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Abstract Keywords
Driven by the need for more energy-efficient and high-capacity wireless systems, Full-duplex
studies are increasingly focusing on NOMA-based cooperative UAV networks that relaying,
utilize the Hybrid Time Power Splitting (HTPS) scheme. Though, to ensure efficient Nakagami-m
and reliable system performance, optimization is required to minimize the UAV’s fading,
energy consumption by finding the best combination of hovering time, trajectory and Roulette Wheel
resource allocation but the performance depends on system parameters. Hence, in this Selection,
paper, we analyzed the performance of Hybrid Time Power Splitting optimized with Bio-inspired
Enhanced Duck Swarm Algorithm (HTPS -EDSA) using Roulette Wheel Selection optimization,
(RWS) under varying system parameters. A closed form outage probability analysis Energy
of the HTPS scheme for UAV-aided cooperative NOMA network over Nakagami-m harvesting

fading channel was derived. An outage probability optimization problem with
consideration for the resource constraints to improve the reliability of the network was
formulated. The formulated problem was solved using EDSA. The HTPS -EDSA
scheme was simulated using MATLAB R2023a, and the performance analysis was
carried out using outage probability under varying system parameters, including
transmit power, UAV altitude, fraction of received power, and energy harvesting time.
The result obtained showed that the outage probability improved at optimal values of
the UAV altitude, fractions of the energy harvesting time and received power. Also, a
distinct optimal power-splitting ratio was found at 0.7, minimizing outage probability
to approximately 5.27 x 10 as compared to conventional HTPS, HTPS with Duck
Swarm Algorithm (HTPS-DSA) and HTPS with Bat Algorithm Optimization (HTPS-
BAO) which gave 3.527 x 108, 7.65 x 10 and 1.12 x 108, respectively.

1. INTRODUCTION

Unmanned Aerial Vehicles (UAVs) offer a revolutionary approach to enhancing wireless network connectivity
by dynamically adjusting their altitude and maneuvering around difficult and physical obstructions such as
buildings and terrain, making them ideal for establishing reliable Line of Sight (LoS) links with end-users.
However, their battery-powered nature limits operational duration. To address this, researchers have developed
Simultaneous Wireless Information and Power Transfer (SWIPT), which enables UAVs to harvest energy and
receive data from a single wireless signal, thereby extending deployment time without manual and frequent
[1],[2]. SWIPT typically employs two main schemes: Time Switching (TS) and Power Splitting (PS) [3], [4].
TS alternates between energy harvesting and information decoding over time, while PS divides the received
signal into two concurrent streams, one for energy harvesting and the other for information decoding. Although
both TS and PS have drawn significant research interest, their effectiveness is highly sensitive to channel
conditions. Time Splitting (TS) tends to outperform PS under low SNR, whereas PS becomes more favorable
in high SNR scenarios [5],[6]. To exploit the advantages of both, the Hybrid Time-Power Splitting (HTPS)
scheme has been proposed, which enhances energy harvesting efficiency and system performance relative to
conventional approaches [7],[8].

