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ABSTRACT

As the era of AVs (Automated Vehicles) comes to a close, many researches related to AVs have been conducted. Up until now, research
on traffic flow impact of AVs has been the main topic, and research on traffic management for AVs is still in beginning stage. This study
analyzed the effect of Dynamic Merge Control (DMC) in manual vehicle (MV) and AV environment at work zone. Dynamic Late
Merge (DLM) and DLM with Dynamic Early Merge (DEM) are compared by simulation. Simulation results showed that DLM
improves travel time and work zone throughput compared to no merge control case in both MV and AV environment. In the case of
additional operation of DEM, the improvement effect was not observed in MV environment, but it was improved in AV environment.
As a result, DMC operation in AV environment was as effective as the improvement in transition from MV to AV environment.
Therefore congestion reduction at freeway work zone by DMC will be possible in future AV environment, and the improvement of
DMC can be suggested.
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FHZ A&FPxH(Automated Vehicle, AV)d]] that TH4lo] o}
AAA B e Zidte] ghiks] ZIsEar Qlek 2SRt AlEAR=
R, ARARSA] T2 e 77} Haer 25 (Advanced
Driver Assistance System)g ©.# 7|7k A4 7akalar glom,
ofe] A=FEL o] A= /ide] AFsatel] the 2 €]
QIeF ERAEAIRERS FHlal Sl 53] ATk A,
glojeiel 22 HAAPHIES Sl wET FRE Asle] 554
OF dixfet = Qlovt AL Bl A 5o SISl AeTSY
2o A2 tixfshk=t] SAF Itk webr] AReFaatel] tigk
aE et 9 wredele] FH7F Fadh Aotk

olof w}l wE 33 S Aol thgk JEE Vehicle-to-
Infra (V20)2} Infra-to-Vehicle (12V) 41 E3 AARE HAds)
= 7 e lE d=eiel mEal Rl vkgo] 7hestt Ake T3
2} 2F {4 A ohell B A7 RIS Qi) v e
Vehicle-to-Everything (V2X) $410] 7}53F 7I9E] =7 Connected
Vehicle, CV)olX] 28832 W3k Hars 7dz] o= A9
3, 2030438 =32 Safety Pilot ZRAES 8ot} 49
¢Igke] Drive C2X ZRAES UdH=e] A270 =& HXEH =

FshHA GPS, ITS, SdAAIE S 55 AFaF21ete]
o AAlel gk 23 A4S skl Stk
R u&we A E2 He] 9 RS BHo e
HapFenols] WP, 17 2] F2 B 2k2e] ARge] Bkt
A el wgt TAF 5 B2 &% S84 gk Ao =w
SRS A2 L B 23S sjok 3, o] = sk Ak
7Fs73e] S7RIAL u'EsR B8] ¢Jslert v|= Federal Highway
Administration (FHWA)3+= Smarter Work ZonesZ 235}
Work Zone Intelligent Transportation Systems Implementation
GuideZ AJBlL Qlek e 7hol == AR AARE &4
2} 48 AR, 719 AL, SHRFA], A, 7RSI
5 ekl s g | wEdeE AAISKMirshahi et al.,
2014). Utah DOT (Department of Transportation)$} Minnesota
DOT: 7P 43K Variable Speed Limit, VSL)S 73%]7]
(Vehicle Detector System, VDS)9} 774 ¥ F A7 Variable
Message Sign, VMS)2 & T8k BA LS B8l 2o
AFEEARE Asith. o]F B3 th7]d &2 Ao &5
FrEghtt o] sl t7]E F2e] SIS TFe s Y
T o, & wAstE Fal FA, FHYARE S I
7Vs3sck
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712 gZ(static) 52 5%(dynamic)?] WA 0.2 157t
w2} SR 27137 Early Merge, EM) = A998 Late
Merge, LM) o] F2 AREHIH 2713k gk vl=] S+
S & AEE FAR oigE AR 9 A2 fe RS
A NA AlgdhE Aotk AP F= 2R} dRkEe
Mo g SRS FFARTIA] 242 2Pdg FAAT)AL
gk FARE AR FFAITIE Aotk o] & S =2
LS S g F=dl o LA EE B3 gl
e} SYARE H3E, FARE Wl FHaEE St 8
gRlstairk

