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Development of Integrated Traffic Control of Dynamic Merge and Lane Change at
Freeway Work Zones in a Connected and Automated Vehicle Environment
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ABSTRACT

A bottleneck and congestion occur when a freeway is closed due to maintenance and construction
activities on the freeway. Although various traffic managements have been developed to improve the
traffic efficiency at freeway work zones, such as merge control, there is a limit to those controls with
human drivers. On the other hand, the wireless communication of connected and automated vehicles
(CAVs) enables the operation of advanced traffic management. This study developed a traffic control
strategy that integrates Dynamic Merge Control (DMC) and Lane Change Control (LCC) in a CAV
environment. DMC operates as an either early or late merge based on the occupancy rate of upstream
of the work zone. The LCC algorithm determines the number of vehicles that need to change their
lane to balance the traffic volume on open lanes. The simulation results showed that integrated control
improves the cumulative vehicle count, average speed upstream, and average network travel time.

Key words : Work zone, Traffic management, Connected and automated vehicle, Integrated traffic
control



HZ AEdEHEFHXH(Connected and Automated Vehicle)ol] tH3F - - sfdto] &iks] o] Fojx| 11 483}
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<Fig. 1> Concept of Integrated Traffic Control Algorithm
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Does work
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(a) DMC (Kim et al., 2018) (b) DMC in this study
<Fig. 2> Dynamic Merge Control Algorithm
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2 dFE s guY ASEEFPATE FY Ao sy, ASFYFYAE B2 Jdxgs)
V2L 12 5

sttt 7HAElATh AgEE g ate] FadEH s VISSIMY AEFEEn ) 2

o] v2I, 2V §Alo] 7}

HARYS gt TN 2 A= VISSIMS =& 3l2bu]E)(Driving Parameter) S £ 3lo] A&
dEFPao] AFS TG S H(ATKINS, 2016; Aria, 2016), ¥ 7= ATKINS(2016) 7oA A A8
W4 w0 AedY TPt 2y gejv|ElE AHE-SFTHTable 1 #+11)

<Table 1> Driving Parameter for Level 4 Automated Vehicle

Driving parameter Value

Standstill distance (m) 0.5

Headway time (sec) 0.6

Longitudinal Oscillation acceleration (m/s?) 04
Standstill acceleration (m/s?) 38

Acceleration at 80km/h (m/s?) 1.8

Minimum headway (front/rear) (m ) 0.2

Lateral Safety distance reduction factor (%) 30
Minimum time gap (sec) 24

Minimum headway (m ) 35

V. AlE#olAd £4
1. AIZ30l1M AlLZ|2

£ AFE VISSIMOl <Fig. 3>% o] 32419] skm 14525 FAS, 3x2el| X T FAEL
st AAHQ ARHAF B HEIM F4EF 3 A=Y SHAClY AEdIA E4s
TS Skm 24 5= 250m Aol FA 2074 % o] FjAH RE Faol A7} T4 =zt
S0} ot AR F3 I Aol v AR ALo] Jhedttt. SATIEE RAHE 2.5km A HH-E 250m
oz ARG AEH A AL 1029 warmupe T3S 1208 o]0 FALR UG A2 H & 20
TH 602714 40% B LA

=
S|
=

Hﬂiﬁiﬁmom

" Links | Link7 | Link6 | Lnk5 | Lnk4 | Link3 Link2 | Lnk1 | Link0

Control zone (2km)

