Electronic and Cyber Q
Defense

Scientific Journal of Electronical & Cyber Defence U
Vol. 13, No. 1, Spring 2025, Serial No. 49 Comprehensive

University

Proposing a Two-Level Architecture to increase Quality of Service in

Vehicular Ad hoc Networks

Z. Momeni GHahfarokhi , M. Ghazvini®, O. Abedi
* Associate Professor, Shahid Bahonar University of Kerman, Kerman, Iran

Received:2024 /10/30, Revised: 2025/02/17, Accepted: 2025/03/13, Published: 2025/04/21
DOR: https://dor.isc.ac/dor/20.1001.1.23224347.1404.13.1.1.6

ABSTRACT

Vehicular ad hoc networks is one of the examples of intelligentization is the development of transportation infra-
structure , which has led to the creation of new architectures based on cloud and fog computing. Mobilility and high
speed of vehicles lead to instability in these types of networks and create obstacles in reliable information sharing.
Clustering-based solutions are an optimal solution for network stability, achieving various features such as service
quality and information dissemination. Among the issues that play an effective role in the stability of the cluster, we
can mention how to build the cluster, how to choose the cluster head, and how to transfer data. In other words, one of
most important challenges in these networks is how to cluster and select the cluster head. One of the main disad-
vantages of clustering algorithms is cluster instability and inappropriate cluster head selection. In this research, a
two-level clustering method for case networks between vehicles is presented, whose lower level (the level close to the
cars) is named as fog and its upper level (the level close to the infrastructure) is named as the cloud. Local data
transmission and location management structures are performed at the fog level, and other operations related to data
transfer to the infrastructure and sometimes distributed computing are performed through the cloud. The proposed
method performs clustering with the criteria of speed, direction and location, and increases the stability of the cluster
by selecting the appropriate cluster head. In addition, by providing a routing algorithm based on predicting the way
cars move, the load is divided between the cluster head, the cloud, and the car. It can simultaneously improve the
overhead and service quality of the inter-vehicle ad hoc network. Another disadvantage of the methods is the delay in
sending information. The proposed method reduces the delay by making predictions and sending information correct-
ly. The results of simulations show that compared to similar methods, the proposed method uses fewer steps to send
information and improves the delay, delivery rate, and clustering overhead by 41, 18, and 29 percent respectively.
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1) Inputs: Speed and position and direction of vehicles
2)  How to create a cluster and choose a cluster head
3) if vehicles are not in a cluster

4) Get the location of vehicles from GPS

5) D; =\/(x2 —x)%+ (7, —¥2)?

<+—
6) D ID; — Dy
<+—
7) v [v; — vl
8) Determine the direction of movement of cars

9) if diry = dir;,D < Dyyg and V < Viyg

10) Put the cars in a cluster
11) for each vehicles ¢;: ¢; < ¢y, @ do

12) IDey=ID;

13) VRLAY = VRLE!

14) for each vehicles ¢;: ¢; < ¢y, 1 do
15)  if VRL{Y, <VRLE™ then

16) IDcy=ID;

17) end if

18) else
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1) Inputs: Previous and present speeds and positions of vehicles

2) Predict a vehicle next location using Gauss-Markov Mobility

model
3) While (t<1000)
4) For n=1to 10
5) Time=2"
6) if Time==
7 CM predicts the next place ( x{ B yl/ )
8) CH predicts the next place ( xé) yz/ )
9) End for
10) i (¥ = (xsy)) < diffry
11) Use CH prediction information
12) End if
13) else

e Sy 5 Loy gz (St o5 403 .(0) JSb
Caxdgn (Slw)igy4s O-F

0dba38)F i o |, ATely Jloj o3l (Sladjl o Grizren

Sl |y 055 ad LMl aalys o bao,S 5 CH a5 coul
3 b 45 bl oS Jlo )l Lael cus jod Glo)sg,4
Gl |y e Sy 4Say| 50 3l Siy CH 4y adlge 25
Las Jloi! G2alS sl (slisjl akols (235 )L 5o s
2 P80 Dbl Dbk 4 Slasil e nl el (65902
9 9= oo S8 ply (310 Cews 5 L e 4isS o 59 &)j50
obes 3l 4k ol j ams g 2l 1) iy 5B ol
e 45 s Sl 4 g Wgd oo (Sl Sl ples

Wl oa ool wl (golpaing o6 jo a5 (6,50 b,
4 Sl play by 2alS Sl (St OB, 5l ool
S5 K05 o) ol 1 93l S g LIS ] 2,550
o Sleyosls yo ol 095 Oledlsl C adss aliwg a5 cencs
50 el Sledlal ] ot 4 0B CH 1y, 5 s JLe,l CH
sl ogds go Al o )ly a5 (gladss alwg o ol b
spbiiedn WS St |) 955 Sz g Sy (S SuaBae
TGMM 5,5 Jas 5l i g saesame (e
=0 Y <1 Yl )l GMM o cl sodoslazwl
g sy 35 o o3l Al alny S5 o 50 s
gl e ot 1) Doged 4l alews o Sy g

