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Abstract

In this study, we evaluate the performance of differential evolution (DE) and particle
swarm optimization (PSO) algorithms in free-space optical (FSO) and mobile radio
communications systems. In particular, we obtain the optimal transmission distances
for multiple-relay nodes in FSO communication systems and optimal relay locations
in mobile radio communications systems for the cooperative-diversity networks, using
both algorithms. We investigate the performance comparison of DE and PSO
algorithms for the parallel decode-and-forward (DF) relaying. Then, we analyze the
cost functions. Furthermore, we present the execution time and the stability of the DE
and PSO algorithms.

Keywords: free-space optical communications, cooperative-diversity networks, opti-
mal distance, differential evolution algorithm, particle swarm optimization algorithm

1. Introduction

The aim of the optimization was to provide the best-suited solution to a problem under the
given constraints. The optimization algorithms have recently been much attention and gained
significant importance in plenty of engineering problems [1-8]. In this study, we evaluate the
performance analysis of differential evolution (DE) and particle swarm optimization (PSO)
algorithms both in free-space optical (FSO) and in mobile radio communications systems.
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FSO communications have been proposed as a solution for the various applications including
tiber backup, and backhaul for wireless communications networks [9]. Despite the fact that
the usage of FSO communications is widespread in major applications for wireless commu-
nications, the performance limitations for long-range links due to the atmospheric turbulence-
induced fading have had profound impacts in FSO communications systems. The method used
for relay-assisted FSO transmission links is one of the fading mitigation technique has attracted
significant attentions recently in FSO communications networks [9-11]. In [9], the authors
consider relay-assisted FSO communications and investigate the outage performance under
serial and parallel scheme with amplify-and-forward (AF), and decode-and-forward (DF)
relaying models. The authors in [10] consider a cooperative FSO communications via optical
AF relay and investigate the bit error probability performance. Bit error rate (BER) analysis of
cooperative systems in FSO networks is presented in [11]. The outage performance analysis of
FSO communicationsis presented in both [12] and [13]. Kashani et al. [14] consider the diversity
gain analysis and determine the optimal relay locations for both the serial and the parallel
relaying schemes. Although cooperative transmissions have greatly been considered in the
above manuscripts, to the best of the authors” knowledge, there has not been any notable
research for the relay-assisted FSO communications systems using the optimization algo-
rithms. To fill the research gap, in this paper, we analyze the performance of both DE and PSO
algorithms in terms of the transmission distances when applied for the parallel DF relaying in
FSO systems. Moreover, we investigate the performance comparison of these two algorithms
in respect to the execution time, cost, and stability analysis.

In our study, as a second part of this paper, we focus on dual-hop cooperative-diversity
network to study the impact of the relay location between the source and the destination.
Cooperative-diversity relay networks provide a significant performance increment in the radio
frequency power transmission and the spatial diversity. They are also shown to be a promising
solution to mitigate the signal fading arising from the multipath propagation in wireless
communications [15, 16]. In the cooperative-diversity networks, relay terminals are employed
between the transmitter and receiver nodes, over multiple communications routes, in which
two main protocols are used as follows: (i) amplify-and-forward and (ii) DF [15-21].

Most of the previous publications have studied the cooperative-diversity performance over
different fading channels [15-26]. In [15], the authors analyzed the cooperative-diversity
network using AF cooperation protocol, operating over independent, but not necessarily
identically distributed Nakagami-m fading channels. The paper in [17] addressed the multi-
branch adaptive DF scheme for cooperative-diversity networks. The best relay selection
scheme for cooperative-diversity network is studied in [18]. Furthermore, [19] investigated the
advantage of the diversity over direct transmission and conventional non-cooperative relaying
scheme. In all these papers, analytical framework for performance analysis of BER and the
outage probability is provided [15, 17-19]. As far as we know, both DE and PSO algorithms
have not been applied for obtaining the optimal location of the relaying terminal over
Nakagami-m fading channel.
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To fill the research gaps in mobile radio communications using cooperative-diversity relay
network, in this paper, we provide an optimization algorithms results, indicating the optimal
location of the relaying terminal in the parallel-relaying scheme.

In summary, for the first part of this paper, the key contributions are twofold:

* First, the locations of each individual relay nodes and the transmission distances are
optimized for the parallel DF relaying scheme in FSO systems.