2.5km

Skm

<Fig. 3> Simulation Network Design
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SHA AL FATIE AA 71F AR 2km R dis) €T WA SAAFAAY] 2FFY
FEHH FAZES 2km AFAZTE 322 B Al 22229 &Rk BRI A9HT A9
S H FATTE 2km G RAHRE 332 4 BE abgol| A2 fA ARI} ADEa, FAIE AR
ol @F-r & AR AT A2RAA A AgS SFshe BE F30 H3 AFs FRE SR
ol w2t 23b= o] RE Xl lx}ii«l A2 f5 B FYAE FA ARE AL
WEFES GA Y A, Aste} A dEsty] ffs) i% HHEFELEFT, 2013)° A|AE LOS
£ Faste] Aztel wel LOS C-D-B-A A& WHEHE weToE A48 THEe 4 F1). AU es
<Table 2>0 AAE A} o] wEAHALES SYG34A ¢ E Case 03 Kim et al.(2018)°] #|¢H3t &2 37
AAE LFshe Case 1, 12l & A9 FATF 2 AZWA FFAAAEFS LYshe Case 22 745}
ST} Case 12 Kim et al.(2018)2] W4l whel FAFEZE 250m, 500m, 1km FFX- AXE 37012 AX]7]
(VDS 1, 2, HollA &F71%¢ Afi& dHolHE 753t AN EFE LBk Case 2+ o] &HH
FAFTRE 23R 2km FREel| 250m (PASE A H BE HAA VA A& dolEE F53te] FRAl]
ARG B AFolA AL FAFFA 7E HRiE(s,)H AZAAA AL FATIE 1A H A
g 7FA(w)e LElE A (Grid search) 849 A& M‘l MRS AH Bt TREEE N
HAgkol AAHNeH, O A 7|E FHEL 26%, v T2 AAIAH

My e
Jlﬂ

N

2300 «— lane closed — e Warm-Up
g 1900 <Table 2> Simulation Scenario
<
g 1500 2 .
=1 Scenario Description
£
;3 1150 Case 0 |No traffic management control

700 I Case 1 |Dynamic merge control

Case 2 Integrated traffic control of dynamic merge and
lane change

. \ \ ! , \ ;
10 20 30 60 70 100 120
Sim. Time(min)

<Fig. 4> Simulation Input Volume
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1) HEHT 74 SotusSe

<Fig. 5>& AlEH oA AUe| 2 Azt mE WEY A T8 A 74 FHus@s vlug 2o
t}. <Fig. S@>olA SATF 2 F2HH EFA AT 290N nEFI 0.
A2 30EHEH 90E7MA] HA T F5 A-ol /M Be Ao EE%}E A&
g 2z Aveed 3 5
(O-curve) 2 71201 A4S S35t}

O-curve? y= @2 2 THuFZolA AZAZ (¢, =10 58 Az 741 9] AR 27] 2E78(q,) 2

F& W ZFS o|n] 5} (Cassidy and Rudjanakanoknad, 2005), B 5@ A o] u}E 74 ExuEHF Jo]& &
H3tA & = AthFig. 50) F3). A2H 7} FAYSE 208704 Al AU 29 O-curved] 71E71&
AFHAl UEtU, ol 57 &5 0] dEsta tirjsddo] BASHA Zks-S Yuldth FAT A1%E

o] NEAYHATFE YA &L Case 07 7]& FAHLFAAESE 293 Case 19| O-curver= 712717} 7
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23T ol AN 3] ERo Sao] ZasHon] ERFFACI} old] EHOR tgEA T
SHRe2 HolET Case 1€ 438 o F Ao 3y} Ueh EALEF) Z7eu, ol F eokol e
LGE}A] %2 Case 0] O-curve”} Case 12] O-curveE FE3T} T3 Case 12 AZATo] F75H o|F O &
Alvl 2 oiH] aEFe 3Ee] =ejn wEdert BashA ¥ FElels o] $FH 2 ag 3t
ol U Ao F4AT WY FAWE D ATWAL FHLIT Case 29) Ocrvet FAE AFE
O|FAE 71€717h 27 WaiA itk ol FA Heto] E2ol 8% ool EAHOE L E B
AET AZH 7 FEH o] F Case 29 O-curve= Case 09] O-curve} FAMSH 7| €72 F715ka 8880l F
Auel 29 2 ExuEego] YX3) Case 12] O-curve= 108% ©]F T2 AluE] 2.9] O-curved}t 3+
Y wFFol MEHAE FHat=rl of 2020] o &89S & 5 Atk AU ¥ O-curve 7+ 3
H = HES Fo) A8t AFeko] 2Fo] 2 Case 03} Case 1S Case 2 THH] FAMAZE B9k FAEIE AR
o t7lg o] FAHH= AE orgth
8000 ]
<«— Lane closed — =" | & 6004 < Laneclosed — PN
7000 P S /] by
At = / \
P 4 i \
4 6000 S 12 400 / "\ t=108
< v I / 3
g 5000 s I / \
o S & 200 A \
Z 4000 1 i 2 ’ )\
8 n / t=88" K
> 3000 - | 0 rorsmemy, e t=66" \
£ Nt , \
O 2000 ) L L \
No control | —2001 ’L S No control
1000 - ) DMC S Y A P DMC
ok -=- DMCandLCC | X _, -] ==+ DMC and LCC \

