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AEIAZE AFE] FH T2 A FFo] WHe] BAsta AFe] FPo] D
o o) FAIE wEol AEFHINA 7P =AY FoIth wFAETF EASE =4
F ERA AT FP LS =R HellMs AEFWATL V2 FAE St wFEATAR
£ JZHEFH AT vk ot ol2d w7 shell FEA wFANEA 7] EETAA
o RFANTAR AFE A grefo] FHEART. AT, 7] 7ol opd R alFAIEA
0171 Y152 Ao o] A ALHI de UAE wFgAsAlol7]el F8st= Aele 7]
<3 AV EAZG. mebd B AT OAE T EA N 2R A-sFY At
WEASHEE AFe] AT ASHEAARE /N @A LFANT o] Ao AE¢ w
TAZARE AT T e FudE A B¢e AMstea do.

o o

ol A&PEFY, UAE wFAEA 7], ASHRAARA, VS RAARE, o

ABSTRACT

The signal intersection is the most challenging space for autonomous vehicles. To promote the safe
driving of autonomous vehicles on urban roads with traffic signals, autonomous vehicles need to receive
traffic signal information from infrastructure through V2I communication. Thus, a protocol for providing
traffic signal information was added to the standard traffic signal controller specification of the National
Police Agency. On the other hand, there are technical limitations when applying this to digital traffic
signal controllers because the protocols are defined mainly for analog traffic signal controllers. Therefore,
this study proposes developing a signal information linkage module to provide traffic signal information
from a digital traffic signal controller to an autonomous vehicle and an algorithm improvement method
that can provide accurate traffic signal information at the time of traffic signal transition.

Key words : Automated connected driving, Digital traffic signal controller, Connected vehicles interface
board, Connected vehicles interface module, Transition
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At 20108 =] ARSI AR o] Z(Waynmo)= AHE&-F-3) XHautonomous vehicle)E A E o] A AA 2] o] &
= AFAFA 283 2020 A AA ] B ek AbEaf AR IT 71 E0] AeF3 Ak AL BA

o Zojsta . T AG, WEAMH 2=, BMW, GM, 183 ddiAsat 5 S8 AlzdAs AJR
ARl 7= /MEs o AsAt A FEAS A dgs F73eH, Hed, 72, ovkE, 99 F
E} IT 7149 7]9& A-FA) 5 (artificial intelligence, A3} AZE 0] 7|&S 7|02 o Level 3 0|42
GAE FHt= AFEs FABIEA FA AAE 'n"xl sk Qi

u)=r 52883 (SAE International)= A&7 A TGAE Level 0914 5714 6@AIZ ER/3 Utk
A7 AA 48k Level 0, 171 ©)/de] AHFA017]%5< Z2EE Level 1, 270 o139 A-sAlo)7]s& 2t
Level 2, 529 2475 st DAATE LAAT}L Aofdh= Level 3, 54 EE ol 27 7
Yol BQ Q& Level 4, BE T2 BE A3olA 234 7gde] B8 & Level 52 T3} YTH(Park et
al., 2019).

a8y AgFAe] Ao R T 21853 (stand-alone autonomous driving)S 3= A2 A7}
At 2016\ 59 HEe} A-&FTPAe] A AATALIF DT AF A1 Bk AATLE Ade] Ed
A A9 sk HE s FESA X3l FET AR B gtk 81 2018 3€ $H| AEF
Pt wARE AU BPAE 2 o] Al o]2A ok o] AEFHAe] AARtoE FH SAHE
AA s ol AZE ok A A2l AHE-F 953 (connected automated driving) & & 78] Lo}
7Ha ok dE £, AFES A (2N TOE QT dFo] WIWe] IAst L Ao Fio] uF
Az o) FAEE AZuARZE AEFHANA 7P 2 otk kA A&k kA
F38 =R3] 95ke] A<l Zek(vehicle to infra, V2I) TS 53 w5 A3 Htraffic signal information)
AFH 22 Az 2HEe] Fgo] 714 FasthKo et al, 2019).

