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Abstract

In areas where people are rare, most traffic lights are not installed on pedestrian crossings so that the
safety to protect pedestrians from vehicles is insufficient. Therefore, this paper propose a model of
CSdVF(Connected Stationary Dual Virtual Fence) system that provides I2P(Infrastructure to Pedestrian) and
V2I(Vehicle to Infrastructure) communication services to ensure safe crossing of crosswalks without traffic

1 Department of Software, Gangneung-Wonju Nat’l University, Wonju, Korea [Graduate Student]
e-mail: hky5399@naver.com

2 Department of Software, Gangneung-Wonju Nat’l University, Wonju, Korea [Graduate Student]
e-mail: minsuuuus(@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 ZERFD statragH| X0 o5ty +J5US.

Received(May 19, 2020), Review Result(Ist: June 2, 2020), Accepted(June 8, 2020), Published(June 30, 2020)

@ @ © 2020 The Authors. Published by NCISS.
@ This is an open access article licensed under the Creative Commons Attribution-NonCommercial 4.0 International License.
BY NC

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

127



Implementation of CSAVF model supporting I12P communication based on the Connected Car Technology

lights. The proposed CSAVF system model is a dualized CSVF, unlike the existing CSVF(Connected
Stationary Virtual Fence), consisting of CSiVF(Connected Stationary inner Virtual Fence) to recognize
pedestrians and CSoVF(Connected Stationary outer Virtual Fence) to communicate with vehicles respectively.
The proposed CSAVF system model is applied to pedestrians using a pre-developed connected car-based
CMVF(Connected Mobile Virtual Fence) system. Through the proposed CSAVF system model, it will
improve many advantages such as convenience, effectiveness and safety following the spread of self-driving
cars beyond connected cars in the future.

Keyword : CSdVF, CSiVF, CSoVF, 12P, V2I, CMVF System
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CMVF A|AEo] ZEI0[AEE= ADEZEOY ZXE7| Mo Ao EET v2v(Vehicle to
|. =

Vehicle) SA AHIAS TIBoto] FUSO AT KTl HYAN HEE M IS T3,
ATIEE0| MEE CMVF AlAHS| Sa0|AESS X S20| M2 7Y VFE KU O
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2 =204 HHE CSIvF AAHS MBS0 gl YEEENN BHXIL XS 22
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Vehicle

Vehicle

[ 1] CSdVF A|A” 2| FH| 742
[Fig. 1] An overview of the CSdVF System model
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[Table 1] CSAVF signal cycle for crosswalk without traffic lights

Signal(sec) Vehicle's Action
A_Count(0) Be careful
Y Count(3) Bypass
YtoR_Count(2) Pass quickly
R_Count(14) Stop
RtoY Count(2) Stop and wait

| A Count = A BMMS Y Count = EMAS, YioR Count = EETAS, R Count = ZHAAS Rioy Count = FEMAL

otrol = At Z20| nE MZSO| MA| MSFI|E sME, GMT HAMS0| e r|H
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Zd 2. A= CsivE oA *I¢ 4% FO EX.

24 3. BHSEE= 0 ~ 0.002kmh HY| RAL
Of7|M &= 29| B2, CSiVF eI Z|& 4% Oy HHFE= Al

WAL HEEEE A7 Hof Z2dol xEE e 44
M0 ME 7| AlZHO] SiEetct ot = 39| 2R EAHKE= HAXIIL TS| 25

CHZISHALE MEAHE T x|t 2HLEE ghAsh A0|Ct,

J2iE2 HYxt HEs 2HEEE A0 2ast & 2EFEI| A[Zh(Total crossing cycle

time)2 7|&E2| AF MZSOM SMUBAZLS Qo= X7 HESHA FTHSE7| 2ohA

SUKE 7|FOZ (B 110 YMABAIZL B3 H AlZL BHR ABAIZE M M MBS B

SH
=}

— o 7

T oot AlZteZ 2125 MESHH, 0|0f et AMM2 BrZel (4 219 ZL.

