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ABSTRACT

Recently, smart intersections have been installed in many intelligent transportation system projects,
but few cases use them for traffic signal operations besides traffic volume collection and statistical
analysis. In order to respond to chronic traffic congestion, it is necessary to implement efficient signal
operations using data collected from smart intersections. Therefore, this study establishes a procedure
for operating a real-time traffic signal control algorithm using smart intersection data for efficient
traffic signal operations and improving the existing algorithm. Effect analysis confirmed that
intersection delays are reduced and the section speed improves when the offset is adjusted.

Key words : Smart intersection, Traffic signal, Real-time, Control, Video data



AOEWAZ HO[HE 283 dAZ USMUSHO 2 1t 24

24

1. 9170] v g

e

S$Euete] A5a SEUsE A 59720183~2022) AB T 24%2 vl AHEATF S71E S Q)
o, 2022 A= 25,503,078l o] Tk Statistics Korea, 2023). ©]2 Q3] $-gjuizte] tRio] TA S0
= AFEFo] AL g3ttt EHA FYA T UEAE 201 A7 EAR 22 9 I% ES

FJ

S}

=
WEFEFORE ol B2 ER ojgAEe] TS AL Ak Z2Y oA V& wEEFEL AHHY
/RS 2510 22 OIF U0 HEHSAT ol £E02 383 u}om(m et k. 2021, A7}

: aEA EHS}Oq W}-XM 2 3N F AT a7
SAAL 2 & B Hotst-Asstetal AT fr1A o R ALES )

£ 9P &th(Lee, 1999). DA F-elvtet B2 A AHA|
< AN AFHRE AT LI ERE o] § F
= 52 =N nFHE AFToz AH

=
A2
il
b
fins
ol
2
o
™
ol
2
30,
El Sl
2
e
El
of
-
-
xe

> 1z
bt
Mo
2
o

il
Ho oo ©

2
N olo

L.‘li‘
N
;@Er{rérﬁrz

7] wEAIZA| o (time of day, TOD) &% HAIto= = felt=3
AZF Atk wWEbA, ITSE B3t 39 3] HolHE 7|Hle g B} §&402
gHol B a3k Aot} =3, I E W F 5 (Ministry of Land,I

U} E W 2} 2 (smart intersection) A ~ElS BAZ O
Wb, 2 ARE JpEE FEl " B4R
ASF71, A $HE ""%’5}"4 sk Wale
A ga8d Sl AAFH
2ENAR A 3 H Eﬂol HE

w o o

o°*=
ol
e

o M

=

)
2orr o o2

IT)
sk gtk ~nEEARE IAZE 5

BoA FE3e] YAE dolEE Ve
GHH(MOLIT, 2021). Z~PFE AR A 34
He 53 A58 15, WY Qo) T A=/t F2H
A 24 ol9ld wEATA s AE FEHA Kt Uk

—

i

T‘ O.u _‘N,
Hﬁ
B

3
5o
o K
2 ot o [y b o o o

ofr
-
D)
=2

1=
ENS %&1—5—}1 A0 mEASAS 96l GE REASA AUAGEA EAE BT
® A7E Faho] /1€ TOD £99 WS nesle] A7 BEF Wt e Fre] BEHY W
NELYL UG A Bk BR ofd AERAR A2 FEHA e ARANA B A7E A

Vol.22 No.4(2023. 8) The Journal of The Korea Institute of Intelligent Transport Systems 49



AOEWAZ HO[HE 283 dAZ USMUSHO 2 1t 24

Ao nEShE ANxEE PESe] £EH WENELY0] B 5+ UIE ARk

AHOZ AHEHE WFATA ] &4 W2 TODY 782 15215 A of(actuated signal
o)

HHA
control), WFTN-5-24 154l EA| o (traffic responsive signal control), & A7t 1LF 2] 5 A ©](real-time signal control)

So2 YE F Atk TOD &% vE] A3zl ARAZ] e} AEE FaHog $F3te A Ttk
TOD ol A A& Wﬂ%‘(mgnal timing plan)< 5474«] WEY W3l A8E EYE NSANAES g A
£ HAFA, HATAL AR T AR UE AT §, 24 AU nEF FEE 1este] 448 s
NAE S FEet ARIERE 2] $95h= 7&‘% T, o] WHA TP 3T o nEH
wste] ety HFH o2 t-&3l7] A AL ZA 1A o] 9} 2 F ATt Bt nEFe] A
ol AF802 &34 X3thDo, 2020). F-Euhete] tiREe] wFASA o= TOD W& AHE-3ta