olgidt J=t=RE 9 HHL T3 A2 o ZE Green Light Optimized Speed Advisory(GLOSA)S}
Cooperative Intersection Collision Avoidance Systems(CICAS) 5©| UTh(Katsaros et al., 2011; Elleuch et al.,
2017). o]e} Zo] lZetolA HRE WE  JTHA HHF Holo =go] H F Ut 0|9 e Au|~E
A3l A3 wFASHE AFo] Bog Aol

olH g A&k A wAE F tAAH FRE Q3 wFANSAHE I AU AE Y5t wFAE
FEARE AT %k 7le ®ZFo] "AFEAH wBAEA Y] BFEFAA N EgE  thKorean
National Police Agency, 2018; Korean National Police Agency, 2019; Korean National Police Agency, 2020). ~1&
U 71E9 TREAR wEAEA7] REFAA Nl ZIEHo] e HEE obdED wFATA o7 A&
371 Ag 7l FARE R doh gk @A EEI e UAE aF5ATA 7Y B Ve 14
o] AjZo] Fojd HBQar} t} X rFAAH wFATA ] REFAA A Aol 75, FE, IAE 5
WFASTAHRE HE3] AF3t7] ol FFlA 25529 IAE AFANAHRTE AFIES FAHSL
o], AA AE&FHATF G FHES st WFASAHRE AEste W 28 FAE Hola Qi

webs] B Aol A dAY TAEA wFAlEAer] & 17‘73*1 oA ol d2 I WFATA 7] FAL
2 ZoHo] e A&FAAe Hd AFAIHE AF Ve H2d MAddE gAE
T 7EE 7 UEE a3 75E Mdsta, R Ve Aes ASstaA g ol 98 @AY of
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g2 wENEA NN AENEYRE ATy T FHRT(option board)Sl AT AR AA A
(connected vehicle information board, CVIB)S thal|3te], FHARES A28 4= e tAE 54 5A 070

A ARgo] Thsdl s A& A B A A 2 E(connected vehicle information module, CVIM)S 7Rtttk =3+ o
FASAHRE A3 AFetA Kshe o] A8 S Aol(transition) oA FEA TG FAA LS AlLbst
T ¢85S MAdste Ags wFANSAHRE AFstaal st

2. oigrol Q| 9l Hi

B A= 201830 HIZR rARH wsAFzAo)r] EFEFE A (NPA-TSC-2010-R23),(Korean National
Police Agency, 2018)E 7| o2 D]X]EE WEANZA 79 A&ZW o] het REANZAR ATL 93 &
TG EZ 7% A 281 A A2 Sdstna o Fus 227 AAE 201987 202040 7
Aot A&FPel SEASHL ATE AT TR 2 Ao} 2k

2 AFE S8 8l 28 = tAE nEAEA 7o AEFRAAGH A tigt o237 HH A
TE& 1Z3AUT 3FME THEA w5A5A 07 EFETFZ A, (Korean National Police Agency, 2018)
A& Bt dAE s AEA 77 2 EASHRE AFsr] 8] B QFAS EESATE 4%
A 9 B2 QA B OAE 54l sV aFASHRE AT F AeAE 4SS 5
(ot ppAg o2 AR 9 &5 AFHAE ==

M. 3H o]&2 ¢ A7 31F
1. &3 0|2 &

1) CIX[E2 nSEAMSHO7|

SENEZHA UAY mEANFTA 7] BAAA MNLKim et al, 2013)EFE AZE A" aEAE
Ao 7](digital traffic signal controller)= 20143 FE] 413 F<t /L= 2021F 19 Aol o] X
HAE W ofbFE D wFAlsA 7 Hrfgx et s3Ad-S FAskE el tig A7 JgE I ok

A wgilzaerle 22 A5l HAse % FFe] Aol o AHY Aol FFLE
st dE e TEFoRA 7 &Ko Mids s A Aols £E AT Ao, BRT ESSAE

< E°l= S} Ko et al,, 2019).

HAg wgAzA 7] YA AlsAeE s 71 2% AX+= FA F(master local controller,
MLC)$} 57175 F(signal lighting controller, SLC)°|th. TAE nFAI5A| 7] Well= she] MLC2} s
o]4¢] SLC7F AEgAs FAdeR AdEHA Ut a8la Fojx 2 A 2 A o B (detector local controller,
DLC), UA e R Y531 E(pedestrian integration button, PIB), TIX| Y R YLk AIZF FAI AR (pedestrian
remaining time display device, PTD) 522 T4 %] THKo et al, 2019).

