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ABBREVIATIONS Jgu>

ABBREVIATIONS Description

FANET Flying Ad hoc Network

UAV Unmanned aerial vehicle

GCS Ground control station

MU Mission UAV

RU Relay UAV

PSO Particle swarm optimization

LoS Line-of-sight

MANET Mobile Ad hoc Networks

MIMO Multiple-Input and Multiple-Output

10T Internet of Things

VR Virtual Reality

GMC Global Message Connectivity

WCC Worst Case Connectivity

RSSI Received Signal Strength Indication

SNR Signal To Noise Ratio

WSN Wireless Sensor Networks

DRNS Dynamical Relay Node Placement Solution

MPC Model Predictive Control

IFTM Integrated FANET topology management

FTC FANET topology construction

FTA FANET Topology Adjustment

EFTM.RT IFTM without updating Routing paths and reconstructing the
Topology

IFTM-T IFTM without performing Topology reconstruction

MA Moving Average

IFTM-P IFTM with Priority

IFTM-R Integrated Topology Management In Fanet-With Removed Mu
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Parameter Value
Position of the GCS (750, 750, 0)
m; = (300, 300,100)
Initial Position of the mMUAVs mi z gggb]:ZBOOOO’,llooog)
m, = (1200, 1200, 100)
x-axis € [0, 1500]
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Cognitive parameter (C1) 1.4962
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The number of iterations 300
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Parameteric values of Topology Edit Operation

Parameter Value
sensitivity parameters (y,) 0.1
sensitivity parameters (y,) 0.3

w; =30
w,= 30
weight parameter (w;) w3=0.5
w, = 1000
w, =1000
Threshold levels (e;) 700
Threshold levels (e,) 1000

! Fanet Topology Construction
2. Fanet Topology Adjustment
3, Integrated Fanet Topology Management
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Parameteric values of FTA Algoritm

Parameter Value
step size that scales the travel
. 0.05
distance(y)
maximum travel istances(y,) 20 m

S5999085 o pe 08! Al 4 «(gglen s Cu e o oSl polie ool g iy i ) e
oS Sl (055501 3590 (rdgl e lo o0 K00 iyl 4w LT, (IFTM) jgilse (slaasils ax LSS
SiPny Sloj Al yo 12 50 s g 35 o0 Sl FTC 02,6801 bawg adyl sh9dmss o o
il 5l s (nl jo098 g0 0eas FTA 20,580l lawgs MU slaolgy o5 > 5 Bobaie S
s Sl a5 Gigdns Gilail 5 (gl SLoyms 035 S5, s SIS pe
Shoyian BB &S GIFTM 0,681 g, cnll 0sd co pll 0,5 0 Ojs0 lalgdgamme
=5 w55 rags eealios IFTMART 1) ol (5390255 55bil 5 (st e (510 ys
2 STas Sglas cpl b el AIFTM) [ gilsa slaaslods (s590q65 ax )LSe S paw o )65l aulice
PSO o,sl sl 5 aS) (59l 95 (g3lwsb plosl gty g jols € 4 € &lw| 3q3> I IFTM
336 a5 ) o205l al Lo e Fnlay sans oo plnil ]y (ol e Sl ne (Sl 55,4 ad (Cun]
oeslios IFTM-TY 1) ol o s35las8 65kl
St Olpe a2 a5 v o L IFTM-T 4 IFTM-RT dFTM  (slae 651 aslis
Foe r5lse GaaSl 5 ,Slee )0 wilgh co ,5lsm SloaSid (590555 (55lesil 5 (b e (S yane
s Hpilen slaaSlts iglpmes Cupie ol 4o a5 el oy ¢I BT o oSl plowil . wily
S99y mliS 9 Si99ng Sl ln el PSO s o5 (FTC) (5905055 cl o 55!

Co e a5 o oSl pl )0 g, 0nlil caiS o solainl MU glaolyy oS > 5l Sbey al> e 2 50

! IFTM without updating Routing paths and reconstructing the Topology
2. IFTM without performing Topology reconstruction

oy



PSO i sy Sl p s 5 s MU sy slaplSe il s 455 (sl
o o0 PSO-0Only o 1631 ) 558 co ool

UKo 50 g Bpen ope 69 Silap Jowe 5l as MU ol F lo e 51 oolasnl b aslsl o
JFTM-RT slap ;6501 L IFTM 0,631 o Slee anslio 4 ol saiools ioles (0-F)
Silwands SBolai slo Sy 5l eolainl b canslin pl o pujlon o0 PSO-Only 4 IFTM-T
poriase 5 Jans D2l Ve ol 1) b ;5500 gl S g

5O oddchy a5 jlae 2l 0 Shee polie | ednliawsds (gilwand mls N V-F B #-F ol S
O abold (p SolisS 9 ol e G yae jo ST Aol 5 Y5k imen 5 (A-)) adal,
CS > g (e a5 AES (il mll poodle Lm0 (LiS 1) 558 lapi oSl jo laslgy
ol bl el odalo ioles a4 Ve-F 5 A-F F-F Gl Sy g cusl MU slaolys
dod 3l (6,5 Kl b aS oo oo A1 VV-F 6 A-F V-F ol S 0 oy oS S e
el Cewd a o sl 2 sl (iloaned @l