Y by,

0:(t;) = v0:(tj-1) + 1 =B, + /A =1)% 0 (4-1)

A akay,

vi(t;) = yvi(tjoa) + A =0T+ VA =12 vy (51)

tj oles 5o 4l hlows ey 5 gz 1 () 50i(1))
Gaussian x5 5| dolay slo e Vi (tj_l) 9 Oix (tj_l)

EEWEwWY-

25 Dot Glg oo adls Ay SO e (o sl

555 Jos
xi(tj) = xi(tj_l) + Vi (tj) COS(QL' (tj—l)) q A.L:J‘)

Yi(t;) = yi(tj-1) + v (¢;) sin (9i (tj—l)) Vealal,

sbaplse olatse (yi(tj—1)' X (tj—l)) CAGEAG)))
A tog g b sbayle) sl p (X,Y) (St

o i SleMbl g8 vl AT=2" Sl so3b 4o 51
el Lags 0 pas S )3 ol 3,18 3529 5ae o
bsgi a5 CH o )3 g3 9 99 00 plonil pae 995 (S
30 2 50 (e &l weiee bl CH s &l
LMl el 1S o onlii] SLaSy peilSo 51 G
09 30) Sy b gd 0 Ca i alwg S gl 00 S
sl e il Lless wsb (CH ciomws ;0 9 C 4,095
Lo oS oL CH 5 CM (i (o Js—5 8
ok dif frur sobus

™ 00000-000000



A OWen 5 (35003 Sage )25t (197995 (mt (69790 sl (SLOASL )0 (g gy S 38 jgliiody (xbawgd il S &l

iie Jlo caoa a5 Sl bl ol ply ol solais]

395 o 534S Slaj b wisd e 2] gy (LS igd oo
Daile o b

by ailBlas e lba g AB s ULM, I lacas 7 S5

v,....’>)_’> b?—“’g_r" o)_oo k.A_iij‘ L)"L“" » oS Lg..\.u%.b
ol el a5 Slacilss o U ogd co sl laawlss (o

%

-

osls (sauaglyl (F) S
OleMb| Jlw,l ¥-¥

bl lagae plo S Cuadse 1 WLCM o3 o caslal o
i ams a1y LU | (gogou ailys b ozl adls
:J.iTGA D Sl as ool jo L)l
S 0 (Had Cadge g (Gt bl p dake oS ST @
9 1o ot e S Jlas Dj50 cnl po anily aligs
Sgd o Jlu )l ool g 5)ls 5929 duate
9 Sl adeS 50 (Jad CoaBge ulul  dade o5 ST @
Eysmo ool 5o il 6 )iS digd ) b ol
1) 0013 4y pos g aims oo Ay oo 4y |, DL
S o
9 Sl adeS 50 (Jad CoaBge ulul p dade o5 ST @
Flan Ty eols sails (o )LS Al 5o (e ool
S e L]
Abg pus (59, il LS Eeel Sledbl Jlo )l iz
4o p Sy )l Gaed A nl 5l WS 0 5 S elr 5 9500
S B9 Ay yxie 45 0,5 (0 D90 b el g 350
Jio) Sylzss ¥ JSs 00,5 o 55U Logas g o
aws e bt |, cledlll

Sdzme pudaii Sl o3l (ol o ogdle .l oalligg 18 05l
Ly casl (AT=22T) ples smin Sloj alold 5l 5 S5o5
Sz ol g wbee GRIFN ol ©jgot AT &Sl 4 a2
Dy ooyl 433,218, CM g CH (e (g 0055

Wools guucyolgl .¥-F

Aol asl eols Sl i 0,8 SO 4 oas Lyl slaosls (S
3l o el 5095 St ool b aigds (gaisyglsl Waosls
)_bu...u‘ OMM;)JGJ)J ) 4...\:9}).“: 9 o;)b 6‘/9 s
Gaucaglgl an sl as o)lo ] 055 ol sl Canlgs o
2 an 0SS e ol ) Loyl iy o3lo s sl cnlgs o
Slade SO S 4) 05 g0 00ls plaisl o glsl S canlgs o
2 5l S o pleie K0S I ) bacanlgs jo aS (goae
)‘ L&:)j)_m ] e&i‘:w;#i)o o a.ia ).3‘ 9 M?J.w ao;
9 SmsloB 50 (B3l n S yaelin g auiuglel Glp polie ool
D)—iijj L)'_»’«‘ “""Sgs—"’ oolawl o9 o L Lbu—‘ UQ‘O )‘)3
as U’JLDM‘P)J );Lu 9 (OMTUM.U Bolas as d)ls.a MLA)
aisile) Cenl it aly atils  Jalaie Coonl o sl (o
Ol g bz 1) SO Jlis! (186 walgs o a5 loau]
Ty ey 5 08 oo 230 Gy Jsl ol oot