UAY RFAEAN/)E ohdZ o)A UAYR] ABRE ohek, 20104 FAY PRI EELF
NEANNE AgHAA Bastth =AW BRE| Mo ool AFoltk AMHOE, THLE A
Aoz WAsel g A, 2 AAY BAT BN GA 288, 9e7le] A% AA AN5E Ho)
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NE F7F NTEHVE 2FFE 2 A 642 FVHAA BS b Asa
o RjgX & dole] BANACZ HAS 53 A & Sol ok

2) AEZHRAAZA

AT H AAA A (Connected  vehicles interface board, CVIB)= E521&A|o]7]9} S HAX|(road-side
equipment, RSE) =+ 714 2157 B Al E(vehicle information center)?) 7} signal phase and timing(SPaT) &4]9]
21 54 e} 7 K (signal status information) 2 2323 A 1 2] probe vehicle data(PVD)E 4 & A= X o]t}
AR AA = <Fig. 1>9A K= Hl9} Zro] CPU—CVIB(A), CPU—CVIB(B), CVIB—RSE(C), CVIB<RSE(D)Z
718 E Th(Korean National Police Agency, 2018).

Slanal PVD Message e

Control OrMma

Center M _ P
Q

4 Y
1

: p| | signal

" '} Status

1 D| [Information
M C Signal Information [A) | Signal Status R | signal Status

0 Information (C) Information

D P VME bus )

E

M U PVD Message (B] PVD Message (D] | ¢ | PVD Message =\

Traffic Signal Controller @
(o) (®)

Autonomous vehicle

Source: Traffic Signal Controller Standard Specification(Korean National Police Agency, 2018)

<Fig. 1> Information transmission diagram based on CVIB

Bae et al.(2018)«= A&T3 Ak} wedste] o HofolA 7]& Wrlo] P glo
AL A E “FTHHAAAE FHYEo j—é&%}ﬂ}l stth 1Ea of7)ellE s
B AR HEA] 9238 AFEIYTh B3 wEAIAHRE AET el oA mEATA 7 A 2F
o7 AR AFete WA A= AsAHE 0374]6}04 A= DBE F8ste] Algshe Wiol 7bssh, &
& HlolEIZA T AMEt7] da o] HEsHA sk fsliAe T o] HA-sithar st dnh
Yoon et al. 20200 V2XE |83l WENEHRE o3l o SH HRE o] g3t A&FPAe F
}&F Alojg & & & WehE AMLEIATE o] AFolA V2XE T3 AFH nFATHRE ©
ikigl 21357140 (cycle lengthys FA3LL, o7& o] &3t 7MY AE5S AT the, A&FAte
o me} wakR Q) A-AA 2550 H3lE dSsta Qi) o|gA dSdE ARE
OM A £55 29844 &3 5 AIEE G55 A T Aol dagEs AA

v, 53 427G
RELEEER

ok,

El

™
32
=

D Alad W AsAZAES Fds] 9% vEE 22 1 YJH= <Fig. 6> 25,
2) AFARAHE WENTAHRE AT A A4 = local dynamic map(LDM) HY 2 AFsFe= 7]
S o 2 AY EE 73S 9v)sh

L
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&) 9]9] -l Green Light Optimized Speed Advisory(GLOSA), Cooperative Intersection Collision Avoidance
Systems(CICAS) & W FASAHE AFS T3 A&FYA9] ol A& A E Fol7] A% A7 &
Bl ABH T Y ol vzl TUNME WENEHRE A8FYe] H G AT B2 Aol
Th(Katsaros et al., 2011; Elleuch et al., 2017). =& A-&F-Px1e] AsnAZ T A A Fo17] H381A
= A3 nBAITARE AANTOE AT Bavt Ytk AR, nEATA 7| N4 ALFHNE A
P wEANZFRE AT A% AT 2 HER P53 AoE AdHn

Korea Expressway Corporation(2018)-2 'C-ITS 7|¥t $4415 A28l /Y A ollA F435 g %
AFAZR AF, 1FAE Ao EaEE AL, HW, 54, €18E 52 dFE2ES 3¢ npyl ) o
ATlAE 7129 obd2 wEATA 7|9 CVIBE 838t CITS B27]o] asATHHE A F3tA

o 28]y, G 9414 S(emergency vehicle preemption) ©] % A& F7](cycle length)9t 34l (offset) & 2
F7] 91%k Ho](transtion) Aol EEAIZEY FHef A|7Ho] ]E] AR 255722 AlFHh kAR 2o A
e opd 2T WEAE Aoyl & AFE FaA AAE Ho] daeFel ALEHUY] ol BEsiA

