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Introduction Methodology

Context Eulerian Approach Lagrangian Approach

Variable Speed Limit (VSL) systems are dynamic traffic control strategies that dictate speed restrictions upstream of a congestion area

Space
to artificially reduce downstream throughput and dampen congestion waves to improve traffic conditions. They have shown their benefits in: | o | [Phase 2 |[Phase 3] [ Phase 4 ] @  shockwave detecti
* traffic homogenization for Safety PUrposes Al = E : : First vehicule in acceleration phase
e traffic optimization for efficiency purposes o @ Backward propagation slope computing
e traffic smoothing for environmental purposes. 6 70 Solution wave computing with the FD
Most of the methods use loop sensors to evaluate current traffic conditions i.e., aggregate data as flow or average speed. Thus, the accuracy . t_sol computing
and efficiency of the VSL control rely on the number of detectors on the network, their spacing, and their discrete location. y_viim computing
R ek n n ik n n RN R e e S '...JJ'.:J-H'“‘M"..' POSItIOnIng y li 6
i . ~viim ... >
Figure : A shockwave propagation at a bottleneck simulated in SUMO (color of a1 1€ €mergence of Intelligent Transport Systems (ITS) and Connected Vehicles (CV) — R 1 6 i3 o | testimate  Time
vehicle depends on its speed (red:0km/h and blue 130 km/h) is promising new traffic control strategies. Thus, information generated from CV Lshockwave  tsol  t bis e
can be used to estimate traffic states to deliver control by ensuring direct Figure : Implementation of the SPECIALIST algorithm with Eulerian indicators Figure : Implementation of the SPECIALIST algorithm with Lagrangian indicators ie individual CV trajectories
- communication between the Road Side Unit (RSU) and CVs. Such a VSL system l
() could thereby reduce detectors’ installation and maintenance costs. ' im'i indivi
A Y At first, a VSL system based on an Eulerian approach has been reproduced. It comes from Icnvtrls.aptprc.)aci\, the lalrr; 'S tc; useéhi':'d;‘jﬂ
R continous the SPECIALIST algorithm [1] based on shockwave theory. It identifies : - YA ECLOTIES O EVATHdte anel PrEaitt Hatic
f°trr:g:e?i":ga;:‘\‘/;a:e | Speed limitdirective | | Individual trajectory bet':erasctivation of _ _ ethe shockwave detection phase SlEltes.
system the VSL system . . . . . . . .
" ' ObJeCtlves ethe computing phase of the distance and the time of speed limit application computation. , ,
After the detection and computing phases,
* To explore the feasibility of implementing a VSL system based on Lagrangian . . _ _ . the RSU directly communicates the speed
indicators generated by CV It uses the strong relation with the Fundamental Diagram and Space-Time diagram to .
* To assess the performance of such a system compute the solution.
Figure : New VSL system based on CV and I12V communication potentials
Results Comparison between the two approaches
-
Scenario o Average VSL system performance
Eulerian approach with loop detectors agrangian approach with connected vehicles (10 Slmulatlons) — varlatlons between SImUIatlonS average speed,number of vehicles Step 1: Shockwave detection Speed and position of each vehicle

Average speed< Speed_threshold

Detection
flow< flow_trhreshold I Speed of one CV < speed_threshold

We find areas with free flow and with jams Confirmation At least 3 CV in deceleretion phase
* The first CV is in acceleration phase

Step 2: Shockwave solvability and parameters
Inputs: computing Inputs:

w , density and flow of states 4 and 5, gmax l

9 km

| Speed and position of 1 CV |

Y
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Time (min)

eed and flow o i

Posimtion (109 m)
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mPosi(fion (109 m)
Position (109 m)
Position (100 m)

((A))
1 loop detector 1 se\ﬁ:tion -

< > Market Penetration rate (MPR)= CV number / vehicles total
Distance between 2 loops number

Distance:
500m
1 km
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Time (min) Time (min)
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Baseline LD 500m CV MPR 100% CV MPR 50% LD 1000m
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Parameters computing:
Density and flow of state 2 and 6, slopes .
between the different states I_JALe_geluLng_o_La_nd_;s_o_l_l

Step 3: DSL application

All the vehicles between y_vlim and y_shockwave are limitated until t_sol

- Speed limitation removed in function of the loop detectors discrete ced limitation instantaneously removed for all conecetd vehicle
VSL SyStem performance Comparlson * If the detectors’ spacing is larger than 500m (ie 1000 m) the Speed limitation instantaneously d forall td vehicl

location
(1 simulation) — variations between vehicles VSL system based on an Eulerian approach is not efficient
anymore

Parameters computing :
Backward propagation slope
Solution Wave

= g
5 3

MPR :
100%
50%
30%
10%

I Verifiiation
Speed threshold : 70 km/h

Distance application in function of the loop
Speed limit: 80 km/h
[l B

detectors discrete location

Average speed
(km/h)

Provide the best configuration for Ioop*etectors with a spacing of 500m

LD 500m CV MPR 100% CV MPR 50% CV MPR 10%

 With the best configuration for the two VSL systems (MPR

Baseline

Position (100 m)

Position (100 m)
Position (100 m)
PosLtionﬂ(lOE) m)

100% and LD 500m) return to the free flow earlier than e Proposed VSL system based only on Lagrangian indicators resulting from CV;
_ : ! 0 without control (VSL system average speed > baseline  Comparable performances between the VSL system based on a Lagrangian approach and the one based
R average speed)

on Eulerian indicators resulting from loop detectors;
* Brings out the potential to implement efficient traffic control strategies based on [2V communication.
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The VSL system based on a Lagrangian approach :
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s efficient to resolve the first shockwave as well as the one
based on the Eulerian approach with a MPR >= 50%

Average CO2
emissions
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