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VENTOS-Based Platoon Driving Simulations Considering Variability
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ABSTRACT

In platoon driving, several autonomous vehicles communicate to exchange information with each other and drive in a single cluster.

The platooning technology has various advantages such as increasing road traffic, reducing energy consumption and pollutant emission

by driving in short distance between vehicles. However, the short distance makes it more difficult to cope with an emergency accident,

and accordingly, it is difficult to ensure the safety of platoon driving, which must be secured. In particular, the unexpected situation,

i.e., variability that may appear during driving can adversely affect the safety of platoon driving. Because such variability is difficult to

predict and reproduce, preparing safety guards to prevent risks arising from variability is a challenging work. In this paper, we studied

a simulation method to avoid the risk due to the variability that may occur while platoon driving. In order to simulate safe platoon

driving, we develop diverse scenarios considering the variability, design and apply safety guards to handle the variability, and extends

the detail functions of VENTOS, an open source platooning simulator. Based on the simulation results, we have confirmed that the risks

caused form the variability can be removed, and safe platoon driving is possible. We believe that our simulation approach will contribute

to research and development to ensure safety in platoon driving.

Keywords : Platoon Driving, Autonomous Driving, Variability, Simulation, VENTOS

2

(@]
i)

TAFBL ol Yol AL Y o] BAIS

o FE A 7 AS gAY FYToRA vro] B 20, oA 4v] L 0dEY WS T4 59 gert
7

T Est= VENTOS 7|4t

Olol

=3 AEFP AlEHelA

é}

[e)
E

OF
2

Ag3to] Az HRE st site] UL ol o] FWSH: ol oleit THFY 714
13|

2e 7M. 2
OF%

g
TRFY] F2 AF 7&’—%% A3 AL A A RS 6 oA e, olo] w2t ez o s St Fojof & Y] PA/dE BASK=E

@ ek < i e 2
g el e e o s} | SIek A1BHoIA B

125 g0 QI 299 HRAS Al I 21
FUFBIA S BHRsh] SIe AT Aol Jleld Aoz

7|9E T, XEFY, JtHY, AIE2014, VENTOS

.M B

99| 24 glo] Bre] Fee, o]
521 ofel b A48 Ao
g ofngit. At

A5 A2
tH(Lidar), #lo]t(Radar)
FHO AFE A st FHot= AFE

wo] =Re TRPlEYREARe YO ATAR 7S LAY Y
(2017M3C4A7066479 2020R1A2C1007571)& Hot A= LS.
+ &3 Y Sty AHEE skt /;}/\]-J,}ﬂ
i1 A4S °L"’ LREQofg}a} -
Manuscrlpt Recelved October 14, 2020
Accepted : October 22, 2020
* Corresponding Author : Jang-Eui Hong(jehong@chungbuk.ac.kr)

9] Qko] o WA 4 gtk olF% FAHE WA olZe] olgm
om¥E WS 918 84Z Pk A ohelo] ojeigo] it ¥ ERolL AR Fol YA
A7 sheict.
ot AgBGOm, Eet 0EAA FUFH ABIE VENTOSE Sasto] Autele. Agdlolie Sagstat
Fo] 5 ee SIStk AN A g Al ABdolde
o ge

O1F 913} 78S TSN YR Ak 08 AT, FPEAE

L edoR Qg W £2e0% 22 9189 4% o]
o Breha QHASHA BAA7HA o5 4 itk o] Hoks
M= gt f&ehTesla) AE4S v1% o

A AT A AES 9o B2 A1 Ve
st Qi

olggt A2 =2 wE9 I L-5F(Platoon
driving) 2 & wrdsty Qlot 8 FPL oy H9 A5
Aol shte] Fis FAsto] sk 710l 23], +
HFYL V2V (Vehicle to Vehicle) A4S 53 53 JH
£ negto 2 o F2 A 7 HEE FAote] Y5k

