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Abstract

The Internet of Vehicles is a new framework for intelligent transportation
systems. One of its goals is to improve safety and increase the quality of
road travels. Topology changes in loV present significant challenges to
the safety programs. Due to the variety of traffic conditions, the
reliability of current clustering methods faces many risks. In this
research, a multi-criteria clustering model called RFCV has been
proposed with the aim of increasing the reliability of the Internet of
Vehicles. This model is independent of infrastructure and introduces four
new criteria: "history of vehicle movement,” "conformity of wvehicle
speed with the harmonic average of nearby vehicles' speeds,” "number of
reliable neighbors,” and "performance quality in previous clusters." The
weight of moving vehicles is considered, and the one with the best weight
is selected as the cluster head, while an alternative cluster head is also
determined to improve cluster stability. The stability of the cluster
ensures that message exchange is possible in the closest time to real-time.
The efficiency of the proposed clustering model has been theoretically
proven, and simulations with multiple scenarios in SUMO and NS3
environments demonstrate the superiority of RFCV in increasing "route
lifetime and packet delivery rate (PDR)" and decreasing "average delay
and control overhead" in both densely populated urban and less-
populated highway environments.
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8. Scalability
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2. Global Positioning System
3. On-Board Unit



&)
(ol)&u}c\:) cr Olisedsl BB ojlmadir (guliad = e

)3L;ld,i’:powf‘_ﬁ.ﬁJ@Sdlﬁwddpc%@))dfd‘w&b9bﬁé.w
Hgd e 48)S 0403L o5 Cu ) C8 p Jl )3 Slag s slaply g Ngd oo 48)5 )l

ccdloy; 5l JSame Gimeh cpl jd (I0V) als bloy copnl aSs oS Jo
2153 9 e e 4SS > b 3 slrggd g slodls Miedisr (Sug Sl
WWigd oo (gduddb 45 0a5,SD cacdl 5l (S p0 yome slrg e N JSS Billas Ll
s Sladgs gud guas

2o b bl g 0 adss glacl b (Sales Jotue @l pw (CH) adssw -
ol g 23580 ol ety st Cundy e Gloj )3 (SCH) (iSule dbsd yu -
25 0 ol 4 ) o slac g

4 Sy g Jhe Su e ol 3 g Ca e Sl (ke (s,
RSU & pwyiwd loj ;o Slgs o ddgd Cundg SleMbl ¢ bl S I gaio0 100
9 A o ) ooy 15L5 39390 RSU b o yiad 48 Jloj 5> Jio ol 39 Jiie ol &
CEY g Copw g 290 plled adsd Cilwypj b Slg o RSU & oy loj jo

D3 iol38l Ty b e

Ui opl )3 et (39 Aol g digd  QIUT (gl (g3leinly (S1a Lo
2995 Gl b 4 cupd anast b g dedioe (Byme ddgd iy O 6lp Jlee sl
(Pl blpd cpying &S Gl (o909 bl «Ban 05k o &) e iy duwbre
L 95095 «dlgiiiy sbajline (polsl jr g i3l atily (slasis Slblsyl s 1) ()l 5 sollas
Anlgd Ol ol B laen dlaad o il 9 G p o Famlio (LS jas Ao o e

"

1. Unregistered Node



oy

VR Y Hle Pl oyl (RS S J (o g ke )'\.U‘r..ia;

g ol 4o oddodlinl clacoMe Y fous

Olos g Sohad ! Caole
Ay o (S5095 CH
g slp Rl G909 SCH
adgs Sy gas 59055 CM
Consd SladgS g gae & 99095 UN
929> Oj9 W)
5065 dwlid Vi.ID
9)065 Cundy Vi.status
Dl Hi
905> (555 ek yuo Vi.velocity
(Cluster join invitation) diss <G 4 Cyiwsn ply Cll
(Weight calculation message) 5,395 jg 4ol ply WCM
039 Yl b 5 lees ()5 L 5)295 (g duslie Discovery
asgs dbol 1018 958 9 CH s InitiateCluster

