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Abstract: Enforcement of traffic rules and regulations involves a wide range of
complex tasks, many of which demand the use of modern technologies. vari-
able speed limits (VSL) control is to change the current speed limit according
to the current traffic situation based on the observed traffic conditions. The
aim of this study is to provide a simulation-based methodological framework
to evaluate (VSL) as an effective Intelligent Transportation System (ITS)
enforcement system. The focus of the study is on measuring the effectiveness
of the dynamic traffic control strategy on traffic performance and safety con-
sidering various performance indicators such as total travel time, average delay,
and average number of stops. United Arab Emirates (UAE) was selected as
a case study to evaluate the effectiveness of this strategy. A micro simulation
software package VISSIM with add-on module VisVAP is used to evaluate
the impacts of VSL. It has been observed that VSL control strategy reduced
the average delay time per vehicle to around 7%, travel time by 3.2%, and
number of stops by 48.5%. Dynamic traffic control strategies also alleviated
congestion by increasing the capacity of the bottleneck section and improving
safety. Results of this study would act as a guidance for engineers and decision
makers to new traffic control system implementation.
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1 Introduction

Various control strategies have been proposed in past to solve the problem of continually
increasing traffic congestion. These strategies include diverting traffic from congested areas, impos-
ing constraint flow, reducing speed limits, and adding additional lanes where expanding the road
network is feasible [1-3]. Recently, significant emphasis is being put on the application communica-
tion technologies and advanced information on the basis of the intelligent transportation systems
(ITS). The main idea of ITS technologies is to improve the efficiency, safety and environment
of transportation system without the need of changing existing highway infrastructure [4,5].
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A wide range of ITS has been implemented in vehicles such as Advanced Travelers Information
System (ATIS), or combined into the highway infrastructure such as Motorway Control System,
(MCS) [6]. Since the previous decade, connected vehicle (CV) systems have become common and
are acknowledged as a vital component of ITS [4-7].

The term “connected vehicle” refers to the vehicles that can communicate and share their
information such as location and speed with high accuracy [8,9]. CV technologies enable infras-
tructure and vehicles to share aggregated information about traffic and individual vehicles in real
time [4,5]. Various vehicle automation and communication systems have been introduced that can
be utilized for the development of new control strategies, such as variable message sign, route
guidance, and ramp metering [7]. VSL control is one of the most popular and recommended CV
application that uses vehicle motion behavior transmitted into vehicles to allow for optimization
of traffic operations [10].

Although ITS technologies have shown significant potential in improving the effectiveness of
traffic enforcement, still there is a wide range of issues that need to be addressed before their
implementation in the field. Some of them are related to the infrastructure’s improvement and
installation, database development, and support agencies [4]. Other problems are related to road
user acceptance and finally, the enforcement technologies require wide range of testing to ensure
road users’ safety.

The objective of this paper is to investigate the performance of VSL as one of the dynamic
traffic control strategies that can be used as an alternative traffic congestion management tool.
A micro simulation software package VISSIM with add-on module VisVAP is used to evaluate the
impacts of VSL. A 25 km road section of Mohammed Bin Zaid and Shaikh Zaid Road, United
Arab Emirates (UAE) was selected as the study area. Using various other software programs such
as Google Earth etc., this road section was created in the VISSIM program. Real world data was
obtained from VITRONIC Machine Vision Middle East LLC. Using this data, analysis was done
using built-in VISSIM functions. Results of this study would act as a guidance for engineers and
decision makers to new traffic control system implementation in UAE.

The rest of this paper is organized as follows: In Section 2, a brief background on VSL
control systems and the model’s predictive controls is provided. In Section 3, introduction to
the simulation study is provided along with its study area, data, and simulation procedures. The
simulation results are mentioned in Section 4, and the discussion and conclusions are provided in
Section 5.

2 Background

Variable speed limit (VSL) control systems are based on estimated traffic conditions such
as traffic speed and traffic flow collected in real time by sensors through vehicle—infrastructure
communication [I1]. These data are used as the basis for traffic information provided to road
users through dynamic variable message signs [11-14]. Road users then adjust their behaviour i.c.,
speed and lane positioning in response to the provided information.