* Second, and more importantly, none of the previous studies provide a comparison among
optimization algorithms when applied for FSO systems. In this paper, we investigate the
performance comparison of DE and PSO algorithms for the parallel DF relaying in respect
to the execution time, cost, and stability analysis.

For the second part of this paper, there is a major contribution:

* To fill the research gaps in cooperative-diversity relay network, we provide a rigorous data
for the optimal location of the relaying terminal over Nakagami-m fading channel achieving
the best error performance using both DE and PSO algorithms in the parallel relaying
schemes.

The rest of this paper is organized as follows: The system model and performance analysis are
discussed in Section 2 exploiting the DE and PSO algorithms. Section 3 provides the numerical
results and simulations. Finally, the concluding remarks are given in Section 4.

2. System model and performance analysis using the optimization
algorithms

2.1. FSO communications systems

This section presents the system model for FSO communications networks with parallel DF
cooperative relaying protocol shown in Figure 1a. We consider that the FSO links between the
source-to-relay (5 — R, j =1, 2, ..., M) and relay-to-destination (R; — D) are subjected to
atmospheric turbulence-induced log-normal fading [1]. Here, the j index refers to the number
of the relay nodes, where the maximum number of relay nodes (R)) is defined with M
(G=1,2, ..., M) as shown in Figure 1a. Besides, the normalized path loss can be expressed as

L (d)=7(%=(d;—p)2eg(d5'f’_d) where #(d) and ¥(dsp) are defined as the path losses for the

distance of d and for the distance between source and destination (ds ), respectively [13, 14].
Here, 0 is the atmospheric attenuation coefficient. In the same figure below, d ; is the distance
)

between the source and the j — th decoding relay, and d p is the direct link distance between
o

the j — th relay and the destination where the relay nodes are placed on the straight line
connecting the source and the destination.

101
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Di link
Relay nodes Source rectlin Destination

(a) FSO communications system (b) Mobile radio communications system
Figure 1. System models for cooperative wireless communications.

In [14], the outage probability for the parallel DF relaying is expressed as follows:
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where Q(x)= %Iexp (— %) du is the Q function, M is the relay number. Here, P is the power

X

margin and defined by P = (P;/P,,), where P; is the total transmitted power, and P,, is the
threshold value for the transmit power in case of no outage is available. P; is expressed as

M

P,=Pg + Zl P;, where P; is the source power, and P; is the power of the j - th relay [9]. In Eq.
p=

(1), the variance of the fading log-amplitude, x is defined by ¢ *(d) = min {0.124 k" C 2 411,

0.5}, where k = (27t/A) is the wave number, and C? =10"*m*? is the refractive index structure
constant [14]. Here, In(.) is the natural logarithm operator and A is the wavelength [10]. The
mean value of the fading log-amplitude is modeled as y, =~ [11].

In the outage probability of the parallel DF relaying scheme, there are 2 possibilities for
decoding the signal between S and R;. In Eq. (1) the i index refers to the number of possible
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combinations where the i — th possible set is defined by W(i), and the possible set of distances
between the relays and destination is given by d, (. ti; is the mean value, and o, is the variance

of the log-amplitude factor, also given in [9, 14].

For the optimization problem, a function is employed to minimize the outage probability for

the parallel DF relaying, which can be written as min {P,,}=min{f (ds, Ry s,ry s s, )}

where 0<dg , <dg forj=1, 2,...., M. Optimal transmission distance is maximized by optimiz-
R SHs,

ing the locations of the relays, at an outage probability of 10~° as modeled as follows [27]:
max{dS,D} :f(min{‘min{Pom}—IO’é‘}) (2)

The flowcharts for the optimization of the transmission distance using DE and PSO algorithms
are shown in Figures 2 and 3, successively.

Enter the DEA parameters and generate Enter the DEA parameters and generate
a random source to destination di set a random source to relay distance set

A 4 A4
[ Go to the subprogram and determine the best outage ]

probabilities for each source to relay locations

D —

Calculate the outage probability ]

»la »le
Lt Il Lt

A 4 A 4

Generate a new transmission distance Generate a new source to relay distance
by using crossover and mutation by using crossover and mutation
A 4 A 4
Go to the subprogram and determine the Calculate the outage
outage probability for the new di probability for the new distance

outage probability better
than the current probability?,

outage probability better
than the current probability?,

Transfer the new distance Transfer the new distance
instead of the current distance instead of the current distance

Is the stopping
criterion satisfied?