™ —

% This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



46 HEXZ|ES|=2X|/AZEYN 2 H0|H 35 M10% H25(2021. 2)

22 7Fsa aet. oleid TUFBE E2o) BY Ael
B, oA v L OB HE dh B ChR AHE

Zh=t},

AT 71&2 b B4 (Safety-critical) AlAFQ] Tf
HAQ A& AHEA, FAYS FHESY] flote] k= 39
A 5 AAY 5 Sl ofd B4 Al g E'Q'S 2ot
|7} Fastrt. E5] thgt Aol A Ao Q1A|¢} 3
o] Z-gE|ojokst= 7PAAI(Variability)2 QH-gH 3
5to] WEA] e E|ojof & g Aolrh4]. O]Eﬁ QF%
A ARE st QoA AlEE ol E3 B4 &
Z1&olth. AlEdold2 A2 HEoREL E‘E:_L] Al
Asskar vA Oﬂ*}OV] Y A% 4T 5 A
5], AlEHolHE 53] i"?ﬂ—%— Y} 2

A7t} Blgo] FQagt 78‘—°r
ETF 7ML AFo] of do
A =g9T 7hsAdo] =ot ]ZﬂE MaE AA"EE Bl HA
E5}7]7} oj Yt}

N

)

l‘

N
-

fol
O oox i el o2 o

MN o ok > ao of

71“?3*3 o] 7—‘—1%% AlEdo]
steltt. EFd BAH &S v‘i‘—d—c‘f 1, EPJ@J 7}?4;*51
OS2 HE IPT £ 9= JEES TE| 58 7t &
o2 ZAAZ £ Qe UEE A o|2RE FHF
Yol tAAE FEY & YIS AHPLE Fdl AlEdol
A skl

£ A9 BHE foto] QEAA FASFY AEHO[EY
VENTOS (VEhicular NeTwork Open Simulator)[6]5 A}
|5ttt VENTOS®| 7o 2RE dst= 9 Ayt
Yo E Aol stlal, olzet AFCoZRE QAT S
P& FA5t7] s 8= PARAS akstit 1%k
FA S VENTOSo| #+@ste] AlEdold o EH
| A A {8AHE St A7E +HsHh
RO 2L of23 At 2FoAE B AFLES A
HE, 3FoA= 2 A& 7]&ol disto], 4=
Algdo]ldE g VENTOS 7|53 ol9 s A9
star, 5AoA= 7HHAEE et 2HSTY AlUYRE, 6
Ao AlEdold ATE AASITh 2&8T FF A+
Bk 7780l AAsHA

.1

O

JZi it}

=

N
e
r
re
-4

N
Ao
rar
re
&)

A FYY AF ZATEEA EHFYS 5= A
FEY A%, 584, B4 B AEEE, R 1F A3
o njAl= IF 5= FASH] AT ko] HH=E1 QUoh

olE 93 M. Amoozadeh® #3530 W3 S5, &
g, olg 59 ATE L 5 A TREZ(7IH AL
BAE 91gh V2X B4l Al gk A8l sttt

ojlfgt TEEZS FAT AlEH°lE?l VENTOSE /s
Rom, o]F o]&sto] A& o]l AU eE AT RN
AR 24 9] A Aokt 18y 9 5 3
o 5 Qe 9 A2 1EERA ot

J. Erdmann2 AEFP3F9] A HA 29l <
TFotch o] AE 71EY A WA BP9 EAMES AR
&+ HARIE Eotol sfdstaa silch dATE Ede
VENTOS Al&go]e 9] &40l A5t V. Jo 52 3=
AFE9] 4 FolA FH FH Aoz Hig £4[10]
nE A

/\1«] :rLﬁ F AgdolAllllE ﬁ:r" ]'qu

A&Fd g 52 d o] FESH= 717 54y
=2 w50 Het A ZEsHA WP A J. Mena-
Oreja & A3 A} 524 Ago] Aozt vl
= JH12]1S ALY Z. Yang 52 o]Egt F o7&
+3 Fej7re] SR L E(13]0] tiste] AFsHAT

FESE Afol¥ &g A]AHEI(Cyber-Physical Systems)-‘l]
q72HQ A E FHFPS AFE FFE N Al 52
-r«] AtolH &2] AAHI9] FAoA ZHH Aol ojw3t JgF