F4&5A o)(Dynamic Merge Control, DMC)= 522718
F{Dynamic Early Merge, DEM)$} 52 %] I$F7(Dynamic Late
Merge, DLM)E 7~ddtt 7129 21 dAlolxld ag#o
2 29ue Zlo] obd s dse wE T EAoR $gHo]
s stel] AARE thee] 7hssitt SART IR v SRS
Friedhe FFARES e dsto] wkduo] FAo s $9HE A
ojty. ojuf th7|d HAP I FARE AAVE S8l ARKE
32 St wERES AESle] 29 7Redl wet Alemd s
Ale] EdHT: SAAIATF= FARRE A FRARTA
R 2SOl HIEAL 2k} AR A} S-S s8ate]
T2 &8-S Huslslay, 3AE] ARRelA RS Hasigt
o whe} 2pF 3+ IS FolETh SRS Bk FARRE
Y] A E Sl AR, S w'EsHTe] % TS
Vg o) 3 fRe] FRE o] ARFATHO 2 s

£ e B Ao uE FAAGER s
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nAEEARE o)A 5 Sh] VISSIMe stk A3
Aok dbxjel] ohe EE 7= VISSIM W] 712 Bgs wethl
7Hgsislen sfehlE e AjolE o] o] T& BHsL AF
Aol zte] Bkl 67]¢] Aute] 2ol thal FHarETFE
AlEdolds st 53 B4R UESA F3ARE
AR FHlE e AHEste] A ERA0e) Akt 2
AT oM B4 AdE wlasklth
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2. BoiE

71E AEFRA; E0] FE AESTFRAFC R Qg 2974,
oA, Sk, A EE B89 (Mahmassani, 2016;



Shladover, 2017; Talebpour and Mahmassani, 2016), 15+
1Y T shR] AFFE RIS S8t A&y AE BT
ArE0] Brf(Khondaker and Kattan, 2015; Mahmassani, 2016;
Talebpour and Mahmassani, 2016). 283z} thalk 7|&
W] AT AEFTIAE =Y F B8 G oFF
z7] TloItk HEAR, 7RIESEASRE ARETaAl E85te]
AT 29 B3 wE R W &% R, F9E% UL
AL 7o) &3} vk 243815tk Ghiasi et al., 2017; Han
et al.,, 2017; Khondaker and Kattan, 2015; Grumert et al.,
2015; Qom et al., 2016; Sun et al., 2014; Talebpour et al.,
2017; Talebpour et al., 2013).

AN 22k R EE SARRE Qhdise] =
HFH FARRA] gekgh AxolA o] fA M, o] & QI3 A
o= AAER] Bo] WEAR o] WAYsle] wliEt BE0)
ofshe]aL AL 7Fs AR AXITE SAR A9 arEdE] e
IEF S99 B S BRo g Be ot HedEolslit)
53] FAFRT A2l thgh FFAlo] e} BARIIAS] 7]
A opl gl Xu RIS gk TRISEARE S R =Rk
[3(Early Merge; 27190+ W] fRAIR1. 24 wfjz1e]
S} 7Fsste] obiA 21 wsbh glom, ofe] Soitle
) Al 7Fsde ATl B ERIEITHGe et al,
2013; McCoy et al., 2001; Yang et al., 2009). Yang et al.(2009)
© AHHOE AR APt AEE &F Bt Aagiar
AA8FIHE Indiana DOT= Indiana Lane Merge System-2 £
ao] ujEA} Ah2e] WEF sk Abg 7] EvRE BRIE
t} Michigan DOTS 200439)] Kalamazoo®] US-1319)4 257+
AR 2ol TR W) 2 A o] EAE
AT Ao 2 2R A Age e e
FolM Ep} qlom, A bt 2R ol%eA,
Arh} F5aheAd] wet a7 eyt deirich

AR E20] BFS Az &3l 2 wE ol
FHAset ¢ Qlrk g St ARCA BAR A
o] AAHF =9 Al THrEEt i1 S ZE ARk
(Taavola et al., 2003; Walters et al., 2001). 7]=F Bj=]Uo}F0]
A 283 Aelide SRR Hleel w9 a3t geitt
3 B35tk Beacher et al., 2004).

