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Development of Message Broker-Based Real-Time Control Method
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[Abstract]

The current road traffic signal controller developed in the 1990s has limitations in flexibility and
scalability due to power supply problems, various communication methods, and hierarchical black box
structures for various equipment and devices installed to improve traffic safety for road users and
autonomous cooperative driving. In this paper, we designed a road traffic safety facilities equipment and
devices integrated management system that can cope with the rapidly changing future traffic
environment by solving the using direct current(DC) and power supply problem through the power over
ethernet(PoE) technology and centralized data-driven control through message broker technology. In
addition, a data-driven real-time control method for road traffic safety facilities equipment and devices

operating based on time series data was implemented and verified.

» Key words: Road Traffic Safety Facility, SCADA, Traffic Signal Controller, PoE, Power over Ethernet,
Message Broker, Real-time Control
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I. Introduction

W EOPMA]AE(Road Traffic Safety Facilities) =2
o] &Atof| tisted Lagt FWE AMd] FeshA A5t
I F3F EAdr]y H#UsH si=o0] o|RoX| L2 EA|eho
2K %0 258 AHL £24o] OHE U]
23t AlS7](Road Traffic Signal), <QF-EA|(Road
Traffic Safety Sign) Su} 74 o]2|st A|dE B Xs5h=

ofolgi.
EXNSA07)(TSC : Traffic
A 71502 s

ZX](Equipment and Dev1ces)
WEOFH SMAl A 20l 7
Signal Controller)= AlS —8—%%
ol9} A7) 2gshe LEAWHAIY
g AT uph,

oLt 20004C)RE 37 E A0 ARE] 2]
of 2 HxFAES YRR dARP|de =9k
op|Elx|e] §77} QL.
olof & ==olAle ol2iet A siEstr] Hste 4
3 74 b ARoz Agd NS MU 3
PAS gold, kHoR Hpsleln, AHePHRY
k27 Hetshe ol wEgol tissl EA1E A
28 Wisb] 91 AAEE et vl BeA
ASAHEE 7|4to

u o= 2
}\}-9-8 AAdo] EAS TR AE
SOAM HRIZ UARIOZ Aofste et o

1l
_,4

=1

[e}
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II. Related Works

WEMHANE A AEs], QLA U ol BAs
7] 915t AR TRste ARAOIN 17 B AlRloz
AVgstol Belst 9lm, ol olidt LEWHANE

BAls] gaiie 2
of gic}. mapy &
AT ARl FAl0E @;Lamiq.

1. Standard and Guideline
SR ARAOA 2 E= XAlog AR
WEAISA0}7](Traffic Signal Controller), LED
©-5(LED Traffic Lights)o] si35t0], 215719} AA5}0]
Al BAPAE AZAojls  SFAS
(Accessible Pedestrian Signal for Blind People), &
As= E.’E%i](Pedestrian Countdown Signal) =
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B E7X](Audible Pedestrian Slgnal) H}
HARAX](Floor-type  Pedestrian
AFs A% AJAE)(Auto-Extension
Pedestrian Signal) 7502 WEAISH07]E AQlst
£ AT AIAe] 9xo] TroRg ol glrk

Table 1. Standards/Guidelines
Standard or Guideline Est. Date | Rev. Date
e 25 Aug 18 May
Traffic Signal Controller Standard 2010 2023
L - 09 Apr 27 Apr
LED Traffic Lights Guideline 2002 2022
Accessible Pedestrian Signal for 18 Jan 27 Apr
Blind People Standard 2000 2022
Pedestrian Countdown Signal 07 Mar 04 Feb
Guideline 2008 2022
Pedestrian Push Button 21 Jul 05 Oct
Installation Guideline 2010 2021
Pedestrian Auto-Detection Signal 13 Sep 05 Oct
Guideline 2013 2021
Audible Pedestrian Signal 02 Jul 20 Jul
Guideline 2014 2022
Floor-type Pedestrian Signal 28 Mar 20 Jul
Guideline 2019 2022
Auto-Extension Pedestrian Signal 19 Oct 20 Jul
Standard 2020 2022

wEABet AAPE Bagt Aeg=52d(Cooperative

Automated Driving) = =& 0]8X}9] oPA-& gkitst

7] g3t ARE g £ Apeh] eiNE B A

YIEA] &46fo shrlof], 2 =ZolAe

[Table 1]3} 7ol d& WAL A|AY(Establish Date),
Al 7 U(Revision Date)2 2|5ty Tt

v Az
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2. Road Traffic Signal Controller

