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Abstract

Many researches are being conducted to develop autonomous vehicles and intelligent road infrastructure
in order to ensure better safety and convenience even from the last 20 years to the present. However, there
are many problems in autonomous driving since autonomous vehicles drive autonomously and independently
using many sensors, cameras, and radar installed in the vehicles themselves, In this paper, we propose a
model of CSVF(Connected Stationary Virtual Fence) system supporting V2I(Vehicle to Infrastructure)
communication services that provide a safe transportation environment that communicates with autonomous
vehicles. The proposed CSVF system is expected to provide better safety, reliability and convenience in the
upcoming smart city by ensuring safe road driving and pedestrian safety of autonomous vehicles in
conjunction with the previously studied CMVF(Connected Mobile Virtual Fence) system.

Keyword : CSVF, CMVF, V2I, RSU, Virtual Fence

—

Department of Software, Gangneung-Wonju Nat’l University, Wonju, Korea [Graduate Student]
e-mail: minsuuuus(@naver.com

2 Department of Software, Gangneung-Wonju Nat’l University, Wonju, Korea [Graduate Student]

e-mail: hky5399@naver.com

3 Department of Multimedia Engineering, Gangneung-Wonju Nat’l University, Wonju, Korea [Professor]

e-mail: skc899@gwnu.ac.kr

4 Department of Software, Gangneung-Wonju Nat’l University, Wonju, Korea [Professor]

e-mail: jeonbk@gwnu.ac.kr (Corresponding author)

* 0] =22 20208 % ZEHFtn StEdragH| X0l 2Bty +HL|AZ. Lot 0] =22 20174 T
ools WSEet sHEARITe| 7|RATAIYS| X2 Hop = E AT (NRF-2017R1D1A3B03034102).
Received(May 29, 2020), Review Result(Ist: June 25, 2020, 2nd: August 4, 2020), Accepted(September 4, 2020), Published(September 30, 2020)

© 2020 The Authors. Published by NCISS.

This lis an open access ar.ticle licelnged under the. Creative Commpns Attribution-NonCommercial 4.0 International License.

BY _NC To view a copy of this license, visit http:/creativecommons.org/licenses/by-nc/4.0/. 185



mee ML FHo2it ofs2)

1. ME
of

A

3

Sk QUCH [1-14]. SHX|BF CHEEO| A}

ES
o=

(e;]
=]

O|C} [1-3][6-9]. O|%

=

bAI, Al A
O

|4 L

U9 B2 =7tet 7|PHOIM XeFdAtE 3 ADEAE| QZEt JHES flof CHefeh ¢4t
e HERI =2t

N
}

L

—

P
!

.

A Study on CSVF System Model providing V2I Communications
[¢]

of & O 2 pl s BN T < 0O TR < o
uu o3 ST mr » 0 KO & B owl T ol T I W ol
= =p I T N O X g o<l oo K o 2 ouw Klo
= < © = ~ 3 fli0 Z © o S
X = Ok of % 0lo W = 9 mn.v._l < =@ T 2w Wl o [«
- {0 == = = - —
= o g mﬁ%%w%m% PE B a2
ey — = = = —_ —_ == [0
=0 oF W ol S xr O W O Jo = m._.m M ~ = B
= S K N~ _
o WK oy B Eo s pzde mw D & T
=r R ol LH 10 =<l o 0 o ] T O -
<t = Ho @ <~ 2 — K - = Ju o .S om
_ < K L S ., @2 H ol o TS5 - &~ T3
o< oA R T o, Mo s < oD op oot iQm
= = 1 om B — Woup g BB = %0 g .
T o0 oy S & N fo unl < e <0 <k oS
™ oh XV Iy 0 &2 = <l ok ulo o o B0 Ol (RIS
oo, T w2 O™ I o, o mwo_eﬂ%%%
._%L ._m.m op 0 & g U x 0 <1 > RO 0 X L w_.._ ol
" on RO <0 ﬁu_o ol 1© ._MJ =<4 Al_ = W ol or! ot ._._w oH__._._ =X 3
o Ur gu ™ S o < oy = Ko B0 4o B0 T
oo oW o m g W F I
HO iy = [ H < ™0 = o X0 =
8 o © T # K up m_ﬂ 2 7w mo oy Bl i K =
- 5. O O = ol x T &3 KR! — %O
~ uo g Moo o o o2 1 2 B TR
sehrE, OB BES BELl Ry
= KK I i = ol K’ X <! = E| EN
ol K i _._._._o S © ta) o = = & 1 = =
A s o iR esw w® 5P DLk
ST - RO Wo fo = 2 .o U - o % o =
K ! < ol o < o _ Al_ o v md = M = ol T K Ul il
ol ol #o N~ 8 <X 2 ol oW = o My - =
B — — » L7 X 5 > 2 =5 Ol T o 31 o
g & o Xow oy o2 g g Ew o < ol o%0 o 20 __. Ko
muc_opo_.mﬂao%mwlmmoﬁ. h m.ﬂﬂﬂ
--— v o _ -
W ot = g ™ & K £ = 27 &7 = < T8 10 om &g
& — = L = = ST E R 1 M~ o o oo . o
of ™ & =l ¥ mp = =R N wm =0 o w6 =
oo - LN KE Lo | N 5l 8 o Mo_u K= & T L
MR XX ks ERN IR = s MR g
_KREZB® g R IT 2y gmpmw AR T w Bl
o ™ OF - & m Y g = e I N S}
oo o — oy w5 8 — = o wo — IO 0
Bl o X R T o g A x ws . Wyt E
=T r H__I._u_l 10 s o 5 K 3 ._O._._ oo X o H < o — — olm
— o0 = % gt ow § £ op ﬁ__ g W T T H_Wt o uu wl m_uT__ ol m__m
S [ o M 8 S ™ >R oo < K o o ol R
S 41 4o
Tl % oo 2 EST o™ 2emuy A B "
O e oun % 2 A EE oMo WA YK o W@ ol
of M oF & <F g O ol 8 F Wl K B ol H & H <l Au