Is the stopping
criterion satisfied?

Select the maximum source Select the minis outage probabilit
to destination distance and optimal source to relay distance
(a) Main program (b) Subprogram

Figure 2. The flowcharts for the optimization of the transmission distance by using DE algorithm.
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Enter the PSO parameters and generate a
random source to destination distance set

Enter the PSO parameters and generate a
random source to relay distance set

A 4

A 4
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probabilities for each source to relay locations

)

Calculate the outage probability

A

Generate the local and global best

Generate the local and global best

»le
Lt
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A 4

A
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Jfor the new distance set
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etter than the current one3
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current one and calculate the new global best

Is the stopping
criterion satisfied?

Select the maximum source
to destination distance

a) Main program
progr

Are the new
No

utage probabilities in the set
etter than the current one3

Insert the better probabilitiesin the set to the
current one and calculate the new global best

Is the stopping

criterion satisfied? No

Select the maximum source
to destination distance

(b) Subprogram

Figure 3. The flowcharts for the optimization of the transmission distance by using PSO algorithm.

2.2. Mobile radio communications systems using cooperative-diversity relay networks

A system, consisting of a source terminal (S), a cooperative relay terminal (R, =12 ..., M),
and a destination terminal (D), is considered, as shown in Figure 1b. The source and the
destination operate in half-duplex mode and both equipped with a single pair of transmit and
receive antennas. Source communicates with the destination over both the direct link and
relaying terminal links [17, 20]. The cooperation method is based on DF relaying in which the
source information is decoded first and then retransmitted to the destination. We consider that
the received signals from the source and the relays are combined together using the method
of equal gain combining (EGC) [15, 17, 28]. We assume that the diversity paths between the
source-to-relay terminals (S — R;) and the relay terminals-to-destination (R, — D) are
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independent non-identically distributed Nakagami-m fading. The direct link between the
source and destination (S — D) has also Nakagami-m distribution. Besides, the additive white
Gaussian noise (AWGN) terms of S — D link, S — R; and R; — D links have zero mean and
equal variance of N, [15, 17].

The source signal is transmitted with the energy of E,, directly to the destination D, and the
relays. The relays decode and transmit the multiple copies of the original source signal to the
destination. Finally, at the destination, the direct and indirect links from the source and the
relays are combined together. It should be noted that, at the destination, the total output signal-
to-noise ratio (SNR) can be expressed as [15, 17]

<& Vs R
Viww =Vsp T 2. ———
Total = V'sp 121:75R oo 1

)

E, E, E : .
where ygp=x-h 3 Vs r= L Jroand yp o= Tsoh 2 are the instantaneous SNRs, in the S — D
R R o "

link, between S and the ] — threlay, and between the relay, R; and the destination, successively
[13, 14]. Note that, hgp, hg R/ and h gD Tepresent the channel fading coefficients for S — D,

S — R, and R; — D links, respectlvely [13]. Finally, a closed form for the error performance of
the DF scheme for the cooperative-diversity relay network is given in [14] as follows:

Lo (M 1)

P(e)< PEE ;(MJrl_i)!(MJri)!

et sz o

where = (a/b), ¢ = (b — a)*/2, v = (b + a)?/2. In here, a and b are constant values depend on the

(4)

modulation type. For instance, for differential binary phase shift keying (DBPSK) modulation
a=10"and b=42[17]. M, ()=(1+c(ys,p/ms p)) " »is the moment-generating function (MGF)
of ysp, where mg, is the fading parameter between the source and destination. In Eq. (4),
M) =A+(1-A)M,, D(c;) is the MGF of the j - th indirect relay link variable ¢ where MVR,.D(C)
is the MGF of yy ,, and expressed as MyRiD(g)=(1 +<(Vrp /mRi,D))_mRi'D [15]. Here, my p is the
fading parameter between the j - th relay and the destination and A; can be given for DBPSK
modulation as A, = (ms /(M5 r +7s R ))mSR [17]. The average SNRs between S and D, S and the
j — th relay, and j - th relay and the destination are denoted by yg,=(E,/N),
)_/S,Ri=(dS,D/dS,Ri)e(Es/NO)’ and ?Ri,Dz(dS,D/dRi,D)E(Es/NO)/ respectively, where € is the path
loss exponent. The same approach in [15, 29, 30] is applied with the following model, while