39— J_u.s‘so JLMJ)‘ 99 A |) 09} 6@@‘?)0 Lﬁs)ég}
a4 Loyl slacoylyl solal  lacalss ) (yiS]
5 & ksl 5l sl le eggll elgl gl oo oy AilElos

PRV

Sl o Leisas jg,m a5 ol O 90l @ 25k )

S o Loy |y Cuglgl aSly aro o all ool puts Cuglgl bl
1 Glekos Sl 5 ailny oo e ) b aiS o one
L sowlgm 0 STas col gme cpl a5 bgy Coglgl ams aulidl
2 g ol as Slej b Cand o3 w05l &8l)| Coglgl (55lude
Sl el (oo Clg 30 S iley (Bb Cuglsl o
So Ll Gl oo pomlan 0ed Jiie K0 Chody as
Sloccuwlss 1o wlgi oo pivmam 5 duoy oo JBlas a4y Clss o
dolse 0S” Sos; b ol 5l eslanal L1y g sl
Ly S5 s Ll ol 35,5 o e o5 il
G ol an aS il o walss o sl ey saiile o
Sl clg> 0 g 5 JB slocro o5 (wyiws jo )l
aiz g el I L G By a5 el ] bl o a5
WS o Jtie JB Grody JB g slacas I sz o
Sz baoe S4 0 g st Gloje jebar biis ples

0as3lo pn S s oy il e Lyl ile g



VP 5l ) ojlonds cuid s Jlo o (5 ol 9 (Sig oSN wilay” (cole & pi

WS o0 Al e yesS 5 ) e Sboj
Iy ools glaaing 4y JouS glaain, Cosidlos pw jLyw P
g8 oo Al s oy
ool 0043 S L5 0 F AP slass golgiig g,
el oaazd § L 0 Ve AP slaws [VE] g, 50
Yoo ool oasas § La s Ve AP slass [YB] g, ,e
15 3929 55 ol
A0 s cnl ]y olening (s, B Gl pY oo
L bl ams  glasgs g, bls )l iccwl soiass 3
Las-gyg03] L slael )cawl Oms ol b bL3,| o Yms adgs
(Slodel sty Sledbl Fas o Jloyl sl
ol an LYRYY] g0 Sledbl Jlu)l sl a3 ol
0992 3 i D90y |) DMl 05 93 STl &5
Sl s Sl Yms LLS sl 0¥ oy waiS Jlo )l alauly
Sgd oo 2l 90 ley slails 0,5
2o ol 4 AYEYOL (o950 LLs)T sl o3Y ol
I, 5ol LoAP L5l o ¥ms a_iigs o b ienl siiass 5 L

Cewl OmMs

Lo g2 &5 9 aidgs paw )l a5 b dumliio N-F
0,5 olaws gwol38l

ErS 5 abgB p jby 23l Goletin hg)y0 &S ol

G=b g yln ool o cde en 4 ol ool [l figo0
(Jm925 £ 5 3l oS slaws 2l b wensily Slog i
Vo) 5l Lo )8 slasy cedls (pl jo aS 40 8 o 518 o) 090

Sl oalazs 3 5 o ke (O
Node / Delay

—+— - suggested method
—8— RSU[24]
—&— multi hop[22]
UAVa[25]
—E— MHVB[23]
suggested method(without prediction)

Delay(m/s)

10 15 20 25 30 35 40 45 50
Node

o310 ,5 lages . (A) JSi

@ soleiing (P90 390 oalive A S5 )3 45 5bolen

LS 23Ul s algS 0,5 (e eaBobnl b e Lo
P s s 4 o5 a8l b (b5 sz ()0 o
R B k]
SIRSU Gy, 53U anboe (I3 Lol o 25T laasgs
Sl ity @oleiday Sho, 3l s Sl j6S (B i b,

P

Al 45 laslisl Jle g 3 e bl
- R
N P QIS N
RECE PP
o
v
e I ]
aly PSR SR B I
U PR TS I [ L .
* e kel 2o SnSl
LS sadad 53 Aumie
ity
-
et e 4 amie F
!y Solaslls] L) <L 3 3505 Sl led Cbae
-—

