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ABSTRACT
This study was initiated to develop an optimal signal control algorithm for coordinated
signalized intersections using individual vehicle’s information which can be collected in a format of
prove vehicle data (PVD) via V2I (Vehicle to Infrastructure) communication environment. For
developing this signal optimization algorithm, three modules were developed for phase group length
computation, split distribution, and phase sequence assignment. The simulation analysis using the
microscopic simulation model, Vissim, was conducted for evaluating the effectiveness of the
Received 31 May 2018 developed algorithm. The analysis result represented that the performance of the developed
Revised 18 June 2018 algorithm is far superior to that of the fixed coordinated signal control method which is the most
Accepted 28 June 2018 common signal control method for coordinated signalized intersections in Korea.
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ROH, B2 Aol AWAT oA Hs] Ff ALS 9 sj At of st T AT WEEAE Holdlth g
HTE SAZ T ofye}l Ao g waEgto] WAt 9lom, o2 glate] & F4lZ, 43

AL e dlE S0, 20159 71 F-Eluete] wEERH 8L F 33X 449 oA
Hl 2.13%° ©]23L 9lom, o]= w|=e] GDP thH] E51]80] 0.83%% A& Z;C&?‘&E}
S & 5 Ythdoo, 2017). ©]E3 EAAY £2o wEERS d2s] YaHE =
2 AFAQ Ao &% Fuvt BasiAR, EELEF FHE AdAe E}Eﬂf& FAA AT A7
853, @A Zo] uF SOCH e FARTE 9 E&4E S8k AFY FA Yty st
ARl FAg Fot wEERE sidste ol AV SAgT. whekA 71 = s et Hoh &
Fol a3 A7gL & 5 qith
WEFEFS a3 Al o shrt wFAso|th web wFA sl dEE wEFERS @
28b7] 913 Be ¥ Eo] oisith 53, o2 e NEwAE7} ﬁiﬁﬂ’ﬂ Ao e AFATuA}
Z(coordinated signalized intersection) VI EH I A= dh}e] F5H 215F7] Zo](common cycle length)®} &
Al(offset) 2 o] &3t AFTATIUAZE GHH O E Aost= AFAE A o)Al 2H(coordinated signal control
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AT7F EEstA o] FojA I k. olH3d V& FAHSE AbFF &}FF IH(Vehicle-to-Vehicle, ©]3F V2V)
BAS 7o g AgF 1o AR FHE 53 AALT O, AT =222 8} 7H(Vehicle-to-Infrastructure,
ot v2I) TAlE 7INte.2 st A R2 g} 7o JR FHE ot AAR wE AEE A
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220l &4 24 7) 1A 319 THHan, 2016; Han et al,, 2016). &, 71 AFAE Ao that
Foll A F F V2l FAlol 7Hed AYE = A} (connected vehicle, CV)| 12| 9} &
WAR ] WFATE AARRE Aot AR B AFolA s 7] R 3 e
FH WAR] HIER el EAHE CVY FR7A A E83ste] AFATnAZ ]
T AoE FYstua 3ok Wz HA0E VIS Fa £HE ARE CVY 94, VIt o] &
e 2=, sHRE 2R AR 9] Fe A, 2 sHFF nARe] JIR EEdhE AE X3
s, MEY A o WA A2 delA FHth A ZelA, 54 AEuAze HAATE 154135 Ao
g Ho}al ?sHEL warRe] HE Aol = CVEY ARWTE ofye}, 2Tt g wARe] HI2E Y
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theFgl AU 2aE kAl Qi) oE @ V2I BAl|& S A&etn e AR FHE 5 nEAT 98S =
o]i o]F A (mobility)S AT Utk o]& ERIEy] fJste] £ AFoAe 7€ 2FAS Ao
tlate] 7HasiA] 1 &E A, V2I BA7]14S o]l mEAS Ao WS QAT Fe ATES
SFATH
Kattan et al.2010)2] Aol A= CVe] A7 AA 15 WEY I ofd e FE4 A7t &
8] WFARL WA FFe A CVEl Hol e Zlo] o]Fo] VES A 7X& ¥ s
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- CP 2: &pgo] BAZ 7| E Zolof| gFate AA