_ ds p \€
evaluating the effect of the path loss on the error performance: hé,R]:E (h SZ,R].)=(%) ,
)
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— d S — d €
h %{]_, p=E(h 1% ) =( d;f; ) ;and g =( difj ) .Here, E(.) is the statistical average operator, d, , is the

distance, and /1 i,y is the average channel fading coefficient between the terminals x and y.

3. Numerical results and simulations

In this section, numerical and simulation results are presented for both FSO and mobile radio
communication systems.

3.1. FSO communications systems

In this section, numerical results are presented. For the optimization algorithms, the parame-
ters A = 1550 nm, an =10"m?? 6=0.1, P =9 dB are used, and totally 4 relays are evaluated.
The cost function analysis is illustrated in Figure 4, for the DE and PSO algorithms in terms of
the iteration number. It can be observed from the simulation results that the cost function for
the PSO algorithm is minimized for the small number of iterations as compare to the DE
algorithm. This result indicates that PSO outperforms DE in terms of the cost function. Here,
the iteration number is set to 40, and the execution number is taken as 50.

Figure 5 shows the optimal d;, for the aforementioned algorithms. While 4 relays are used,
dsp = 6.0547 km is calculated. For the each execution, PSO algorithm gives almost the same
result. Therefore, it is obvious that PSO is more stable than the DE algorithm under the same
setup.

0.16 T T T .

T
0.141 —e— DE 7

* PSO
0.121 b

0.1 b

0.081 7

Best cost

0.06

0.04

0.02

Iteration number

Figure 4. Cost function for 40 iterations.
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—% DE
—© PSO
6.0551
| Y 2 Y S 14 ¥
6.054} ¥ ¥
6.053 A 4

6.052

Optimal transmission distance (km)

6.051

5 10 15 20 25 30 35 40 45 50
Execution number

Figure 5. Optimal d; ;, vs. execution number for the DE and PSO algorithms.

It can be noticed from Figure 6 that the execution time for the PSO algorithm closely matches
with the execution time of the DE algorithm for different number of relays.

Figure 7 shows the optimization results for the locations of each individual relay nodes.
Accurate relay placements are obtained for P =9 dB and 4 relays (R, j =1, 2, 3, 4). The optimi-
zation results indicate that if the places of each individual relay nodes are similar, regardless
of the relay number and the P value, better performance is achieved. Figure 7 clearly shows
that the optimal places of the relay nodes for both algorithms are calculated as dS,Rjz0.4305

using the normalized approach, after the number of iterations, which confirms the accuracy
of the employed optimization algorithms. In addition, these results show that both algorithms
seem to be the better optimization algorithms in providing the reliable and the rapid results.

Execution time (sec.)

Relay number

Figure 6. Execution time vs. relay number for the DE and PSO algorithms.
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—&— R1

0.55

0.5

Relay Locations
o
=
&

0.4

0.35

0 5 10 15 20 25 30 35 40 45 50
Iteration Number

Figure 7. Relay location vs. iteration number for R;, j=1,.., 4.

Finally, the impact of the varying P on the optimal transmission distance for the DE and PSO
algorithms is depicted in Figure 8. It can be seen from the below figure that the optimal

10_ T T T

Optimal transmission distance (km)
—_

0.1 1 L 1 1

Figure 8. Optimal d;, with varying P.
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transmission distance increases with P and the results for both algorithms closely match with
each other for all P values.