Recent studies have shown the benefits of VSL control systems such as releasing highway
congestion, improving safety, and reducing greenhouse gas emission, and fuel consumption in
multiple situations. Several studies have investigated the impacts of VSLs on safety and traffic
flow. Much of the focus of VSL evaluation has been on safety [9,12,14-18]. For example, Lower
speeds ensure that vehicles travel at more consistent speeds, reduce lane changes, which leads to
fewer traffic conflicts, and reduce noise and pollution [1,12,14]. According to another study, VSL
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systems on freeways are beneficial in suppressing shockwaves at both non-recurrent and recurrent
bottlenecks and relieving adverse weather impacts [15]. VSL control can also be used to reduce the
chance of secondary accidents by displaying lower speed limits when there has been an accident
on the freeway [9,12,14—18]. Due to these benefits, use of VSL controls have been encouraged in
various countries such as the Netherlands, Sweden, England, Japan, and Turkey [19-22]. VSLs can
also help drivers to adapt their speed to match traffic, environmental, or weather conditions [23].

There are few studies that focused on the potential impact of VSL control system in improv-
ing traffic flow efficiency. Such as Sadat and Celikoglu, 2017 who studied the impact of Variable
Speed Limit (VSL) system to improve mobility on congested freeway in Istanbul, turkey. They
found that driver generally the VSL improve traffic flow and the obedience to VSLs is an
important factor for better results [24]. They found that speed reduction between 80 to 70 km/h
and 80 to 60 km/h can easy solve traffic congestion. Also, Farrag et al. [27], 2020 used VSL
control system to resolve the problem of nonrecurrent traffic congestion they found that using
VSL control system improve traffic mobility through increase traffic flow during incident by 7.8%
and 11% during AM and PM respectively, and reduce fuel consumption by percentage varies
between 3.5% and 46.5%.

Variable Speed Limit (VSL) systems comprise of a series of VSL signs and connected detec-
tors to measure the traffic conditions to change the current speed limit according to the current
traffic situation. The suitable speed limit is decided by the VSL algorithm. Previous studies have
categorized the traffic control algorithms to major four types that are: rule based, fuzzy-logic
based, analytical and control-theory based [10].

Different researches compared these algorithms, their impact, condition of their using, etc.
they found that the limitations of rule-based strategies can be mainly attributed to the its reactive
attribute while the other strategies are considered as a proactive, preventing meaning dynamically
preventing a problem before it actually happens [10].

3 Methodology

This research evaluates and quantifies the effectiveness of VSL as an innovative strategy
for enhancing the performance of traffic control systems. Field operational assessments of new
technology is expensive, time consuming, and in some cases unpractical and dangerous. The
use of microscopic simulation has been given importance as an alternative tool to evaluate the
performance of dynamic traffic controls. Several microscopic simulation software packages such
as VISSIM, CORSIM, and SUMO are being widely used in the field of transportation for traffic
modelling and simulation [8]. Among these softwares VISSIM was found to be the most suitable
and cost-effective tool [26].

In this study, the traffic microsimulation package VISSIM [22] is used to investigate the
potential impact of VSL as an alternative traffic control strategy. A microscopic base is established
using VISSIM and added in the module VisVAP. The proposed VSL systems implement rule-
based control algorithm which contains a set of predefined thresholds and speed limits. Once the
predefined thresholds are reached, the desired speed limits are applied. The logic of VSL control is
the bottleneck throughput is less than the bottleneck capacity (g5 < geapaciry) [26,27]. Consequently,
the VSL system checks the volume in the congested area and compares this with the bottleneck’s
critical volume. If the volume of the mainline exceeds the bottleneck capacity, it decreases the
speed of approaching vehicles upstream of the discharge area [26,28].
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To simulate the VSL in VISSIM, the external signal state generator (VisVAP) is used. This
is an optional add-on module of VISSIM for the simulation of programmable, phase- or stage-
based, traffic-actuated signal controls loop detectors cannot communicate directly with the routing
decision [22,26,28]. This module is programmed with a simple descriptive language. It receives

detector variables, interprets control logics, and creates signal commands on a discrete time-step
basis [22,26,28].