Sow & 225 b o F95 (Floj /(G 83905 )3 95395 (JB 9 allw 19l jlare
Wges Glpiedy pasuie (Slebo g ajg) )3 (ol (albjrms )3 Iagpags 335 9 (e (SN
oS cnl SS9 5o 0 ) Joeo l g s cmiomen 9 )5 oo 0 (g 00 399 pslaied
Alysa g9d9e (il il Glgice 9 2 3529 Bjmse I (i 53 Iagpags 335 LSS Lo
b adgd o (59095 Sspoar )5 il Gilul olbades LS5 clp cuop S
Jil ) e o] bwg yrme o] Jloin! o 358 Cbwil olag 55 ple Sl el
sloplo; 3 5 pasuie (olbyuns 53 9)%63 jsas clpl 1V] Cul js o] g9
S0 e B adgs o (59355 (limebl a2yd Sl s)lkme plgisa Mlgie ol
b e 2 5l jgss 39800 (6)B0ale gl (31> aladls )3 Lng 353 550 doxsn) b,
13l Ky (b s b Sl Slgioe 5 Canl LS b5 GPS ISl & avgs
MHI sU 4 Jod> G o S s dou,b Gledbl 308 o aadls 5 [VA] céd)5 s
ol 3 538 e Gloj g e wlid Jold Jgio ol & JSG illao 09300 (6 )05
Road ID (RID) slapb 4 ad daw ojgoas &S Cul (z955 9 3905 oloj) yume
&S oldlyze odgame 4y 3959 HADReds 9)05> yb e e S EXIt_time 4 Inter_time
sy S5 a8 o Slyigar |y MHI Joas (sasysS ) ol ails jpis of 3 M
03k )P 955 ypd> LSS g Cute bl S plyedr Kb Sl e3ga0e 10 9305

e Doy dislas Cute el Ko (ol ol 3 € 35S o



oy

(ol)&u}c\:) cr Olisedsl BB ojlmadir (guliad = e

RID Inter_time Exit_time

MHI s sloddis ¥ S5

23 gt g Sl (Jad oldlia 039050 )3 9395 (A5 jga> aile Jolae Hg yiel)l
Do oo Ao

He == Select Count (*) From MHI Where (RID = Current Road ID)

5 Cosl (b aldlyi o3game 3 5355 (LS jpd> Jloj caelite Jolae Hp 2ol
Ped e dwle pj O g0l

H: == Select Count (*) From MHI Where (RID=Current Road ID) AND
(Current time is a time between Inter_time and Exit_time)

Nl U g Spie e agd sl 1S dile (ale plsiea Hy il
Do oo duwle

Hy = Hothe (1) e,

oS 59 Aol 1 ] 5l eslat] CublE g g)355 Able edas e (gilwloy slp
D9 oo odlatwl ¥ alaly

1
pvz{l “ om0 (¥) ot
0 Hy =0

Arlmod (Glog ;095 Sy Sige )l (10l b Cas pw SglaT (2 A8 1093 jlare
GlEalan b LU 0l 5 o Sl (3995 alolid plos 3l 09,5 ke 5l chan
sl A0 JUS 3 g (mezdind Cjgody bagydgs 8 o cs)luly Sl jslaie Al J1o)55
bl Sl gl o (Joloyl MBI L Al oS Jsb )3 &S gligSa,
P393 hawgi Slg o (hlaluen (slag)d9n L 9,355 b Co puo UBT (1SSle dpuslone
355 plosl RSU Lauwgs 5ils5 o b 5 398 pMel RSU &y myoucs 361 (glyy oy 5 3905 ploxl
@ Sy g 5 lasle (Anadss Joe il Giagh nl Slaal | (S sl 4 ax g L
4 dluad oy b ol and g aslo 538 0 by e ol sl coloy;



oY

VR Y Hle Pl oyl (RS S J (o g ke )'\.U‘r..ia;

dpboee (Sl sl )5, RSU g Lo piasd 45 (63 M50 53 ol plis 955 oo 423138 5125
Jlofl & g b g wmles 8y wiadsn clacdlon) jl Jitwe ganadss g bl
STOSSs 4 lues logpgs Copuw pMel g hluon slagpogs bawg (lojg> slaply
Ol dwbre (gly WL X1, X2, X3..., Xn Ojeod dlued slagped sy

Dgd oo o3l F dlaly 5l Sige,la

n

n 1 Xi>0 (\“) abayl,

i=17;