2= Ao gt A+[1418 FFstatt. +-FHol

J';ﬂﬁr A" A+4E P 9k M. Akl T2 231 F
P 32 A=) 82 £ U= FE AT AAH5S A
oot

olzfgt AttolQlo FHFYA THHE AR gk A
“H16], TTA (Telecommunications Technology Association)
®E 7EE B4 AA" Adsol tig ATH17] 5ol ATk

_>L

22 3Y 7Y DRHE
TYFY Boke AL FPAY 714 T WA LA
uE 5 F40

FoaEXN, et T2AEE FHI
_élﬂ ATt
A 5ol it )z ALZQl A+ ZEAEL= 2009
Ll %@"ﬂ/ﬂ AJZFE et SARTRE (SAfe Road Trains for
the Environment) L2 E[18]%= J=9] Ricarido UK
g IJAE FAHLE Volvo ASATLE 5 471= 771 4A7F
FEsto] 37 APd +3 9 A+ ZRAEo|tt 2011
| 1Y, Ey} 58219 A 23T AFctlen, 2012
| 1¥ol= EY A 9] &g A8 3 FPE IEERE
oA #FstAth. o]F +H FY 712 FE AL 24
o] AAY Fo] @2 EEZ FAOE AF[19]= o5l o,
201649+ DAF, Daimler, Iveco, MAN, Scania, Volvo
T 78 AEA A RAREC] A2 AALe] EYER HS F
Ao vdH=Y 2HE2Y71A] &st= European Truck
Platooning Challenge [20]1& A52lof vpHTh
GEJME AZE0] JA} 482 AA7 FEsto] &
A F3o] gk A7t s WY Foloh 201840l d&
oAl CACC(Cooperative Adaptive Cruise Control)E
gARE Z7] g B9 EgEo] KRN FF F



P& ATHoZ FY2115M9 e, 201980)= IT 714U
ATZEWIT} 5G FALS ARSRE ERO] 3 F3o HT

A%, @A EFY 4 F3o] et A+
I ot FROJAE 20079 AULE stolgo] AtY
FE AT A2-R23]1E #5510 24 39
R, 20209 6%, A= FY E A T
A ST 20229 7H4] A=) BE &
T2o] A& 9 FFPZ A% RSU (Road Side Unit)E

=
[
];l‘l
_|>~_4

Q,
e

o} o= 3 &40 diote] A&5HA QAT H-8Z 7HsSt
Al gk B3 =2 330 AAEo] nE A4 FAEE AT
3= RSUY] TE3-Z whot FEj&o]al B&2Ql YAt A o]
7Fsstct.

+4 FPE 95t CACCE "UFFHOE 94FHE 7s
[25.20]01t}. 71& AF 1+ AYE FAISke 71€Q ACC
(Adaptive Cruise Control)[26]2 T2 X|5Fe] JHE AlA
£ B9 AHHo R IS5 fEe] BF odFo] olgeh. 1
2 CACC 7[&2 AlA7} ofd B4l 7]&S o] 8084, th
£ O] FRE FA] Ay, A9 Al E AA= .

J3y 7R 9] A= A& 9 7]eo] of4] At
A 4 BARZ A% AF2 Aol 4% stal, &% A=
0] AF AFE A5HoR Zof Yol 20 HE
I St} &R olgt A FY Ve ofd £ Fof 2
F e TRt HEE EekA] o, AA Aol of
AE =2 AoATt HAEET it

LUV

om o
W
9 i

3.2 ZE =sll XM

uj=tof| A A|AE AHS (Automated Highway System)<
g I&E2 A A [27]0] gt A+ A2, FEF 2}
Tt S5 Aol EAEE A7) Bt IEER| A&
F 9 F1FY AF A8 AAE AP AS A AT
ojgfdt A2 54 A7Fe] HEE AT 5 Aok