Moreover, UAVs often operate in spectrum-constrained environments such as urban centers or disaster-
stricken regions, requiring Non-Orthogonal Multiple Access (NOMA) to maximize spectral efficiency. By
enabling simultaneous access to the same resource block, NOMA reduces latency compared to Orthogonal
Multiple Access (OMA) [9],[10]. NOMA offers flexibility for dynamic UAV networks by reducing resource
allocation overhead [11],[12] and provides spectral efficiency and massive connectivity [13], yet its
performance is constrained by interference, mobility and energy limitations [14],[15]. Cooperative Non-
Orthogonal Multiple Access (CNOMA) overcomes these challenges through user cooperation, enabling more
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robust and reliable UAV communications. As a result, CNOMA enhances spectrum utilization, connectivity,
and system performance, making it highly beneficial for UAV-aided wireless networks [5].
The growing demand for energy-efficient, high-capacity wireless communication has spurred extensive
research into multiple access schemes for UAV networks capable of integrating SWIPT technologies. NOMA
has gained traction for its spectral efficiency and resource allocation benefits; however, its performance is
hindered by inter-user interference, reliance on effective Successive Interference Cancellation (SIC)
implementation, and degradation when users have similar channel gains [16]. These challenges are further
exacerbated in fast-varying, energy-constrained environments. From an energy harvesting standpoint, time
splitting suffers from low spectral efficiency and latency due to its sequential operation, while power splitting
compromises signal quality under rapidly changing UAV conditions [5]. Moreover, optimizing UAV -aided
NOMA networks is complicated by UAV mobility, diverse user requirements, and frequent channel
fluctuations [17].
Existing literature has sought to mitigate challenges in UAV-NOMA networks through various approaches.
Vo et al. [5] applied a hybrid TPS-SWIPT scheme with joint parameter optimization to minimize outages,
though their Bat Algorithm Optimization (BAO) exhibited premature convergence and local optima issues.
The author in [18] explored resource allocation in full-duplex UAV-NOMA with SWIPT to boost weak user
rates but relied on idealistic assumptions including perfect self-interference cancellation, simplified SIC, and
lossless energy conversion, overlooking mobility and energy dissipation. Sadeeq and Ahmed [19] introduced
a hybrid OMA-NOMA framework for UAV-BS networks with multiple antennas to balance throughput and
fairness yet assumed perfect CSI and disregarded UAV energy constraints.
In practice, UAVs operate under severe energy limitations, real-world mobility, and dynamic environmental
changes, all of which result in imperfect Channel State Information (CSI). Nonetheless, this analysis adopts
perfect CSI, derived from the channel gain, to enable tractable outage probability analysis. Consequently,
despite notable progress, SWIPT-aided UAV-NOMA networks remain constrained by oversimplified channel
and energy models, while algorithms like the conventional Duck Swarm Algorithm (DSA) [20] and BAO suffer
from premature convergence deficiencies which makes them to be easily trapped in local minima. Critically,
the joint optimization of HTPS schemes with UAV trajectory under realistic fading conditions remains largely
unexplored. This highlights a critical need for enhanced bio-inspired metaheuristics optimization method on
outage performance and analyze its effect on system parameters. Table 1 presents a summary of the related
literature in this area of study. This paper closes these gaps by formulating a joint outage probability
minimization problem based on instantaneous network resources. The solution to the formulated problem
carried out using DSA enhanced with RWS optimizer. The core contributions of this paper are summarized as
follows:

1)  We examine the effects of key system parameters, including energy harvesting duration, power-splitting
ratios, and UAV altitude, on the outage probability of the FD UAV-based CNOMA network over
Nakagami-m fading channel.

2)  We establish optimal operating conditions for key design parameters, providing an insights for future
energy-efficient UAV-aided wireless networks. This is achieved through DSA with Roulette Wheel
Selection (RWS), which mitigates the random leader update limitation of conventional DSA via greedy
selection

Table 1: Summary of related literature

Study Optimization UAV Model SWIPT Objective Limitation
Algorithm Scheme
[5] Bat Algorithm Fixed altitude, Hybrid TS/PS  Minimize Premature
Half duplex outage convergence, local
probability optima
[7] None stated MEC-assisted  SWIPT Maximize No cooperative
UAV energy NOMA / outage
charging analysis
[18] None Full duplex, SWIPT Boost weak- Fixed energy
(analytical) fixed (single user rate harvesting ratio
scheme)
[19] None Multi-antenna OMA- Balance Perfect CSI; no
(analytical) BS, fixed NOMA throughput &  UAV energy
hybrid fairness constraint
This work DSA enhanced  Optimal HTPS with Minimize
with RWS altitude, jointoptimal  outage
power P, T probability
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allocation,
perfect CSI

2. MATERIALS AND METHOD
2.1. System Model

Fig. 1 depicts a downlink cooperative NOMA system where direct communication between devices is blocked
due to severe fading. A UAV relay (UAVR) harvests energy from the source signal and forwards the decoded
data to the destinations. The source, UAV relay and destination channels are quasi-static and undergo
independent, non-identically distributed Nakagami-m fading ensuring a LoS dominance with perfect CSI
assumed at the UAVR for the purpose of deriving a closed-form outage performance. The UAVR hovers at an
optimal altitude and location for the duration of a transmission block. In addition, the UAVR operates in full-
duplex mode, which causes self-interference because of concurrent transmission between its transmit and
receiving antennas. To mitigate the interference, perfect successive interference cancellation is assumed. A
block frame of the HTPS scheme as detailed in Fig. 2 with a total transmission duration of T is partitioned into
three distinct phases is assumed static during the transmission to the destinations. During the first phase,

denoted as TT, UAVR harvests energy from the source, where 0 < T < 1 denotes the fraction of block time
for EH in the downlink scenario. During the second phase, denoted as (1 — 7) T /2, the UAVR employs a
portion p of the received power for EH, while the remaining fraction (1 — p) is allocated for information
decoding as p represents the power splitting ratio, which satisfies the condition 0 < p < 1. During the third
phase, denoted as (1 — 7) T /2, the UAVR employs the energy it has harvested to transmit the received
signal to the destination. The UAVR superimposed its information with the decoded signal and sent it to near
user and far user. The near user is for the source’s destination while the far user is for the relay’s destination.
Based on this time frame, the downlink scenario of the system considered is employed in three phases, namely

the EH phase and direct information transmission phase (First phase), information decoding phase (Second
phase), and the relaying transmission phase (Third phase).

