that most of the researches
were considered MIMO and antenna techniques separately for wireless communication performance
enhancement and very rare researches were observed with the combination of both. Also, it is been
observed that least number of works were focused on the optimization of channel capacity. Thus, the problem
statement is “need of optimization technique which can offer optimized channel capacity in MIMO system at
different scenario”.

3. PROPOSED MODEL OF CHANNEL CAPACITY OTIMIZATION

The proposed system of PSO based channel capacity optimization (CCO) for MIMO incorporated
smart antenna (SA) (PSO-CCO_MIMO-SA) aims to perform the optimization of channel capacity which is
rarely addressed in the research domain. The proposed model is the conitination of [10] work. The MIMO
system uses Binary Phase Shift Keying (BPSK) modulation technique for the BER calculation. The MIMO
system of 2-transmitter (Tx) and 2-Reciever (2-Rx) uses a Rayleigh fading channel for Zero Forcing
Equalization (ZFE) which is a linear optimization algorithm used for inverse of channel frequency response.
The system is composed of ‘Ns’ number of symbols/bits, multiple number of Energy per Bit (Ep) to noise
power spectral density (No) ratio (Ex/No). The channel and noise are added and applied PSO to the transmitter
unit before forwarding the symbols to the receiver. The consideration of the PSO at the transmitter end helps
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to bring better CCO. The Receiver forms a matrix for the ZFE and formats the received symbols to perform
the equalization. The receiver takes decision on decoding of the received signal. Finally, the computation of
the errors (BER) can be computed. The architectural model of the PSO-CCO_MIMO-SA is given in
Figure 1. The design is introduced with the synthesis of the array pattern to maximize the capacity of
the channel performance. The system is analysed at scenario-1 (LOS) and scenario-2 (NLOS), where
the mean excess delay and root mean square (RMS) delay is adjusted to syntehss of the antenna pattern.
However, the synthesis leads to excitation problem in the optimization. Hence, the PSO alfotithm is used to
perform the regulation of the antenna feed length and achieve better channel capacity. Thus, the signal to
noise ratio (SNR) will be improved and BER will be reduced. The system performance can be analysed with
respect to scenario-1 (LOS) and scenario-2 (NLOS). The LOS scenario is the direct radio wave propagation
between two antennas where the propagation loass is almost similar to the free space impact while NLOS
scenario is the improper or partially obstracted wave propagation in which the transmission quality
get affected.

Number of Symbols
MIMO ‘ (Ns) ‘ Eb/No ‘
Rayliegh fading channel (for ZFE)
Transmitter ‘ BPSK modulation channel and Noise
Population size Inertia Weight
PSO
‘ Personal and Global learning Coefficient ‘
Number of clusters Energy Update
Matrix for ZFE ‘ ‘ For_mattlr_lg of ‘
. received signals
Receiver
Decoding BER
Cost function Min. dist clusters,
Nodes
Performance analysis
Outcomes (Line of Sight (LOS) and Non-line of sight
(NLOS))

Figure 1. Architecture of the PSO-CCO_MIMO-SA

The channel capacity of the MIMO channel is computed by considering the deterministic matrix
(Dm) of Tx, Rx. The capacity of the ‘Dm’ is computed by performing the channel decomposition into parallel
and scalar white Gaussian sub channels. The element of Dm (real numbers as negative and others as zero).
The MIMO system is able to process the signal at both Tx and Rx end and produces the cluster of
the received signal at higher capacity. The PSO algorithm is a population-based algorithm and is mainly used
for the global optimization problems. The PSO considers only rare parameter adjustement at rapid speed.
The use of PSO found in the real numbers than parameter coding and is works on natural bird flocking
features. Hence, the proposed model considers PSO for optimization where the antenna excitation voltage
and array elements feed length is regulated to get the optimal radiation pattern as well as thr enhanced
channel capacity. The PSO algorithm is also used in the synthesis process by which the cost function (Cf) can
be minimized and is defined as the inverse of channel capacity. The next section discussed the algorithm
implementation.

4. ALGORITHM IMPLEMENTATION

The algorithm for the proposed PSO-CCO_MIMO-SA is designed by considering the PSO algorithm in
the MATLAB. The algorithm is initialized by using number of samples (Ns), multiple values of Eb/NO,
number of Tx, Number of Rx (step-1, 2). For the same length of Eb/NO, the bits 0, 1 are generated with equal
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probability (Step-3). Furhter, the BPSK modulation scheme is applied (step-4). The Tx and Rx are grouped in
a matrix. The Rayleigh channel and white gausian noise is added to the tranmistted symbol
(Step-5). The PSO is applied to the transmitted symbol to get the better optimization in the channel capacity,
where the number of iterations (Ni), number of population (Np) or swarm size, intertial weight (Iw), damping
of Iw (lwd), PLC, GLC are defined. The numbers of clusters (Nc) are formed in the PSO based on
the population size and path. The decision veriable (Dv) size and matrix formed based on the generated
matrix. Based on the defined velocity of the optimization the PSO evaluates the Global best (Pb) and
Personal best (Pb) solution for the selecting the sendor randomly. Finally, the energy computation is
performed at PSO and updated (Step-6). Once, the implementationof the PSO is done, the Rx will form
a ZFE matrix (Step-7) on the basis of cluster of Tx, Rx and this matix is used to format the received symbols
to perform the symbol equalization (Step-8). Later, the Rx will take a decision to decode the received symbol
to get in original format (Step-9). The channel capacity is meansured by computing the BER in the Rx
end (Step-10).