Ake S o AZhe] Al g

M

3. 979 Ry

A&FAe] AT LHE A= A oW W, A, ', 3o oAE A, #H3H, H3 =
2.3 5)7h S8kEo] 9lom, ofAzto] dniel Ao Y HRE WEASHRI} P Q3sirh
3, SElUEte} 2ol wFAE Y X (AR T A B $ 15 EE BE 5)7F BRste 94
ot A E 3 FRE HS5 e Zlo 013%— T V2XE FolA AFEHE REAEZEE AEFT
2t QFAS F3o € 2%k T84 (redundancy) S BRI W F =
HetE o] §ste] wFASFY YAE Hofstal, ’\]iooﬂ #29 A ARE FFst
AT skAk AN, a T AsF A Rtel] AR H FhHEtel] o]E o] oA T HEE
o] MY ElE, V2XE 535t nEAsAgREI} AlFETd I AT kst
I Aok ol2g 47t }%—Zrﬁgx}q]/ﬂ FEAY daA4s et & 4 it

Jeyg A BASHE AFs Al A HolHE ASAE Y} AAEA AlFehe e oY 9AE
Ao stEE AZEA A(latency)©] TS = Hholl glck. ol MYe g RS ASAE
AAE AFAE Aot T2y AEFPAt] Buls FRE QNS HAFO R sfof ot wepA A
oA A WEANEFRE AFste B S AHESHEA, oUW AFFRAE T8 o] &5t W2
gt Hago] BATE Aol stk 3 @A FAL ofgdE T wEANTA 0] THA
olBE HAY wFAsA 7 E FYI PR FHE T St §loh ol wet HAE wEAl A
o]7]el dgo] 7} Ho“ﬁ% A SE == A FAH HAH NS RO 23] THsds 7&%'5}3'_1}
shoh =3 Aol A EH 2 FAEA )7 EFET4 A, (Korean National Police Agency, 2018)9lA4 &= o], 7+

|REOA FA JAXNTYAA AL HolHE AA] gho] obd 255/255

_qm rr

F B A7olAE tREe] AN b gol WS Aol 4N G
2 B3to] AP WENEARI} AL F5Pe A Dok

Vol.20 No.2(2021. 4) The Journal of The Korea Institute of Intelligent Transport Systems 19



AEFdat 3 CHTS XS 2 CXE Usds Hoj7[e] MSHEHA

A 8 Mol Lhz|F M T

M. AH&F3A}e] RFAIZARE AFs7] 9 "R g sAo)7] 7% A
1. OI220 wEAMSH0{7|9 FMEE HiA

ofd® 1 WEAEAIE B AX 9k AR QA olE AHES YN e FHARE Feo] A
SHRAALAE AHgstoiol Atk ol 01 A ZHtime) 5718 9T GPS HE, BYAt A5 E Aojats
A% By ME UYFAsh QA PED BE, 717 L $HACE 9% PPC BE 181 AEHRAS
2 9% CVIB o] 94 EE(optlon board)ol] SFach olgfd FHBCE ARADY AoE 93] cPUs
BAE dfioF dh=H obEE 1 wFAIZ A o7 o+ versa module eurocard bus(VMEH 2~) k= QIE|H o] 25 At
S 906k PR WEAEAAIE He) 75F SHAEE NS & 28, CPUE AYH F2A
A HOE AMFle] #Ax|o] Ax oF 9 gele QAT 4 )

J8]3 CPUSF FHAREE A H VMEH 2 tlo]E 2 EF| ]3] HEADER, RW DATA, SIG DATA2
AEE FIWET ASHRAAE 2% CVIBE CPUSE JEAZS 98] VMEH2 QIEH 0|25 AME3t1
NA AFAEH R <Table 1>0l| 4] A|AIE “SIG DATA” Y& A&t

—

O’PO

%0
o
=
[
ofy

<Table 1> VMEH{2 interface protocol

Data name
i T Contents
Area Offset Size YPes
(byte)
0 TYPE Board type that designates OPT DATA format
1 VENDER Device manufacturer code
2 RUN Operation status value increasing at intervals of 100msec or less (0-255)
3 RegSiglnfo If the value is 1, the CPU provides signal operation .status regardless of the type
(Recommended only for boards using CPU)
Bus header| 4 RelayMsg Message mediated between the center and.the option board (Recommended only for
256 boards using CPU)
. If ReadSize is not 0, CPU reads ReadSize from’RW DATA’ address and resets ReadSize
5 ReadSize
to 0
o CPU writes MSG to'RW DATA’ and updates WriteSize to WriteSize, and resets WriteSize
6 WriteSize
to O after OPT reads data
~15 - Reserved for future use
OPT 16~ Address range that stores information generated b; tional ipment
DATA 255 - ess range stores infor on generated by optional equipme
RW 256~ .
DATA 183 - - Option board and CPU data exchange area
SIG DATA 32534;; i Transmission area of operation mfonnauorslt;ct)u ;)ptlon devices that require signal operation

e gAY aEAsAC)E AAPeR TAH] YolA ohdET BEUBACI A g &
ABEES 2N 57} fom VMEM 2 B0l A% AT 5 itk webq HAE ZEAEA ol ol
9 2 A% 98l 2 AzE NS AxEd] RERA T BT oldF LuEYY] REL
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2. Connected Vehicle Information Module 7H&