33 Pt bl gy SeaiEe

BT (o U st g

g»l

Ly

Sledb| Jls )l &l 518 (V) S

Lyl g gilwans ¥
dmlie 5 (s3lidn P9, 0 ySes b)) Hohiteas (iluand
YVl oS s 3, IYFIRSU (3g)) Lo g, plaw b ]
adgl polis .coul saispbsl (MHVBIYY] 5 UAVa [0
Sl S e osalin ¥ Jsuz o ) (gilwad sla el il
Visual Stadio lazrs ;0 CH auggideliy ()b 5l g lwancs

el saoslaiwl

bt adgl polae (V) Jguo

2ole W yiolsl

Voo -m*Ye.m 3 lwdals Lo o310l

b=y o ,§ ooy
Ym/s-v-m/s o
S 2 ;0 Al O i sloxy
Veoos Silwand o)

dmlie 5 soleiiny h9) 3 ,8hee (2Ll ln 25 ol
[vol dyy] Wwls oz o9, [YSI RSU 29, L )] ol
el oaoslinal MHVBIYY] g UAVa

Salie 4y Codbge oS plaaiag Slasd o i by £ 50)
03w 3 Jaugy 0als Jlu )| slaainy S slow 4y i) oo

U oastiw,d 5l ply S aS olo e olass 68 olows Y
WS o b oni S

4 oaiiw 3 3l by SLisl s o ouiiolxy| ).ob ):p-b A
PRGN

Iy =8l Jlade 5l (mion Sl L& s iy 280 F
g8 (oo (S B

ojle 5o atsP Sl psd (Sl oS e iS50



Cluster head Overhead (%)

A OWen 5 (35003 Sage )25t (197995 (mt (69790 sl (SLOASL )0 (g gy S 38 jgliiody (xbawgd il S &l

deaio U Tace o ab a5 Slapls slass 15 ams oo il
ol s tal3l bao 5 slows 58 ob5 s & o o35 islows
Py VoS L ogd g edalin Ve IS0 0 a5 jsblen
oIl (Jg aS oo o @0 4 Se35 MHVB 5 (goleriny
b, S 1 a8 (o0 Joo yie (o 2iz by o S slaws
whos IRl oS £ g g oo yiin Sk

SIMHVB i, 05 os oonlive Vo JS5 13 a5 sblon
ol 5 08 s ool Sl Lo sl 6yt a5 sl
g ge SMLI Lol o o3l slml Esly 255

Salelil osd e Jusm 5 Gl 4 e (Sphe
1y 035 SLSa csabye Latls 5 0 o &5 1 o g 055
Son (S Cumdse @ Gl o0 (St b SBS oo S

Sl ol38) Jgms 75 9 e |
Node / Cluster head Overhead

— #- - suggested method

—=—RSU|24]

24 | —o— multi hop(22]

UAVa[25]

22 |[—5— MHVB(23]

suggested method (without prediction)

N
=]

-

o

10 15 20 25 30 35 40 45 50
Node

L adigs o 4 )b Gdad (92 Cawl i den IRSU 3,50
S5 Judo 4 UAVa ig,0 Jg 050 o0 Jiie RSU (yles

Sz By 9B g)s Sty 5 Al e e b b
RSU 5 golyiving Loy, 5 Laaisgs pus slows MHVB 5 o8
OP923° D=5 s premendtl DS s (l (i Sl g el iy
ol g aBo p alioS slael G b e s 4 soleting
9355 (0 30 5k el g 398 o0 AdgS p 05 b Seen
Loools Glsise (st b -0 Lbs, 500 51 (68 by
SxS sz (Bl Ly sl 5l 5 9,5 Culaa Jlaisjge sais 4

K

Lo Jo9o05 &5 9 adigs yuw slym ¢y b dunaliio Y- F
e s i |58

720 g adeS b (1928 E 5 oaimalas ipgs (sl
s 5 Y | aeS olass eg i el 0 el e yr il L

O3l i 5o o S slaws o8y a5l ol 4 )
slawi aS s riored g Wb oo ]38l 50 balE slasy il
Maism Sl 7 Sy5e csloe F olass i gn il ol
Josm b ol ey o5l S 50 (g s slaply 4y
olaws aS o) .09 oo )...>La oloul cel 595 (pl 4 59 oold
09950 LS olasy doo )3 olaws mol3381 L a4 ¥ 0,5 51 Jg
G99y & S o3 a8l Sl a5 b e Lialpdl o8 s
Ol 03 1y S (e Joe e (S5 wix (b9, SIMHVB (3,
Sl 9929 ,bls 4 RSU (g, 51 UAVa (5,8 (izeen
S oo Jo S
Goloiiion (B9, 99— oo odnlio A & (o 4 joblen

Ll oa B2l (G O30 LS 5 S LS

oo b s 958 00 Jlo) 53l 2alS Corge (i

S99 w.’dyo [nL).f L S )‘)3 o)f ué‘.) ua...?(.....: Q‘}‘QSQ
Node / Packets Delivery

Packets Delivery

—#--suggested method
55 | —a—RsU[24]
—O—mutti hopl22]
50 UAVa[25]

