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ABSTRACT

This proposal describes an investigation of road network performance during the incident on the
road. As a result of the continued growth of the population in South Australia, transportation
demand is also increasing. With the demand for transportation, forecasting the traffic on the road
is very hard. Transport designers are using different types of simulation (micro-simulation, meso-
simulation, and macro-simulation) software for the design of unpredictable situations. Transport
designers are facing many difficulties due to unpredictable impacts on traffic, in which traffic
incidents are a critical impact during transport design. In this paper, | will analyze road network
performance during the incident on the North-East (arterial) Road and its impact on travelers,
pedestrians, the economy, and the environment at the midblock as well as at the signalized
intersections and pedestrian crossings. | will analyze different locations of incidents, different
durations of incidents, future years of operation, and traffic diversion needs and how. | will show
the features of the road during the incident with the current road network design. Furthermore, |
will analyze the impact of the road incident, how it depends on the location and duration of the
incident.

Keywords: Incident study, Traffic incident impacts, Incident management, micro-simulation, Meso-
simulation, macro-simulation, SIDRA, AIMSUN
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1. INTRODUCTION

The North-East Road is a major arterial road in Adelaide, South Australia, running from the city
center to the northeastern suburbs, passing through densely populated residential areas and
commercial districts. The road stretches for approximately 30 km, with a speed limit ranging from
60 km/h, depending on the section. The North-East Road serves as a vital transport corridor for both
commuters and freight transportation, connecting the inner city with several northeastern suburbs,
including Tea Tree Gully, Modbury, and Golden Grove. It is also an important link to the Northern

Expressway, connecting to Gawler and the Barossa Valley wine region.

In recent years, traffic congestion and safety issues on the North-East Road have become a
significant concern for local authorities and residents. According to the Department of Planning,
Transport, and Infrastructure (DPTI), the North-East Road is one of the busiest and most heavily
congested roads in Adelaide, with an average daily traffic volume of over 62,000 vehicles. The traffic
flow on the North-East Road is further exacerbated during peak hours, with traffic jams and delays
commonly reported during morning and afternoon rush hours. This congestion not only causes
frustration for commuters but also has significant economic implications, resulting in lost
productivity, increased fuel consumption, and increased vehicle emissions. Moreover, the North-
East Road has a high accident rate, with a significant number of crashes occurring each year.
According to the South Australian Police, between 2015 and 2020, there were a total of 2,467
crashes reported on the North-East Road, resulting in 550 injuries and 7 fatalities (Crash statistics

2021).

To address these issues, the South Australian government has initiated several projects and
measures to improve the traffic performance and safety of the North-East Road. In 2019, the
government announced a $177 million upgrade project for the North-East Road, aimed at improving
safety and reducing congestion (Gov of SA, 2019). The project includes the construction of new
lanes, roundabouts, and intersections, as well as upgrades to existing infrastructure, such as traffic
signals and pedestrian crossings. The project is expected to be completed by 2023 and is expected

to reduce travel times and improve traffic flow on the North-East Road.

In addition to these infrastructure improvements, the government has also implemented several

traffic management measures to alleviate congestion and improve safety on the North-East Road.
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These measures include the installation of CCTV cameras, variable speed limits, and improved

signage and road markings (Gov of SA, 2021).

Overall, the North-East Road remains a vital transport corridor for Adelaide, connecting the inner
city with several northeastern suburbs and the Northern Expressway. The road’sr, the road's traffic
performance and safety have been a significant concern for local authorities and residents, with
congestion and accidents being major issues. With the government's ongoing upgrade and traffic
management projects, it is hoped that the traffic performance and safety of the North-East Road

will continue to improve.

1.1 Study Area Information

The North-East Road (Figure 1) is a major route for transportation between the CBD and Adelaide’s
north-eastern suburbs. According to the current situation, it is a very busy road. Approximately a
thousand vehicles use this road daily, and it is creating traffic jams during both the morning and

evening peak times. We are presently experiencing substantial delays throughout both the morning

and evening peak hours.
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FIGURE 1 LOCATION OF STUDY AREA (NORTH-EAST ROAD)
According to the Government of South Australia Location SA Map Viewer 2019, 45300-45500
vehicles traffic volume is estimated per day. As per the Department of Infrastructure and Transport
(DIT), in the last five years, there were 50 reported crashes at the Nottage Terrace and North-East
Road Intersection. Of those crashes, one had a very serious injury, 11 minor injury crashes, and 38
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property damage crashes (DIT 2022). Overall, North-East Road (Figure 1) was selected as a case
study to analyze the performance of the road network during the incident on the North-East
(arterial) Road and its impact on travelers, pedestrians, the economy, and the environment at the
midblock as well as at the signalized intersections and pedestrian crossings. | will also analyze
different locations of the incident, different times (AM or PM), duration of the incident, future years
of operation, traffic diversion needed or not to operate, and how much traffic diversion is needed.
Furthermore, analyze delays, travel time, emissions, and congestion during incidents using SIDRA
and AIMSUN software. This analysis of the road network performance during the incident identifies
the best possible solution, which will help to minimize the impact of the incidents, minimize travel

time and emissions, as well as improve safety for travelers.

1.2. Structure of the Report

This research paper is organized into six chapters, each of which is subdivided into sections and
subsections. Chapter 1 offers a general overview of the project, followed by Chapter 2, which
provides a detailed review of relevant literature discussing the significance and importance of the
research.