2]
At olof whall, AAIZE wFASA o] AL AATIOE FEE UFH, ARE, B Ede], £5 9
o A7), SALSARE, A & AAT F ok B AToA Fx3te AAIK
& 742> (Korean National Police Agency, KNPA)ol| 4] #|-&3= CAERUS(Control Algorithm for
dElay Reduction Using travel time)©|™, ©] ¢ilg]&- AHE A ol(Module 1), AAIZEAoI(Module 2), 33140
(Module 3)Z 45 o] UTHKNPA, 2019). ©] CAERUSE 2RIEw AR H835t3z) gt

CAERUS®| AtdAloi(Module 1)& AAIZFOE FF 587 FPALE o S3h= “BIG DATA E95 &

Ky
of
%
ol

1EFH FA dEdolHE &85t TOD YulolE A7E A3t AZEA 9@ AREAE 3k
53PS A&t “TOD Update ¥aE]E7 02 PR ARRA| oo 4] 2h&d AZVEA 2 AZEAE s
HEATDHS FILTAZE BE §WE ALt 7EANSALE AT, HARECE 1FAE 24 Al
F83he FF 58N d=F FIAL FRE A FIFTHKNPA, 2019). AATEA ) (Module 2)+= F3HE/43E
NS FPAS 83 wB A HE 7hs F85 AARE 153 HSE  AEE Y3 A=
2ABAE 2FAEe wet 2Aste] W E3E #53HE Y ITHKNPA, 2019). JJrii}XﬂOi Module
e S E IERY £5408S APt o] HE $AdE Fost g 2k g FF5dA 2 AlEA
s A% FxzspA ol 7|2 g ddgl 9 g Ee] AXAAE T3 dHolHE #@o}ﬂ 2| A
7F e FRe] HAATLS UMD, A%o] Y& 7] SAAS BAaAA dREe Hxs i
s W8t FE2e] tr|gEds Bt o, sHRFEY A5 wet g E £8 rhedS wet
ok, di718E &) 7Hed A FUE SAATRE wlEd sd e tr1gE s 6H*6H = 5
o 5HuFEFE A, 7|PdE F8o] BT A SAALES DaAA FF 7 AdunEFEFS
Qo z2H FTY AAFEES ASFSFTHKNPA, 2019)

Park et al.(2008)= WA WEARAE A 95t Y= F w2 A TOD LI 7+42 w8
A Y9 AsS vtk A nFENTAE A HU=mAAZL, HAmAAZL FH3 A G A

50 Pr=ITSYR=20| 227, M42(2023H 8¥)



AOEWAZ HO[HE 283 dAZ USMUSHO 2 1t 24

Z19] g AAIE A%, gap reductlon;:_ Agatgon, 3207 $HE wAR Y Vsl FelEE
BEABAC WSS 44T F ARADL AT ALY A%, 294 mEABAC 290
TOD &3l W3} #7143 ‘;4 94 o1k o £akel DS HAAZT, oF s6%8) A2 Ao]
A3 EEINE FAGAG, TP Aol A0 @t FFH O F71d0] B WA Dole] W) o] Fof
A& FRlstath

Ahn and Lee(2006)= CORSIMS] RTE(run-time extention)& ©]-&3l] 237 743 ZA3d wFo-s-4
E%"\_i ol &9 a74E BAstAth wEte4 wsAsA o7t F7]2 0], vig]o|(barrier), FAIAC)E
ARsta, 34 82 wFgAsAoe #H3H %Z}i ol HA7E AdAIske] 5AYAIZEA T (green
extention)= AASFATE 2] AFE Q3 7|stF2 A4 2 #A3A, A7 ol Fol g A s AAs)

for, 4Auate BE HIR GAA HAZIE ARSI A7 A, Ikl v} Gl 3
A A wEAlEAojer AgtE AR wEAlEAe 9] TOD +Fo vlsl E3r}t gdstA vyt

< T
WFATA] FH9 B9 BHE EAEATE 71E€ TOD +99 FAHS E4st1 g 254154 o
29 9 HEZ WA AL BT ANTRS ANFYL FEL 4 SANT, FEL AFEE, FEE
ZYP&ETE G393 S(measures of effectiveness, MOE)Z &lo] 35 B39t} A+ Ay nEdo] A