S CP 3: 2% A5 F 2] 7lg0] AZEE XA

- CP 4: A=A glo] AAAME Est= A

Jung et al.(2012)= CVO| TN BHE BEoto] =2 wEFe, AA, AMAL st mE A A W3}
FS A7) Y3 BES FPHAT AR A HaIE 99 AE AN A A
A7 AzA o] Q=S A HrlatowR A HA23E 93 AF A7) ARFL solago
 CV 2o vl gl we} o] 5/ AAFAH Aol MAHAT =T CvrF AAl =9 A 23 4l
SA 7L 7Fe g ERlskTh
Goodall et al.(2013)2] ATelAE CVellA $3
oz

% .
QAT DID ol A AAE HS AL FRS 2 oF B WIATE 2, 719 155
Aoz A P48 A3 sol @S TIIHE Zo] BRolH BA o AA EE HA 4, M
Sahe] 2302 ARHA LA, YAl FSAsA o N Aol FA LhoAw 28 2 sams)
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S8 ASAE stA 3 B wE ARE 4V] JEAUTG =3 L duEE
Hstel Aste] HUR A3 50%9 o AA D AA ¢ SHAAM AA7E Fhol
50% vVIRrd W= Ak 2pgFe] wlgo] FUigke whel 71&9 AlsA2~Hlo]l ¥y AT YERT

Lee et al.2014) AT 8< T3 CVe] TN FRE F8sto] HI2 t71E Zol& dF
(k. ol & F8sto] @Y wAR O AA AL iy H ol Fo] HAT) HE 4AsAol By A A
HBG7LE AAT A wAEe] tirjgdde]d] o] HAvt He AsA7t 7FeEe Eelskth

Feng et al.2015)2] AFolAE CVERE FHE AREE 7woz AN 748 25 Ao} dugEe A
A8t AZHAE TFste daelEe ATTA Y A B Aol& wigstes H AT A5 H A3}
&8 E2 upper leveld lower level 2 72319 3L, upper level > THA] forward recursion¥} backward recursion
o7 FA48Ath o] dagEe A5 HA st BAZFE T AFAA Hashe) thrdoe] HAs F THA
2 ARt TAARE F45ts d AFEEHs €38]E2 EVLS(Estimation of Location and Speed) &3]
&S Ag39 £4 2 cveY AEFE0] 100%20 A F AAQ tr1delrt 74 AATE & F
AN, A fTEC] Ha 50%0]/d0]ojoftt daelFe] aRA o R AFsin o7t We Aol Cvrt
7t daElEe] L {7 FAdhe A oE Felsiiit)

BeelM s w2 7=
20 9
TE

oA cv AEA

o{w 2

for 9

2. 7|1& 79| xI0IH

71E 1B E HHZ AFEo] HEE nFAE AAE st AH FR] wFH, & F& VWS
2 WFAT Ao AFE k&S k. H B0l A" wAd wE} FHF R FPAL T o
§3te] WFASE Aole] LA FolH st Qlth =g AAH wFAE HFE B AA, ZA F FH
23 BdnEe Azt @ 1 23S 7o g e BAISE HAste HAFE 3617 wEel o)
HEo A|xadlo] 152lE Aol M4E AEShe Zlo] ofUe} 7]E9] wBEAE Ao WFE wE g bt
ot dF At WS T3l HASE DA olol HlE), B AT AFe] HAEARE &
g 744 1E Al dugEs s, AT AAE HHA, o], B SHA V2XE E83%
215 Ao] Walo] 8ol Erhal AASHAL Qith 7]E9] AFEL UEE CVE o= Tt
sl R, H2ole 283 ¥ 33 X (connected automated vehicle, ©]3F CAV)e] E9<& 7HAste] GAHE A+
So| o] AP &= ZOE Vet 18y OVW}X]\_ CAV«] + EAE T8 wyste o &
A7F o] TR AFEAH} ZEHA = E‘SFL Je A AL AT AR hFEe] A77F Gl
2o HFEo glon, AFAanaze ok dFe l'?——f"fé *‘7‘4015} B ATl e ATl F34E 4
AE THUART} opd, AFANEWAER 97&0} 2} gt