The goal of VSL control system is to change speed limits with respect to the prevailing traffic
conditions at that moment so that the road users are timely informed through variable message
signs (VMS). In most cases, to increase road user’s compliance, the VSL values are mandatory
(legally equivalent to fixed speed limits) [10,12]. In this study, it is assumed that all traffic vehicles
obey the VSL values. To this end, we follow the sequence of our research approach illustrated

in Fig. 1.
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Figure 1: The sequence of the research approach

3.1 Study Area and Data Collection

A 25 km long road section was selected on Sheikh Zaid and Mohammed Bin Zaid Road
were selected as the road sections under study. The sections selected have the road-side sensors
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data available. Each section of both roads has twelve lanes, six in each direction. The average lane
width is 3.65 m, and the shoulder width is 2 m. Fig. 2 shows the field site.

INDUSTRIAL AREA
skl

Figure 2: The study area and selected highways

The traffic data were collected by VITRONIC Machine Vision Middle East LLC between 23
February (Sunday) and 27 February (Thursday) of 2020. This span included regular days and
normal weather conditions during morning and evening peak hours. Heavy vehicles constituted
2% of the traffic flow. The traffic volume varied between 4,600 and 10,500 vehicles per hour during
the morning and evening peak hours [29]. The posted speed limit was between 100 and 110 km/h
for passenger cars and 80 km/h for heavy trucks and buses, while the average speed varied from
54 to 101 km/h [29]. The collected data were verified for allowable error (coefficient of variation
c.v. and percentage error e < 5%) at T-95 [30,31].

3.2 Calibration and Verification

To develop the micro-simulation model, base model is created by developing the geometric
design and layout of the study area in VISSIM utilizing Google Earth for the roadways, merging
and diverging sections.

The model is generated by tracing the image background using VISSIM links and connectors.
Traffic volume, vehicle composition, desired traffic speed, and a set of static vehicle routes are
then added using the VISSIM-COM interface. The base model was then manually calibrated
and validated on the basis of local driving behavior parameters belonging to the Wiedemann 74
and 99 car-following models [3]. This ensures that the base represents actual case conditions by
using the average traffic volume and average speed for calibration and the average travel time for
validation [30,31].

Average travel speed and average travel time were obtained by using a moving car technique
for six runs per link in the study area (Muscat Municipality, NTS2017). Data were collected
during normal working days in daylight hours when the weather was clear and the pavement
was (WSDOT).

To evaluate the calibration results, Geoffrey E. Havers (GEH) statistical procedure was
used [30,31]. The base model was found to be significant when calibrated, and the value varied
between 2.3 and 4.5 GEH during the peak hours. Tab. 1 shows the calibrated model.



2802 CMC, 2021, vol.67, no.3

Table 1: Summary of calibration results

Point Road Observed Simulated GEH Difference (Veh)
volume (vph) volume (vph) statistic
MZ1 Mohamed Bin Zayed Rd. 4642 4457 3.8 185
(Toward Sharjah)
Mohamed Bin Zayed Rd. 5182 5063 2.3 119
(Toward Abu Dhabi)
71 Sheikh Zayed Rd. 10570 10242 4.5 328
(Toward Abu Dhabi)
Sheikh Zayed Rd. 9344 9139 2.98 205

(Toward Sharjah)

The calibrated model was then validated using average speed. Two statistical analyses
(goodness-of-fit measurement) were conducted to validate the calibrated model: the root mean
square error (RMSE) and the mean absolute normalized error (MANE). All goodness-of-fit
measurements were within an acceptable range of 3% to 7% [28,29]. Moreover, to determine
whether the difference between simulation output and field measured data statistical is significant,
hypothesis tests student t-tests was used as shown in Fig. 3 and it found that R?> =0.9997. To
minimize the impact of the stochastic nature of the VISSIM model, our simulations models were
run seven times for 5,400 sec, including warm-up and cool-down periods ,which are around 900
sec [30,31]. These calibrated base models were used to evaluate VSL strategy applied in both
streets in this study.
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Figure 3: T-test of similarity comparison of validation results

3.3 Implementation of Proposed Strategy

To estimate traffic states in VISSIM, detectors are modeled as network objects on links [22].
In this study, one detector was defined per lane per vehicle class (lightweight or heavy) [22,26].
One signal controller was added to receive detector data, infer control logics, and create signal
commands each time-step. A message impulse is then transmitted to the signal controller as soon
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as the front of a vehicle reaches the detector. Another impulse is transmitted as soon as the tail
of the vehicle leaves the detector.