VENTOS9] #3 Ak 2 e Z[7]2 o]t AHSY] A&
F3 9 2T A8 AAA e 3L FAAR HAHA
o 24 FPE JalAe 9 39U F 2319 3R, F 23
o209 By, #H 744 AF9 & ojgy &2 gt &
A Ags 992 3t} $74& FAote A 7 UF
AL fole +5 F39Y Aol EME, A 71 Y&
@S gofl= £79 dol7t dojyof whet £3§ Qg Ado] @

7t#HgE d2fohs VENTOS 7|8t 28 MeFd AZdolMd 47

oAt} oleldt WEe WA 7 2 Aol T AHe
et 2t

e

Aexq 2 FAFY g AN 79 F9 219 2
o e A9 Agoaiy nE 21 B4 A5E 4
=

A 2 9tk THE 249 BAl ABE 24T A4S, A1)
A B4 £ Ae fof ok 24o] e A 9k o]
WA 2R T AFY Soh Ag 23 Ae] suck
Ari A 2o] TRE Amsha, Ao 27 4 A
o £8 Y3 Yt IR 83 AN BEI IR 93

o A Fo I YR A% A 2
A 42 Aok, TR 830 3 IR 8ol

A9, TP 2L 522 FAA A 29 G
%, Aol WS WY 24| el Ayl A o]k,

e

(o]
)

i
H
i)
1o
AU
n)
_>|4_:‘

4y X o
A
r

2) 4 wel A
AP 23 T4 AP 21 79 4] wet 2ebd

O.

S otk 79 5 AN 2W T4 AP 27 2P 24
T4 Aol Surk v 2 49, Iu AL 2YL B

ol

7] S AT A 29 el AL weld 21
2ulst @ Aol A 2ol 84 HAAE Btk 4EA 2
e 2y T4 A 29 83 St Al B9
o AFER A2e 2L TSl 2YS Lt |, 12
el AN Bushy] gfste] B4

3) 24 olg Wk

RO R Aot 2 Ak 4] ARt AR e
£ Azl Hu, (e 2HE olgsof Ftk. BE BAX
o A A, MR AR AL F97} Holltt.
ofg He olZskaAt sH= Aol 2o Yt Al 4
S, 2 B A A9, 2WY MY F% gl 49
& hro] T2 WaloR SgHr.

o 5] o] o]FSH A9 1 AP 24 T4 S
A olg L3 Y TH AFE FA A S 44
stk oloq 249 Aol WSk A eelA] o]kt
T, og XS AE AL v A& FYwt

o $7F Aol olFsh A9 1 Aol S 2 =l
Aepol A olge 24 Wk o 8Ho| SYHH 2
o olg 8He T Ao M R AFL Yoz s
A FHE QAR WEo] Bel A AR F 2

ZPoRNE AT oF 24 Aol HE L
solube Helsold £ 2L o gRat

Vg 51 o] oFsH A9 1 AHlo] 3t 24
28 ol olg 23S Wt og 24o] ety
299 U ARe ol a3 e & ABL PO
g aAstt.

.
).
o
ok



48 HEXZ|Es|=2X|/AZEY 2 H0|H 35 M10% H25(2021. 2)

4) A3 WA A

THFWN A A WAL Aepe] Alo] WS YALS
SRt +EEAE Bl 4 FHske Aoz v
AHSOIAE 4859 Aefo] 2§ MRS FYSOR A4l
o WAL meiEA ket

4. VENTOS A|=Z2|0|E

4.1 VENTOS OF7[EIX]

VENTOS+= UC Davis t3t9] Rubinet @494 7Hdt
" YT AYsr] AT LEALA AEH0lE[8]e]th
VENTOSE tget #3539 As T2 1% AlEd0lE
2l SUMO (Simulation of Urban Mobility)[28]2} HE £
3 AlEYolE Q0 OMNET++(Objective Modular Network
Testbed in C++)[291& ZAgtoto] F&stt. o]& &5to]
2, A, BYA}E, RSU 59 o8] 4528 V2X B4l
3H4 &) A& oA gt} Fig. 12 VENTOS AlEH0]
Aol A Aol gt AAoltt.