2.1 Analog Traffic Signal Controller

opZE 1 WEAISAH7|(A-TSC : Analog Traffic
Signal Controller)= 1970¥tjo] 2|x=2 7f&E|9i oLt
A9 B52 2 wahleAlo) e 19927 st
7] AAGE Al s Al ARIRERRY & 4 9t 1996 A
SAYER L weil2Ao7]9] 4A4(%h)E AstaL, 2
A RY e &

AIFAE 20010]] Lelistt], AARE Al eA|ojA| Ao
W7ot F202 COSMOS(Cycle, Offset, Split Model
of Seoul) A|AEIO 2 Ea]lr}

A oM = 2004\ o] 5 BHtste] 4 Ao AlAY
wEADAY] BE Ae ARTCRA,
COSMOS T 200441 WEASA0]7|7} 2R oz |
w=7] ARSI, 2010 wgAAl Adilets SAe= 3
A Aes AA Ags At B2F 42 AR eRH,
201094 wgAl2 Ao |7t A=Alor WE7] AlAts)
Tt 201084 wgAleAo)7]oll= 2004 40 79
EJA] oot A9, AAE R Tkt Aol EAfE] o] JlH
H3RAL U E(Pedestrian Push Button Signal), ¥+
A48 Al=(Full
Actuated Signal), X AlS(Preemption & Priority
Signal) 59 ALEQI0] dy2|Fo] FIHEA, o|Hyl
(Ethernet) LE %7}, € S(OTPB : Option Board)S
3t T 715 A1¥ 5Y stefllo] 7o) o] o RTH1].

MY obge 1 wsAileAof7]= [Fig. 1]t Zo] 4l
5 Aloje] F%AQ S sHe FRMCU : Main
Control Unit)e} 4l2-52] §7] &3 Aofste Als+
=H(SCU : Signal Control Unit)2 LA=ECH ZAJojE
(MCU)oll= wghlaAof7]et Alesg F&st7] H1sh A
AFZAX|(PSU : Power Supply Unit), XA 2 EAE
AEfe]  BEASHOA AR EAlSh] 93t wd
(Modem), AFFE3PAE Mg Yt AR7IFDETU :
Detector Unit), EXAMR| A2 95t 24 E =(OPTB)7}
A A2 s R(SCU)dlE AlesY Aase Al
517] 9J5 ZAEZ2{(CONT : Controller), o]A; A} &%
= 93t AE7I(FLS : Flasher), 41259 7] 235 A
0]5H= LSU(Load Switch Unit)2 %o} QTH2.

A

Al 5 (Semi-Actuated  Signal),

Analog Traffic Signal Controller

M

PO
clsipl¢ DETU OPTB

ulelP (DETector Unit) (OPTion Board)
U M U #1~#8 #1~#4

A

|—1RS-232C
s [

C

olFf LSU

NI (Load Switch Unit)

T S #1~#16

I 1
| 1

7
| IS[€]V)

Fig. 1. A-TSC System Block Diagram

ohd2 I wEAISA|0]7]9] CPUOA A3t
H(SIG DATA): [Fig. 2]9} o] VMEBusS 3}
=(OPTB)o]l A3kl 91, A4 Z7](Interval}= 200ms
olylg sk glow, 128uf0]E9] Zlo] Agto] 9lo]
olg Auste AR E $41 A Y A
2} CPUQt SM BT R&AF 7F 38H Bx7F 9hlishn
lct.