SOURCE

NEAR USER

FAR USER

Fig.1: System model

T
EH @ relay(PSR)  [p @ source — UAVR R Ps
EH @ relay(TSR) —5 @ Source —UAVR— | — destinations near
destinations near and far and far users (1—-p) Ps
users
-t | -t -
al (1-=)T/2 (1-=) T2

Fig.2: Framework, a total transmission block of duration

The received signal at UAVR in the first phase can be expressed according to Ding et al., (2016) as

an* Ps aV]-* Pg

Ysk = | | Xup ¥ [ Toea X hsa + hyr + ngp 1)

A Publication of the Faculty of Engineering, Osun State University, Osogbo, Nigeria
24



Uniosun Journal of Engineering and Environmental Sciences (UJEES), Vol. 8 No. 2, Sept., 2026

DOI: 10.64980/ujees.v8i2.003 Abdulazeez et al.
Published: September 30, 2026

where ay, + ay; = 1, auiand ay; > 0. ay,and Qy; are the power allocation coefficients of the
destination U; and V; at the source respectively, Ps is the source transmit power, xy;, and Xy Is a transmit

signals, hgy4 is the channel coefficient between the source and UAVR and modelled as a complex fading
coefficient whose envelope |hg4| follows a Nakagami-m distribution with parameter Qg4 (average fading
power) and shape mg, = 0.5, h,.,- is the residual channel coefficient (self interference of UAVR), modelled
its amplitude | .| with Nakagami parameters 1m,.,-, Q... N4 is the Additive White Gaussian Noise, dg, is
the distance between the source and UAVR and 6, is the path loss exponent for the source and UAVR.

The UAVR exhibit self-interference, therefore the signal-to-interference-plus-noise ratio (SINRs) for decoding
the received signal at U; and V; are obtained as

a PN
XU U vo Ihsy . l?

Ysu = O]

“Vj*Yo|ESUi*|2 |hrr|2 + 70 UZSUL-* |2 + 1

n 2
in* an* Yo I hSV]-*l

= - - — 3
Ysvi =y o thsv 2 e B+ 10025y o + 1
XV ay . Yo lhsy . |?
Yovm = 3 (4)
i Yoo SV jx [Arr|? + 1

where Yo = Ps/N,. Similarly, the received signal at the kth antenna of the UAVR R, is expressed as

ay .. P
— M + u h + h + 5
Ysr, = 0 XU« g Xv . | Nsry rr T TSRy )
dsg, * dsg,

where ngg, ~CN (0, N,).
The EH of the kth antenna of the UAVR in the first phase using TS scheme is obtained as

2
En® = nTPs|hsg,|? = mrps% ®)
k

In the second phase, for information decoding, the received signal at kth antenna of the UAVR becomes:

ay;.Ps av i Ps
Ysre =N 1 =P\ | %u. t | *vp hsg, + hpr + Mg, (7
SRy SRy J

Therefore, the EH during the second phase using PS scheme can be written as
np(1 - DTPs |hsg, |

(PS) _
ERk - 2 (8)
The SINRs for decoding Xy and ij* can be written respectively as:
XU .« (1_p)aU-* Yo |BSRk|2
ySR = h 2 : 2 2 2 (9)
k 1-p) (XV]-* Yo |hSRk| [herl?+ (1= p)yo GSRk [hpr|?+ 1
xv.  (A-pay.,volhsr,|?
Vsry = s (10)
k 1-p) VOGSRk |hrr|? +1

In the third phase, i.e the relaying transmission phase, the energy harvested is utilized as transmit power for
the relaying transmission. Specifically, using the HTPS scheme, the total amount of energy harvested at the
kth antenna of the UAVR is obtained by summing equations (3.6) and (3.8) and is obtained as

~ p(1-7)|sR, |?
BRI = BFS + ERS = nTPs (vlfi, 2 + L) @y

Thus, the received signal in the third phase is written as:

ﬂui* PRk ﬁVj* PRk

Xy.. +

4

YR = XV jn thA + h + MR A (12)

[ [
de,A de,A

where MR, 4 ~CN (0,N,); ﬁui* and ﬁvj* are the power allocation coefficients of the destination.