60 70 80 90 100 110 120 20 30 40 50

Time(min)
(a) Cumulative Count Curve

10 20 30 40 50 10

<Fig. 5> Cumulative Count Curve at the Exit of the Network

60 70 80 90 100 110 120

Time(min)

(b) Oblique Count Curve

2) ARE Hosx

<Fig. 6> AlEH oA AUe] ¥ Albel| mE FATRE 4R AA719] & EE vug Aot <Fig
6()>= FAFTRE 1km 7ol AA" AAZ|(VDS 4004 +89 BrEeoltt s4SF 2 A=2d73 5%
Aojdeo] LRHE A FARE Qg A=Eapde] B AT PH&EE AstEt) ol 2V|HF R
5 FAIR 3224 AbeFol 2akR )| FFetal A AbEo] 222 oA 1IAER ARE WA we} 114
o] HAY3L7] wZolth HES FF8HA W2 Case 07 71E FHAFFAANE YT Case 12 0EFE £=
7} FASHA asted ole FARIEC FA4E tir|dEs AR A SA9e JFoE FAHAT u
EAYATEE SH95A G A$ 208 F9HE0~60%) FFE 5T} oF 30kmhE FA P FHTFA NS &
Ae AL HHFEET} A 0kmhE AT Ak 93 EHE £57} 60km/hE 3 EHE AL 89
At I8y o] ¥ &£=UF O] fhAdhEd, ol SARFA YR &% TAE S HAskA X
dos Hojzrh v 2 AFoA Mdd FARFAY AERAAAE TFEYS T Case 2 258 &
F35E~60) BHEE7F 60kmh FFEOE UYERATE o] & B3 AEE FFFOEN FATIE ARA &
29| Y] PIEE stk
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<Fig. 6> Average Speed at upstream of the Work Zone
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<Fig. 7> Fundamental Diagram at upstream of the work zone
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<Table 3> Descriptive Statistics of Average Network

Travel Time No control = DMC DMC and LCC
Scenario Average travel time (sec) 300 6%  23% Yi% 24%
During simulation | During work time = |
Case 0 284.20 29255 £ 250
sd. 5.8 sa6| £
Case 1 265.96 ms9| g 2w
Std. 21.06 23.55 "
% Diff vs. case 0 6.42 6.82 150
Case 2 22021 222.61
Std. 6.43 72 100
% DIff vs. case 0 75 2391 During simulation time During work time(20"-60")
% Diff: Percentage difference <Fig. 8> Average Network Travel Time

48  RU=ITSYL=EN| 197, MI32(2020H 62)



A7k AB2 Azl @ €94 AM Eve WAL Avky BUAT. FHFFA) AZAFAAE &
G5 A% Case 0 TN FEEPAITI] 23% +5 6 5 9
3 fAste] Qg of@ e94 el AL & 5 Aok

VISSIMel| 322 UEQAE F4d38tal HEdhe b AEH oS st

UES A 74 SHueFs vug 47, & AFoi Mg agdgdse FAR As) HAe= &
F Ao Ao R gtk T Mg AHE FATI FRF LRt FUbeta AA 9 A
EAZE] ol om TR LYago] MAHUT WESY T HFFIAE 7|E FHFFAAE &9
AR & Zo 7 AN, AlEH A B Fo 2 HHF YA FEHATE A YERt A
o] AL AAYS RIS B AT FAE QAT A=A A SR Eﬂ%&%iﬁﬂﬂ
Aes MEsta, AEFOHORE HEe] a5 A3l 229 2940 MAE F A AT Aol
oJo)7h Atk