The detailed optimization results with the DE and PSO algorithms for DF parallel relaying
scheme are given in Table 1. Here, the results for the optimal transmission distances and
optimal relay locations are listed for various P values, where d, is the distance between the
source and the destination (S — D) and d R is the distance between the source and the j - th

relay (S = R, j =1, 2, ..., M). Based on the numerical optimization results provided in
Table 1, while the number of relays is increased, the relays are obliged to get close up to the
source, and the distance between the source and the destination is shortened in low P region,
as expected [31].

p 2 Relays 3 Relays
(dB) DE PSO DE PSO
Optimal  Optimal Optimal  Optimal Optimal  Optimal Optimal  Optimal

dop (hem) —dg p (km)  dsp(em) dg p (km)  dsp (km)dg p (m)  dsp (km) — dg . (lm)

0 0.6323 0.2608 0.6323 0.2608 0.4017 0.1464 0.4016 0.1463
3 2.0304 0.8562 2.0304 0.8562 2.0453 0.7813 2.0453 0.7813
6 3.5568 1.5653 3.5568 1.5653 3.8708 1.6044 3.8708 1.6044
9 5.1021 2.3490 5.1021 2.3490 5.6697 2.5207 5.6697 2.5207
12 6.6391 3.1868 6.6392 3.1868 7.4014 3.4801 7.4014 3.4801
15 8.1326 4.0077 8.1326 4.0077 9.0656 4.4476 9.0656 4.4476
p 4 Relays 5 Relays

(dB)

0 0.2276 0.0756 0.2276 0.0756 0.2276 0.0756 0.2276 0.0756
3 2.0541 0.7280 2.0541 0.7280 2.0541 0.7280 2.0541 0.7280
6 4.0930 1.6114 4.0930 1.6114 4.0930 1.6114 4.0930 1.6114
9 6.0547 2.6065 6.0547 2.6065 6.0547 2.6065 6.0547 2.6065
12 79173 3.6665 79173 3.6665 79173 3.6665 79173 3.6665
15 9.6952 4.7477 9.6952 4.7477 9.6952 4.7477 9.6952 4.7477

Table 1. Optimization results for the parallel DF relaying with different number of nodes.

3.2. Mobile radio communications systems

The error performance of the DF scheme for the cooperative-diversity relay network is
illustrated in Table 2 with varying path loss exponent for different values of E/N, when

Mg, p=Ms g =g p=1, h% p=1, and the number of relay is M = 1. The optimal relay placement

(dsr) values to minimize the total error rate where the best minimum of P(e) is achieved for the
proposed system are calculated with the help of DE and PSO algorithms.
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E, e=3 e=4 €=5
No Best BER Optimal d Best BER Optimal d; ; Best BER Optimal d
0 1.2993 x 10! 0.7518 8.8041 x 107 0.6179 5.1268 x 107 0.5721
1 1.0951 x 10! 0.7211 7.0389 = 1072 0.6083 3.9879 x 102 0.5690
2 8.9635 x 102 0.6962 5.5120 x 10 0.6011 3.0535 x 107 0.5667
3 7.1352 x 1072 0.6768 4.2307 x 107 0.5956 2.3011 x 1072 0.5648
4 5.5332 x 1072 0.6621 3.1845 x 102 0.5914 1.7065 x 1072 0.5632
5 4.1869 x 1072 0.6509 2.3521 x 107 0.5881 1.2453 x 1072 0.5620
6 3.0965 x 102 0.6424 1.7057 x 1072 0.5855 8.9429 x 107 0.5610
7 2.2419 x 1072 0.6358 1.2155 x 1072 0.5834 6.3230 x 10°® 0.5602
8 1.5917 x 1072 0.6307 8.5199 x 10°® 0.5818 4.4044 x 10°° 0.5595
9 1.1103 x 1072 0.6267 5.8820 x 10 0.5805 3.0255 x 1078 0.5590
10 7.6227 x107 0.6236 4.0051 x 103 0.5795 2.0518 x 103 0.5585
11 51610 %107 0.6212 2.6938 x 103 0.5786 1.3756 x 103 0.5582
12 34523 x107 0.6193 1.7924 x 1038 0.5780 9.1298 x 10™* 0.5579
13 2.2854x107 0.6177 1.1816 x 1073 0.5774 6.0063 x 10™* 0.5576
14 1.4998 x 107 0.6165 7.7281 x 10™* 0.5770 3.9220 x 10 0.5575
15 9.7704 x10™* 0.6156 5.0210 x 10* 0.5767 2.5448 x 10 0.5573
16 6.3264 x10™ 0.6148 3.2442 x 10™* 0.5764 1.6426 x 10 0.5572
17 4.0759 x 10™* 0.6142 2.0866 x 10 0.5762 1.0556 x 10 0.5571
18 2.6153 x10™* 0.6138 1.3370 x 10 0.5760 6.7596 x 107° 0.5570
19 1.6725x10* 0.6134 8.5414 x 10 0.5759 4.3161 x 10 0.5569
20 1.0668 x 10 0.6131 5.4431 x 10 0.5757 2.7493 x 10 0.5569
21 6.7892x107° 0.6128 3.4618 x 107 0.5757 1.7480 x 107 0.5568
22 43133 x10° 0.6126 2.1982 x 10° 0.5756 1.1097 x 107 0.5568
23 2.7365x107° 0.6125 1.3940 x 107 0.5755 7.0356 x 107 0.5568
24 1.7342 x107° 0.6124 8.8312 x 10°° 0.5755 4.4564 x 10°® 0.5568
25 1.0981 x10° 0.6123 5.5901 x 10 0.5755 2.8205 x 10 0.5567