Algorithm for PSO-CCO_MIMO-SA
Input: Ns, Eb/NO, Population size, Global Learning Coefficient (GLC), Personal Learning
Coefficient (PLC)
Output: BER
Start
1. Initialize—> MIMO parameters (Ns), Eb/NO)

2. Consider=> Tx, Rx
3. Generate = bits (0,1)
4. Apply > BPSK modulation (bits(0,1))
5. Add—> channel and Noise (Symbols)
6. Apply> PSO
a. Initialize - Ni, Np, Iw, Iwd, PLC, GLC
b. Obtain=> Nc (clusters), Decision variables (Dv)

c. Select> sender (randomly)
d. Update—> energy
7. Form—> ZFE matrix
8. Format—> received symbol
9. Perform > decoding at receiver
10. Find=> BER
End

The algorithm with the antenna array for channel capacity enhancement in the MIMO-SA using is
described above where synthesis problem is reformulated as the optimization problem in which the cost
function is minimized by adjusting each antenna feed length. The next section discusses on the results
analysis of PSO-CCO_MIMO-SA model.

5. RESULTS ANALYSIS

The modelling of the proposed PSO-CCO_MIMO-SA model is performed over MATLAB software.
The value of the design parameters is given in Table 1. The model is anlyzed in two scenarions (scenario-1)
LOS and (scenario-2) NLOS. The mean exess delay (0.25 and 2) and RMS delay (0.49 and 2.02) respectively
set for scenario-land scenario-2. The oprimization process is conducted for 0:10 i.e., 11 Eb/NO values.
The remaining optimization for each Eb/NO value is given in Figure 2. The following Figure 3 gives
the variation in the BER with respect to different values of Eb/N) where the BPSK modulation is considered
for different set of Tx and Rx. The ZFE with Rayligh channel is compared at drawn to measure the error Rate
of (1x1, 1x2 and 2x2) Tx and Rx set.

Tablel. Design parameters value

Type Value
Symbols (Ns) 106
Eb_NO 0:10
Transmitter (Tx) 2
Reciever (Rx) 2
Iterations (Ni) 1000
Ppulation (Np) 100
Inertia weight (1w) 1
Damping (lwd) 0.99
PLC 15
GLC 2.0

PSO-CCO_MIMO-SA: A particle swarm optimization ... (Shivapanchakshari T. G.)



6280

o

ISSN: 2088-8708

50

N
o

Capacity (bits/sec/HZ)
N w
[=] (=}

Optimization in process - Eb/NO value index : 11

=]
]

Optimization %
T T T

=79.5855% Round = 143
T T T

Remaining Optimization %
(6.
o

o

Eb/NO value

Figure 2. Remaning optimation % with respect to Eb/NO value

Bit Error Rate

BER for BPSK modulation with 2x2 MIMO and ZF equahzer (Rayleigh channel)
| |

—Q—lhenry(me 1,nRx=1)
—O—Ihenry(hTX 1,nRx=2,

Average Eb/No,dB

Figure 3. BER Vs Average Eb/NO at different Tx and Rx set

The performance analysis of the proposed PSO based MIMO system is performed by comparing it
with the existing genetic algorithm (GA) based MIMO in both LOS (scenario-1) and NLOS (scenario-2)
scenario by considering channel capacity and SNR as performance parameter. Figure 4 gives the channel
capacity Vs SNR of 2x2 MIMO systems at scenario-1 and scenario-2 where the SNR is the average
transmitting power to noise ratio. From the Figure 4, it is been obsereved that the channel capacity of
proposed PSO based MIMO system is gradually increasing than GA based MIMO as it minimizes the fading
and the multipath effects. Also, the synthesized array pattern of the antenna has optimized the processing
gain to the receiver. Similarly, the Figure 5 gives the channel capacity Vs SNR of SISO, MIMO and
proposed PSO based MIMO systems at scenario-1 and scenario-2. In both the scenarios the proposed PSO
based MIMO system channel capacity is better than the other communication systems.
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Figure 4. Channel capacity Vs SNR at different scenarios (LOS and NLOS),
(a) channel capacity Vs SNR @ Scenario-1, and (b) channel capacity Vs SNR @ Scenario-2
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Figure 5. Channel capacity Vs SNR at different communication systems (SISO, MIMO and Proposed PSO
based MIMO), (a) channel capacity Vs SNR @ Scenario-1, (b) channel capacity Vs SNR @ Scenario-2

6.

CONCLUSION
This paper introduces a PSO-CCO_MIMO-SA system where MIMO system uses binary phase shift

keying (BPSK) modulation technique for the BER calculation. The MIMO system of 2-transmitter (Tx) and
2-Reciever (2-Rx) uses a Rayleigh fading channel for zero forcing equalization (ZFE) which isa linear
optimization algorithm used for inverse of channel frequency response. The design is introduced with
the synthesis of the array pattern to maximize the capacity of the channel performance. The system is
analysed for the channel capacity Vs SNR of 2x2 MIMO systems scenario-1 (LOS) and scenario-2 (NLOS)
with GA and SISO, MIMO and proposed PSO based MIMO systems. From the outcomes it is been found
that the proposed PSO based MIMO system achieves better convergenece speed which results in better
channel capacity.
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