Uj and Vj and at the UAVR, respectively and By, + ,BV]. = 1and By, and BV]. > 0.
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. . . L 1-OT .
In the second phase, UAVR forwards information during a transmission interval of ( ZT) , thus the transmit

power from UAVR at the kth antenna in the transmission phase with the HTPS is obtained by dividing equation
(11) by the transmission time T, and expressed as

ERTPS L
Pp, = G-t = nPs|hsg, | (ﬁ"'ﬁ) (13)

Considering the UAVR self-interference, the effective transmitting power in the transmission phase with HTPS
is expressed as
HTPS

— __R — NV 2(_27
P, = o7 = 1Pslhse, Pl (25 + ) (1)

Therefore, the SINRs obtained from the received signal in equation (12) for the near user U« and far user V]

after decoding Xy and ij* at the UAVR are expressed as

XU Bu YRy R, U |?
YRkU 3 Bv *yRklthU “|? |hRy Ry | +V Ry 02 RLU; s |RR R, 1741 (16)
XU ﬁui*VRklthvj*l )
yRkV * BVj*VkaRij*|2|thRk|2+]/Rk0'2Rij*+1
XV Bv VR AR,V 17
Yoy = et (18)

YRy O RkV]*"'l

where |thA|2 |thA| /de’A YR, = Pr,/No and A € {Ul , } Furthermore, the end-to-end
SINR of the system considered can be expressed as:
SR UV XUp XV XU XU XV
eze Ysr Vs, - ySR,Z : yRkU : yRkV : VR,J; } (19)
The optimal selected kth antenna of the UAVR is chosen such that the end-to-end SINR is maximum to improve
the outage probability performance and is can be written as
@ _ SR kUV}

Yeze = 1721&)%{ ee

= min{

(20)

2.2 Outage Probability Analysis
In the optimized HTPS scheme, the interruption in communication transmission occurs when both the direct
SINR and the end-to-end SINR at the destination drop below a predefined outage threshold. Consequently, the

outage probability (P,,¢) for the proposed scheme is expressed according to Zhang et al. [21]as

SR, UV
Pout = Pr{ ezg < y(d)} (21)

Equation (21) can simply be rewritten sa

Pout — PU + PV _ PUV — PSRkUV(PSU + PSV _ PSUPSV) (22)
where

pSU — py {Ysu y(d)} (23)

PSV = pr {VSV <y @D,y " <y@} (24)

d
PSRUV = Pr{ye( 3 < y(d)} (25)

where y(d) = 22R — 1 is the threshold SNR.
Therefore, by substituting equation (2) into equation (23), the probability is obtained as

ay .Y |ESU-*|2
psSU = pr —L 02 L <y@® (26)
av ;. Yolhsu|“+Y00 % sy, +1
By isolating |ESU1-* |2, equation (26) is reformulated as
(@ 2
~ Y YoO SU-*+1
PV = Prilhsy,.|? < (rorsu, 1) (27)
t Yo (aU *—]/(d)avj*)
For Nakagami-m fading channel experienced in equation (27), the instantaneous channel gain hSU |2 follows
a Gamma distribution with its Probability Den5|ty Function (PDF) expressed as [22]
~ [Ihsu o J m. ~
F(lhsu,12) = (2)" 2 —exp (— 2 gy, 1?) (28)
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where m = Mgy, = msvj* = 0.5 for simplicity and is the Nakagami fading severity parameter

2] is the average channel power and [' (1) is the gamma

characterized with dominance LoS, A = E[”Alsui*

function (for integer m, I'(m) = (m — 1)!). By applying the Cumulative Distribution Function (CDF) of
the gamma distribution of the outage probability in equation (27) is given as

T ~ 2™t
PSU = Pr {lESUiklz < T} = f (%)mmexp (—%lﬁgui*
0

2
) (29)

N
) dlhsy,.
Ky @

Vo(au—av]/(d))'
Equation (29) can be solved by applying the lower incomplete gamma function [22]

f:“flsui* z]m_l exp (_% ”Alsui* 2) d”AlSUL-* ‘= (%)_m)/ (m'%T) (30)

14
where y (myx) = I'(m) [1 — exp (—%T) m_l%l is the lower incomplete gamma function

where 7" =

m
p=0

with a closed-form series. The outage probability which is the CDF of the channel gain |lA15UL_* |2 is then
obtained by simplifying equation (30) and substituting into equations (29) as

p
msy..—1 mPgsy,, msy . k17D Kiy@
PSU =1— Zp—Ol i exp (_ i X ( 1Y )
- Yo

PIAPsy., lsui*Vo(aui*—an*V(d)) “Ui*‘“Vj*V(d)
(31)
sy (1—¢su.*)ﬂsu.*
— v .g? =1 = ——
where K; = y,0 SUs# + 1 and Asui* T Osup Osu;«
dSUi* dSUi*

Similarly, by substituting (3) and (4) into (24) and solving, gives

2 2

aui*Vo|hsvj* an*Yo|hSVj*

SV _ d d
PV =1—Pr — 2y @ o2y @ (322)
an*V0|hSVj* [hyr2+yo0 sV« +l 0 *
(@)
PV =F_ . (’C;VX ) (32b)
|h5"j*| o

where y; = min {avj*,aui* — an*y(d)} and Kk, = yoozsvj* + 1. Thus, the probability PS" is
obtained as