4 S S Sl 0 Sdes IFTM 02,0801 coiiS oo onaline =¥ (IS0 )0 o5 j5boles
olis 0g5 5l pcas o Slee e ,6X plo 5HIFTM-RT o0 6501 5 ol lapi oSl 5l
V- S s MAT g, 5l eslisl b (s iy T35 b1y g5090 ol pilsioe (maren. w20 o0
i 3 Shae IFTM- T oty oS el s V=¥ 5 $-F S 10 45 sbojlod omly ;5o 1L
dFTM-T o ,61 5l oolatwl &jso j0 Wlgh oo Heilen aSlils |y je0)ls IFTM-RT & cos
Sl s 0 095 o0 Dolite Hgilen laaSd Giednrg S b ST b peee (i slo s
Fdend IFTM 0o 5HIFTMAT o2 6801 o Shoe ol oS (Slojisyn g 5ate

gl S0l (S5l 95 OlasS A b e Sl s Sl i 40 5l eolainl b e a5 5 sl

! Moving Average

oY



)y Wgdior S5 )silen (0ol 0ol aeznd (S35ln8 Dlyeds o5 ) Ll ol Wil ol Lol cams oo
WS o e
S alold o plion dFTM o )65 o a5 (S calice wilsi oo A-F 9 A-F la S0 o
9 V=¥ Gl i ,0 cimmen g ol yiion b oS! ple 4 cas dem alols 51 RU slaolg
e Ly oS0l o0 b (wld 50 dSF el alols @y o 1) laolgy G alols (a8 ) -F
oS Wshie sy, duld b IFTM-T 5 IFTM-RT (glagi o8l cadly,s il 03,5 Liis
L =) alal) jo sl alols Cosgazme o (0-)) alaly jo oLL 4 obh lbls)l Cosgaze
5 b3 daasgame jl A Cwl oals caw IFTM i 6501 jo a8 >0 aisS o0 5l 0 aisles cod

g ol

- 10° Comparison Of IFTM & IFTM-T & IFTM-RT & PSO-Only
——IFTM
10 F —— IFTM-RT |
IFTM-T
gt —— PSO-Only| |

Performance Metric

3tk o
2 - -
1+ X
O 1 1 1 1 1 1 1 1 1

0 100 200 300 400 500 600 700 800 9800 1000

Time Step
é,S-Lo.C )L&’.ﬁ eb )‘»\M -7-¥ l&d

Of



105 Cumulative moving average of Comparision
T T T T T

8 T ! I I
— IFTM
-------- IFTM-RT
L - — IFTM-T |1
———=PS0-Only

Performance Metric

3l 4
2 - -
ik 4
0 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 200 1000
Time step
S 0 Sloe U Hlade (rozd S oo (Sl -V-F IO
500 Comparison Of IFTM & IFTM-T & IFTM-RT & PSO-Only
T T T T T T T T — 'll‘.’l.\l
-------- IFTM-RT
450 ——-IFTMT
PSO-Ouly
g 400 E
|
Z a0} dcm :
a \
a H
~ S = L o o, o i L i
;j 2o
7 250 [y = s AR T
&7 i e A : A AR T ‘
s RAAUIIER N 51 A l]”; | i 2 iR &R 4 P 1
= ] oL i e | A AR UG M ”ll( I T N
A 200 ' ! | ! 1 J
150 .
100 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 200 1000

Time Step

Jd (DU yumnn (G o alold (g 7 Yok ~A-F &

AN



Cumulative moving average of Comparision
T T T T T

g

— IFTM

- = IFTM-RT
IFTM-T |1

== PSO-Only

I
3

TN
3

W
3

)
3

Longest Link Distance(m)
g

g

2

Time Step

Jbd (b pno (G pno alold (5 SV gb (rod I pzrio (il —A-F Sl

Comparison Of IFTM & IFTM-T & IFTM-RT & PSO-Only

300 T T
e [T M
= = IFTM-RT
IFTM-T
250 — PSO-Only|

)
8

]1|

LS {1l
Ml

15

Q

"

AR JLE
‘ “ ' ”‘- i h [‘I ““M‘ ”‘“J IL u! IIMII l|{| lm " | Ilhllll ‘i

g

Shortest Distance ()

Time Step

Ol (s Alold 4y Jioligs —Ve—F JSCi

bF



Cumulative moving average of Comparision
T T T T T

300 T T T T
— IFTM
- = IFTM-RT
IFTM-T
250 | === PSO-Ouly| -
200 .

TRy

Shortest Distance (m)