Fig. 1. Simulation Environment in VENTOS

OMNET++

( VENTOS

SUMO= 200149 529 &5 SFAlEA 7dd o
A4 & 1F AEHClEHEMN, 42 A, AZs AA,
AT, 7| LdEd vWiE 52 EFS AA AAC 7k &
3tAol T2 wE Rddye XYttt E3] TraCl (Traffic
Control Interface) IE|HO]AE &l 2F ojEFAolA
3t SUMO AlEdolElE dZsto] Al o1 HEES &
UA gt

OMNET+++= o8 &4l ‘W‘ 52 AYsks E4AA Y

ET AlgFoElelt. tefdt B4l ASS 2 ARl HIE
Y 2dE & At 59 IEEE 802.11p 2] AEL 24

gt MiXiM (MiXed siMulator) =& U=} [EEE 1609.4 3
£ 733t Veins (Vehicles in Network S1mulat1on) I
Ad¥T= SUMO AlEdolHe] 2+ AAES OMNET++
AETolHE BTkl AR V2X Al 7}*0}71] Qe E3h
Veins ZTHAYI+= ZF V2X5A19 A% &8, = A,
Ad AdE 59 AR T B4 FF0NAY AlEE
oldk A gt oA FAS B AEH HH= TraCl
£ 891 SUMO AlEd#o]4o] §tgHr.

VENTOSE ©]9F Z-& Veins T YT thofFst +3
T Mg ol AYsh] 93t HESS FUlekith
VENTOS9] o}7[El A= F1g 2014 & &= Utk o |EIAof
EPd VENTOSQ] 8 HEE°] gt 7|5 A2 VENTOSS]
HAIOlEQ] https://maniam.github.io/VENTOS/OA Zal
o & Qloh

VENTOSE lﬂ Xé-cﬂh Alggo)d Adgo] "agt ofg
UES 9, Folxl AJEF ]S APttt Ao dg
gt 9 mtdEd tist A2 okt gt
e net.xml : A= AE7} E0jE A2, w2AZ(Node)
9} o]5 AZst= TE(Edge)o 2oz AJAHT)

6=s

|
External Shared Libs }
|
|

| Boost | Gnuplot ‘ | o

| RapidXML | OpenSSL ‘ | a:plicat\':n

| Curl Eigen H—b o fiEe

| Shark  gtkmm || | ek ey
Lo BRI

Veins

PHY IEEE 802.11p

VENTOS_SUMO

Vehicle DSRC stack

© CRL Distribution

Traffic Signal Control (TSC)

Platoon Management Protocol |

Online Vehicle Routing in network
of intersections

: addNode 4 trafficControl \ ‘ gui |

ACC/CACC | mrteRre ! M TraCl TCP
Server | ; i Cclient D

» Matlab Scripts

l
|
\
|
|
| Adversary Module \ }
|
|
\
|
|
\
4 VENTOS Core | ‘

Fig. 2. Architecture of VENTOS



rou.xml @ AFo] BRI ARE HATh
sumo.cfg : SUMO AlEdo|E 9] A4 HE A=, Al
EdolA9 A2t F= AR, AIZF DGA(Time step) &
o] JrE Eeld, AP net.xml TLH rou.xml
odo] H2E 7HA 2 Qe

addNode.xml : AlEF oA 78 A=7F, +4, RSU
= F7

trafficControl.xml : $& W3}, #+JAXFHF 5
g A Y] ZA A= APl AAE 4 Utk
® omnetpp.ini : OMNET++ A|EF°|E 9] A4 HE =}
AR, 7t 50| AYo]R, 27 1pUo] Yo R, 7+ 7
Al 7159 AHgol R 59 FEE ZIkohH,
7R AL et