MPsy =1 MPsy . 70, (d\P msy . kay@
p= PiApsv ;. \ Yox1 Asv .+ YoX1
"QSVJ-* (1_¢SVJ-*)'Q'SV]-*
where )LSVJ.* = %= Tsv .
dSVj* dSVj*
Also, by substituting (19) and (20) into (25), gives
Xup KXV XUy
SR UV ) Vsre * Vs 'yRkUi*’ (@)
P>rEYY = Pr< max { min x <e¢ (34)
1<k<K XU Vi
yRij*’yRij*

According to [5], Equation (34) can be approximated as

XU .« XV .«

da d
Yore 2 €D Vg, 269,
XU .« XU
SRUV _ T1K i (@) i (d)
P k —_ l_[k=1< 1 - PT' )/Rkui* 2 & 'yRkUi* 2 & ) >. (35)
XV %
J (a)

yRkVJ-* =€

After algebraic simplification and by utilizing the fundamental properties of probabilities, the probability
PSREUV can be expressed as
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2
YRy O R U xel@ 4 e(d)
PSRV =TI (1—[1-F_ L x[1-
|thUl-* (ﬁui*—ﬁvj*f( ))YRk
() 2 (d)
3 yRko— RkV-*+£
F, 2 4 (36)
|thVj* X3VRy

where Y, = .Bui* - .ij*)/(d)»)(s = min {.BV].*;XZ}

Using the CDF of the channel |fleUi*
derived as

, the closed-form expression for the probability is

2 ~
and | thVj*

[x]

mRij*_l mkaUi* - quij*
=1 X 2

MR, U1
PSRkUV — Ik<=1 1— <1 _ Z kYi Zq=0

p=0 P!/lkaUi* P!/lkaVj*
(37)
1P d 2 d
. yRkaszUi*y(d)+y(d) mRij*(V( )YRktf RkV]-*+V( ))
where =; = @ exp | — 3 ,
(BUi*_ﬂVj*y )YRk ] Rij*XSVRk
14
_ S(d)VRkGZRijﬁS(d) mRij*<€(d)VRk0'2Rij*+€(d))
Sy = exp | — )
XBYRk ARij*X3yRk
_ 'QRkUi* _ (1_¢Rkui*)ﬂRkUi* _ 'QRij* _ (1_¢Rij*)-QRij*
Ap .y, == = = vand Ap, ., == = — )
RiU RyV
l LR U LR U J Lryv s Lryv s

2.3 Outage Probability Problem Formulation
The optimization problem lies in determining not only the UAVR altitude but also the harvested energy ratios

(t and p), power allocation and fraction of received power at the UAVR to ensure that the outage probability
is minimized. Thus, the objective function which is to minimize the outage probability performance is obtained
by substituting equations (31), (33) and (37) into (22) constrained to system parameters is represented in
equation (38) as
min Pout — PSRkUV(PSU + PSV _ PSUPSV)
pJT'anlanlﬁUi'ﬁVj

s.t. C1:0<p<1
C2:0<t<1 (38)
Cs:aui'i‘ayj:l

C4': ﬁui + ﬁV} == 1
Constraints C1 and C2 are to ensure optimal energy harvesting ratios (p, T € {0,1}) to obtain the minimal
outage probability for reliable communication between the source and destinations. Constraints C3 ensure that
the source optimally allocate power coefficient and C4 are used to obtain the optimal NOMA power allocations
add up to the total available transmit power, both at the source and at the UAVR.

2.4 Solution to the Formulated Problem using Enhanced Duck Swarm Algorithm

The formulated optimization problem of the proposed full-duplex HTPS scheme for UAV-aided CNOMA
systems was solved using EDSA. The EDSA is a modification of the conventional DSA with RWS which uses
probabilistic selection to balance exploration and exploitation, preserving diversity by allowing weaker
solutions a chance of selection. This prevents repeated selection of the same leader and reduces the risk of
entrapment in local minima rather than deterministic approach by the greedy selection in the conventional
DSA. In this paper, each duck represents a candidate solution, while the leader duck corresponds to the best
solution at each iteration. The swarm updates its positions by learning from both the leader and neighboring
ducks, enabling broad exploration of the search space and reducing the risk of local optima. The EDSA operates
in two coordinated phases: an exploration phase, where ducks spread across the solution space using stochastic
movements, and an exploitation phase, where the search is refined around the leader for precise convergence.
Adaptive parameters such as the control parameter of global search (1), the searching conversion probability
of exploration phase (P), KF: and KF» which denote the cooperation and competition coefficient between ducks
in the exploitation phase, respectively, and other control coefficients regulate the balance between these phases.
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Through continuous position updates, fitness evaluations, and leader selection, the swarm gradually converges
toward the global optimum while maintaining boundary feasibility. As reflected in Algorithm 1, the method
enhances the optimization of time-switching and power splitting ratios, strengthens resource allocation, reduces
outage performance and user fairness. Thus, EDSA possesses a computational complexity of