These impulses are interpreted by the signal control logic and converted into appropriate
switching signals [22,26]. To create this VSL control logic, a component object model (VISSIM-
COM) interface was used to write the user-defined VSL logic in VBA. VISSIM-COM enables
one to deploy the characteristics of most of the internal objects dynamically. Fig. 4 shows the
components of the VisVAP module.
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Figure 4: VisVAP module components [22]

In our study one detector was defined per lane per vehicle class and we assumed that the
driver was notified “on the fly” via variable message sign (VMS). Fig. 5 shows the implementation
strategy of the VISSIM interface.

Figure 5: Example of the traffic control strategy from VISSIM interface

4 Results and Discussions

In this section, the VSL control strategy is evaluated and compared with the case where
VSL is absent and there is an impact during an accident. To evaluate the effectiveness of VSL
enforcement control strategy, different Measures of Effectiveness (MoEs) were chosen. Those
include total travel time, number of stops, and stopped delay. Total travel time is the sum of the
travel times of vehicles traveling within the link or that have already left the Link.
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The number of stops represent the stop-and-go shockwaves in the network. Stopped delay is
the time during which a vehicle is stopped in queue while waiting to pass through the bottleneck
area [26-31]. Reducing the value of these measure of effectiveness reflects a significant increase in
efficiency of traffic flow and safety along the road [26-31]. Results obtained from implementation
of VSL on the road sections under consideration in this study are presented in Tab. 2. Data
collection points were set at various points on the road section to collect data for variables i.e.,
number of vehicles, average speed, travel time, stop delay, and number of stops. Built-in evaluation
functions of VISSIM were used to collect data for these variables. VISSIM computes a vehicle
stop when a vehicle when it comes to a halt (speed becomes zero).

The simulation results from VISSIM showed that the dynamic speed limit control strategy
improved mobility by increasing the average speed of vehicles by 6.8%, reducing travel time by
3.2%, and reducing average stopped delay per vehicle by 46%. The most significant impact was
in improving safety by reducing the number of stops by 48.5%. Finally, the significance of the
strategy depends on the capacity of the highway: the strategy shows a high impact on safety and
mobility when the traffic volume is less than the capacity of the highway.

Table 2: Simulation results

Time Road VEHS SPEEDAVG TRAVTM STOP DELAY STOPS
(ALL) (ALL) (km/h) (ALL) (Sec) (ALL) (ALL))

Without using VSL Control

MZ1 Mohamed Bin Zayed Rd. 4457  88.92 135.66 0 0.00
(Toward Sharjah)
Mohamed Bin Zayed Rd. 5063  92.56 135.86 0.48 0.20
(Toward Abu Dhabi)

Z1 Sheikh Zayed Rd. 10242 83.46 208.76 3.67 4.41
(Toward Abu Dhabi)
Sheikh Zayed Rd. 9139 87.2 254.18 6.33 7.69

(Toward Sharjah)
With using VSL Control

MZ1 Mohamed Bin Zayed Rd. 4457.0 90.32 134.83 0 0
(Toward Sharjah)
Mohamed Bin Zayed Rd. 5060 96.3 131.8 0.39 0.14
(Toward Abu Dhabi)

Z1 Sheikh Zayed Rd. 10548 84.62 208.3 3.1 3.7
(Toward Abu Dhabi)
Sheikh Zayed Rd. 9101  87.01 255.82 5.58 7.5

(Toward Sharjah)

5 Conclusion and Future Work

The main objective of this study is to improve the performance of traffic management systems
through dynamic traffic control strategies. The study focused on using ITS techniques on a section
of Mohammed Bin Zaid and Shaikh Zaid Road (United Arab Emirates) and assessed our strategy
in terms of road safety and mobility. To achieve this, several MoEs were used, namely the total
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number of vehicles that pass-through data collection points, average vehicle delay, average travel
time, average stopped delay, and vehicle stops all.

And experimental analysis-based traffic simulation was conducted, and the simulations were
run multiple times to check for the consistency of the random seeds, as proposed in the PTV
VISSIM manual [22]. The results indicated that the use of VSL improved the safety in particular
by reducing the number of stops by 48.5%. The best results were obtained for safety and mobility
in links whose traffic volume was below the design capacity (MZ1). The success of the VSL con-
trol strategy depends mostly on drivers’ understanding of and adherence to the method applied.
Therefore, our future work will be to study drivers’ responses to the use of such technology and
the effect of using autonomous vehicles.
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