SRR AT S, oy el 3 AA| v 78
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Minnesota DOT+= A A 2o &9} i53HS 9
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FAARMTE 2o, ti7ld dol, 2Pd 1t wEw HlES
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57t &% S, Al A, XSt S| T3], 1l
580 noise) 7 Tl 99 39 e FIp ik
A A8 v} Atk Mirshahi et al., 2007). 53] 257} W=
W FFE SHFTAT AA, ALY, P, 7]
of Zulo] 7|Mo] 7Fsstlar ekl 21tk Gerald Ullman et al,
2014). Kansas DOT+= Construction Area Late Mergegl= 53
AAFFE TGt SARE FFARY] St ae s
£ 7o 2 283190} Michigan DOT+= Zipper Mergegh=
FAA AR TE gl TARE W SaarEE A F i1
Aok AeIglon, AR WEY) FALEE £
710 2 ARESIIT) Maryland DOT+= “All on-All oft” g1
= A3 FHAIYRFE +Fste] AR W SHaE S
WA F 71 A} A2 wE T FRe ddskE A9E
Ao, ARl MRS &9 7Rkeo® ARSI,
=38k, Kang et al.(2006)9)4+= Maryland DOT2] 27|15
Zg3te] US [-8304 SHAITFE A 38, skl
B di719 o] A 535 AABIITE ol#fERe] TH
A|o}5 &-g3}e] njar FHWA, America Traffic Safety Services
Association (ATSSA), & F9] vj=E DOTE FAVEolA] uljzz
2k SRS gl wheh P A, SARRE Wi Sk s
=7} TSR o] 215 RISk Kang et al, 2006; Meyer,
2004; Radwan et al., 2009).

$72}e] F9=&(compliance rate)ol] w} Unkx} S o)A
SATRACle] B Holh Ak Wl ASF AR Lk}
o] wkg2ie} whae] F2A9) Wigo) sk, Tl A8
A 8 wE eisle) Falo] JsaER BARRACle) e
W& 4= 9tk Nanicha(2018)ol4] 3AMLE FAlo2] &5
o] ol o} BAE SaBslon], AAQ) WAS R FRAlolS
=gste] nlErdsel W AARE S WA k& gAY
EARIE 2 s ve] i DOToIA A1k 5205
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Fste] AR SAFFAI] A EIE A8tk
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3.1 SHEFH0(DMC)

B ATellx] AAsks SRR Aot SRR IR 3AH
o] AT A7) HlelHE Sl arsdge o
AolE AAgt}. 2HE FATFA O] HEE ST
V212, dukxlolli= VMSE Agsitl(Fig. 1 ).
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Fig. 1. Concepts of DMC
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Fig. 2. DMC Algorithm

DOT 21 Aeslodar, 75%-2] AlEelo]Ad - Warm-up A]ZK15
B2 A9Jet 6022 B4 Apa e AMgsith SA3RA 01
% 71EE HA7Y ARFREolH, &9 YarelEe Fig. 29
AAE Ble} o] 271E Fholl wheh BAgRAe] o] A
th oz, (1) & ndlA AA7)0=1,23)2] 5E(At)lct 249 Azt
to] St ARBIES 2W]ehth: Fig 2(a)e SHRAIATH] gaL
2502 FAFIE Al fIxIgk Al AN AR ARPE RS
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o] hte] FA ek 15% o1del u) FAAARFE Sk,
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F7F s Aotk 2 A7 SRR ke et
AT FEE EFehs T, 2Elal Ao
g 495 A AdE Fal vlastrk