0 (TmaX(NCf + N log N)) with the total runtime dominated by evaluating the fitness of N candidate

solutions across 7', generations, C is the objective function cost and a small additional N log N cost per

generation for ranking making DSA enhanced with RWS computationally complex comparable to the
conventional DSA in UAV-aided full duplex, decode and forward cooperative NOMA network.

Algorithm 1: HTPS-EDSA based UAV-aided CNOMA network
1) Begin
2) Input Initialization parameters: population size N, maximum
iterations T,,,,, constant multiplier x
define search space bounds p € [0,1], T € [0,1], ay,, ay, € [0,1] With ay, + ay, = 1,
By, Bv, € 10,1] with By, +Bv, =1

3) Randomly initialize duck swarm positions x; = [pi, T, ay, ay, By, p,,j] i=
1,2,..,N

4) Define objective function f(x,) = P, = PSRUV(PSU 4 pSV — pSUPSY)

5) Calculate fitness f(x;) for each duck in the swarm, Identify the best fitness
value f.in = min (f(X;)) and select the leader position x,... corresponding
1O fimin

6) Whilet < T,,,, do % Start Iteration Loop

7) Update p=K-(1-7=)and P, KF, and KF,

8) Fori=1toN: %Exploration Phase

9) Compute fitness-based probabilities for each duck p; =
5 ,Nf= (jff()X,‘) (for minimization problems) Or
pi = Z,’vl/lfli(/);‘()x,‘) using rank-based probabilities and calculate cumulative probabilities:
C; = ]_=1Pj

10) Generate random number r, € [0,1] and r, € [0,1] then select parents x, and
X, , respectively where ¢,_, <r, < ¢, and c¢,_, < r, < ¢, accordingly %Select
Two Parent Positions
11) Update position xt*' = xt + u- Xt - sign(r — 0.5) If P > rand %(Exploration)
using Selected Parents
X = XE+ CFy - (Xl — X1) + CFy - (X! — X1 If Otherwise or
X =X{+Cy-p- (X = Cy - Xl o) - sign(r — 0.5) + CFy - (X g0 — XD + CF1 - (X} — X)
12) Clipp,tto[o01] %Ensure all variables remain within their feasible ranges

.. ay,.
Enforce a,, + a, =1 by normalizing e,, = Ay, = —and B, +By =1

Oyt ety ety

13) Calculate new fitness f..., = f(xt*)

14) Collect all improved positions and their fitness values %update leader using
Roulette Wheel Selection

15) Compute selection probabilities for candidate leaders Using  pieaqeric = =v2oR—

¥y V)
16) Generate random number r € [0,1] and select new leader based on roulette
wheel
17) Xicader = X where Cp_q1 <1 < Cy,
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18) If foew < Fomins %update using Roulette Wheel Selection
19) Xicader = XiL, Fmin = Foew

20) End if

21) End For

22) Fori=1toN: %Exploitation Phase
23) Calculate selection probabilities for all ducks using fitness values using
pi ==X opfor minimization:
¥y VFXD

24) Apply roulette wheel and select two random individuals x, and x;

25) If (x> Fxt*l)  Y%update position

26) X=X+ e Xfoger — XD

27) Else

28) Xt = X+ KFy - (X — X9 + KFy - (X} — X))
29) Apply condition in step 12

30) end if

31) Calculate new fitness f,., = fF(xt*h)
) M f <fxh

33) X1 replaces position X! and f,.,, replaces fitness f(X%)
34) End if
35) Create a pool of candidate solutions (all individuals with improved fitness)

36) Compute selection probabilities pieqerx = % where m is the number of
j=1 J

candidate solutions
37) Apply cumulative probability distribution
38) Select new leader using roulette wheel X, . = Xy where C;_y <7 < €y
39)  Update fmin = fKicader)
40) End For
41) t=t+1
42) End While
43)  Output X, = [p°, 7", a;, @3, Bisy By )y Fmin = Pow
44) End

3. RESULTS AND DISCUSSION

This section presents the effect of varying system parameters on outage probability performance of the network
with coordinate S (0,0,0); R, (1,1, hg); U;(2,3,0) and U;(4,5,0). The Monte Carlo simulation was
conducted in the MATLAB R2023a environment using random seed values ran over 10* runs with the
simulation parameters presented in Table 2. Also, the comparison of the HTPS-EDSA scheme with other
existing schemes such as the conventional HTPS, HTPS-BAO and HTPS-DSA was performed.