M. AFANZ2AE 2E5AS A Ao L Z Ak

2 ATl AL AFATNAR wFAT HA Ao dagFS V2 FARENA Y nAtE A=
3l AYste= 24 CVERH TR s A ARE o] &3t o] A ARE w5 AsAt 533 (SAE)l
A AR B4l 710 PR AR A0 A AMEE = IS vlo]H §E5ES SAE DSRC 127359 £F FEH= A%
3t BSM(Basic Safety Message)< 7|§FS.2 gt} BSMoll= 381kl A /EA A 8 D, 5 A2,
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V2l Stletds €35t dSuXE usdls HAZE Hof AT

A A, £E, olF B, 7MEE, A do] ARE 2SI Q). 3HA|TF BSM A Roll= At HE AR
7F TEE] A G} g ERAT e A HE HRE I JE B E 8 A Ak T HkAE
S 2 v FeHA = (National Highway Traffic Safety Administration, NHTSA)o A<= AL §17] wiZol &
ATl M AFEEA Pe A E o5 t(Han et al, 2016). BSMS] A2iHae =2 Fio] HAXgof 9]
£ RSES} Aol Ax)Eo] Q)= OBEZRY] V2I 4oz A =t 2 Ao A= RSEQ OBEANC] 2
A AEE] U3 EE uHE= 8HA B3 Th(Han, 2016).

(Table 1) Description of BSM set

Basic Description
- Message  Sequence Number
- Temporary ID
- Time
- Position  Latitude, Longitude, Elevation, Accuracy
+ Vehicle  Speed, Heading
- Vehicle  Acceleration
- Vehicle Length

B AToA At dagEe A V2l SAE ol 8ste] A =& JRE FAse daysd u
sAEE WAste dagEses TAHY Atk AT 2y dueE 742 the <Fig. 1>3 ZT(Han,

Arrival info. Estimation Algorithms Traffic Signal Optimization Algorithms

Vehicle Arrival
Estimation

Phase Group Length Split Phase Sequence
Computation Distribution Assignment

Stop Delay
Computation

(Fig. 1) Algorithm Configuration

53 gn 2oL Aol AA AAM T ojslgdel SRR 23] 9lste] wpzrith A
A SEs) FerAR, U0 Aol g AskshA Bk o2 o ske] A% =3 Hol L A4a o
el SRAETAR AsAe] BTHEH thedl o)d B Ul s Ao 4w £ =

ChHan et al, 2016). 4% 3 Ho]#-2 o] §3le] YEAE BT 5 Ut MOEY BAAAE
HolB2 P4 H4 A5 WA dueBds 9A ANE 55 gue XA JLE ol
g 2A wug— Zol, WA Qol, AA £AE BEAT 4EE S WrE 184 Aol g
A

i

A5

A% BAYE 54 GRFE WEAS AAG YuelFe YANSE AESE BaFolth <Fg 1>
A 5y ogza»:‘;« A 20 48 mAER 34 URATE AT TP 29 284 JA 1S
#74 BEOIAE $245el BSM HolHe A% D, 4=, 2, 914

o]

= =2 A =1, g2 dAE FeiA £ %JE}.
A A TP‘J—E— BSM ﬂ] ¥l 9| 7}%% T NEAFL FH A2 AEo|n) HAGHEHE, yHE)E
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galo] AR FAA2E 423 AANE TAZ A T2 dolHee W H4o] Basth o
oA AR BN AE GPs oA sl Fa A2 R HFe) UiF oAt BASA AT S, B
ATl Aol e gaolng oA} gl AoR /ST, § A A4 Aasgel 4
FU A=l BAWIA & AAE AUSE Yol DA Aoz AAYE 0, PALE $ 92
2012 1Bl xel o|Ee) ek e AcIE e, A WA FHE ] 74 34U A28l
l@olg Askshe Bgolth, t7lgAdol Fagolol s HEes e Aol IAE AY 4
3BTRS AT, BU 4G FoZ ARGl PA F1k) BAE 97t BAHEL Swo}
091 AFEe| do] F& o] §3tel AeFEAS MU Ul WA BRANNE o] T4 F2 A2F 7]
o the AYmARel o HuE s Aotk miAY BgelAE iRegel FAMoY trW
ol 22T A Hol B BT A 53 HolBe ol A1), @F ol§3tel vixri 44HH @