Aol v2X &
AYE sumo.cfg LY FZE

4.3 Ago|Mel 7|5 i’é*
VENTOS: thoFst 244

AFE3 FH 1}%—91 *OP* 28-S AlEd oA f‘fWUP

AFY oA BAG 5 e 9 Aol dAstr] Hgt

2 aEfelA] ZRch wEbA £ Ao & 4% fAsA E}
S 22 7552 VENTOSY 4 = &

Sttt

1) Impl. 1 : ®3bdo] mdgy

B4 E2E 294 T22 HFeta, AjFA FolAe=
7149 At A g st Alsdse] shEtEE EREE
Tt 53], 10 m/s o] v d wE £ & 33
sttt FAE S Sk 4%, £¥(Slip)el 2t Als A4
5ol A stEotes LS

2) Impl. 2 : ¥ AlF Eo|g 2%

g Z}”-Of] A e BLs] ¢ A =2 &
Yol A= A&t ol B AlZHE BEAIZIAR &
AoA B3 7HATEL, W4t Zo] AlsEol A
e AolA = e Als=S oA 1ol gtk wEkA &
A19] A's 52 AAET 1/4 A 7HFsto] Zagh kd
A=E B dA AASHA ToEXN AlE Eo|YE Hrt W=
A Z275HA st

o]

)

-

= rlo
o>

1

m>~

3) Impl. 3 1 41 78 54 A

TAFYoA 7t A BAFE FAS Sl A g
< &t & AFEY AHE wefsta, A9 7 B
% S AT 59| o] oA o A FEE )
a5ttt old, vlg] AAHH A AlZE 7HA(Time gap)
o wet A BH PAADE k1A st B3 QHA
A E AAS= WAL Equation (1) Zt}.

o oy o

G;icsl = quv+gm <1>

7HHNS Tefots VENTOS 71dt 2 XgFd AIS20ld 49
Equanon <1)°ﬂ*1 oo 2 A 14
(m)% 4 ME} x}ag:

(m), Ty= Al
£%(m/s), 9,2 & AW F 144
sejo] W wol= & o 2 ok

£, £8o| =¥ go& £ ¢ 22 FHAE 724 "ot
SEARE 7HAAdo] BAsHE A AARolA -9 A=F 7 7
AZ F3= P52 E U2 A9 YIS RE 5+ Ut

dAZ 29 LE XFFo] FA] U HHo=7 TS
< St A 7 2 ES OHE fAstEA o] EH ] X
AAe &S T £ Atk olgd dANE 1 Fe=
V2X BAS B A oF eFo] £ 2EILE
o] FAsIATE 3 m/s

ok o o] SES 23
Zo wheh 5 H9N Auk 7k AL 7
st

Ne
b
o
il
N
52
I3
O:
RS
3
o
ol >
(@)
m o
thu 1o
rE
o,

4) Tmpl. 4 @ A9 2=F 7440 B2 &g As
AgFPA gL AurHQl ARoAe= A4 AlsAd et
A &2 EdZ Last A5AGE As] AR = 9
o} SHATE 99 AFRol|l A AlLbE Al AT o] EHE AES Al
Aok 22 d71%] 15 ALE FEE 4 A, ESAlA
AAZE 5 Sl weEbA A J=FAte] 7h4 o] st
430 £2g AEAYE 1SS A5t
) o] 120 m °l5td HHE H&Z won, A
A% 7kA0] 30m7t 2 W7HRE 5 m/s9] £8S A s
4531, 71 o] %2 & Equation (2)°] ot o &5 A
SIS ol

2
vy = 1—594-1 (2)

A7|A, v, 2 g A H& (m/s), 1T ¢
F 14(m)S oulsh},

© oy A

R

5) Impl. 5 WL Hd: HAE 5HE 94
VENTOSOIA A3 Ha: A2 2k 7H49] 712 h 2 m
otk FYHY FY YPoIAL o] e WS LA,
9 FFAL o] Ha AF 1 B0l FEL WA 4
U 95 ATL HE 5 Uk WHAIAE o] g2 SHl=

AAsto], oF AFae] Ha A 1EL 10 mS AFer

6) Impl. 6 : 7|o157] el W 5A A7 7144 WS}
24 ZHolH 2Psid +5 21 AFe TUYL A

3h2] Fstal #319] 7}ftﬂoﬂ 77101% -

B 53 e Fote ST BHS LA
e A OWZJE}. A= ddqiAEAe] 24 3 Al
oA olet £ Cut-in Ag%o] TATL o, 5 AT ©]
€ Xk At A E A I FHe ASsitrt 7