A" wFilaAel7]s obdr 1 wEAEA 0718 CVIBY didstes e £AZES Y RERE Ay
stual gk olE 3 AMEd AXEYY BRES B AFdAE Connected Vehicle Information
Module(CVIM)©| 2}l H2J 8ttt CVIME] 7152 MLCOIA S RE FAl8te], RSE E& A4 HAIE]
o AFANZARE FAlsks Zloltt. Lg|al 4ol me} Aol Bl &= PVDE A8 MLCell A&
gt} o] 2 93 UAE mENTA 7Y CVIMS a3 22 75e S5 s A
1) DSMSHE MY

MLCE Al 13 ¥ (signal map), 5714 °](cycle length), & A A|ZH(phase interval) Blo|E]1 S o]&3le] Z o
2 235 E94Ed wgt 2EHI U= A (phase)9} FAATHE ALkt OAE W FAI5A 017
CPUZ} CVIBY A&k HlolHE Al F4fol 2t Wi vizgo] ARt CVIM2 Wi vz A%
¥ HlolEl S ¢jolAl CVIBS} RSE ] WAIA] Fej(el, SPaT) 2 W Egth A& Ato] BN HHE A
g}3] olsfste ™ 7 455 H(signal face)] XS Lotof gttt o5 $13l| Traffic Signal Controller Standard
Specification(Korean National Police Agency, 2018)ll 4 A A|E W& AR E A&3it) Fu =2 YR = Map
w7 wgetel] e WEFAERE o] FolA o, ojuf B HEd g FRE A AFHTh

3F

|
o

2) RSEQ} EAl

CVIMS RSE T+ 234 2 AIE 9} TCP(transfer control protocol) TS a1, Al S JefjA H (o, SPaT)S
A&t AFEYAH (4, PVD)E F41%TE TCP 5412 CVIM®] Client Mode 2 &2}3}H, Server & Port
7071& AHE3TE CVIMS H40] HH 100msec (HA 0.2 B4 T2 EZ wlg} d5NEHRE AL
NSk th. <Table 2> CVIB9F RSE Ftoll Fidk= dloly ZH ] 725 B Qith

<Table 2> Data frame structure for communication between CVIB and RSE (Unit: Byte)

Areas STX1 STX2 LEN DIR OPCODE DATA CHKSUM
Sizes 1 1 2 1 1 8 + 4N 2
Values O0x7E Ox7E Size(LEN:---CHKSUM) 0~255 0x01 ~0xFF CRC16

CVIMOlA HUlE dEANZTHRE A2 02 8Byte?] AElFHHS} 4Byted] ATAHHYAHR B2oz
%™ <Table 2>2] “DATA” ¥ Yol 7]ZHth <Table 3> “DATA” ¥99] B2 A UYL HojF1
th o & B9, 44 2lawxz o] A A RE U, AZHHARE H22E 53 FR/REZ, FIA,
A 1270 thsted ¥4 B (direction information), %7 E.(signal information), & A|H(display time), <]
Al ZHremaining time)< A|F3t ATt 714 BEADL A TV REHE F AEA |, FAAZE
2 YA A5 G NS onEtt 283, <Table 35914 N& & o|FFHY 5 Yujdit}. oS Sof
F 44 wAR F 12719 olFEREFIEE F3A, 34, A olFFH)7F EAFTH, N 127 "t

gl

T ¥ ox
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<Table 3> Data area block details (unit: Byte)

Areas | . Status' #1 Signal status information block #N
information
Sizes 8 1 1 1 1 e 1 1 1 1
@D Staus @ Direction @ Signal @ (® Remaining
Val 4
Y| information information information | Display time time @19 906

A, <Table 3>2] @ ZFE)"d H(status information) EF2 nA}FZ 2] 5 =% (manual operation), FE %

(flashing operation), 73 &% (actuated operation), &5 52 %7 X (operation information)9} T%7g E (fault
information), 7|2 °] 7F-2El(cycle length counter), 18] A4E = dolE] FZle] ANade|yn B2 7
“=(No. of blocks), &A| AlZH(current time) 5O.2 o] F01& QUT} <Table 4>= HE|AR E29 A4 N9
o3 ok

<Table 4> Status information block details (unit : Byte)

Areas Operation information Fault information Cycle length No. of blocks C‘?“em
counter time
Sizes 1 1 1 1 4
Bit0: manual operation Bit0: conflict fault
Bitl: flashing operation Bitl: center communication fault
Values . Bit2: light out . Bit2: S?U communication fault 1-255 0~255 time
Bit3: actuated operation Bit3: Database fault
Bit4: Transition Bit4: BUS fault
Bit5~MSB: reserved Bit5 ~MSB: reserved

Note: MSB means the most significant bit, SCU means the signal control unit.