A-TSC Equipment
User Defined and Devices
Protocol. #1
(o]
SIG DATA
C P
P VMEbus T
U OPT DATA B Equipm.ent
#1~#4 and Devices
#n

Fig. 2. A-TSC Communications

Tt FAECRr WARR] 7Ho] BAIZ ARGAL 9] &
2 E-Z(User Defined Protocols)2 A|RAOICH SATRMAL
Hole Z2EZ So| tjasl 2e AR wWAATt
YR|E Cek EpALe] MW EOlg AFRSIA] Lata, At}
o gMEEES F7t2 Ao} B,

Thebi] wWE b gt AFed AR S Aol AR ==
A7 2oigdol Tef FAEEe X It REF ot
A2 2 olE OiFEQL, of2fst a2y FAIE A5t

7] YY) RS-485 FAIGAl 02 9% TlojE| T2 EZ7A|



198 Journal of The Korea Society of Computer and Information

Joleh QRAA] &8 QIEmo]A B E(EDIB ¢ External
Device Integrated Interface Board) #20] 2023 &
7He] ATH4]. sHA|RF 38,400 bps®] =& SAl &&= Qs
sS4l BT 8] AlgtAlolct

E3t opg 21 wEalaAo)7]= Alof7] ERIIA 4Ale
St INo2 AAE: ABKStart)d EEEAIE 71K
A, BAGRE A5t A¥ 34 A2 HABus)@ E
Z2AE 7710 [Fig. 3Jat Zo] ¥z zajet gk A=
u]go] FAP7E HASskL Qla, ojof] W HSPAL S
AL &9 UF A FAE R Heof Alojfg 7t
AL Q710 =A] O] XMoo} ZAlE 7HA]AL Qiet. Eot
A= Zolo g AYTst Az 44l 59 wAle U=
zotg Qlot A7]FAE o £A1S BAlRE

Y AH 59 2AIE 7HRAL Q-

r

B AT

1T 1110 i

Fig. 3. A-TSC Cabling Problem

2.2 Digital Traffic Signal Controller
grg o EAISAH7|(D-TSC Digital Traffic
Signal Controller)= ofg2 1 wEAISA|0]7]9] SIS
slactint £2REETolN 2014ENE 497 st
of 20219 AR A0 xdEled, A g A
oM AlMEFS AQlsta AR Aol Ao

2oE|n YR T,
she] Al Uiofl FA[FMCU)RE Al 25 R(SCU)
£ AR ofd 21 WaAlaAof7|(A-TSC)2t Z2] 24
OB (MLC : Master Local Controller)?} Alg izt
(SLC : Signal Lighting Controller)S ¥=0] &z &
gfstal, FAJJFEMLC)AIN 2 A2+ R(SLC)= A&
(DC : Direct Current) b2VE AAXU0 2 yFsict &
o

o ¥2 gE

Alo]MLC)2} Ale 55 (SLC) iy
CAN(Controller Area Network)g o0]83st AlsES
Aofsta U3 WAKRIE £8ITHS]

: @000
<4=m EWC1
i sgcz E
{ I

0]

O

6—mym —

0000 —

MLC

Fig. 4. D-TSC Configuration

gxAg wgAilsAel7]= [Fig. 4]¢f o] Aaisd
(SLOE uxtz WHE2 F7Ick= FEIY slBiAzT
(Hub and Spoke) EZZX|Z 7}X|7|0] ofd2 1 wEAl
SAo)719= E2] AF A 7Y, A= 1 &2 £Y
4 Q= Aol i, FAIOIFMLC)R} Ao (SLC)
Ztof= CAN#1, CAN#2, RS-485 EAIAM, Al=(DC) XY
O7 AAHY, F AlojRoA] e AZEQo] @

opdE 1 wEilaAo]7]e] FHEES TiAste] B

o]
RS 285H= Lx0lH6).

odh

N

>

P omn

Digital Traffic Signal Controller
<~ CAN#1
M <+ - —> CAN#2
M c|lc| poe L| - RS-485
PlO|C Al A | =+ —» Ethernet(PoE)
L |s|p]|p N
UJE|U NN :
c #1|#2|Rs-485}] N
M TN Other
§ 5 1 Equipment
DC 52V | \ and Devices
=
H = DLC
SLC | [ _Rs-485 i
#1~ | LAMP | =l cAN#1 P
ouT 1
#16 ' canm J-bo pE |
DC 52V

o O0]