A EIA T A 25 7ol Be AHEFETG A3 SHAZE, AFEE, sFEET 27 A EE A

o BAEY,

Lee et alQ0I8)E W WS Fa) QAo T A4 Adt)7|do] swe] 784 mEAEA 0] L1
28 AN BIHE BHSATE o LelEE COSMOS EABAS] )2 A A w THEE ol
&3 Aol A Aen)r|dol 2 Aol SasdT. B4 A, ToD £ddl e A 7
ol e, WA TF sub area THOE Bl Qe AElolA shtel mART 7eAo R edsriiy
agAlofel glo} &b AlekE % ol gtk

Lee et al. (2002)—t— &N SGE T = COSMOS TELsA|o] duEe AAgsts Js] u5F,
sub areas FA O 23S Gt Jr?M AgAel 9 tr1de] =A% 3 AEE £3589t %

Z Ao 78RS Y 9 A7IHE AAS] 2 FS sub are S i
e 8 AsAHE Aot =3 JPRE FAFZRE T3 H3)H FealsAe] E o
b S-S AAEHTE AFS A nEATLY HolEE o] &ty AFE Az
A8 AP =3 A A o|(transition) <
o uj$- JAXE AdsE AUk

Lee et al.(2017)0] wh=2 W o) &) | =pA o A ITS +F& A3l FZHA7E BXst 29 Toll 9oH

8
A

B
113

2
-

il
[}
o,
2
Sl
K3 Qo
jus)

PFBYN, SAFGA 5 B FEYAY] QAR FPE A FABYE DY ARAE o, o)
A ARALAE 52 00 49 R 24 FO5 AR Bel e AL RARY, wt 2%
% 4% £ 5 AFARGOTE BEHT o} WFNE 29 ABE BEHA %2 Jon, FA

N

2 SmE ARel A4 20w dd SEABAI S8 S Aos LA

}

i &

>
I

@
e

7l

SWelME 264 B wEHeA wEAaAe]l gl e ekt d77F EEeA A3 E o] g, 3

Vol.22 No.4(2023. 8) The Journal of The Korea Institute of Intelligent Transport Systems 51



AOEWAZ HO[HE 283 dAZ USMUSHO 2 1t 24

A e ARAE BEAE FZAR7] AA §7 COSMOS A3 A oA 2 E LGB AT %
2AA fARSY ol gH ABA NYE A sl B ARAF] LEABACe oje &2
AT Qe Ao FAALUT B AT o2 RAG ANERAZA A AAEE AHE 2L HolHE o
£ CAERUS 7|8 AA7 2B 50 £do] g £3E BAalnA B}

AFA ] ATE AR 2UELAL AR LTEOIE FEate] A% LEUBAC ] 47
Hog BEH AUE Fol 5 Gln EE YAAAVE BEF AW EE e 434 LEAEA
o F2 AFE AYs Sk T WA BEATA] Aol YN TRE WAL FAA]
of o 2AE Bl AWSNYUTE £ DTN AE GARHA G} ABAH 2 BAL T AvhEa
2 G0 HOIEE Boolol s Aol 2 A AGNE FUHa B A LE AAAAA 2

ol

Fi 9= TOD &9 vlug S8 avs E43n

H A7 A7bA W= 20221 10€ 4% ~ 21971A] 9] AbAuEolE 4 71203 2022 1€ 9€ ~ 16Y
7219 ARFE ol 3 7|7toZ FAFE S k. FHE W= <Fig 1>ol4 2]l npe} o] AATF %
*@XM $—°§ o] 7}k «1% | 141 ASRERZ(FHVEAR- G E AU R AT W&
et AATE wFATA Y &9 &9 AE FH1E TIAL, &5, 15E, AF
NE* éE% o] g3 FEHEA o FHHUT

i

iz
e
4
=2
_>.:

. Geumcheon Village 4R

Bugok Fire Station 3R

Samdong intersection 3R

Rotem entrance 3R

@ Location of Smart intersections

<Fig. 1> Test site

slERAR Azde] Qshow FATPETFI] X DSRCRSEAA 38 24 HolHE Bajsel

52  RIRTSYY =N M227, M42(2023H 88)



AOEWAZ HO[HE 283 dAZ USMUSHO 2 1t 24

5 9 £55 F3A, AEA 719 DBA wEAlE 9 %S TN % Fe ~vE
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<Table 1> Data collection method

Collected data Collection method
Travel time and speed * Processing raw data collected from DSRC-RSE
Traffic signal timing * Upload of database of traffic singal controllers
Traffic volume * Processing using video analysis software of smart intersection system
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Collecting traffic volumes

+ Collecting video image of smart intersections
+ Collecting cycle length, traffic volumes by phases

Calculating saturation states

 Calculating saturation rate for each movement

+ Determining the saturation stage for the calculated
saturation rate

Adjusting actual green interval for single ring

* Checking the minimum green time violation
+ Adjusting actual green intervals for all phases