100 =1
dsf
50 \ 4
O 1 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

Time Step

Ol (o abold (1 JoligS (romd S yio (il -1V-F IS

5l alizes aiges Vo L PSO-0nly ooy )65l o Sloe L 1 IFTM 125,651 slos Slas Lo 925

Slp MU Glaolys slo ) 50 annlie (pl 10 0uiS oo anglio MU slaolyy o5 > slo s
Verrn 500 Lo gycnlil ¢ eiadioe odgs sl Slon Joe b Jis jobas 5 (Sloy al>pe Ve e
alold oy olisS o Sid alold o ity line o Shos 2 jlade lag)] 51 S 52 (sl g ool Wiges
o29)s0 Cawd 4 IFTM 2 16301 3 PSO-0nly o 63! (sl oyl s ol o a0 1) ol oy
&yt 9, 5hee PSO-0NlY 0,63l oS oo odalice VF-F g VY-F OAV-F S j0 a5 jobjlen
Lolue o ahold cpieS o LSt alold o inn o Slee Jlae b Jlade o)lge den jo |,
LgLQ‘)L?‘Q% 6‘)‘3 e 6La’c’f?'§9'° U"jl")‘) PSO M)?ﬂ‘ s e 4 o Q’i‘ 9 IO o Al
Soolaul pllia jo a8 Slawbre jbpw il o)lal oy (plil i jsboles Jg «wnl v RU
IFTM 0,65l lpzl o a8 sl Sloj 5l jiin [lws quugids oo Joxio PSO-0Only (2 65!

Sty

oy



Gl 00535 yalte S 3905 40 odelCuwdds (Gldans (p ytdas loges o 40 9 VV-F S o
D23 o a3l 1, PSO-0nly o ,635! alie slos Slos IFTM o2 6301 a8 coul ] Kl a5
2l =Sle Ghls AY-F S j0 0 ,8ee jloe &b polde cos slp ol | Cwddy =l
AY-F S o S alold p i oYsb ol glp g o < /0F JLae Gl il 9 </2VA
2 roleS Cod (sl il g Qiylo Ve A L ply (g)lae Slyzl g V00 Jobe oSSl
Shoo GBlpzil o < /AAAY L plp  oSlee el cnmlie LBYY -F S0 0 oS ol (s alold
il )0 3590 A B Cad A4S A0 o LA ety b S0 pl a5 ol /- 04F Ly
w9801 o Shae o Loy IFTM o )5S0l 8000 Loy sl S 0 o035 s Sloy S
g &S oo 02,8 gilse laaSlil Cu o gl MU slaolyy S > s 31 €6 1, PSO—-Only
PSO— )08l 51 5 0mb sl szl Olej 5 (Slowloe Sl TFTM 02,5501 oS g 3]

b Heilen slaaSis (o solaiwl gl (g paige 43S Wil e o)l Only

OA



Performance metric value , STD =0.059473 , Mean =0.99188
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Shortest intra UAV distances , STD =0.18977 , Mean = 0.98929
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108 Cumulative moving average of Comparision
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Shortest intra UAV distances , STD =0.099303, Mean = 0.99433
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mUAV# 3 is removed and rUAV#9 is replaced
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w108 Comparison Of IFTM & IFTM-R
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Comparison Of IFTM & IFTM-R
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Shortest intra UAV Distance , STD =0.039905 , Mean = 1.0036
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Abstract

The flying ad hoc networks (FANETS) are composed of unmanned aerial
vehicles (UAVSs), which are proposed as a promising technology in future
network systems due to the diversity and adaptivity of uavs. Rapid and
frequent topological change is one of the most distinctive features of
FANET networks, which is caused by their high speed and mobility;
therefore, managing adaptive topology with drone movements and finding
their optimal locations is one of the most important issues in FANET
networks. Finding the optimal location of uavs has attracted much attention
among researchers to solve the node placement problem of these complex
networks. In the past decades, due to the complexity and difficulty of the
relay node placement problem, many researchers just tried to solve this
problem in purely static networks without considering topological changes
such as wireless sensor networks. In this thesis, the issue of topology
management of FANET networks is investigated based on their topology
changes, in which the location and movement of uavs are optimized to
heighten the network performance.

The routing protocol is considered as an arbitrary function during problem
modeling; because the network performance is completely related to the
utilized routing protocol. Two algorithms were developed in this research.
The first algorithm was developed to construct the topology of FANET
networks by using the primary problem information and based on particle
swarm optimization (PSO) algorithm. The second algorithm was developed
to adjust the network topology, which gradually adjusts the movements of
uavs using the gradient descent algorithm. Finally, by defining the topology
edit distance that measures the degree of topology changes of ad-hoc
networks, an integrated topology management algorithm was developed by
considering both algorithms for constructing and adjusting the topology in
FANET networks. The simulation results indicated that the integrated
topology management algorithm can show proper performance with a low
computational load, which is considered as one of the most important
aspects of topology management algorithms in rapidly changing topology
in FANET networks.

Keywords: Flying ad hoc networks (FANETS), Gradient descent, Particle
swarm optimization (PSO), Relay placement, Topology management,
Unmanned aerial vehicles (UAVS), Uavs placement, Uav mobility.
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