Fig. 5. D-TSC System Block Diagram

[Fig. 5]e} Zo] CAN ZE+= 2|4 27HE ARESHH,
CAN#]l LE= XSS Aoj]8&0F AR5t CAN#2 &
EL AXAJE(DLC : Detector Local Controller), T



Development of Message Broker-Based Real-Time Control Method for Road
Traffic Safety Facilities Equipment and Devices Integrated Management System 199

AE H3iAlS ZFJA)ZF BAAR]|(PTD Pedestrian
remaining Time Display device), A2 H3ix £33
E(PIB : Pedestrian Integrated Button) 92 AI&A O
£8517]0], 0|2 23t BARR|E 7] The Hole]
2 EFS 7H CAN, RS-485, O]HH St E= T
olgel EAIALS Aisio} st 2A} ook,
12 Al AEALEAOP Il & BAYAE A
S5t CANS 2/t £41 425 IMbpsolx|2h, FANA
AR Al A A lkmE 715 &5 40Kbps
2 A% FWsIADIT), 24 vlElolA A ko)
A2 W2 2T @ PN EN SE
40~500kbps A=Y 7oz oAtEc FEst FAojR
(MLC)9] AA3a7EAIPSU)E &l Aleci 4% X
X]—;;]n]— 7(1342 ]_)ﬁ,_] »re Ix=2 Uf_ L”ﬂi EHEQ
XMNY Zgo] "Qstr|o M ZF9] Ak of X5t

"1 od

o2 &4l

3. Equipment and Devices Issues

B RZAX](Equipment and De\nces)E 283517 %’4 =l
27t f&sto] HAGR] WM = mHEekd 5
(Power Supply)L} %Q(Communlcatlon)‘ﬂo“_}i ol
SAAS T, CXY BEAEA] A
g I Olﬂ E*S wAlle ZWAER] kot ol
oM BAGR] WM ZAIAS AdefstL, 5
HAIE =&

Wy rie HoAo
<

3.1 Power Supply Issues
opd21 wFAlsAo7|(A-TSCl= sHEES E9

ARDC) 12VE SR R 5SS Aolet o
E HARAR|= w5 (AC : Alternating Current) 220VE
AARGToR ALgsblo] Ak A=l A/ohE 94

Q42 £53|0], [Table 2|9} o] W-EAl2A[0)7| 2R E

sude ARl B Fdsgol Bast Al

5 2 g ) RISL
A& S71Mo) Asto] AL TFuot SAAIL, A
5 999 Yy W2 ol82 21d 109 NS 9l
BE FAIL ohd21 BEASA]|Y LSU b Als
S AR 4 Qg Aol FEICHB). ol o
2 PSS BAPAS T BE BAYAL He
o FRAL7IE MRt MU Ao} Ac,

Table 2. Classification by Power

Equipment and Power Supply Rated Voltage
Devices A-TSC | D-TSC | A-TSC | D-TSC
Accessible
. . AC AC
Pedes.trlan Signal X X 220V 220V
for Blind People
L AC DC
LED Traffic Light O O 220V 50V
Pedestrian X o AC DC
Countdown Signal 220V 52V
Pedestrian Push DC DC
VAN
Button O 12V 52V
Auto-Detection X X AC AC
Pedestrian Signal 220V 220V
Audible X X AC AC
Pedestrian Signal 220V 220V
Floor-type X X AC AC
Pedestrian Signal 220V 220V
Auto-Extension X X AC AC
Pedestrian Signal 220V 220V

-O : supply from TSC
-A 1 supply from OPTB
-X ! separate power

LEHACE A8l FAE 94E
& B2 AL ot Age B

M7t dop} agmoR AS Asty %x]a ey
L 702 st=2Ad [y I%HOF 1415 %%Q %Kl’0ﬂ

Tfet 90% olHS &
£ AT 52 Pof &
5o o2 wyetn g, ot 7
7o) 40]Z QU U71ef olF 6Hi
of AIRAOIAE ]| HHDC) HY
g TEs| APlaka ook