<Fig. 2> Procedure of the improved algorithm
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<Fig. 3> Modified ring structure
2) =Zlo[olE

CAERUSE F7HE/3a dSEaA7e $84) REARAF@EDS F457 52 toeE 284
TahEg AR A : 9 e ZEF HolEE AT

o]

54  Pr=TSUL] T 223, M42(2023H 88)

J
i
Gl



AOEWAZ HO[HE 283 dAZ USMUSHO 2 1t 24
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Al e F AEE P U ATAGE wEAFe] wet 2 st epd XIT #EIE
PATHKNPA, 2019). ©]5 $13l, CAERUSE £3t=8 2 7k DAZ FE3te] e sA ojol AHg-gith

Tol A= KNPAQOI)OI A AT E3E AARS Agstgod, @4 28 a5 ANt 254 o
o] RAHsIe] AP S o] gate] =AY HEH T AW ¥ AARLS <Fig 559 Q2%
A3} ok FI12, <Fig 559 9% 19

BEEpE
G

1 Average delay 1 Average delay

> \/c > V/c
0.5 0.7 1.0
State 1 State 2 State 3 State 4 State 1 State 2 State 3 State 4
<Saturation states of CAERUS> <Modified saturation states>

<Fig. 4> Comparison of states of saturation rates
3. ¢12|E HE

FHE e Bt FFEAAAHNA ARE wEF vlolE e ASAHAA F7], FAF R g5
of AZAME HF3Th AsAME FAE wFHolHE ol FanEFsS A&t FanFFS
ST TR EEFR AT 3] JFoAu TS Fe wFHolnh. dglo] st st wat
29| 75 SR THaF o] BA ot FaEFoA AEAREE E4E F Q7] Wil FRuEH
< AT FRNEFS SANTA FHATFEHS AN SA A F T GAE T AEd
LuEFEE oAR ¥R 9 A e Al AT 3F7] JFselsB ke AHESAATh

—_
-

) ISY 47 U 713
2

Ao Al CAERUSY| ¥#3t7] $3te] 53 al 5 (passing traffic volume)ZF 7+ 25 H(remaining traffic
volume)S FH3th £HA AR L U8 <Table 2>9 2T}

<Table 2> Data collected through video analysis of smart intersections

Data Contents Unit

* Number of vehicles by vehicle types (passenger car, truck, bus, motor cycle)
Passing traffic volume that passed the lane detection baseline for each movement (through, left,| Vehicle per cycle
right, u-turn) during the signal cycle

* Number of vehicles by vehicle type that exist within the detection area

Vehi
at n seconds after the end of the corresponding signal chicle per cycle

Remaining traffic volume
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watR HIRe] 2 AR AAEE AXNGGd o8 Y THuFFR AAnsF vojHE A=
3 ARZ 7433t A8 7FE WE-S <Table 3> 3 <Table 4>9F 2t} F1 2, AUE
2HE o] 7hEehy] i AEE nE S AEslY SR ST AXE FAFEGATE HE
sto] S8aF G9 2 ket

<Table 3> Data processing

Data processed Contents Unit

* Calculating the passing traffic volume for each lane movement flow by using
the traffic volume for each vehicle type.

* Passenger carx1 + truckx1.5 + busx2.0 + motor cyclex0.5

* Passing traffic volume by lane = passing traffic volume by movement / number
of lanes

Passenger car pre
cycle per lane

Passing traffic volume
by lane

* Calculating the remaining traffic volume for each lane movement flow by using
the traffic volume for each vehicle type.

* Passenger carx1 + truckx1.5 + busx2.0 + motor cyclex0.5

* Remaining traffic volume by lane = remaining traffic volume by movement /
number of lanes

Passenger car pre
cycle per lane

Remaining traffic volume
by lane

<Table 4> Calculation method of remaining traffic volume by movements

Movements Contents

* Remaining traffic volume of the lanes including the through movement within the detection area is
summed up and the average remaining traffic volume divided by the number of lanes is determined

Through as the remaining traffic volume of the straight movement.

* In the case of a common lane type including left-turn traffic flow, it is classified by the ratio of
the passing traffic volume of the previous cycle.

* Remaining traffic volume of the lanes including the left-turn movement within the detection area is
summed up and the average remaining traffic volume divided by the number of lanes is determined

Left-turn as the remaining traffic volume of the left-turn movement.

* In the case of a common lane type including through traffic flow, it is classified by the ratio of
the passing traffic volume of the previous cycle.