32 X X 2ol

£ e 583 Fee] duialel AETARRS ) S
2 AL, FATFA ool g 282 100%= 71gsh,
AEFYAR= w2 Qzejele] V2I, 2V B4lo] 7Fssitial 71y
skaick

vkale} AT ARe] P wAlalgARE o] VISSIMS]
AGFE R A2HE RS SE3th ikl tigh 123
dlepEl= VISSIM 7|E3ke AMgstal, 2R3 2k= ATKINS
(2016) F7-olx] AN Hplld F52e] 2T B den|ElS
T Table 17} 7o) ARS8k

4. Aiggloj

4.1 AIEHOM AlLl2|2
E 7= VISSIMA] 2x12¢] 10km EXF-E FAFS)L,

2310l $IA5 BRI QIste] A ah sk V=)
o FAZFA 01 AEElo) A E4S lskith(Fig. 3 %
31). Marlyland DOT o] wg} Ax]7] 2 VMSe] A&
A3, SHA R SAFE] 2.3km FRAFEEEH 2|
A7) H= ARE e, BATRE A7 SRR 224
o] RS o 1xPdo R ATHA fE ARE Agdi)
TR FAREC 2R 2.3km FRARETE TkmAR
A BE Apg 1Pl o R AR fre HRE e’k
Table 291 AxJA Z51 o] FFAIE FokA] o= 785
SAA AT ke A LAl SRR SRR
FE s 492 o7l Aldeles il ksl AT
Pz} 242+ A HEF-E(Market Penetration Rate, MPR) 100%
¢l gl AlEdle) s stk AluRle 13} 49 Bluls
Ba) e} gl vlat AFseka, Avele 13942,
Afele. 49t 58 Ea EANDLH B3 B0 sPsah &

¢

Table 1. Driving Parameter for Manual Vehicle and Level 4 Automated Vehicle

Driving Parameter Manual Vehicle Automated Vehicle

Standstill distance (m) 1.5 0.5

Headway time (sec) 0.9 0.6
Longitudinal Oscillation acceleration (m/s?) 0.25 0.40
Standstill acceleration (m/s”) 3.5 3.8

Acceleration at 80Kph (m/s?) 1.5 1.8

Minimum headway (m) 0.5 0.2

Lateral Safety distance reduction (%) 60 30
[Priority rule] Minimum time gap (sec) 3.8 24

[Priority rule] Minimum headway (m) 70 35

V2l VMS
hed
T

VDS 1

V2l VMS

@To) ?

| [

V2I VMS
el
e

VDS 2

100m

500m

B800m

Hypothetical network (10km)

DMC decisior DMC zone (2.3Km)

Fig. 3. DMC on Hypothetical Network

Table 2. Scenario Composition of Vehicle Types and DMC

Vehicle No Control Dynamic Late Merge Dynamic Late Merge & Dynamic Early Merge
MV Scenario 1 Scenario 2 Scenario 3
AV Scenario 4 Scenario 5 Scenario 6
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Fig. 4. Traffic Demands for Each Scenario

Table 3. Descriptive Statistics of Travel Time through the Network

P Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5 Scenario 6

o o n o o o m o o o m o

LOS A 400.5 0.9 406.1 0.8 407 391.5 0.8 3922 0.9 393.2 1.6
LOSB 952 0.8 906.4 0.8 888 1.7 881.1 0.9 804.6 0.7 714.3 1
LOSC 1354 0.9 1257 04 1271 1.3 1204 0.3 1172 1 1131 1.3
LOSD 1632 0.7 1562 1 1562 1.3 1575 1.2 1470 0.8 1470 0.6
LOSE 1715 0.7 1643 0.8 1642 0 1705 0.7 1651 0.5 1650 0.7
Variable 9223 0.5 897.8 1 891.8 0.4 876 0.7 871.7 0.5 841.5 0.7

1 : Average value of all simulation results (sec), o : Standard deviation of all simulation results