_|

Total crossing cycle time =D+ Y+B+T+R o
[A 210N D= CSiVF Bt Wo| 23Xt HEEE A2 420|1, Yy SMAUSAIZEEE), BE
2 H AIZheZ), TE [4 119 ZRtEM 2L YTHAIZH14Z)
[2tA CSAVF A|AEIS| & EEHEY| A2 25%0|Ct,

-

3.4 CSAVFe| Mo HF{L|E

= =M S3He2 HAXE AN oA =2E YTo| flof 3372 2K
QA J|1ES HIEHQE CSdVF AIABRIOIMO| CSiVFRF CSoVF 21210l CHa MA|El ¥u2|E5E o
=1+ 2t

Algorithm 1. CSiVFe| H&8X} o1& 24 n2|F
@ CSiVF 8t8 4m Lo 28Xtz R,
@ HAXC| {2740 ~ 0.002km/h;
® CSIVFOIlM T{F= A[ZHO] %[ 42 0|
@ 1 ~ 39| =AO| 2% BHF A| CSoVF MO ¥12|E BF;

Algorithm 2. CSoVF2| X1 H|of ¥1nz[F
input : CSiVFE £H| HA:X} g HE;
while (true) {
CSoVF B 47m LHO| Xt2h QIX|ZHe] A
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2SO A CMVFEOA F2l8 EMMz TAIX] ©E I Xt& Sah
if (CSiVF = true ) { // Y12[F 19| YHO| AS 8<%
HAHXE QAMTH AT AT (1) FF;
if (Kb 2= >=1) { // CSoVF #9| 47m LHO| Xt2kO| 1T O Z=XE A2,
HAE t ~ 5T S AL SIBLEE K CMVFOA HAXK] B,
O AI™ (O A QUE AFOICELE t+5 AROIOf TIUSHE KH2Of CHsiAM =
R HAIX] HE
velse if (AFE = = 0) { / A1 0| CSoVF HIO| XtEO| Sl= 4%
HAE FH NYshs A2 Bxd G| HAIX] ©E

* II

o T4+ o,
telse if (B = >=2) { /) Ml HA;X}; TS SN S HAXIL L
YNEF 1 2F;
2N2[FE 10 Q3 W ZHXZE QAL THLPHE AE FH FXIG
0 QUL e MEZ HYsts Xt cMVFEOIA EX| HAIX] HE
M/ end if
HHX CMVFO| YESHEE HAIX] TEHCZN HAHX; L

M/ end if
}// end of while

CSiVFO| MEZ 2N2|E 12 O|TQ 33H0A HolEl EX}; oA J|F0| CsjM HHMXE
HJ%% 4m WO ZIQSED 0.002km/h OISt £E=E FX|SHHA 4 0]
gtk 2YXALZ QK|S CSoVFR EHEALS

VF=
ot 88 Y2E WSt OIE H&e2 212l 29 CsovF MO cé*ﬂﬂl"ol TAIC}.
=3 H

= o|ct.
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d <= 4mQl A=t d > 47m@ HES Vehicle Client2Z5H HA[X[E 2O} 4 %Oﬂ S= MBFY
£ LIEPHE}, J2|1 Pedestrian Client= CSiVF Client®| 212 Al, CSiVFOA Q1A ZAutE LIEHALCE,
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Client2F2E HEE2 HAXIE EHFELL d <= 41m¥ M, X2 3XO| bypass’@t 229| “pass
quickly’ BIA|X|E 2ot AMLS| 2EHEEE HOLIH, LIHX| RYUSHE KEZFO|A| 14222| ‘stop’ H|A|
o

X|9F 2259] “stop and wait’S HAIX|S HEHOI0] 2&X7L fHEES HOJE 7K FXIGHY.

| vehicle Client = o X

4| Vehicle Client - n] X
|| Vehicle Client - o X ] vehicle Client i m] X o
[Traific Signal[Yellow]: Be carefur - . o - T
m:\e]: G arm B ‘[‘/EI’HE\E} A= A7 \— HF‘TEE 5;"‘ - mafﬂc\swgna\;[RemnYeHmw stop and wait |
ehicle]: 18m [Vehicle] 21m [w14sec“ ¥ (252c)
[Traffic Signal][Yellow]. bypass [Traffic Signal][Yellow]: Be careful g [
y /s P
(S ‘[wemc\e] 4> 47m . ) [Venide] .
Vehidlehan [CSoVF]: Cross the crosswalk. [Vehicle]: 22m
ehiclel 40m :
[CSiVFL: Cross the crosswalk. fic SignallYellow]: B ful
jreamic SignallYellow]. Be carefld raffic Signal]|YellowtoRed]: pass quickly A [1ufic ScnsiY on He careid
[Vehicle]: d == 47m [Pedestrian]: Cross the crosswalk [Vehicle]: d>47m L]
Fw‘ehi:\e;: In (2sec) = [Traffic Signall[Yellow]: Be careful = Vehide] 70m 1=
= m fehicle]. d <= 47m il m i
[Traffic Signal][Yellow]. Be careful = [Vel * [Traffic Signall[Yellow]: Be careful
S [Traffic Signal][Yellow]: Be careful [Vehicle] 16m - R
F:Z::z:z: 2; ik l[wamc\e} d<=47Tm [Traffic SignalllYellow]: Be careful Rf‘z::jj ?:r; i
: ; Vehicle]: 31m }d> 47 :
[Traffic Signal]lYellow] Be careful [maméi allYellow]: Be carefu W’e:m:e;‘ 2;4 m [Traffic Signal][Yellow]: Be careful
o [Vehicle] gd > j47m ﬁreat‘ﬂcczl na"\;[\(e\\uw‘ Be careful [YRBdep o= 2
Vel o 5 lr, L B S = Vehicle]: 21m e
Start Starl | \ start | Start