Table 2: Simulation parameters

Parameters Value

Transmit power -10dB to 10 dB

UAV altitude 0to20m

Coordinates S (0,0,0); R (1,1,hr); Ui (2,3.0); V; (4,5,0)
Channel Nakagami-m

Rate 0.1 bps

Noise power 0.01, 0.02, 0.03

Number of users 4

Pathloss exponent 3

Energy conversion coefficient 0.8
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Fig. 3 depicts the outage probability of the proposed HTPS-EDSA scheme for different values of antenna k
was plotted against transmitting power at optimal values of energy harvesting time, power splitting and power
allocation at noise variance 62 = 0.01, UAVR altitude hp = 20 m. It is observed that the outage
probability of HTPS-EDSA scheme decreases as the transmit power Y increases from —10 dB to 10 dB. For
k = 2, the outage probability decreased significantly from 0.5 at —10 dB to 3.6175 X 107> at 10 dB, for
value of k = 3, the outage probability was 9.0167 X 1072 and 3.5146 X 108 at —10 dB and 10 dB
respectively. Also, for value of k = 4, outage probability reduced from 2.5501X 1072 to 1.275 X 107°.

This shows that increasing the antenna diversity results in consistently reduction in outage probability across
all transmit power levels. The proposed HTPS-EDSA scheme which agreed in both the analytical and through

Monte Carlo simulation showed superiority with an outage probability value of 1.275 X 107° against the
conventional HTPS, HTPS-BAO and HTPS-DSA which gave 7.075 X 107° 1.657 x 107 and
2325 x 1077, respectively at transmitting power of 10 dB and k value of 4. This indicates that the
employing HTPS-EDSA scheme in UAV-aided cooperative NOMA system in full duplex mode with optimal
resource allocation demonstrates the capability of achieving better outage performance at both the near and far
users.

Fig. 4 depicts the outage probability against varying UAVR altitude for different values of antenna at optimal
values of energy harvesting time, power splitting and power allocation, noise variance 02 =0.01 and
transmitting power of 10 dB. The results revealed a substantial reduction in outage probability performance as
the UAVR altitude increases for all the schemes. It was observed that at altitudes beyond 14 m, saturation
regions were attained for most of the schemes. This was because at this altitude, there were no significant
changes in the outage probability performance. In the figure, at k = 2 the outage probability declines from
0.7 at ground level to 2.234X 1073 at 10 m and saturates to 1.324X 1073 beyond 16 m. Also, for k = 3,
the outage probability was 0.4, 2.2748X 10™° and 1.26x 107> at ground, altitude of 10 m and 14 m,
respectively. Moreso, for k = 4 the values of outage probability obtained at ground level was 0.34 and further
decreased t0 5.137X 1077 at 10 m and saturates to 2.788X 1077 at 14 m. This suggests that higher value of

antenna k yields superior diversity gains and system resilience due to dominance LoS between the source,
UAVR and users. Comparing the outage probability performance of the schemes at saturation showed that the

proposed HTPS-EDSA recorded a value of 2.905X 1077 against conventional HTPS, HTPS-BAO and HTPS-
DSA schemes with 3.055X 1072, 6.875x 107 and 5.115% 107, respectively. The proposed HTPS-
EDSA scheme employed in UAV-aided CNOMA system established a reliable LoS communication links

between ground users and the UAV at an optimal altitude of 14 m notably to mitigate the impact of multipath
fading and shadowing.

10%

1001:

Outage probability
o

—O— HTPS-BAO k=4
—— HTPS-DSA k=4
—A— HTPS-EDSA k=2
—#— HTPS-EDSA k=3

O HTPS-EDSAk=4
HTPS-EDSA sim

10 -5 0 5 10
Transmit Power (dB)

Fig. 3: Outage probability against transmitting power for different antennas values.
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Fig. 4: Outage probability against UAV altitude for different antennas values.

The impact of the power splitting ratio p on the outage probability is depicted in Fig. 5 at the antenna value
k = 3 at optimal values of energy harvesting time, power allocation and transmitting power of 10 dB. The
outage probability initially decreases with increasing p until it reaches an optimal point and then degrades as
p approaches higher values which is evident in all values of the noise variance. Observation from Fig. 5 shows
that for the proposed HTPS-EDSA scheme at 0% = 0.03, gave an outage probability decreases significantly
t03.2651 X 1077,1.551 X 1077 ato? = 0.02and5.071 X 1078 ato? = 0.01 all obtained at optimal
value of p = 0.7. This represents a balanced allocation between energy harvesting and information decoding
with less effect of noise variance at the lowest value. The outage probability obtained at 62 = 0.01 for the
proposed HTPS-EDSA, conventional HTPS, HTPS-BAO and HTPS-DSA schemes were 5.271 X 1078,

3527 x 107,112 x 107% and 7.65 X 1078, respectively. This indicates that a better system outage
probability performance can be guaranteed at lower value of noise variance while transmitting via the UAVR
at optimal system resource allocation.