UAE LEAEA 0710 SolHt AF(DC) 52VE 7
ARo ok AR 485k FA} 15 Solu) A
gh 1 b ofs] BESICE Egt FAIOIRMLO)] A
TIPSV ABST WA U Hof st 7E=,
fckre) WARRE ofds] WY WR(AC) %

7

SUEE
33l Zofof sf7of o 24 o

Al 3 s A Al Rl

1742] A7|9 9]

m\l

3.2 Communication Issues

0P LEABA0)7](A-TSCIS} AZstol EAsHe
QAR E0] ZEASAYE 2S5t WMo 57 &}
Z7J(Magnetic Field Detecting) AAE A5 57]40] £
Aok T $AHES 59 Colelg 2 s
7K 2 o]85ta Ql, WA AH=AlS 7= QFHE(Push
Button)= Q1415171 ¢l BAA(Normally Close)} H|o]
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L ofd2 T WE

*&Kﬂoﬂoﬂ FAFohs % (OTPB% ol A1558)
AE, AR 55 Egfohe wEAIS RS WAl 9l
SAYALS OIfF RS-422/485 Al2]¥  FA4l(Serial

Communication)& AF8-5lal QUA|9F AW o} Abx] ¢
tolg =2 EZ2 AREAL Aol mg&E-F(User Defined
Protocol)o]2} A ZAF 7F sgHd 2 glon, ARAL It =
e EEst QEANR] % QIEjmo] A H E(EDIB)7t
A0 ==X ofA] 1 Hgg2 A &S

Table 3. Classification by Communication

. . A-TSC
Equipment and Devices D-TSC
OPTB | Comm.
Accessible Pedestrian 0 Sensor CAN / ETH
Signal for Blind People / Serial
Pfedestrlan Countdown R Sensgr CAN
Signal / Serial
Pedestrian Push Button R NC CAN
/ PLC
Auto-Detection NC
Pedestrian Signal R / Serial CAN
. . . CAN / ETH
Audible Pedestrian Signal 0 Sensor / RS-485
Floor-type Pedestrian . CAN / ETH
Signal Ro| Serial | ps ags
Auto-Extension R Serial ETH /
Pedestrian Signal ena RS-485

-OPTB : O(Optional), R(Required)

-Sensor : Magnetic Field Detecting Sensor
-NC : Normally Close

-ETH : Ethernet(UDP)

SEE R R L]

of
Aels}el [Table 3Ja} Zo] Ayegs| msists

s =g
a ot EoF AFAPE 7iEE Al Aloj7] 4 B
m2t goje] TREFO] e 4 7|0 BAEGR] W

A EAAE 77 A dole 12EES OF I

efsfo} sict.
5 U 5

B 12EZo] uf Cf2 oxg w5AEAP|ee] o
AR Bhe o] ojAsicy,

0|

>
19
=)
>,
o
i)
o
ol
Rl
i)
=]
ofm
2al
19
=)
>,
7
u
)
i)

p

3.3 Management Issues

SR RRIA A BEAFR|Q] Aoff AMEjS mjolsh= 8f

2 72 NeEo| A ojFstn glr. LT AR
Me Ero] MR AFEQIEY AL7olu LTE(Long
Term Evolution)?} ZH2 SAo]=EA19}S o] 83t 2~ Q)
t el ARl A EQsto] BAjstn glou, UA
2 E}t _ﬁéi% ARESHAL Q710 A<t