186



Vol9 No.3 September (2020)
ZheHEA LHOIA X

L

—

AOEE XA

Journal of Next-generation Convergence Information Services Technology

2. A HYA

"9 MHE= C-ITS(Cooperative-Intelligent Transport System)2| F&2 &SI, ADE

o
HE

-

Al
©

Al o7

BSM(Basic Saft

L

—

CH| AR

I

-
o
=

&
S

=
[

J

A
o

ZY Y3z 7

Message)t CAM/DENM ALO|

O|C} [14].

.I

OS¢
1o

Kk

FH E=7Fst

2ot g

=

<l

H[0] Al

gt
187

J

4

.
(e}
o

=
=
CMVF

L
—

3|
S

LIEFHTE CSVF A|AEI2 RSUZEA

=

CSVF A|AEI2 CMVF A|AHIQ|
=

E

3

—

.
o

Ol A H|Al
CSVF A|AHIQl 749

FOo|M cMVF 22t0|UET} HEE X2 vaov A2 E K& AM0|Q] HERA
o

t

SICH CSVF A
-

C-ITS 7|=0M 7t &2%F A0| vavet var AMH|ALE Xt
Q

F
=
=

o

—

S|
3.1 CSVF A|l2H 719



A Study on CSVF System Model providing V2I Communications

cfO[AE At MoSne| A2l FEE 8 AMNSIY, 252 s =0 w2t of 2=0r
CMVF 22 Pol‘d 7b & oA M= B HAXIE TESC) CMVF 22H0[E KE2

=
=
CSVF A|AHICZHEH HAXIE A5t A0 ME Xt 22 At J2EE HOtE =
1= o
S T

O
Y 9 72 ADIEAE|OIN XSFUAED MBSO 281 X8 4 ct

K . . e - e~ At N -
/ X

T - “Pedestrian ',»" L / \ k
7 ] J ; N

i '4'7 \\ i "

/ |

\ ~—“’—~ ,

/ v2|/ !

P csVF Trafflc Light  CMVF Vehlcle 1 CMVF Vehicle 2 ;
\

CMVF Vehicle

[18 1] MI2HEl CSVF A|2HIQ| 7He
[Fig. 1] Overview of the proposed CSVF System

32 M5S0 ME8E cSvrel ol

CSVF A|AHI0| RSU 2& & StLtQl Mz st S7[3t £/0] cMVF S2I0|PE7L HEF Ktk
e BHXE Qo M=59 WE M5 HEE HSHOF SHCE DHOF XHZFO| CSVF A|ABIOAM A
el o oA HOIUZ ZYUE H0| ZHZkol Mo CHa xtzFo| oA HESsof sl=X| A

[ |
37| lol CSVF AIAES| Xt QA S it TS HAL| BHES 27FoloF oLt Wt 2 =20

|.|-|
Hu
riot
ox
=2
il
>
fot
A
N
N
_l,_'_
|ru
N
Mo
=2
n= o
oot
njo
40 0

[siME ® 7HK| 7H8E ®MAMZE oich 2
60km/h HPHETo| L2 2AM AMEZZ Moo £2

= 1m/s)9| %*EE % 142 ™o TICt [18-22]. E3H AT 59 '2—’?7|“ %LH EH$HEI A0 A
SICtR O M2 XA =MAIZE S22 120X O|40] MEE|7| E0 12028 WEL} [22].

188



Journal of Next-generation Convergence Information Services Technology
Vol.9 No.3 September (2020)

[ 2] CSVF 2HE2| Yo
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Distance Signal(sec) Command Action
G_Count(99) 1 keep going
Y Count(3) 2 slow and stop
d > 47m YtoR Count(2) 3 stop
R_Count(14) 3 stop
RtoG_Count(2) 4 stop and wait
G_Count(99) 1 keep going
Y Count(3) 3 stop
d = 47m YtoR Count(2) 3 stop
R_Count(14) 3 stop
RtoG_Count(2) 4 stop and wait
G_Count(99) 1 keep going
Y Count(3) 5 go quickly
d < 47m YtoR Count(2) 3 stop
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RtoG Count(2) 4 stop and wait
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[Fig. 4] Vehicle A: CASE1(d > 47m), Vehicle B: CASE2(d = 47m), Vehicle C: CASE3(d < 47m)
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[Fig. 5] Flowchart of the CSVF signal control algorithm
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[Fig. 6] Transmission of signal messages by the traffic signal cycle and results of vehicle’s action accordingly
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[Fig. 7] Transmission of signal messages by the traffic signal cycle and results of vehicle’s action accordingly
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4.3 CASE3(d < 47m)0| A9 A3 Zu}

(A8 812 d < 47mQl HZO|Me| HAX] &41Z LIEFAHLE Traffic Signal Client= Vehicles
Client2FH d < 47mets HAIX|E TFLOF SiT ClientO| Al A20| XA T HAXZ HEHT
Ct. Vehicles Client= SHE H& HA[X|0] 2} HSBHC

[28 8] M= F7[E M= HAX] W& J0f e x| del 2ot

[Fig. 8] Transmission of signal messages by the traffic signal cycle and results of vehicle’s action accordingly
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