H =

Gy Seigo)ls (1le b 9395 (S938 Capw BB e iodir (g dl> e
Gllas U8 &jaody g ol AUl saiad i Sy dles o) j3 .l o (slag s
39 o dussloee H 5lei b Sigoyln 5:Slea bV sled | 5368 e poo S

Sq =1V —H| I

odlitl & dla 5 a2 (g Ao ) Gl 5l edlisl Sl 5 S il ey sl

.)9.wuﬁ

1
Mvz{zlsdu id > g (0) alas
d —_

L ol 3:5ke 5l odliinl sloay a8 cul cpl 0 (LS glo) 5 L oolpiinn o9y gles

5 "o Lawgi oadplnl )y Gillas S oo ool Sge)le (SUls I puin (1SSl

oasly o o a5l (s polie (pSiko dubs (gl Siigorls xSile oY1) e

ke Glaisds 1) (65385 das g Cunl Jewlo wwl loj )35 0 Cdluw 5 K6 Lgles
LYY LS o dpnle

bgydgs ey e po OS] e & 19,355 3ol l i 3 slanod 31485 o900 jlane
e 5 B RIS (S35 53 e > ES ok > Salite (slagydsd sl (S
R Slie adgd s (9095 QL] gilire Gy Wlge 9985 S pluen
o ¥ T N0 sl o oolaiwl Jlme cped 0 sl glaimgh el (D g 008

1. Pierro



80
(ol)&u}c\:) cr Olisedsl BB ojlmadir (guliad = e

2 IS )3 (635 ©)jgohs rue i b CS o Cae s p OgliS Cledy oS (olng )95
NS5 CH Qlsl )3 5 5,50 8 9,965 iehae (oluen lad > 4ls clabS )8
92> syt Cagpliie gl s o Al yidy 9,395 (riabae (BGlaan Shasi i ya a3l
ly ) e Qlebl ol ggige (pl g 392 dialgd (S0uS0 JUS 0 ) it Glojeora
43S a oal,5 CH Ll

SleMbl g ad o (asii 1) 65 b Bolued ¢(gloyed slaply cébyn b ogyoes pa
o] Ui )5 il oo ply ol plin 5 48 0 035 (Soluad Jgaz )3 ) lag]
pbol (S5d Y ) S ya8 (6,503lul Sl odddl ol )0 g 03,5 Al |
sloygd ©ygots baply aSul 4 dagi b 2pS o0 )18 SYL laaY oyiwd )5 5 39 oo
Sloj Alols 3 Jlb Sl i @05 &S bl lisabl (g e gde by
ply LEluen I 965 oS oS [YV] dpde Slyin slojgd ply S Sl
S o dulie ] 5 e L]y 383 i 08 & e, ) oolial b oS _o il 3
A Gloj alold 3 )05 4 9098 95 (D S35 L g 593 oam L dnlie ol gl
ool sloygs ply SO U

R; = (%) s,

Glls ol as JiSw @ya8 sniad LS Py g (L8 i )08 SLls Py & alayly o
5 sy (008 Gl luer gy Lokl cubls bl a5 R jlade alaly oyl
oo V o 0 Ry il L8 51 s Lds JiSw 508 4 ya (0<R;<1) b4 dals S
g M e sho Coow Ryl 15 5] S e JiSw )08 4 p S
d)d oual gl g dales /0yl Ry e wile col JiKw a8 S g
S gy il 1085 Ja kil e Gl 4 a2g L Glgie b
ol JUSw 5,08 ialS clrody clil aibuo] Jlade j ptio Lol o/ 5| 1208 coumnds Juol>
S UK @35 s a5 s 55 05 Wl bl akd cage Ylaisl Lials oyl Ll
Jb 55 Co gt lag s a5 Canl Lao opl 4 il oS oo alinl a5l a8 5 Las
Sy Ny b llas cully s gy Jlo 53 bl oS g st 1550 51 a2
Nebeod Joia (5138, ol zer 3l (Sloj 03l )3 5395 2 (Kluen Slaes dpwlone
9935 b yiekae B0 lue D oaimd L il ailiw] Hlade | i ol o Ry lade o8