A& E Tt AFEFE] e Aol ot =2 94 M A5 S ER 5T ALY T
apet Ankate] E3F W FF(Mixed traffic) F&ollA Mo a3} BAMo] Fajofof girt w3 B A9
AERA S FEdte AHORE Qs A}Jl Hf’mol io}@ —’F NOoBE EF bR gk BAe] Fast

.-

ACKNOWLEDGEMENTS

< 9% LDM H V2X 7]iE 2 A 2E A o] AR
AEgATa Aol e FHEAFUT. £ 2 =
EES 9% 7 Rt AAsEUTh

2 dFE FEAFTEFATAY AEEHTY
94(code~ 19TLRP-B101406-05)3 A2thdn 7143
£ 20209 = St F38t3] #8223 st

¢!
o

REFERENCES

Aria E.(2016), Investigation of automated vehicle effects on driver’s behavior and traffic
performance, Ph.D Thesis, Linkopings Universitet, Linkoping, Sweden, pp.31-37.

Atkins(2016), Research on the Impacts of Connected and Autonomous Vehicles (CAVs) on Traffic
Flow, Stage 2: Traffic Modelling and Analysis Technical Report, Department for Transport, p.52.

Cassidy M. J. and Rudjanakanoknad J.(2005), “Increasing the capacity of an isolated merge by metering
its on-ramp,” Transportation Research Part B: Methodological, vol. 39, no. 10, pp.896-913.

Vol.19 No.3(2020. 6) The Journal of The Korea Institute of Intelligent Transport Systems 49



ol
ol

RNEHAFTYA BH THT2 TATZ SHUT U ATHZ SHHOIY N

(=l —_o ()

I
r

Datta T., Schattler K. and Kar P.(2004), Development and Evaluation of an Advanced Dynamic Lane
Merge Traffic Control System for 3 to 2 Lane Transition Areas in Work Zones, MDOT RC-1451
[R], Michigan: Michigan Department of Transportation, pp.7-42.

Fei L., Zhu H. B. and Han X. L.(2016), “Analysis of traffic congestion induced by the work zone,”
Physica A: Statistical Mechanics and Its Applications, vol. 450, pp.497-505.

Ge Q. and Menendez M.(2013), “A Simulation Study for the Static Early Merge and Late Merge Controls
at Freeway Work Zones,” Swiss Transport Research Conference, Monte Verita/Ascona, Switzerland,
p.19.

Ghiasi A., Hussain O., Qian Z. S. and Li X.(2017), “A mixed traffic capacity analysis and lane management
model for connected automated vehicles: A Markov chain method,” Transportation Research Part
B: Methodological, vol. 106, pp.266-292.

Hu X. and Sun J.(2019), “Trajectory optimization of connected and autonomous vehicles at a multilane
freeway merging area,” Transportation Research Part C: Emerging Technologies, vol. 101,
pp.111-125.

Jia D. and Ngoduy D.(2016), “Enhanced cooperative car-following traffic model with the combination of
V2V and V2l communication,” Transportation Research Part B: Methodological, vol. 90,
pp.172-191.

Kang K. P. and Chang G. L.(2009), “Lane-based dynamic merge control strategy based on optimal
thresholds for highway work zone operations,” Journal of Transportation Engineering, vol. 135,
no. 6, pp.359-370.

Kang K. P., Chang G. L. and Paracha J.(2006), “Dynamic late merge control at highway work zones:
evaluations, observations, and suggestions,” Transportation Research Record, vol. 1948, no. 1,
pp.86-95.

Kim S., Lee J., Kim Y. and Lee C.(2018), “Simulation-Based Analysis on Dynamic Merge Control
at Freeway Work Zones in Automated Vehicle Environment,” Journal of the Korean Society of
Civil Engineers, vol. 38, no. 6, pp.867-878.

Lee M., Kim D., Kim H. and Lee C.(2013), “Capacity of Urban Freeway Work Zones,” Journal of the
Korean Society of Civil Engineers, vol. 33, no. 3, pp.1123-1130.

Lentzakis A. F., Spiliopoulou A. D., Papamichail 1., Papageorgiou M. and Wang Y.(2008), “Real-time
work zone management for throughput maximization,” In 87th Transportation Research Board
Annual Meeting, Washington, DC, January, pp.13-17.