Table 4. DMC Operating Percentage of Time on Traffic Demand

Traffic demand | Scenario 2 (MV_DLM) | Scenario 3 (MV_DLM&DEM) Scenario 5 (AV_DLM) Scenario 6 (AV_DLM&DEM)
LOS A 33% 42% 33% 42%
LOSB 67% 67% 67% 75%
LOSC 59% 67% 67% 67%
LOSD 25% 33% 25% 33%
LOSE 16% 25% 25% 33%
Variable 67% 67% 67% 67%
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ARH60R) F FAFFA T +8H ARES HIEE UERA o
2 -0z L= FFAlolE 2YARE HlE0] 100%Y
u, 2 Aol 2418 SARAlolE i g ek ARk
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Travel Time for Scenario 1, 4 under Fixed Demand
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Fig. 5. Travel Time for No Control Cases under Fixed Demand
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Fig. 6. Travel Time under Fixed Demand
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Travel Time Improvement under Fixed Demand
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Table 5. Travel Time Improvement of DMC Scenarios for AV Compared to Scenario 1(No Control for MV)
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Fig. 7. Travel Time Improvement Rate Compared to No Control under Fixed Demand

Traffic Demand Scenario 1 Scenario 4 Scenario 5 Scenario 6
(MV_No control) (AV_No control) (AV_DLM) (AV_DLM&DEM)
LOS A 400 sec 392 sec (2%) 392 sec (2%) 393 sec (2%)
LOSB 952 sec 881 sec (7%) 805 sec (15%) 714 sec (25%)
LOSC 1354 sec 1205 sec (11%) 1173 sec (13%) 1131 sec (16%)
LOSD 1633 sec 1575 sec (4%) 1470 sec (10%) 1470 sec (10%)
LOSE 1716 sec 1705 sec (1%) 1651 sec (4%) 1650 sec (4%)

T2 A8 71 N G 28T} #72] LOS Be} Coxit
vkebstTh

Fig. 7& S23RAlole] BARE /I &3e 2= gefsh
Aotk Fig. 7(a)E &3l SAAIF &4 a7t Iz} 2730
A& -5~7%, Fig. 7(b)& &3l AT} M= 0~9%9)
TPAES Hol= Ao VERITE LOS A9 wESEY ) 4%
RS Uik} FHAUE L 2)ll4] 294 FFA01E S
&= AR DR BRART0] 5% AXE Hlo] #SHIIT
AREFYAF B(AH Q. S)olM= I ETR= glov SRARY
< frAsks At YRtk ofE 53l LOS A =20 s ol
A FHA QYT Q] o] gloke 7Ie - EET At
gk AEo] =EHrk LOS BolM Aye] e 29} 49 7)1 &)
217t 6%9} 8% = ARgTa) 3} o9 FAA ATF &t
Z Aoz Yepdr ¥bA LOS Colpfi= Aue]e. 29} 49] 73180]
Z¥2} 5%, 2% Ankak S0 AR AT Bt 2 Zle
HERITE LOS Do} Eolrd= AU Q. 291 471 27 73S 5%
Holw, 215 7+ FAAAER &3 o7} Ik AuHow
SRR 23S B3l LOS B-E 552] Uukx} 3447} 185
gzt BN HF BPARE R ZHE BRI 5 QI

874 Journal of the Korean Society of Civil Engineers

FEZIFIA 71 298 B Gkl 30N 5%,
22T At AN 0~19%2] 7A1EE Kol Fo 2 vERdt
LOS AdA] Auf] 2 33} 60] ZF2} —5%<} 0%2] 7aE-& Kol
LOS BolM Aluzle 33} 62] 7jxgo] 2kt 6%<) 19%2 A=
Y=} oA FEAFFA & EIT Uik} B ET FA
LERdTE ¥hE, LOS Colxd= AR 33} 60] K57 5%2] 7II&
< Ko, 2% 7t 2o} vERA] ettt