—5— MHVB[23]

suggested method(without prediction)

10 15 20 25 30 35 40 45 50
Node
Jo9zs 5 10,5 slaws L(R) S5
Node / Step
oot —#— - suggested method
—EF— MHVB[22]
12
w 10
s +
w B
k=
b}
= B8
IS & pr
= -
= 4 /,/
2 . .
o
10 15 20 25 30 35 40 45 50

number of nodes
Al 0,5 slasws (V) S
L oS oloag olaw cows 5l sl &jle by g &5
g oloaiy 5 oloss an diw ) oo dade 4y Coddge
S5 5 ploy ealcudise Jgos & 55 g oo Jlol a3
0w ,8 03gdos (0 a5 oo S 155wl iy MHVB s,
Lply dhgos 19 30 ol e (Jg (990 o0 online 1 S



VP 5l ) ojlonds cuid s Jlo o (5 ol 9 (Sig oSN wilay” (cole & pi

'Y

uwl)_sl PRI )i:d._i: JLA..J‘ 639450 O odjﬁf 9 6w )9
A o .0)085 o b ply el 3 b  bepls slass b oo
S 53U g ol S plo Lasl il ;S lepls slass

Speed / Cluster head Overhead

— % - suggested method
—5—RsU[24]

5 - —&— multi hop|22)

* UAVa[25]

—B— MHVB[23]

Cluster head Overhead (%)

suggested methad(withovt prediction}
] 5 10 15 20 25 30

Speed (m/s)

Ay 3b o | e oo S5 L(VF) S5

Sty Gial38l L 0gl oo oaalin VF S j0 a5 j5bjlen
poe Jdo A RSU (9,0 058 oo flion 5o adss JLypw
Nz By (s o9 er Jaiie RSU & ol (sen b oo
S e Aoy s 0l ool 3529 o 4 MHVB 5 o8
Al by SRl el a5 00y o0 g alie o
L SleMbl (goloiig (59,0 09— g0 RSU (g, a4y o
S5 g0 pazeie Bl C8 > yras saliplonl e 4 4298
03,5 o0 82385 § ol Al SloaY (y 5l bl Sles g
Sy o St alS el S ol o5

o o, B Ay Lo Y-

230 (e S8 (o) 4 g S L 5o
GoMd syt OleMbl 4y adiay solpiin 7,k J@Lzu‘ij
sloo, S olasi g ey, by pmion SB35 V8 910 S5 (o
Ol ) Oyseds S (g e Sl odliosls las i
D9 s

1
MAE:E g:l |pn_an| V) 4-L"‘)

9 e e (o ey Sl 4 g PN
S Je ol solerin (550 e oe LA ) (a8l Jlade
Joe oyl duslie a4 58T oS Cewl saboslatwl Gauss-Markov
10 St 55 45 jsblad il isn s 55 sloJas b
sleJos L Gauss-Markov =S > Jos 0uS oo oaalic
ol 00l dus e Markov[\’V]s Gauss[YA] S >

Gauss- Solai ol ,3 sl ,— Gauss-Markov i,

g Crdgo Jos (pl Ho el el lag 095 S > Markov

50 «YY=-Ym/s) (g iSTam o5l ;0 Copus jdT g oo )5 0
gl ol 44 g b Sl 09d o0 (o) Dl slajloges
L oolpiinn STy dnlin aseas AT B VY glo,loges o
saosly uLwA MHVB 9 UAVa ‘Lch? L Lfﬁ) RSU L)"’ﬁ)

]

Speed / Step
= —#— - suggested method
—B— MHWVB[22]
10
8_ 8
o
@
6 6 e
k1]
=
i pre
2 o /a//
o
o 5 10 15 20 25 30
Speed (m/s)
A8 slass [ e s log05 . (VY) S
Speed / Packets Delivery
100
20

@
o

-]
Q

Packets Delivery

— #— - suggested method
—5— RSU[24]
—S— multi hop[232]

50
UAva[25]
—E— MHVB[23]
e suggested methad (without prediction)

o 5 10 15 20 25 30
Speed (m/s)

255 €510 fogai (OF) U5

2 978 5 0t s oaali) W ISl o a5 jsbles

oanline VYV o 0 aS jeblen .cwl 568 Yice ju

Cewl o9y plo 5l 2t MHVB (g, 0 boplS sloss 940 o

Sl g iz 0,5 2 (godgdste (0 a5 oleo T sl |5

RN E IV S PN JCE T FC O B S
el o MHVB 9,50 Jogos 7,5 a5 cowl Judo o

Speed / Delay

) — % - suggested methad
S / A—=—Rsuza)
ef _#* | —o— mutti hop[22]
© / T UAVa[25]
s —>— MHVB[23]

= suggested method(without prediction)

o 5 10 15 20 25 30

Speed (m/s)