Table 2. Optimization results using the normalized approach for the parallel DF relaying with different path loss
exponent for Mg p=mg p =My p=1,h é p=1.
, R; is ,

Figure 9 shows the best BER performance for the considered system versus E/N, when
mg p=mg g =mg p=1, K5 p=1, and M = 1. The results clearly show that BER significantly
, R TR, ,

decreases with the increase E,/N,. In the same figure, the path loss exponent (€) is varied from
3to 5.
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Best BER

1 0’6 1 1 L

0 5 10 15 20 25
E,/N, (dB)

Figure 9. BER performance of the DF scheme for the cooperative-diversity relay network with € = 3, 4, 5 and
Ms,p=Ms g =Mg p=1.

Figure 10 demonstrates the effect of € on the distance between source and the relay terminal
(ds ) with varying E/N,. This figure is plotted for mg ,=ms y =mp =1, and h3p=1.

0.76

Optimal dg

E, /N, (dB)

Figure 10. Optimal d; ; against different E/N, values with € =3, 4,5 and mg n=mg p =Mz H= 1.
, /R ”

Table 3 shows that, the optimal ds; can be calculated where the best minimum of P(e) is
achieved with varying E/N, for different values of € when mg p=mg R =R, D=2, h3p=1,and
the number of relay is M =1.

1
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E, e=3 e=4 e=5
N
’ Best BER Optimal d; Best BER Optimal d Best BER Optimal d;
0 9.7528 x 107 0.6525 4.6132 x 1072 0.5676 1.6573 x 1072 0.5409
1 7.4048 x 1072 0.6277 3.1667 x 1072 0.5610 1.0673 x 1072 0.5388
2 5.3487 x 102 0.6091 2.0935 x 102 0.5559 6.6843 x 1078 0.5370
3 3.6808 x 1072 0.5955 1.3343 x 102 0.5521 4.0720 x 103 0.5356
4 24167 x 102 0.5855 8.2058 x 1073 0.5491 24121 %108 0.5345
5 1.5160 x 1072 0.5779 4.8710 x 107 0.5468 1.3884 x 1073 0.5335
6 9.0972 x 1073 0.5722 2.7915 x 1073 0.5449 7.7597 x 107 0.5327
7 5.2296 x 108 0.5678 1.5448 x 10°7° 0.5433 4.2078 x 10 0.5320
8 2.8842 x 107 0.5644 8.2583 x 10™* 0.5421 22129 x 10 0.5314
9 1.5289 x 103 0.5617 4.2681 x 10 0.5410 1.1287 x 10™* 0.5309
10 7.8074x10™* 0.5595 2.1352 x 10 0.5402 5.5873 x 10 0.5305
11 3.8507 x 10™* 0.5578 1.0358 x 10™* 0.5395 2.6877 x 107 0.5301
12 1.8397 x10* 0.5564 4.8835 x 107 0.5389 1.2586 x 107° 0.5298
13 8.5421 x 107 0.5553 2.2434 x 10°° 0.5385 5.7510 x 10°® 0.5295
14 3.8672x10° 0.5545 1.0070 x 10°° 0.5381 2.5705 x 10°° 0.5293
15  1.7127 x10° 0.5538 4.4297 x 10 0.5378 1.1268 x 10°° 0.5291
16  7.4433 x10° 0.5532 1.9148 x 10™® 0.5375 4.8576 x 107 0.5290
17  3.1836 x 10° 0.5528 8.1544 x 107 0.5373 2.0643 x 107 0.5289
18  1.3436 x 10°° 0.5524 3.4296 x 107 0.5371 8.6671 x 10°® 0.5288
19 5.6080 x 1077 0.5521 1.4276 x 107 0.5370 3.6027 x 1078 0.5287
20 2.3194x 107 0.5519 5.8914 x 1078 0.5369 1.4852 x 1078 0.5286
21  9.5217 x10® 0.5517 24143 x 108 0.5368 6.0812 x 10 0.5286
22 3.8852x10% 0.5516 9.8379 x 10 0.5368 24762 x 107 0.5286
23 1.5775x10° 0.5514 3.9902 x 10°° 0.5367 1.0038 x 107 0.5285
24 6.3802 x 107 0.5513 1.6124 x 107 0.5367 4.0545 x 10710 0.5285
25 25722 x107 0.5513 6.4960 x 107° 0.5366 1.6329 x 10710 0.5285