1 xmﬂ

[Fig. 612 S4B ES AM83H AA|9] o
ARt oA 2, AR ES ALSSHE BNBE L@w
(XAl ARlstgont Als st 7804 1
thes BEE W 9w, ol BaA obglo] A
o] & 2 gl @aolth

oAz otd21 @EAISA|0}]0]
L Axlg Azstel Aolrt WAl
eI WEAHEA ] CPU, SHHE, MARA| Alx
AP} 2ol el BHL dof . ZEABHOL} £
alel mEe EAGIE 49 KA REARAEC] 1%
N ER|0IA| 28] BARPIR] Bofo} 3t

ol Blo]E| A4 WA L olA 9, mhEstE B4l
Z2E g5 FUUA slel w2 A diez o
g BAls SMECEs} EUEIS RE FxpE A

Lo Sl LA} sEss Ge o

SABES ARt

© 4% o8 M5l

.ii
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3.4 Challenges

F10] WEHAS 7] 9l REIAIA AR}
A PR SR A A THRR e 4 ok shy
e R R ER R E R ERL R ]
89 g5 wAlo] AL, thE shue TRt SAIEAI o]
B nzeZe ot 584 Aol STuAC] B Zxjo|
1, ORR[Ef e 2= 1990|Thof 7HgElof RS Raa 2
A wgA2Alo)]E 79e g Sh= of7[ElA )70
AegEnsn 22 uE) 258730 tigailole 49
S AVt Beksict
19] Aol (A7 7HE = A= By sh

of2] 7§o] Aoj7t ERIHAL AL, ole =
Al 0182 SR, HeRit RAIAL REOIA wEQSs
st a4 AHSHY 9t

4. ICT Technologies

2 =eoXe BEHAoR AR8Sle ICT 7|& % iy
o] o]HUIAYAIX|(POE : Power over Ethernet) 7]&-S
5ol AHDC) A ARg Hd g o= ™6k, o
AR B.27(Message Broker) 7|42 Sdfl SAI9A], O
ol Z2EZZ Ayetetozy g ey g3
& AEE WA FRIE B BAISHLAL gt

4.1 Power Over Ethernet
ol Hed AR|(PoE :
PSE(Power Sourcing Equipment)?} PD(Powered
Devices)2 7/dslo], olciul S0l shte} ool 7
ol &9l tlolEet HdS BAlo] HET 4 qlon,
[Table 4]e} 7Fo] 802.3 Typeol wz} Z|cf 15.4WHE
100W7Hx] F3 ggo] P53, Axlel 7hg Me
100mE 7|&02 12.95WEE] 71Wo|tH9].
Table 4. Comparison of PoE parameters

Power Over Ethernet)=

PoE PoE+ PoE++ Hi-PoE
Property | 8023af | g0 a0t | 802.3bt | 802.3bt
(802.3at Type 2 Type 3 Type 4
Type 1) yp %) vp
available | ) o5\ | 255w | 51w 71 W
Power
Max. Power 154 W 30 W 60 W 100 W
Vr‘;';aggee 44 50 50 52
(ot PSE) 57V 57V -57 V -57 V
Vr‘;';aggee 37 425 425 411
(ot PD) 57V 57V -57 V -57 V

EZ5tE ooyl Alo]2t Rj45 HIE S ARSI Q
7100l =22]& QIEjH|o]A0] Afato]] A5ty vl y B
YresY He FHEE L BER 20718 VEeR
70W oJstz Anlstil, 1 9] FR|S2 20W olstz FA
st 7102 melst 9llo] PoE A9IA] 8182 Z7tat
& Y2 Type 12E] V1] IR £3102 REAFIA]
A o] S BYFol Tl

4.2. Message Broker and Pub/Sub Model

HA|X] B.27|(Message Broker)= ofjZ2]7|o]Ad, AJA
A A7 M2 SAlshL FEE Wt 4 QIS 5t
HAIR] X&F olEflol2 7RSS =2fof HEE
\=2 G Q4 710 Hloj8] 555 A2|she m&Eehd
AlsRt. tAR] 75 Sl vls7|2 HAIXE A
IMA] olle HAIAPE A58 et Atz A4
o] &old w7x] tj7]Gofl Fot UTH10].
/7= 2%(Publisher and Subscriber Model)&
I(Topic)ofl Lot HAR]= sig EZg =5t
4H]XH{Consumer)oj|A] Agd 4 Qltt. ol= 4
YA e BREI|AE ARKUO] HAX] A
Hoz AAE 45 7 weilegurt Bast uE
QRN RG] =2 A QlIEjw[o] A0 7 tatol Algsi.