£

53U ey loges L(VF) JSC
Loo, 8 ity S50 s 4 e p G381 L O F S5 0
oLsj olass s92g S 4y o iy, plo ,o b oo ialidl 50
i (60lgi iy gy A G (S i U Sl a8
aS Sloj el JLaS! 5l 5o 50 slapls slass (155



WY OWen 5 (35003 Sage )25t (197995 (mt (69790 sl (SLOASL )0 (g gy S 38 jgliiody (xbawgd il S &l

§ S« p (o ey JJo 4 Gauss-Markov oS >
Joe cnl jlojes 1 suien j0 YL Cds Sl Cundse
5l Gauss-Markov =5 > Jos 4 G035 JJo 4 Markov

B0 (St 50 (5 8o Gauss g,
Aisgs s S & b gl F-F

23100 (0 Ad9P p 1t E 5 own & il Syl 50

Olssen W10 (55 i alg> (5 Il jo oS (Dlus alaz
25 o Ll aligs s Sl la s 5 adeS Clu o9 4
Lasls auS e &5 o YU S b s Jilug a5 bl
D9y YA 9 WV logai )0 5,0l 09l e (o5 aligS puu
MDDC[Va] 5 TBIVVL PPCIY-] (slo s, L1, (oolerinn

oS (oo Amnlio AligS s sS4 i

Node / Rete of change CH

14
- 13
[&]
® 12
2
=
=
O 10 e
= o
) W
£ 7
© -
o 8 -
~
% 70 x'/
-

e e
@
= 6 7 — % - suggested method
<C - —a—MDDC

5 P —&—PPC

= )
4
10 15 20 25 30 35 40 45 50

number of nodes

K o 5 (S 05 o V) S

et T 9=t e odalie VY S jo aS sbles

Ol Sl e 500 gy sz 5l (eoleiiin Ghsyy0 adgS
Goloiias (9,50 .l cwlie ddigs pw olsal Jdo o
e Jsb s a8 055 oo SLil aligS s lgicar slo )T
AlgB e yesd SRS el SIS (pl aS sl (6 iy eile S
s-bar oS o MDDCDVAT (35,58 098 e st 5L
21y 093 Slegeal 5 08 oo )18, Lo, 5 bl ) Jitee
e B el b 1S e ST baligS s oS ogat
Loo,8 olaws )51 .0 )ls oo )3 L8 5 olows 4y Ss loddigs s
o3 5 el e BB g Ly Slems L] Sleladl 5wl oLy

g aaly> Y (g onl 5o laades

asis scasll wlul p basgs w PPCIY ] g,
Lo oy oml 50 Ladidgs o 1ok €5 AUS. il Cas oy

5 S Jganeysbods bl yy alold 51 095 o Cppwnd ailin]

Average Prediction Accuracy

aJgl o0 jloas Glel g olusl, 5l eslaiwl b lag 093 cue
g (Flayig s (Bolal il B elul g 0

& ygmodn o Olyd G Ol s Gauss S > Jow (o
S DS S o gdoe e (gl @5 b g Awsn
Joe el ol 30 Ol s Jlse Bl sl g e JolS 2ol
Sl sS4 090 0 oolaiwl (50)lg0 o S/}w Gauss =S >
Al g (35> Jao el B o35 g 5 sl oS
Slp Gauss =S > Jow (Js cosl bl & g0 boobls (o
g g0 oslaiwl jlasly e @l s

Joes 5l Glaswsi jlgmcay Gauss-Markov =S > Jow
CS o oyl (gl 4 g ai8,S A s 3o Lo (S >
oslaiwl &lyd &8 5> 50 ued owyp bg dwg Ol b )3

D9 s
Node / Prediction Accuracy
90 . p———
T~ -, #2@2.;{23]

T Markov{27]

Average Prediction Accuracy

10 15 20 25 30 35 40 45 50
number of nodes

o S8 1 Sko [ 0,5 Jloges (VD) S

Gauss-Markov =S ;> o 31 ol g0
3 48 Cewl YL B Jods 4y ol oSl saidoolan!

sladas 5l plaS o Vb lrogs @ azgi b g o)l (cm i
i sl VANET (gl oS s Sholpl 6l s 25 >

Speed / Prediction Accuracy

—4—- GMM
*.. —o— Gauss|28]
50 .. Markov[27]

95

85

80

75

) 5 10 15 20 25 30
Speed (m/s)

i S (Sl [ e jloge3 (VF) S5
olasy (iol3l L ogd oo 0aalin)f jloges (0 aS jgb len

s s ]38 L 5 sl o ielST o e B0 sy

Joe 09 o0 FlBun (G e 9 0gb o0 @y e 5 LS >



VP 5l ) ojlonds cuid s Jlo o (5l g (Sig oSN wilay” (cole & 2

\F

e S e 1y byl s e a8 sl ol AP (IS allis
Sloyl3 byl oyge |y allis o Sl g 288
&b .F

[1] S. Pournaghi , M. Barmshoori, and M. Gardeshi,
An Improved Authentication Scheme with
Conditional Privacy Preserving in VANETsS.
2015. (In Persian).