SuaRel A% £ Hole SPuARAM] AF w2 Bloji] o)d WAz UBE WY o]
#7102 whego] HtkHan, 2016)

_ orF -t
A]:(Currenf,) - Ui (1)
[Lfle-z+ L/*k + Q[/ljpkf QL./zek
AL previous) = - +RT +1.67 Q)
v
where,

AT = Arrival time of vehicle i on stop-line or the tail of the queue(sec)

v, = Current speed of vehicle i(m/s)
v’j = speed limit at link j»(m/s)

s

DRI'* = Remained distance of vehicle i at k lane in j link(m)

QL7*= Queue length of vehicle i at k lane, j link(m)
IL’"" - Distance between link j, and link j,(m)

jos K .
L7" = Total distance at link j, and lane k(m)
RT, = Remained red time of vehicle i
1.67 = Average start-up loss time

21(2)9l A RT(remained red time of vehicle i)+ A AAZAA TS AAZZ F3PsH7] 93 A TAZES
23 g ok @A As7t SA4A o2t RTE 0&27F HH o SR SARMEA] @ AlRto] 60& 2t
RTE 6027} Ht}

AEUARAANE AF 22 HolE 2 2o ME B EXgitt apFe] AR A& o] 835t

o g AR2E oS3t ot o] BSM setd] ARl HAZAEIL gl7] wfEol T3] A4 A= o
+ ARE s do olH7 24 FE&ARAA LA Aot Az 5 #H3H &Aool A
53 T8 A ol AER JYSA| O thyE 0] Basi T8I 2ade] - Az
& flste] A3 8 A3 A &S AEsl oy, $8- -3 A A9 AR HR oz sk o
TE FYSAT o2 PEL Ve AR HfEol oS JidE AR JuEn

BAAA HolE 23 AANME AF =F HolES ol&ste] 74 HoE F2 AFYF] AAAAE
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V2 BAEZS e ASTMAR DEAS AAIZ HOf 47

AxkalA B AAAAE o] A5 e TE AFow s AAFow AVE AAE onH. Gt
A AR eed AASE Y Aol B taR o @ = Hol @ tie Aol FAay YA
o ARE A% £ golBa) A()S olgala] Aue Bk AAAA 4E F A% =2H oL} A
AA A HolBe o &ato] 215 HAA o] dielE W49l @ATE Zol, @A) dol, BA £AE

A A FTHHan, 2016).

180
SDiks = fz%ntyks (3)

where,
SDJiF = Total stopped delay for 60 seconds of k lane, j link
t = Time(sec), t=0 means the present

n/* = Number of total waiting vehicles at time t of k lane, j link

ANzl dugEe HH dA IF o] 4HE, 43 , 3 ,
HZ A OF Aol AEdAMs 4 A 25 AAE HAR 3t U SAAT s Fee AS BX
2 3t} Webstere] ATollXe HEF7] AEE 5t 2 DFoly AS2EE OF40)E &AM F7]
£ &St S A AISHL U Th(Webster, 1958). & #A| 15 Ao]= Webster7} A|9+s WH I HA| 1
S dANE HASHATL F F T 72 AMSTTE Webster O X3luFFHEY F2 AP 2AME 1
FHE o) &AM dugEe v F719 A4F wFEFS o|&3rhHan, 2016).

X = max(Ql, + G, ) @

1- ,-Zjlyi
where, L
X" = Optimal length of phase group g
p = Phase sequence number of NEMA phase
GP. = Minimum green time of phase number p

min

z, ™ = Maximum allowance time of group g

L, = Total lost time of group g

n
Eyg = Summation of saturation flow rate for group g

i=1

AT A B2 A Zdo|(phase length) & TF3|F&=
2 NEMA phaseoll W2 H(ring)2] A2} 3)d wEFe HZ ATEHA