HIAlA] B27 o] Hy/4= 2H2 AMQP(Advanced
Message Queuing Protocol)2t  MQTT(Message
Queuing Telemetry Transport) L& &-Zo] tJEA 0 g
AR Ee3E o HAJX] Bka ARl TTL(Time To
Live)g Wa]&(Milli Second) &2 AASr &~ 9l T
AR BaAo] Hel/4= wHo] vl57 |8 E4de 71
= & =24 HIAIA] ThE(Message Expiration) &2
£ &l AAIE B8 7 wEsHAlE ARG HARE

Al

=
AMots et iy 240t d & Qlge S9staLAL et

4 4> rr ol
;:O

P

o Mo

],

ol

A

i)
e 2

ol
ol R
P
-

L rlr ofm
& orln pm

ITII. Proposed Scheme

2 =rolA] AlRtets wEPIAIE AR FEAl Al
ABlRoad Traffic Safety Facilities Equipment and
Devices Integrated Management System) 2 73&7] o]
A A AAl o2 ARt watiAE RIS & 4Alst
1, o) wEeHgo] gigsh] s w4t dlolEl 7]yt
Ao{(Distributed Data-driven Control)S siAlo =z 3}
0, HA]A] Fg(Message Expiration) X2]& Esf &

HAE BAIE ZARICR Alojgict
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1. Road Traffic Safety Facilities Equipment
and Devices Integrated Management System

7&0]—7(1}4/& xl—;‘;] Eel—:l,]-xﬂ;\]/\lzﬂ(o]s} %o]—_;,]— ];\]/\
&) [Fig. 72t 2ol warladef7] 549 Al@Aof
(Signal Control)?} Z&tAf|(Main Box) £419] AFR] HA|
(Equipment and Devices Management)2 £2]sto] &
Al TAIE Yok AlAolth

2 10 o

Municipality Traffic Information Center
Integrated
Management System
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1.2. Integrated Gateway(i-GW)
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Table 6. Comparison of Control Reference Value

Property Reference Value

G-G Conflict Monitoring Under 200ms

A-TSC | Red-Fail Monitoring Under 700ms

Communication Interval Under 200ms

D-TSC Communication Interval Under 200ms

LED Lights Under 75ms

Lights

On/Off

Floor-type Pedestrian Signal Under 75ms

@ A4 A 235t 52 7155 AT 7]

=%k % [Table 6]2} Zt}. ofg2 1 wWEAISA 07|19 &
% X|(G-G Conflict Monitoring) A]7F2 200ms 0]t
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2.1 Real-time Control Flow of i-GW
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Fig. 10. Message publish process of i-GW
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Fig. 11. Operation Mode Change Flow of i-GW

2.2 Real-time Control Flow of Edge Device

SSZICIEL](I-GW) E= U EH S ABoflA] Aof &
Ay Al S %JAI(Edge Device)= TIAIXIS pAISHA] 25t
At Al 2Alske o] whaE 4 9l AAY 54
o] wFASYRE 7|8t 8 Sl= FH AJX|= o] ti]
sfof & Wast olek. Wepd B Lol ET A
A UEYS XA B4staL, o<t Al SBAl0IE

Aol 278 HAX] &Y ARES =SH= Ao HAIR] 4
Al Al ARFE R AARES ghgsto] HAIEQT HIATA] XA
Alg At

EnD Broker 1-GW

i C
Pgl?\llléh PING Queue MZ:::;: »  Consumer

| [Consume
Consumer |« Messages PING Queue

Calculate
Delay Time, ETA

Publish
'PONG’

Producer

Fig. 12. Heartbeat process between EnD and i-GW

A S FROIA HEAZ AAATS
W2 [Fig. 12]9} Zo] $ JX|(EnD)= 3701 EN0]

o] BIAJA] ey AlZHe 97, EEFIOIER0lo]A PONG
OIXIRI S el T 2418 ARle] BIXIK] Wy A7t 5
lolEgole] ARl Wy AZte Yol SdatomA,
T A oA &L= AIZHRTT @ Round Trip Time)& &
gF A|AAZKDelay Time), t5 w-gil2dHo] &A} o
A A|ZHETA : Estimated Time of Arrival)S AAISHc.