T8 WFFL FHUFTFH JuF g st Agstal H 3570 A E FRuFEE 7+l
BRI A4S (Bg. DI 2T (EBq. DOlA 05, 03, 283 02+ 357] T 3 AA 71, F AR F7)
aaL w719 AEFE TheoleBdsty] st ARk gtolth AAMIRE AFdE KNPA(2019)14

=

A% 5 9ok

V:(Vl><0.5)+(V2><0.3)+(V3><0.2) .................................................................................. (Eq 1)
where, V = Demand traffic volume (passing traffic volume + remaining traffic volume)

V) = Demand traffic before 1 cycle

V, = Demand traffic before 2 cycles, and

V, = Demand traffic before 3 cycles

56 Pr=ITSYL=2N| 227, M42(2023H 8¥)
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(1) =3z A=
23l 4hE A2 ofefe} Zow EslwFHE A7 1,900t/ A, FH3H 1,800(HH/ Al S AHE-SFATHDo,
2020)
@ HIZE o|FF ¥ =3z 713
LT AbE A S o] g3ty HIR o]FRY FauFHT o5 F £ HRE A T o]FFY
X35 HRE 7pE3h o5 F nEF A PHL <Table 5>9F 2t

<Table 5> Calculation of saturation rate

Types Contents
I/(a,f‘z,i )
Equation for saturation rate Xwi) = W
* Saturation rate of the k-th cycle of approach a and movement i
X * a: E(east), W(west), S(south), N(north)
(avk,i) ok 1
: cycle
* i : T(through), L(left-turn)
* Demend traffic volume of the k-th cycle of approach a and movement i
v * a: E(east), W(west), S(south), N(north)
(a.k,i) ok 1
: cycle
* i : T(through), L(left-turn)
Stai) * Saturation rate of approach a and movement i
Awi) * Green interval rate of approach a and movement i

t Average delay

1
1
1
1
1
1
1
1
1
1
1
1
|
T
I
T

> v/c
0.5 0.7 1.0

State 1 State? State 3 State 4

<Fig. 5> Modified states of saturation rates
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1384 1ﬂr74] 254/\19} 3AZE 28 A, 4-AA7E 3GAID A5 1A A 43
= "JE'\]Z}% KES HH—E?SM] "ok o7)A, E5}29] zpo|7h 025 o Fd A-ellnt wiEstal 025 HRtd
Bre ZRALE TR B3 1AATE HAaSAARE ojstr EolA] Xe wlEstA] X A5 289}
3PN T WS EIEY S 2 FA(ESE 2ol 025 o)d)olA 4FAE wjiES Al "ok

ABAZE HiE o) F wE el Wat glo] 240l & 75 TOD ARPA A e AEAt AY e w=
S5 Sk AARE Alo] Al AZAIZES 7)Eol] &8l 9= TOD AlgS F=xdh

olr

o>

Selection of adjustable maximum and minimum
saturation level barriers

Is the saturation level of
the barrier 3 or higher?

Is the maximum and minimum
saturation difference of the barrier
more than 0.25?7

No

Minimum saturation level of barrier: -3 sec
Maximum saturation level of barrier: +3 sec

[

<Fig. 6> Procedure for green interval adjustment

AN 24 T BT AAFHA £E2E vwd A, 24 A 59k 2 2o} gle Aoz
ZAE A o= S W7 Qo] CAERUS 7|4 A BN EAE S9US A 2 A2 Yoo F
T2 Bt ojyg} 3], REZ % AlTAZte] AAZte R 2AE ] 71E] A Ei# S5 gzl
SACZE AMEA v A 523 35S SRS 23] otk AE2FoE, §A 24 glo]
CAERUS 7|9 AA7F 252 5A0E 93t A 24 2tz o] A=A g AAE ? Ao, 73t &
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<Table 6> Comparative analysis of average control delay

Before After Difference(sec/veh)
Intersections average control delay(sec/veh) | average control delay(sec/veh)
07~08H | 08~09H | 09~10H | 07~08H | 08~09H | 09~10H | 07~08H | 08~09H | 09~10H
Geumcheon Village 4R 59.6 64.4 535 51.0 55.0 48.4 -8.6 9.4 -5.1
Bugok Fire Station 3R 57.3 61.5 48.8 39.2 40.5 36.1 -18.1 21 -12.7
Samdong intersection 3R 48.3 56.2 45.2 38.8 46.4 36.6 9.5 9.8 -8.6
Rotem entrance 3R 28.8 25.6 21.9 25.5 24.8 20.4 -33 -0.8 -1.5
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