D9 A.h:‘9>

1. Threshold



of

VR Y Hle Pl oyl (RS S J (o g ke )'\.U‘r..ia;

n
Vr(t) = Z R; > Threshold (V) alayl,
i=1

Sy dgye Jlodar piakae oluen ) (ST 59098 bl wlil Jude I ity Ry
Dguis g o3l A alaly 5l o xess 59 dwlxe j3 ol 5l edlitwl el g Vi gjlw Loy

N. = 1 (Vg =1 ifthereisno reliable
R

~ 7 ve®  neighbor) (A) 4k,

P 9P 3Sles 00 (B SAGE ;D 9,098 5 Sles CodS 1o)ka jline
Ol phoxiw lp olise Aoy dlgie CM L 5 SCH CH plgieay (A3 (slaids
i plete dulid o adgs b gl &Sl @ o b3l (g bpope b ol el
LCM L s SCH CH i cadbgs yo )0 9)055 a5 (Sledd dluw g oyl jcuie dgui oo 4i8,S
5 K50 i 9085 S B &S Sloj g 290 5SS o] (B aladls > S e ]
5 duwlbro by e il ledd dlawi 5 lojcide & baype polie gd o i adgd S 5l L

ol daloro LB A alaly b (L3 claados )3 9,085 5 Slas CutsS g o0 (51005

D D
% 2. Dscu 4y x Y. Dey
Nen Nscu New

() b,

ol 48,5 spe p 1y CH cldgivnne 5095 S oS Slojcuis :Den
ol 48,5 sage p 1) CH gt 50958 G oS Sladd slass :New
Cuwl a8 )5 odps p 1) SCH Clgius gy S &S Slojeuss :Dsch
ol 48,5 sape 5 1) SCH culginns )05 S5 a8 Sladd dlasws :Nsch
Gl 428)5 ops p 1) CM Culgians 9y095 S a8 Jlojeuie :Dem
Gl 48,3 odpe 1 1) CM Culgiuns 9j095 S5 a8 Sladd dluw :Newm
(0= 3) g oo Clginn 13 9,355 il 3B oy 0

(B=2) csSole g o Clgians 13 9)595 4l 56 o B

(= 1) abss > Cogae Culgimn )3 9395 ablo 136 o sy



av

(ol)&u}c\:) cr Olisedsl BB ojlmadir (guliad = e

Sl I3l o5 45 95 0 s oY 9B @ S ol gose ki
3,8les CadSH (o348 jluie paud)d D50 Coley AdgS gas g (ol Adgd s AdgS s
D9 o dpwloe Vo dlasly ygods Ry b € LS (gladdiss )3 9,095

1
Ry = {1 Ty v >0 (1) abal,
0 TVH = 0

@ g by d9die Ol (e (g dmlre 098 iSu (il ) ReBT (g Al
g b bulpd 4 o L) bjlae (6)3,80 5 Cucal i (g otdiis i colps
ol Logi 1l e slogyoss el ol e b calid ool G S e (S5
S B RSU gy cod lag g o (plagle ) nlply 295 plodl Sl o e
L oycnlil 2580 b Wgposs sanades wysSl )3 iy culys Do bl (Sl
Ol s (p Scmwlie ((J8 jode dlle (pye b Adgd e (5905 Sl Ban
T8 4 Wi bogpdsd s 0jg (b slaads )33 Slee CudS (ye g ek il

9ud g0 dpmlne

W = C1 X Py + C2 x My + C3 x Nr + Cs X Ry (1Y) aka,

Oliaebs! BB 45 Lo sluass :Ng
(kS saadgs )3 9,353 3)Sles Ry
Ci+Co+Ca+ Cs=1 dsleo ccilisee Sudlys Laylys 1o b ol 15U liee i (slp
095 o 31 dadl 3 bjles 4 bgype Sl aldS el S8y (Siy culye sl
CH (sl cig it b 999 <ol (o)l ST28las g 059 anslomo ) g 5 29500 plos]
A5 dnlgs 0l g yd sl )3 ol bgyye (slasi] ) a5 395 e 350

2 el Jlo)) ol b 23 e ingsy ol ol ilaal 5 Sy oSl & dag
orpan 5 ggs S5S 5 U5 S5 Jao iyt las g ol sl Lol
Plea 9 Jol byl cunl G9S S Jae 4 dogi b gl oan] el cundy