[2] H,Mohamadi, H.H.S. Javadi, and A. Rezakhani,
'The IoT Resource Allocation Improvement in
Fog Computing Using Non-Cooperative Game
Theory' Journal of Electronical & Cyber Defence
,(4)9.2020. (In
Persian).https://dor.isc.ac/dor/20.1001.1.2322434
7.1400.9.4.2.5

[3] M. Hassani, A cross layer approach for improving
the TCP quality-of-service parameters over the
IEEE 802.11. ac wireless networks. Journal of
Electronical & Cyber Defence, 2022. 10(1).. (In
Persian).https://dor.isc.ac/dor/20.1001.1.2322434
7.1401.10.1.9.3

[4] A. Ghaffari, and R. Mahmoudi, Energy-aware
routing in wireless sensor networks using MLP
and simulated annealing algorithms. Electronic
and Cyber Defense, 2021. 9(3): p. 133-142. (In
Persian).https://dor.isc.ac/dor/20.1001.1.2322434
7.1400.9.3.11.2

[5] J. Grover, et al. Real-time VANET applications
using fog computing. in Proceedings of First
International Conference on Smart System,
Innovations and Computing: SSIC 2017, Jaipur,
India. 2018. Springer.

[6] M. Gerla, and J. Tzu-Chieh Tsai, Multicluster,
mobile, multimedia radio network. Wireless
networks, 1995. 1(3): p. 255-2.65

[7] G. Chen, , et al. Connectivity based k-hop
clustering in wireless networks. in Proceedings
of the 35th Annual Hawaii International
Conference on System Sciences. 2002. IEEE.

[8] L.A. Maglaras, and D. Katsaros. Distributed
clustering in vehicular networks. in 2012 IEEE
8th international conference on wireless and
mobile computing, networking and
communications (WiMob). 2012. IEEE.

[9] E. Dror, C. Avin, and Z. Lotker. Fast randomized
algorithm for hierarchical clustering in vehicular
ad-hoc networks. in 2011 The 10th IFIP Annual
Mediterranean Ad Hoc Networking Workshop.
2011. IEEE.

[10] M. Chatterjee, S.K. Das, and D. Turgut. An on-
demand weighted clustering algorithm (WCA)
for ad hoc networks. in Globecom'00-IEEE.

Global Telecommunications Conference.
Conference Record (Cat. No. 00CH37137).
2000. IEEE.

[11] P. Basu, N. Khan, and T.D. Little. A mobility
based metric for clustering in mobile ad hoc
networks. in Proceedings 21st international
conference on distributed computing systems
workshops. 2001. IEEE.

[12] S. Vodopivec, J. Bester, and A. Kos. A survey on
clustering algorithms for vehicular ad-hoc
networks. in 2012 35th international conference
on telecommunications and signal processing
(TSP). 2012. IEEE.

Average Rete of Change CH

o BAigs i IS i pglae jsboas ailinl (ol 45 G j50 )0
55 wialys i V25

Speed / Rete of change CH

4 « L — #—- suggested method
STl —8— MDDC

* —e—PPC

B

o 5 10 15 20 25 30

Speed (m/s)

Mgy o &5 (Sl | s Jlages  (VA) S

re® 0 9B e odalie VA IS p5 4 jsbles

Ol oS el eSS0 by, a5l eoleiiay ()0 adsS e

cde 4 TB g ),0 el diigs jo el Gl clde a

99 & S (ahold 5 e pn) Fowlio Jlna b aligs oo Sl

=235 £ MDDC g, 0S (oo Jose e 500 (9,

A Py ol ey 09d o S S 58 YL b (sadgS
Byl (S o )8 L8, g olows

S 5 Az 0
Sladig b sloadass jl S aiadse Jaig Jox pluw
cgolaidl Mo 4y ,zmine a5 Slolal gy i B pao dga
ol o lr 0gdor g S 5o (eloizl g (asmecin
03 g eSSl jslaieay (xhawgs pl by, alies
adlio (ol )3 098 o0 Wralis s (59) 2 9>l tn )b 2alS
5 95 Wl oo &5 Conl ondiolpiiiy unade> ozl S
oolaiw! gim i 3l Sledbl JLoyl gl g all atils adigs
gy g ylans (6505 LS4 Ly pFanl aSid 5y o oS
O allg by ol 5o b e (IR ASD g e CudS
950 (LS (o (pizmed 9 W oo pendi 2l 5 40
Sgntr el Wl oo pl g 4o o Jb Jolai b &Sl el 5
39D (929,095 (e 4D gy oS g by Olojpe
g Lo lodgan o am am g Lo ooliton by 9,Shee
(o5 vz (g RSU () 5l a8 ams oo (LS o jluad
gy DS oo Joe ;g g Sl Sl IS MHVB 4 UAVa
L laply ao e jlacl 4y jouie callin cpl )0 0alyla (soloiiny
wan| IS 5l sy lgieds 0ed o o5 Slans Bl 51 oolail