3 £ 2gale naYe 2859
o A AR BA 1F DolE ol 8ate] 7 phase BolE AET & YTk A% 2 HoBH 0% 5
o £AY TEFE o] 3] HF 719 HAAZE WS AR Bk web A7 WA Lol g 7
A3 @A 25 DololAl Az @A Lol Wd H3jde] B4 olst A4 Hek 7} phased] Dol o

2] (5)5 o] -&3te] A413ThHan, 2016).
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G = max[G (X X )] ®

where,

X" = Optimal length of phase group g

GT = Maximum through phase green time of NEMA phase ring combination
GT. = Minimum through phase green time of NEMA phase ting combination
thS = 30 seconds expected traffic volume of NEMA phase ring combination

NE= Number of the through and left lanes of NEMA phase ring combination

oA AFE A} Lol ERAZEY /18 Qoo FAo] s olF JWeR AEE WA IF
Zolg @A) Dolg olgatel WA A WY HE AAAAE 42T 5 ATk geb 2 @9 Hox
AL Bk BAAAE o] §3te] Te o] WA £4E AR Bk 2 phase] £AE TS A6

S o] g3ty ALlSITh phased| A= IFHEY ¥ WHIo ALEI] wEol phase(l, 2), phase(5, 6),
phase(3, 4), phase(7, 8)718] Al4tstAl Rtk FA 15 Zo] tollA g Fo Azl 9 #3|H9| 4F e
S o] 83} 7+ phased] TA| ZolE AL o] F Z} phase?] HUSAAZEEQF A= AAAAE vz
BACRE Atete] FA XS ZASHA Hth(Han, 2016).

ﬁ

Gl X
firstphase T'= f;)SDtL + le\ch SDT +1.63 x(n]_, +nt _ (,n;\)}
Clﬁa\ Ym’\}(
first phase L = ESD + E SDL +[1.63 x (n, 0 +nf7 o )]
Xm’\x Géa\ max
Min(first phase T, first phase L) 6)

where,
SDF = Stopped time day of time t

nl_, = Number of stopped vehicle for through direction at present
1.63 = Average departure lost time

oJEA ANE F F R G R PHol @A 2AVE WA ABE F U=S IR olHT B
B oz Aol Al BAEA & 4 7] WMol FANAE Aas sk AE WA 24 ARL @

1. AlE0|M 2N IR

AAZE Ao} daelES Hrketr] 98t

B AT AeE vor 52l S 283 A kel
V. YA ot watz Ao A gsh=t] A

of mAaLE AlEdolde ol &8ttt dA
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b EATG, Wb TR A5G A go] Fsda, ol FAN Y BHol b ARE ANT 5
Sl vl A LEA B 1A B2 Vissim ver. 908 AHEEHATE A BEIolA ATke 1AL ALgHR O, ]

EYIE A7) A% 7] A (warm-up time)S 15E-S AMESIAT 4 AlyEl o= 54 HkE 3519 o
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< vy EA, V2 54l 7ks Z}F’k«] ArE d1sdd o2 v2I 58S &85 AFuAE wFAl
T AARE Al daE]FY AeS Rlastdth AlE# ol A4S flste] Wk 3x2E FAHE MY 370
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tlolEl F3HE& BAF] 943 coM Intelfacee B3l F=H N A ARE 714 VI %’1\_?}73% 83t
ATWAE WFAT HAAZE Alo] duEFS T AsA o] MFE AEste] AlEH ol YEste Fx
2 T8

30
180
90

N
1807
30 %]

B
( = 28g(s 30 B
= i Y=

20=711 0T =3

*ggﬁ&ac H—|ssx —

Il 1

VISSIM network Synchro network

(Fig. 2) Example of simulation network
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B AAAG, Bt S5 Folth ABUIH B4 A <Table 259 2ol V2l FABHL BEF AFHAE
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(Table 2) Vissim Simulation Results

LOSs T Avera(gsz C]))elays 1]\)\:;;2;5,;6 (SSetg;) Avgrt:z\)i: (:uunrllg of Averz(lliiﬂ?;)eeds

A Coordinated fixed 26.72 19.33 0.97 36.15
Real-time control using V2I 26.11 18.21 0.90 37.13
c Coordinated fixed 41.55 30.26 1.18 31.97
Real-time control using V2I 40.77 28.72 1.11 32.14
. Coordinated fixed 95.76 70.64 1.60 2127
Real-time control using V2I 89.64 68.36 1.51 2143