LOS A¢} E 50l 5 215 Ul 583FA ] 3t Ht
FYARE Zo(AEle 291 3, AL 59} 6)7) Sl AR
o}

UERdT) o Uik 87 3 A8k €7 25 LOS A
E Eolx S2RAl0] £ 71l FekA] Rl & W=t
lhg- Sk wiio 2 whhein) dakHo g FHxIRRe] St
Qo2 Qe 7B E3k= AREFA 4] LOS B9t C =29l
Ak ERlglon], dnkat SN = FAT IR 77 9
a7t BR1EA] ekt

sk Aake Aejsbd SRRl 2dHA] 2 AluEle
15} 49] vlals S kAt £ oiH) AReFgak e SYARE
2 LOS Bel|A] 7%, LOS CollA 11%2] 7iX &3} vhepsich
Ak 29} 5] HluE F3f FHAAYF] SHARE A



FIR= Qukx} 3404 LOS BE 5%, LOS C= 7%= VERH,
25805 34 LOS B 9%, LOS C:= 3% UERITh
FAA AT AR IFFIA 9 Al 37} 69] HlaL
£ E3 dvix} 340 LOS BE 7%, LOS C= 6%= UER,
Ag803F oA LOS BE 19%, LOS C= 6%2] 7l 5312
RIS

Table 5+= LNk} $H30A FAjofielo] S9=A] ek At
o 1t 2= 3749 FATFFA O AL AdE
Hlazgk Zlejck 53] LOS B F=rollA ARgFaate] St
W EIR= 7%0]1L, SRR AT 94 3l 15%, $AHT1%
ol 7 98 B3l 25%7F ANAEIRICE Ao 2 A gega)
Ede] EaNE SARRAC] a9 B85S & F Adsien,

Travel Time for Scenario 1, 4 under Variable Demand
1000
900
800

700

Travel Time(sec)

600

500

400

Network DMC Zone

Area

@ Scenario 1(MV_No control) Scenario 4(AV_No control)

(@) No Control Scenarios
Travel Time for Scenario 4, 5, 6 under Variable Demand
1000
900

800

700

Travel Time(sec)

600

500

400

Network DMC Zone

Area

Scenario 4(AV_No control) i Scenario S(AV_DLM)
Scenario 6(AV_DLM&DEM)

(c) AV Scenarios

olE B3l T A&} M= s o] Faide]
=g o= FHdrk

TR0 2 LOS A-C-E-C-A A2 WBEE 1% 9] AE
o] dolx] vE =S} FAFFA|o] 277 FEsYARES
v a3k ti(Fig. 8 k1), Fig. 8(a)+= Alufe] 13} 45 v|wdh
10 2 AgFaha1el dnkapel] whe Ajol7h viER =T of= B4
TREOR Q1 th71gel] thef AR&Fagxk= wle] vhEatal, sdgh
27l o HFHo e A2HAE S35 wlEe|t)

Fig. 8b)¢} (c)= AL 1, 2, 33 AfE|2 4, S, 65 vwsh
Z 02 247} duia} 3 A &FPx; BN FEFFA oS
TG 2 9ol gt A9-E vugh Aok Ukl $E
2T AF BN SHRRA] SR Qg UESA ¥

Travel Time for Scenario 1, 2, 3 under Variable Demand
1000
900

800

Travel TIme(sec)

600

500

400

Network DMC Zone

Area

&3 Scenario 1(MV_No Control) & Scenario 2(MV_DLM)
M Scenario 3(MV_DLM&DEM)

(b) MV Scenarios

Travel Time Improvement under Variable Demand

Travel Time Improvement Rate(%)
NooWw B U @ N O

[

[=]

Network DMC Zone

Area
[ Scenario 2(MV_DLM)
[t Scenario 5(AV_DLM)

W Scenario 3(MV_DLM&DEM)
Scenario 6(AV_DLM&DEM)

(d) DMC Scenarios

Fig. 8. Travel Time and Improvement for DMC Cases Compared to No Control under Variable Demand
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