50 HEMISIS|=2A/ATELN ¥ H0|E I8t M10H H25(2021. 2)

o= Azgo] thA| HALIE A ALS FS WA F o B y5, y6, y7)el WBHL,
e P AL B 5 Uk B ATAAL J0lE A Y Aole] 1AL H5sk A2 olgl 71 el 9]
of vtz 5 Awe A o Aol A4Sl B T A% ok ok @] ZelE 25 24 o] e el ]
o] ohl® QHE SlBte] AT (1AL 2EE FAAA W B ek dold, goltt 5L ol§s A % Ao 1AL &
o Aelg shashy, oA 4419 & Aol 449 FH T ohRE Zo] o2l & Urk. ol ol 2y AFomre

o) A7 AL Q] oz HEAAR  AIEE Hne] 7S 2ok o] $-8% 4 olct. i}
A 700] AL, AE Sog v £do] ok ot o
ge Azlo)A A5} A7]7} okl 4 QU ol o] A
7) Impl. 7 : 774 QAo wolAE 24 Bl 718 a7z 24 2jEele] E4lo] okix7] Mol 24 Ak
2 29 249 7tedlo] 45 L4 Azo] FlojEi 2 sagbei ojulo]4] @A el Tekolth VENTOS®] 4
9=z Q) 240] U3 7HAo] Wold 4 ik, AT EAT ABACIES OMNET+AME 718802 483
QH Q] EAlo] 0B L2 717o] WolxA] Hepw, @ 7t A A RS A8
Qegol ool sl et webd 7o) Wojh 2e 7 grom AgE Ane $4 AL 20 mwelw, &
Agoz e 2L % Ao Be U0 Balel Zo] Al ZKse A3t A719] Ha g 10e-8.9 mwoleh. ol
SEge] IAS BT & gl W] B & gtk 5105 mo] An| B ALE A 249 Bl A2
VENTOSOIM ] 29 2ot 904 299 25 o] o ukeh 4Als] Ante] Al7] = Equation ()7 2t
Bk, T2t ob 2 AOIAE 29) SRS 9
Sol 2Ao] &4t Aago] 27o) RS WY % Slolof @ P X
o}, olo] e}, 2 STl VENTOSS] 24 B8 2 als Ty ®
2 Jjtom 2US PASIE Aol 29 Bl 4 nees
2 KT Fig 3 24 74 o] 23] o 23 A GOIA 5,2 $4 AT A (mW), i B, Fo
£ gE& AH714(State machine)Z YERH Aol EA Z04(Hy), 281 de $4979 AZ(m)E 9|5t
Fig. 39149 2] Platoon follower7t B2 91 “splic’ T 24 2ejo] 7|22 AH410] vtz ko] 2 74 Ao
o At y1 Aol BelS 96 AR CSPLITbyE.  23E SAlE du A7) EAstel An A7 9 Sa

REQ'E #HolAl Asta §7 41 {laf efolHE Mgt ojetZ FrAdhe A2 AT E =RoAe 4193k
o} g ylold 8 E2E 1% #WAAl “CHANGE_PL Ag7F oF 161 m ol o, #y £ 83& st o]
= A5 =9, followers &3 7] "1° (&, PinSize = A A7]7} -79 dBm °©lstY WS gu]git}.

= D2 EEiAH y2). AH y4olAEs A2 239 =

295 Aok, Follower= Platoon leader”} F|H, ojmj, 8) Impl. 8 : RSUES &3t Aty FHo| A
&9 WS L9 27 wAEd e dEle 4 RSUE 29| 38 A3l thiet o 714 HEE A5