<Table 3>9] AEFEIAR E52 W, SHEEZ, I, B, AAA, $3H, HH)Z B asiy,
Zyzyo]l A& g R EFol= W34 H (direction information), <27 X (signal information), ¥Z 4| (display

time), 7+ AlZHremaining time) FEE TFAE o] o} <Table 3> @ WIHE= WIFI=(E, 55, 5,
9, 24, A, BAC dlEEele d4d W) BAAs dEAAX e AANARE FAET <Table 3>9
@ E9ARE A, F3)d 72L& ou|E el = 4l &5 F(signal head)®] %2 & El(movement) 2} =4, 34
AL dEFE AT AT e, AE] B E deFE ST AdHisignal stage) AR E o] FoA] ¢

o 22l3 AFASA 7|7} AEgE A5 ATEE AR 4 gle FHAS gEFe AR ’ﬂﬂ/‘é(tlme
information reliability)ol] the+ HR T 85 o] T} <Table 5>+ @ EHAHRL A UYL RojFa o)

<Table 5> Indication information details (Unit : Bit)

Ti inf ti .
Areas Movement lmfellgtﬁqﬁl; ton Signla Stage
Sizes 4 1 3
O(reserved), 1(through), 2(left-turn), | O(fixed time interval), 02((11%}11123/”?1’1 dli((;;et?()rgldgc?tiggr)f
Values | 3(pedestrian), 4(bicycle), 5(right-turn), I(variable time in dicagon) 4(red ﬂashiﬁg) gS(yellow
6(bus), 7(u-turn) interval) ﬂashiﬁg), 6(green ﬂas’hing)

22  PIRTSYQY=2TN| THI203, M22(20214 49)
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N

<Table 3>2] @ EZAIFE @A) 53t A5Vt FE2H = T AIAIRIO|H, <Table 3>9] © FHAAHS &
A NF7}F Fe Azrolw, zke] WMelE 0 ~ 255%0|th o]7] A, 7ked Al ZH(remaining time)S AF&-F31e] oF
A FHLE ffs) W S AR, Aol(transition) Foll= o] #e A AbsA Hshs AL
ZA AT mEbA, B AFdA s Ho] FAE FAARES Altste] 228 F UEE o] ¢uFEFS
et

ot
]

L

3. ™O| 2E|E TN

—_

|Z 0| ¢me|Ee| MSHEEE 4y Iy

) 7
Zlo](Transition)@ 5714 °|(cycle length)7} 3= AlA ol 2l (offset)o] WdH= Aol F7140 v Al
St37] flef 2o AgE F7)12olE AFAY F4dte AL B THYun et al, 2012). TEkA, o]
ko] F7)Ao)Rl HMo] F71¢] dole 71& ATAIAIE e F71doler that ol ¢ F7]dA o
He] F7] Yol gkss oo st Al 7] o2 A4S EE AS AT TOD(time of day)Z %35
AN FZ AR A 3Foll TOD Pattern®] F3HE Ho|7} WAialA ok
WEATA 7|9 o] P FL T Ak A F7(cycle)’t FEFH O] MZL F7|7F AZEH, AlE
Mol M @A Azte 7hH e, AlE Ame TOD ElojBolME dA) Alzte] B8 F7]120](goal cycle
length) 2} &4 (offset)S 7FA-2th Al HolES o] 83to] 7k dAJY] HA AN A S-S
AbESTh 83 0A1E 71E0E FU)do|9 FAE 1ty HAE AlLtsi, Ho|7 BadkA] Aokei)
F719 Ha SN Ao A4S a8sle] Mol 3157 HAavt HES zo) WS AAdth =
S ZF A9 A SAAREY o SYARES aEste] ZF dAI9] Hlgol 5 FAJAIZHphase interval)<
shgth J83 FEE 9 HA FAAGE FE5te] HFH R AAARES AAsta duEES TR
2l A 2 <Fig. 2>9 (@<} 2t
UM A Mol dueEe o] & A, EFE wFENEA Y E wf F7] AF A T 15 7](cycle)
L HAARRES AR webA, F717F Ao Fojolgt &9 E Tk AAATHE & STt
N7 = A5 (progression) S BHF7] 13 Ho|7t Al&E 1, vy F7]4do]
g 43T 7t g wZo] FAAE A4S U 91, BEd ASAIAHERE A9d 7t jith
o] rgzEy wEANTA 7] EFE7A A, (Korean National Police Agency, 2018)°l+= <Fig. 5>°14] X®.<l
Hle} zro] o] Al ZJAZMT BEZAIZFS BT 255272 IR E 7S AL Hol k. wekA &F F
TODS| W7 Alguich Z Azt ZEATHS & 4 Gl FE7E 2 5, A&7 1541359