Manual H. C.(2016), Highway capacity manual. 6th edition, Washington, DC, vol. 2, pp.1040-1045.

Mccoy P. and Pesti G.(2001), “Dynamic Late Merge Control Concept for Work Zones on Rural Interstate
Highways,” Transportation Research Record: Journal of the Transportation Research Board, vol.
1745, pp.20-26.

Meng Q. and Weng J.(2010), “Cellular automata model for work zone traffic,” Transportation Research
Record, vol. 2188, no. 1, pp.131-139.

Meyer E.(2004), Construction area late merge (CALM) system. Technology Evaluation Report.
Midwest Smart Work Zone Deployment Initiative. FHWA Pooled Fund study.

Mirshahi M., Obenberger J., Fuhs C. A., Howard C. E., Krammes R. A., Kuhn B. T. and Yung J. L.(2007),
Active traffic management: the next step in congestion management (No. FHWA-PL-07-012;

50 PIRITSYR| =0 193, MI32(2020H 6€)



ol
ol

RNEHAFTYA BH THT2 TATZ SHUT U ATHZ SHHOIY N

—_o ()

I
r

NTIS-PB2008100599), United States. Federal Highway Administration.

Roncoli C., Bekiaris-Liberis N. and Papageorgiou M.(2017), “Lane-changing feedback control for
efficient lane assignment at motorway bottlenecks,” Transportation Research Record, vol. 2625,
no. 1, pp.20-31.

Scriba T., Symoun J. and Beasley K. A.(2010), “To Lessen Work Zone Impacts: Try TMPs,” Public
Roads, vol. 74, no. 2, pp.10-17.

Shladover S. E., Su D. and Lu X. Y.(2012), “Impacts of cooperative adaptive cruise control on freeway
traffic flow,” Transportation Research Record, vol. 2324, no. 1, pp.63-70.

Subhanka N.(2018), Impact of level 3 automated vehicle merging on 2-to-1 lane freeway, Master
Thesis, University of Wisconsin-Madison, Madison, WI, The United States of America, p.2.

Taavola D., Jackels J. and Swenson T.(2003), “Dynamic Late Merge System Evaluation: Initial Deployment
on US Route 10 Summer 2003,” Transportation Research Record: Journal of the Transportation
Research Board, No. 976036.

Ullman G., Schroeder J. and Gopalakrishna D.(2014), Work zone intelligent transportation systems
implementation guide: Use of technology and data for effective work zone management (No.
FHWA-HOP-14-008).

Van Arem B., Van Driel C. J. and Visser R.(2006), “The impact of cooperative adaptive cruise control
on traffic-flow characteristics,” IEEE Transactions on Intelligent Transportation Systems, vol.
7, no. 4, pp.429-436.

Walters C. H., Pezoldt V. J., Womack K. N., Cooner S. A. and Kuhn B. T.(2000), Understanding road
rage’ Summary of first-year project activities, Texas Transportation Institute, College Station,
p.62.

Wang Y. and Ioannou P. A.(2011), “New model for variable speed limits,” Transportation Research
Record, vol. 2249, no. 1, pp.38-43.

Yang N., Chang G. L. and Kang K. P.(2009), “Simulation-Based Study on a Lane-Based Signal System
for Merge Control at Freeway Work Zones,” Journal of Transportation Engineering, ASCE, vol.
135, no. 1, pp.9-17.

Yuan Y., Liu Y. and Liu W.(2019), “Dynamic Lane-Based Signal Merge Control for Freeway Work Zone
Operations,” Journal of Transportation Engineering, Part A: Systems, vol. 145, no. 12, 04019053.

Zhang Y. and Ioannou P. A.(2016), “Combined variable speed limit and lane change control for highway
traffic,” IEEE Transactions on Intelligent Transportation Systems, vol. 18, no. 7, pp.1812-1823.

Zheng J. and Liu H. X.(2017), “Estimating traffic volumes for signalized intersections using connected
vehicle data,” Transportation Research Part C: Emerging Technologies, vol. 79, pp.347-362.

Vol.19 No.3(2020. 6) The Journal of The Korea Institute of Intelligent Transport Systems 51