Initiate split
and busy = true

Platoon follower

Receive
CHANGE_PL

Cancel TIMER20
pIniD = vehiclelD
myPInDepth = 0
PInSize =1

Send ACK
Start TIMER8

Send SPLITbyF_REQ
3| Start TIMER20

TIMER8
expires

-

" Receive SPLITbyF_REJECT |
Cancel TIMER20, busy = false

Receive SPLITbyF_REQ and busy |
TIMER20 Send SPLITbyF_REJECT

expires

Receive SPLIT_DONE

Platoon leader

Send CHANGE_PL to Cancel TIMER8
the Requesting vehicle Receive SPLITbyF_REQ and 'busy Update pInSize

busy =true 3 Update plnMembersList
Start TIMERS Set Tg to (leaderTimeGap)

busy = false

TIMER6
expires

Receive ACK and no
follower(s) exists after
Receive ACK and follower(s) splitting vehicle |

exist after splitting vehicle | Cancel TIMER6
Cancel TIMER6

- Agenda -
Update piInSize ) Starting state of
Update pinMembersList h the vehicle initiating
if (pInSize < maxPInSize / 2) the maneuver

Send CHANGE _Tg with Tg += 0.05

Send CHANGE_PL to followers after splitting vehicle

Start TIMER7

Receive all Acks | =
Cancel TIMERY busy = false ‘ Transient state

U Send SPLIT_DONE
Event | Action

TIMER7 expires

Fig. 3. Finite State Machine: Platooning Split Maneuver by Follower

3




A & ot wE ALZE A AL A A4l
APAL AR 1 u‘%“é% grksto] V2X $4e E3f FHol
Aupgict, RSUE 418 A7 HEE v oR o =2
o} o AL A= AlZke Allste] S0 AL AR} 947
Akl AL HRE AAZNA 4l 7o zH 2t At
Fol et IS ST 5= WA A

S oG

9) Impl. 9 : Al HEE FA1%F #9] A= 4874

RSURHE A1 ZEE A5 £39] v A= 41"
Al B3t ATHE Wtgsto] H2E Mo E Mok
fsﬂiﬂ A7} S A2E Balole AR o dgsitt
W, $I2E At ¥AE A2 23 #HAAE Boto]
A9 A A AFECA Aot Aguke 34 14
AFEL A4 £ H2E FHolE st &4 ottt

5. 2% Fd AL

4,380 drgst E VENTOSE AREsto] #3153
% 7FRAo] 9o dold &= Sl= 9% A9 o2 HHE
SotAt oha 22 AlUE|eE AYstAtt. BE AL
oAz 6t YT AeFPFFOR A LS
okt 89 /42 Table 13 Zth

5.1 AL He

F3 FgoA] FAwsts 7HA A, 183 oo tigt ¢t
A3 WL 2RIs] Yste] A|EFH o]AE Table 29 2
o] A7t

AUl Q. S12 6t Aoz FAE 7o) Y =25
ZYok= 9ol sid=, AF Ako] &(Slip) B4 AA
of ol £ &k &S Aot o|2HE] M) AFat
& glo] AAete 499 AvE e ofrt S2& 3 F9

Table 1. Platoon Configuration

Vehicle ID PV.0 PV.1 PV.2 PV.3 PV.4 PV.5
Depth 0 1 2 3 4 5
Role Leader Followers
Color Red Deep blue Light blue

Table 2. Scenarios Design for Variability Simulation

7tHgE d2foks VENTOS 7|8t 28 M5l AIZ0lMd 51

Table 3. Simulation Runs for Defined Scenarios Using VENTOS

Scenario

Simulation Instances
Type

enari H
S azardf)us Safety Guards | Safe Scenarios
type Scenarios
St Collision by icy Speed Stop without
Weather road reduction collision
S2: Sudden breaking | Inc. distance Platoon
Drivers after cut in between cars separation
S3: Congestion due | Receive RSU | Change driving
Traffics to accident info. route

s11 - Normal scenario of platoon driving

s12 - Hazardous scenario by icy road

s13 - Safe scenario with low deceleration rate

S1 s14 - Group deceleration scenario according to
the front vehicle

s15 - Front vehicle tracking scenario considering
speed

s21 - Hazardous scenario with sudden breaking
of cut-in vehicle
s22 - Normal scenario for cut-in and exit of a
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