Vissime ©|&3¢ o]54 4] A <Table 2>9F 2t} A8 AoRH, HZ Fo| AH|2FE A

AME V2I AR S T8 ATUAE wEAE AT Ao EeFe] BT xﬂOileﬂﬂ 261122 4

CoAAE 40.77%, Foﬂ/\i 89.64x2 EAFH L. ool ¥Hl, 7]1E HF7]4 A% Ao
o Z¥7; 26.72%, 41.55%, 957632 UERGTH B AR A s voI BAISAS &
WEAT AT Xﬂ<>1 °LWJ5 g Al AFERFE0] 100%4= a2 AA7F EA U

(Table 3) Simulation Result of V2| Market Penetration

. Average Delays | Average Stop Delays | Average Number of Stops | Average S
LOSs Market Penetrations Egsec) o4 g (sec)p 4 8 (oumber) b (lfm/hfeeds

100% 26.11 18.21 0.90 37.13
A 75% 26.35 18.44 0.91 36.81
50% 30.23 2247 0.96 35.98
25% 40.87 30.50 1.06 35.03
100% 40.77 28.72 111 32.14
c 75% 51.99 38.37 1.23 31.60
50% 61.26 44.08 1.46 28.41
25% 63.98 45.46 1.48 27.64
100% 89.64 68.36 1.51 2143
F 75% 91.48 7047 1.56 2140
50% 126.47 91.64 2.56 17.74
25% 147.95 106.72 3.02 16.31

A FaelZol Vax A a0l mek 58] 718 BRs] Slsko] ARA g WskE 85l 2

e AW EE a3} Zo] UEST <Table 3>0A H]l uhe} o] ot AojAAo] A5 AE wTF A

Hlzs 3 AGAE 100% B 75%] BARAGNA B4 Q% Alojiet AL sherom, ColAE 100%
FUBAIAT T EHE ekl 202 Uehgth AHAFE F s AH 80l 75% o4
BAET o 2 ATold ANe dueFe] FHH uel gl ofs) Lt
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2 A7dME EAAY AsaatzdM Bss AAE 34’@}3}7] sl var SRS ANA ANEAF
71RE =3 HiolHE 288t dsutze] AEHZ st dugFe MEsAh & ATolA L 57
2 As Aloje] 4L val TAIAE A TR EE L%’%Eol X}EU HA ok FEE o] gt Ao =3}
AEE FAsks T2 @A IF Aol @A Zo|, BN £A & AAse FEoE FEEY Y ¢
g]5o 53 HrkE flste] vAnEAE S ol &3 AP AASAT ARl EE AN AHF
714 dsAzAofol ws) A daE]Fol EE&AR] AR YEEth & AFelAs C ,| NEAFES
75‘3P°=l %J_Tﬂz Ede % A nFgAE 3 Hes 0T A AF7)A AzA ook vl Al
& B9 T dadFe] F8o] bed Al BHEUT

=

2 Ao g £2-0% B34S neske] BME ol 8% A& mATo] AN AsAe] AnElES
MESGA, e e A AT ATk A, V2L FASANA FREE A% 4w F Y wA
2ol o] FIHAVA EE HAADAG L AFe] FRYRE WYY o FE AFHA 2oith
Wet B ATelAE Ao olg A2E JEoT AT A9 AP WHow FYHACH, FEA
29] 749 oldl F719] sl o] et APOR FAN &L Folsch olgfd P AsAle] A A
o) SHAT o Z % BEF] QA4S BYAY el g WAV A debd oldF oE FBY

= LT
o YTLZS B F Y= WAl T} YA Utk webA] AR
GaeEe BoE ABHoldo Fastel BASATE WAL EAV o WAT FESIA T

& A3 YEANA AU es dAstden, g 1 S-S 745t E4S skt = A Y
EffIoM A4t & T3 24 Aoy 433 AlEdelde] ZRAR1 A= AT wEkA
Algdolde] obd & &< T3 dadse adEe] 2ad Zos AddEn
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