fr s> ol o
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ARE & & Qe dHrE Hol AgFddd Z Fo2 gt ok dE 5o, B AAAS L
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o AsaARAA FHANY T Azazel A @A) BelAte nYste] S5 5& 24t
Zaal B, ol Azt ATEA AThY o P 715 e A_E + glET
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2) Mo| ¢112|E i

AME GaelE oA dolrh 152 gud AgolE 71 Ho| YuelEs} FUsT 121 15 o)Ak
Hol7h WaG AolE 7719 2 WA Asksts BAL F)E o] FaelET FAST, A, 152
Hol7h $RHA e Aol A F719 AAE AR T, Ho] Ase] AP A WA Aol
O AHOR o5 Fo WA D A F718 AU <Fig. 2>9] by ANAE Ho] GnYFe| £AEelT),

AAE Aol dmelZol A wWiF7) A% Aol 3 WAl F719] F71do]sh @AM Adksta, 3 #

2 o)5al] T WA F719) F71dole} WANZES AT A e ol A7k

AAF710) e A7} ohe F719] @AARE AZ A AZke folm awA F71E mE ANgoR
TOD WAAZI o] Hol7k FAH = A AZHS FoA ol Zo] Thssteh, webd Ho] Aol% A&7
Aol Aod wEAEARE AT 5 A Ao

R

End of
previous cycle

Get current time
Calculate goal cycle
length
max intervals
Calculate delta, new
cycle jength

2

Range new cycle
length using min and
max interval

Range new cycle
length using min and
max interval

Calculate transition
time using phase time
and cycle length

Calculate transition
time using phase time
and cycle length

Determine new cycle
length considering
dual-ring and min

green interval

Determine new cycle
length considering
dual-ring and min

green interval

Calculate delta, new
cycle length

Save cycle length and
phase interval

Calculate transition

YES

ending time

One time

ansition?

NO

Calculate cycle length
for first transition

NO
Calculate cycle length

for first transition

(a) Existing transition algorithm (b) Improved transition algorithm
<Fig. 2> Comparision of existing and improved transition algorithm

olgA MAE daelFe s HHL <Fig 3>ollA ABstal Utk <Fig. 3>94 TOD #1°] 16:59:400] 5
HH TOD #7} AZEojof itk SFAITE TOD #13 #29] F7]40|(cycle length)7} TFE7] wjio] A%
(progression) & 13+ Al (offset) S BH7] 918k Ho|(transition) 7+ AIZHETE olw] 71E Heo] FarglFelAE A
WA Mo 5 AA| 2(phase 2)¢ EEAITT I A 7HE B <Fig. 550l A 2ol upe} o] «255% 2 AL
o} AR ARAE Aol GaeES AHEE S, <Fig 6>o14 AAIE uiel Zo] RE AL thale] 3
et AN BT F A Itk FAE ZEAN AR sF AATE 54, 3 o g F

&
o} Qg wW B Aol gk

o
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‘ Phase 1 ‘ Phase 2 ‘ Phase 3 # of TOD
09:00:00 ~ 60 25 30 25 140 TOD #1
17:00:00 ~ 65 30 35 30 160 TOD #2
TOD #1 40 16:59:40
First transition 87 40 47 40 214 17:03:14
——
Second transition 87 40 47 40 214 17:06:48
¥ T Time remaining from Phase #2 to Phase #2 )

L of the next cycle = 47s + 40s + 87s = 174s
<Fig. 3> Working example of the improved transition algorithm