@
[33 2] d <= 47Tm¥

[Fig. 2] In the case d <= 47m, Vehicle’s control message :
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[£] csovr client - [m} x @ ede — =
r o : = .

[Vehicle] d = 47m — [Client has Connected] IP : localhost
[Vehicle]: 87m [Pedestrian]: In

[Traffic SignallYellow]: Be careful [Pedestrian] Cross ihe crosswalk

[Vehicle] d <= 47m

[Vehiclel: 18m

[Traffic Signall[Vellow]: Be careful

[Vehicle]: d <= 47m

[Vehiclel. 2m

[Traffic Signal)lyellow]: Be careful

[Trafmic Signall[Yellow]: 6ypass (35ec)

[Traffic SignalllYellowtoRed]: pass quickly (2sec)
[Traffic SignaRed]: stop (14sec)

[Traffic Signal[RedloYellow]: stop and wait (2sec)ll | |

gm -
——
(@) (b)
[ 3] d <= 47m¥ O, (a) CSoVF &= HA|X|, (b) Vehicle(stop), EHAON A 2T HIAIX] HE
[Fig. 3] In the case d <= 47m, (a) CSoVF‘s signal message, (b) Send ‘Cross the crosswalk’ message to Pedestrian
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[Traffic Signal]lY . slow and stop = P = =
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[Venicie]: 33m [Vehicle] 65m CSIVF]; Cross the crosswalk Vehiciel: 12m
(Traffic SignallYellow]: Be careful [Traffic SignalllYellow}: Be careful Pedasirian] Cross the crosswalk affic SignalllYellowi. Be careful
[Vehicle}: d == 47m L] [Vehiclel: stop = TaMG SIgnaNVENow, B8 caret = Mrafiic SignallRedtaYellow]. stop and wait =
[Vehicle]: 28m = (14sec) m [Vehicle]: d == 47m bl (2sec)
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[Traffic SignalllYellowtoRed]: slow and stop [Vehiclel. 85m [Traffic Signall|Yellow]: Be careful [Vehicle]: d = 47Tm
(2sec) 5 B [Vehicle]: d > 47m B [Vehicl]: 63m B

(@) (b) © (d)
[3% 4] d > 4m¥ [, Vehicle A0 HIAIX| : (a) slow and stop, (b) slow and stop, (c) stop, (d) stop and wait
[Fig. 4] In the case d>47m, Vehicle‘s message : (a) slow and stop, (b) slow and stop, (c) stop, (d) stop and wait
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2| EHO{Z HEfO|M HARIEE St= M= HAXIE #E = U7 WEO|CL O|R0= 14%9
‘stop’ DIAIX[QF 2289] ‘stop and wait'= HAIX|E Sl HAXIF LTEEE Hojg I7HK] X2
Aot (28 5(b)]29) Pedestrian Client= ‘stop” HIAIX|Q BHH ZEtet o~ QICH= HAIX|E Mg
Of dHEEE AY &= AUF oich

[Vehicle): d <= 47m = [Client has Connected ] IP : localhost
[Vehicle): 32m [Pedestriant: In

[Traffic SignalllYellow]: Be careful [Pedestrian]: Cross the crosswalk.
[ehicle]: d == 47m [Pedestrian]: In

[Venicle]: 23m [Pedestrian]: Cross the crosswalk
[Traffic SignalllYellow]: Be careful

[Vehicle]: d » 47m

[Vehiclel: 83m

[Traffic Signal]|Yellow]: Be careful

[Traffic Signall[Yellow]: slow and stop (3sec
[Traffic Signal][VellowtoRed]: slow and stop (2sec)
[Traffic SignalllRed]: stop (14sec)

[Traffic Signal][RedtoYellow]: stop and wait (2sec)
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