1. Reset



OA

VR Y Hle Pl oyl (RS S J (o g ke )'\.U‘r..ia;

ookl Jlae Sy pgd Jmo cizmen 5 Sl Jlae S pow Slae 5 S SianslS

PR on]CMu.Mg b ili8l ool e 4 0909 raSils > ply ol g
Ak Egdg0 (pl 04 Grdual wadpldl daxie sba glwdnd 9 (g ks

ool ) wiysSl )3 UN @ o el mlais 5 5395 algl (om3ylihe cal 005 o3l 5L
I om g 008 By (Eloluer 4 1) 35 (dloygd ply o Jlo)l b 9355 2 295 o0
b g 05 0 Gy 1y 08 (Sluer Joio GleMbl ) Kluon (gloyy ploy cdlyd
31 ookl b e 205 o dumolne |y 365 559 V) sl 5l ealisl b g 359 oo s 1) 13
39 0j9 9 55 Al (95 Cas s c)d95 awlid Jold pfY SleMbl (gloygd ply S

s (CU) 4895 & e el S0 b3 e 5 o Sl fSebnn ol

9).)95 4J9l L;QJ)‘AEA .\ ﬂ)ﬂ‘

Va.status « UN

Send a Periodic message to Neighbors

Wait for a Periodic message

Receive(Periodic message)

Update Neighbor table

Get Vi(position, velocity)

Calculate Vehicle History Movement value based on Eg.2
Calculate Harmonic mean based on Eq.5

Calculate Reliable neighbor number based on Eq.8

10. Calculate Vehicle Reputation in Previous Clusters based on Eq.10
11. Calculate weight based on Eq.11

12. Send weight (Vi.ID, velocity, Hi, W) to Neighbors

13. Wait for a CJI message
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1. Broadcast Periodic Message

2. If Vareceive CJI Then //existing a cluster near vehicle A

3. If (multiple CJI messages received) And (Signal Strength of CJIs > Threshold) Then //
CH should be near enough and worthier)

If (WiH<W¢) Then // Compare weight of each CH

5 Join Cluster j

6. Va.status = CM // Vehicle A is going to be a member of Cluster j

7

8

&

Else
Join Cluster i
9. Vastatus = CM // Vehicle A is going to be a member of Cluster i
10. EndIf
11. End If
12. End If
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1. Va Broadcast WCM //Vehicle A sends weight calculation message to the neighbors
2. Broadcast Periodic Message // Vehicles broadcast status information together with
weight value

3. Discovery (i) // Each vehicle compares weights to discover CH

4. Calculate Ta //Calculate the waiting threshold time for a cluster head response: equal
to a periodic message receive duration

5. While Ta>0do

6. If InitiateCluster (Vcn.ID) Then // InitiateCluster message with CH.ID is received
and CH is found

7. StopCompetition

8. Process InitiateCluster (Vch.ID) // Process the received message

9. Else

10. Decrement waiting time Ta

11. Endif

12.  If W) = W) Then // If weight value of two vehicles are equal
13. If (Pa+Ra) > (Pe+Rg) Then //determine the vehicle with better movement precedent

and reputation in previous clusters
14. Va.status < CH

15. Cluster.ID < Va.ID

16. Else

17. Ve.status «— CH

18. Cluster.ID « Vg.ID

19. Endif
20. Endif
21. End while

22. Send InitiateCluster(Vcw.ID) // CH broadcasts its ID to the neighbors

adgip O adgs Ol Lis iy gan pS agd g (050 (G953 omd
bawgs obiloudl aldss flog oy jd (ig slade cp i b alds dlisy .Cwol SCH L 351
@ o85lowdl clag)393 g 39 o0 031> Lol SCH cunsy o 4 ¢ 45 Aalgs Ll CH

ol 0ad 030> LS oF 03,61 )3 5)lg0 (pl Mg o Jsai CM

AbgS s (89365 g ddgd p (301> (£9)365 (i ¥ o 9N

BestWeight(i) = array[0]
For each i do // The weight of all members is checked to find SCH
If (array[i] > BestWeight(i) Then
BestWeight(i) = array[i]
Vi.status «— SCH
Else
Vi.status < CM // Change vehicle status to CM
End if
. End for
0. Broadcast Periodic Message // Update SCH status information
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