V. ZFAZAHEE AF37] AT 2SN EA 7] 716 As AE

SAZAFE A% gAY wFAsA 7Y A AEE AsiAe AL wsilsAel7] 1M EMLC

*—1 SLC 429} AlsA|o)e} SHJEHE &1 & 5 ¢l PC 9 X273, J8]3 CVIMoA| RSEE EUj

= AZHHARE BT = & CVI B4 Z230o] H a3t} <Fig 4>5 A Ald FASHHot o}
Y 2FNA “aBATA 7" et Br|Ho] e A7} T o] B(master local controller, MLC)O] 2, 1 &
o e FL FA 5ol AEFTFE AL e 57|75 F-(signal lighting controller, SLC)©|T}. ©] SLC= 2%

Ao I U2 BEol7 LD AEeIRE FAY & ok

Aol AR Az 7 HolE e Abe Atz A3 #H3H AFASIF EASAL 7 ] B
o] EAsH= Zi% AHEEHH. Al e A AUELEA AR Y T M B2 Hd BFTE FA8
= Z3Eiet TOD W7 Al AHol7} dAshs AEe A RA TS tdes dAstslon, 71E de] dag]
T2 M st 7H*d% Ao daglFe A&kl e 4 Adskitt
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o AU 1: 71& o] < A7) 4H
o AYUFL 2: 7]E Ho] &uElFY FHo] A AH
o AUE R 3: /A Ho] dagFe A5 dH
o AU 4 /A Ho] dagFe] o] Al AH

F7) Wl 7HA Case®2 71 Aol &aglEd Mg Ho] dauelFe] A7) dejet do] Al JHE &
Fai let olg @k vl 7HA AlUE] & o] 802N A AE 29 4 B Ho] Al Fed NEHRE
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NdE gAY wFAs7d g AES o 7 7HAE A8t AldEAT A HA dAde g™
WFATA 77 B AFE F3A MEE CVIMS |83t A-&FY Ao} CITS Ao WBAITHE
AEE 7 Ade7hE GRlste A0 cVIMe] Aol tigh Aol F MA AR /HAE Mol duelE
< o] &3ty YAYE wFAISA7]7} TOD7F A EHE #o| A= Azt £EAHS FEstA ALt
SHEAE Rt ol daglFe] Aol te HSolth A7) F 71A AR ool tid A A o
A" wFATA 7| A CVI B ZR2 P02 AEE = tlo|EE #45e stH B&dTE ZoE g
o] 7Hs3tth &, <Fig. 4>9] RUH| BEH
AEI} Aol AskE FRel FU A ARE RIFo 2N wHEATA TS 93 tXE w545 A 017
9] A& gelstAtt

5 < /M AV L 13 AUE L 39 Ag A3 aFgAlsA
o QS 7P AL 29 49] BEE rRRIAE A
St o, 1 AIE= <Fig 5> 2 <Fig. 6>0l AAHo] ot Fu= B AFAM= L3 Ave
o AR E Agtgon, 1 4752 BF Y3k
CVIM?] Aol that AA 3 B3k <Fig. 5> 2 <Fig. 6>0A 23l uie} 7o), txd wEAI 5 A 0]7]
of WFATANE AFE F UeS BT Utk o] dugFe Asel te A3
3} FHslIAM = <Fig. 5>9) <Fig. 6> BEH HRE vlwslolol Jt}h <Fig. 5> 71&E o] duzlES
ol-gate] A4k ZrAAZET FEAME BT 9loH, <Fig. 6> JIAHE o] daeEs o]&ate] A
AHE PSS AFEEAL AT <Fig. 5> 9ol AlZHE A S AIZHA ) (signal timing plan)©] 17A]¢] ThE A&
AHAZ o2 WAo] Ho] Moyl HAYHE AFHOE 7|E LS ZAdA7T TEA7 0] 255% 2
ZEHA AFS & 7 gtk 28U <Fig. 6>2 MMAE LB ES AR Ho] ARt Fol= A3
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Hol7|of MSHEAAFA ¥ Mol Yu2[F HM A7

OHﬂ
=
fol

At 3 C-ITS X[s <8 CiXg

& cvevonier - x
B =
PORT: |7071 MRS FUES

Tauy L]

BUTE a3y
271: [ e9]sec sunz: [ 12]ea 5
b a=wa gy
d=Ey
wHE) HEE) () A1) wEHES) WEEE) HWEEA) WEEA)

as
HO{ T AD | NT IF HO| A7 AD NT IF TO AL AD NT IF HO| N7 AD NT IF FO| AIZL AD NT IF EOIAZ AD NT IF EO| AD AD NT IF EO| A3 AD NT IF

<Fig. 5> Transition state result of the existing transition algorithm (Case 2)
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<Fig. 6> Transition state result of improved transition algorithm (Case 4)
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