Fig. 6 shows the graph of outage probability against energy harvesting time T at different user diversity
configuration i = j with k = 3, 62 = 0.01 at optimal values of fraction of received power, power
allocation and transmitting power of 10 dB. The results show that the outage probability values decreased
progressively with increasing fraction of energy harvesting time T with clear distinctions across the different
levels of user configurations. In the proposed HTPS-EDSA scheme for user’s configuration of i = j = 2, the
outage probability reduces from 2.85 X 107>at7 = 0.1t02.45 X 1078 at 7t = 0.9. Also, for i = j =
3,at7 = 0.1 and 0.9, the outage probability values were 1.057X 107> and 2.5970 X 1072, respectively,
while the corresponding values for i = j = 4 were 2.4501X 107 ®and2.125 X 10710, It can be observed
that at the user configuration increased, the outage probability performance becomes much better. The
proposed HTPS-EDSA scheme with outage probability performance of 9.125 X 108 which outperformed
the conventional HTPS, HTPS-BAO and HTPS-DSA schemes with 3.527 x 1077,3.75 x 107 and

1.395 X 1071 respectively, at optimal T = 0.5. This demonstrated an increase in user diversity order
substantially improving the system robustness.
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Fig. 5: Outage probability against fraction of received power p for different noise variance.
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Fig. 6: Outage probability against fraction of energy harvesting time t at different user diversity
configuration.

The plot in Fig. 7 highlights the convergence speed and accuracy of the proposed scheme. The proposed HTPS-
EDSA scheme achieved the fastest convergence and lowest fitness value of 0.0155, compared to HTPS-DSA
with 0.020, while HTPS-BAO with the slowest and least accurate with 0.023. The EDSA with RWS-based
leader update demonstrated a clear convergence benefit of approximately 22% better than DSA and 33% better
than BAO. This improvement emanated from its ability to balance global and local search, preserve population
diversity and avoid premature convergence to local optima. These results confirm the validity of the proposed
enhancement to DSA with RWS as an effective optimization algorithm for UAV-aided CNOMA.
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Fig. 7: Best fitness against iteration.

The average fitness plot in Fig. 8 demonstrates the superiority of HTPS-EDSA to the conventional HTPS-DSA
and HTPS-BAO algorithms. For all three algorithms, the average fitness decreases as the number of iterations
increases. The effectiveness of the exploration—exploitation trade-off in HTPS-EDSA is evident in the steepest
early descent from 0.270 to 0.070 in 10 iterations attained a faster and stable convergence of 0.032 at 15
iterations. This suggests that there is a clear transition from broad exploration to focused exploitation. The
proposed HTPS-EDSA, enhanced with RWS, maintains a fitness margin of 0.0195 between the average and
best values, suggesting that the population maintains diversity at convergence rather than collapsing
prematurely. This results in an improvement of 5.71% and 28.6% over conventional HTPS-DSA and HTPS-
BAO, respectively. This gain is achieved due to the RWS mechanism, which selects parents based on a fitness-
dependent probabilistic basis rather than randomly or greedily. Thus, HTPS-EDSA is the most efficient
algorithm for optimizing UAV-based CNOMA design parameters.

0.4

==@== HTPS-BAO
w== HTPS-DSA

i HTPS-EDSA

Average Fitness

SSS S

1
0 10 20 30 40 50

Number of Iterations

Fig. 8: Average fitness against iteration.

4, CONCLUSION

This paper focused on minimizing the outage performance of FD UAV-aided CNOMA network using HTPS
scheme. The closed-form outage-probability expression was derived for the network over Nakagami-m fading
channels. An outage probability optimization problem was formulated. The formulated problem was solved
using DSA enhanced with RWS mechanism. The proposed HTPS-EDSA scheme was simulated in MATLAB
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software environment using the network system parameters. The outage probability performance was evaluated
and compared with conventional HTPS, HTPS-DSA and HTPS-BOA. The results showed that outage
probability performance of the proposed HTPS-EDSA scheme is superior to that of other schemes at optimal
system parameter. The proposed protocol is suitable for UAV-aided CNOMA networks for improved and
reliable communication. The future works can investigate the impact of applying non-linear hybrid SWIPT
models on the UAV-aided cooperative network.
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