ol 33 0,58 3l sse 5 JU &35 S 835 2 Ol 0


https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.4.2.5
https://dor.isc.ac/dor/20.1001.1.23224347.1401.10.1.9.3
https://dor.isc.ac/dor/20.1001.1.23224347.1401.10.1.9.3
https://dor.isc.ac/dor/20.1001.1.23224347.1401.10.1.9.3
https://dor.isc.ac/dor/20.1001.1.23224347.1401.10.1.9.3
https://dor.isc.ac/dor/20.1001.1.23224347.1401.10.1.9.3
https://dor.isc.ac/dor/20.1001.1.23224347.1401.10.1.9.3
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.3.11.2
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.3.11.2
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.3.11.2
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.3.11.2
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.3.11.2
https://dor.isc.ac/dor/20.1001.1.23224347.1400.9.3.11.2

'O

OWen 5 (35003 cage )25t (197995 (mt (69790 sl (SLOAS )0 (gt gy S 38 jgliiody (xbauwgd il S &l

processes," Computers & Chemical Engineering,
vol. 151, p. 107339, 2021.

[13]

[14]

[15]

[16]

[17]

[18]

(22]

(23]

[24]

[25]

[26]

(28]

LI Er, and W.K.G. Seah. Mobility-based d-hop
clustering algorithm for mobile ad hoc networks.
in 2004 IEEE Wireless Communications and
Networking Conference (IEEE Cat. No.
04TH8733). 2004. IEEE.

S.K. Dhurandher, and G. Singh. Weight based

adaptive clustering in wireless ad hoc networks.
in 2005 IEEE International Conference on
Personal Wireless Communications, 2005.
ICPWC 2005. 2005. IEEE.
N. Maslekar, et al. A stable clustering algorithm
for efficiency applications in VANETs. in 2011
7th international wireless communications and
mobile computing conference. 2011. IEEE.

N. Maslekar, et al. C-DRIVE: clustering based
on direction in vehicular environment. in 2011
4th IFIP International Conference on New
Technologies, Mobility and Security. 2011.
IEEE.

N. Maslekar, et al. Modified C-DRIVE:

Clustering based on direction in vehicular
environment. in 2011 IEEE intelligent vehicles
symposium (IV). 2011. IEEE.
T. Liu, S. Shi, and X. Gu, Naive Bayes classifier
based driving habit prediction scheme for
VANET stable clustering. Mobile Networks and
Applications, 2020. 25: p. 1708-1714.

M.K. Jabbar, and H. Trabelsi. A review on
clustering in VANET: algorithms, phases, and
comparisons. in 2022 19th International Multi-
Conference on Systems, Signals & Devices
(SSD). 2022. IEEE.

M. Ren, et al., A review of clustering algorithms
in VANETs. Annals of Telecommunications,
2021: p. 1-23.

M. Mukhtaruzzaman, and M. Atiquzzaman,
Clustering in vehicular ad hoc network:
Algorithms and challenges. Computers &
Electrical Engineering, 2020. 88: p. 106851.

Y. Peksen, and T. Acarman. Multihop safety
message broadcasting in VANET: A distributed
medium access mechanism with a relaying
metric. in 2012 International Symposium on
Wireless Communication Systems (ISWCS).
2012. IEEE.

M. Fotros, et al. A timely VANET multi-hop
routing method in IoT. in 2019 20th International
Conference on Parallel and Distributed
Computing, Applications and Technologies
(PDCAT). 2019. IEEE.

K. Mershad, H. Artail, and M. Gerla, ROAMER:
Roadside Units as message routers in VANETS.
Ad Hoc Networks, 2012. 10(3): p. 479-496.

S. Jobaer, et al., UAV-assisted hybrid scheme for
urban road safety based on VANETSs.
Electronics, 2020. 9(9): p. 1499.

A. Paranjothi, et al., Hybrid- Vehfog: a robust
approach for reliable dissemination of critical
messages in connected vehicles. Transactions on
Emerging Telecommunications Technologies,
2019. 30(6): p. e3595.

M. Sarmis et al., "Stability constraints of markov
state kinetic models based on routh-hurwitz
criterion," Journal of Computer Science &
Systems Biology, vol. 8, pp. 296-303, 2015.

P. Petsagkourakis and F. Galvanin, "Safe model-
based design of experiments using Gaussian



	1. مقدمه