Table 3. Optimization results using the normalized approach for the parallel DF relaying with different path loss

_ _ _n 1,2 _
exponent for ms,D_mS,Rj_mR/,D_z’ h S,D_l'
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The best BER performance for the considered system is depicted in Figure 11 when

Mg p=mg p =My p=2, K5 p=1, and M = 1. It is seen that, for a fixed E,/N,, the performance of
, R TR, ,
the considered system increases while € increases.

Best BER

10- L 1 Il
0 5 10 15 20
E,/N, (dB)

25

Figure 11. BER performance of the DF scheme for the cooperative-diversity relay network with € = 3, 4, 5 and
Ms,p=Mg g =Mg p=2.

The variation of the optimal d,; with varying E/N, for different values of € is depicted in
Figure 12. We assume mg =g p =m p=2, and h% ,=1.
. RTR, .

0.66

Optimal dg

0.52 : ‘
0

5 10 15 20 25
E,/N, (dB)

Figure 12. Optimal d; against different E /N, values with € =3, 4, 5 and m1g

=m5/R1=ij1D=2.
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Finally, the ROC (receiver operating characteristics) curves for € = 4 are depicted in Fig-
ure 13. The fading parameters are set to be mg p=mg p =my =1, mg p=mg p =mp =2, and
’ ) 7 / ) 7

mg n=mg p =My p=3successively. It can be observed from the figure that the best BER decreases
. RTR,

with the fading parameters for a fixed value of E,/N,.

:
—8— Mgp=Mgp=Mpp=1
—6— Mgp=Mgp=Mp=2

—&— mgp=Mgp=mgp=3

Best BER

0 5 10 15 20 25
E, /N, (dB)

Figure 13. Error probability of DF scheme for the cooperative-diversity relay network using different fading parameter
values with (mS p=Mg p =Mp D) =1, 2, 3.
/ /R ”

4. Conclusions

In this paper, we present a comprehensive performance comparison of the DE and PSO
algorithms both in FSO and in mobile radio communications systems. For the first part, we
investigate the optimal transmission distances for different number of relay nodes and power
margin values in the parallel DF relaying scheme. Moreover, we analyze the cost function and
the execution time for the DE and PSO algorithms. As a second part of this paper, we consider
the cooperative-diversity relay network for the mobile radio communications systems
operating over Nakagami-m fading channel. We provide a rigorous data for the optimal
locations of the relaying terminal in the parallel DF relaying scheme using DE and PSO
algorithms. Then, we analyze the bit error probability with varying E/N, using different values
of path loss exponent, € and fading parameters of m;p, mg R/ and Mg, p-

We demonstrate that the cost functions are suitably minimized proving the accuracy of the
employed optimization algorithms. We find out that both algorithms have similar execution
time, besides PSO is more stable than the DE algorithm. Furthermore, the PSO algorithm
outperforms DE algorithm with regard to the cost function. It should be emphasized that both
optimization algorithms are reliable and can be used for the applications both in the FSO and
mobile radio communications systems.
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