O] of| i} TAF AIRHS o]&ato] [Fig. 13]ut o] A4t
|A1R] g410] QF EJAL, HIAIXS $4lstc] et
T 71E ARTED =2 ARtof] HIAIR]ZF S0l EH A
=2 HHsto] ofl obd g WAl
(Fail-safe Operation Mode)o.2 Agtst1, E3HA0]|E
ool 77t WSS F™c

>
N
N
=,
el
=
Tt
£
£l
P
|o

Calculate

Delay Time Consumer Start

Consumer
Fail-safe Mode

Notify to i-GW

Consumer
Normal Mode
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IV. Development

& =roME AAIE B0l Qe el EE A
aéﬁo}: 5}& T EO}A] }\]}\—1 xo]—;‘q] E@J}_}Kﬂ ;\]/\Eﬂg SH Al

S ECI-CGW)= A AtFe] olUPC, $H HRl=

AoE AREIT AHgS) BS Asock

Table 7. i-GW Environment

CPU Intel Celeron N5095
GW RAM 16GB RAM
0S Ubuntu 22.04.3 LTS
Broker RabbitMQ 3.9.13
CPU AMD Ryzen 6900HX
RAM 32GB
PC 0S Windows 11 Pro
En?/iurr(;tr:rrTT:Znt Python 3.11.6
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2. Test Result
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2.2 Fail-safe Operation Mode of i-GW
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Fig. 19. Test Result — Fail-safe Operation Mode
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V. Conclusions
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Table 8. Comparison A-TSC, D-TSC, IMS

Property A-TSC D-TSC IMS
Topol Star Hub and Hub and
opology / Bus Spoke Spoke

Supply Distributed
Unit 1PsU 1 PsU (PoE, PTU)
. Scalable
Po Capacity 400W 400W (adding PoE)
wer Inout AC 110V AC 110V AC 110V
pu / 220V / 220V / 220V
AC 110V DC 44.0V
Output / 220V DC 52v <57 OV
Main VMEbus | CAN 2.0 A/B ETH
Comm.
Real-time
Control Under 200ms|Under 200ms| Under 50ms
Ref. Value
User Defined | CAN / ETH /
Ext
orn Comm. | = ks-ag5 RS-485 ETH
al Speed 38.4Kbps Max. 1Mbps |over 100Mbps
-PTU : Power Terminal Unit
-ETH * Ethernet
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Table 9. Comparison A-TSC, D-TSC, IMS from Equipment and Devices

A-TSC D-TSC IMS
Equipment and Devices
PWR COMM PWR COMM PWR COMM
Accessible Pedestrian Signal for Blind People | AC 220V | Sensor | AC 220V C?Nsérg” PoE ETH
Pedestrian Countdown Signal AC 220V /Seszsr?; DC 52V CAN PoE ETH
Pedestrian Push Button DC 12V NC / PLC DC 52v CAN PoE ETH
Auto-Detection Pedestrian Signal AC 220V | NC / Serial AC 220V CAN PoE ETH
Audible Pedestrian Signal AC 220V Sensor AC 220V CAN / ETH PoE ETH
/ RS-485
Floor-type Pedestrian Signal AC 220V Serial AC 220V CAN / ETH PoE ETH
/ RS-485
. . . . ETH /
Auto-Extension Pedestrian Signal AC 220V Serial AC 220V RS-485 PoE ETH

-Sensor : Magnetic Field Detecting Sensor, -NC : Normally Close, -ETH : Ethernet, -PLC : Power Line Communication

Q51| 9P HAY, EREID AR AELYS
Folstn ik ALY e 591 99 gl salsle 7

Ast Alelg Ef A Rgo) WS oleisp ek
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