Chapter 3 then presents the adapted methodology and specifications used for modeling the
Freeway using AIMSUN microsimulation software. This chapter includes information on data
collection, modeling, calibration, and validation of the model, as well as justifications for using the
AIMSUN microsimulation package along with the SIDRA Intersection software. Additionally, the
limitations of the existing model are discussed.

Chapter 4 focuses on presenting the results generated from the AIMSUN model for several traffic
incidents occurring at different locations, durations, and peak hours on the Darlington Freeway. The
chapter includes an assessment of the freeway's performance using traffic performance indicators
such as travel time, delay time, congestion, and emissions. Furthermore, the chapter discusses the
results from using SIDRA Intersection to evaluate the effects of vehicle diversion from the freeway
to arterial roads during incidents. Finally, the chapter presents suggestions for mitigating the
consequences generated by sudden incidents on the freeway using Intelligent Transport Systems.

Chapter 5 provides a brief description of the generated results, as well as implications of integrating
Intelligent Transport Systems into the Freeway section. This chapter describes how the introduction
of ITS affects the movement of people and the use of the Freeway.

In conclusion, Chapter 6 offers a summary of the research findings, recommendations, and future
research scope using Intelligent Transport Systems for evaluating incidents on the Freeway. Overall,
this research paper offers a comprehensive analysis of the modeling and evaluation of the
Darlington Freeway's performance during traffic incidents and provides useful insights for improving

traffic management systems.
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2. LITERATURE REVIEW

In this literature review will describe the importance of this thesis and justify it by providing vision
of existing research about incident modelling in arterial road. The research to be undertaken in this
article will be based on an evaluation of several of the methods that are available to measure the
effects of accidents.

2.1 Impacts of Incidents on Arterial Roads

Day by day the number of vehicles on the road has gradually increased due to the need for personal
mobility, which has led to an increase in traffic on the road and a corresponding decline in the
capacity of the road. Due to the ever-growing global population, there is currently a serious problem
with the overcrowding of motorways, which has negative effects on the environment, travel times,
and expenditures (Ferrara et al. 2013). Also, due to increase in traffic volume, road death also
increasing every year, which is showing in below figure. When the transportation system’s capacity
is temporarily and unexpectedly reduced because of incidents, traffic congestion is classified as
either recurring or non-recurring. Recurring congestion happens when the transportation system’s
capacity is consistently insufficient to satisfy traffic demand (for example, Crashes, vehicle
breakdowns during peak period of the day (Koorey, et al., 2015). Currently, the annual death rate
per 100,000 populationis 4.6, representing a 2.6% increase from the rate recorded for the 12-month
period ending February 2022. About 50% of Australia’s largest cities’ traffic congestion is caused by
road incidents (Taylor, 2008).
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Figure 2 Deaths by road user between 2019 to 2023
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2.1.1 Impacts of Incidents on Congestion and Delay

Within densely populated cities, traffic congestion can have serious negative economic, social, and
environmental effects. One of the main causes of traffic congestion is traffic accidents. To indicate
overall changes in congestion along all routes in a city, BITRE has estimated composite indices
(BITRE, 2021). As per the graph below, congestion is growing every year as per the recent three
years data. Sydney, Melbourne, Brisbane, and Perth, have significant change in congestion during
COVID-19 period, but in Adelaide it’s continuously growing up. Freeway congestion has a significant
impact on transport conditions, including longer travel times, more consumption, and
environmental effects. (Ferrara et al., 2013). Most major roads in Adelaide city are operating at/or
above capacity during peak hours resulting in an increasing potential for traffic incidents and
significant delay to the travelers (Mfinanga, 2013). There is a need to address the incident problem
to avoid the resulting delays, which also may result in one or more of the following travel time,
consumption, cost, and environmental impacts (David, et al, 2013). Between 1980 and 1992, total
vehicle miles travelled (VMT) grew by 78.5 percent, and between 1992 and 2004 by 23.3 percent
(Wang, Y. and Cheevarunothai, P., 2008). In addition, a few lanes blocking incidents make it
impossible to operate and control traffic (Sheu, 2013). In situations where there is an unexpected
reduction in the capacity of the transportation system, traffic congestion can be categorized as
either recurring or non-recurring. Recurring congestion occurs when the system's capacity is
constantly inadequate to meet the demands of traffic, such as during peak periods of the day, due
to incidents such as crashes or vehicle breakdowns (as per Koorey et al., 2015). In recent years,
several control strategies, including ramp metering, variable speed restrictions, route diversion, and
vehicle infrastructure integrated systems, have been suggested and applied for traffic management
to lessen congestion in highway networks (Ferrara, et al., 2013).
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Figure 3 CONGESTION MEASURES OF MAJOR CITIES
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2.1.2 Impacts of Incidents on Travel time

Several studies have attempted to estimate and forecast travel times by incorporating reliability
measures to evaluate and compare Travel Time Reliability (TTR) measures (Emam and Al-Deek 2006:
and Taylor 2013). However, only a few studies have concentrated on modelling TTR. Elefteriadou
and Cui (2007) developed linear regression models for travel time estimation using traffic data from
a 15 km freeway in Philadelphia. The models were based on four primary factors, which were
congestion, weather, work zones, and incidents, and were implemented in 24 different scenarios.
Expected travel times were calculated for each scenario, and the travel time distribution was
established by evaluating the frequency of each scenario. The buffer time index was applied as a
reliability measure to determine the percentage of reliable trips based on various on-time
performance approaches. The models utilized dummy variables for weather, work zones, and
incidents. However, the primary drawback of the models is that they did not account for all the
unexpected events' effects, particularly incidents. Travelers spend 47 extra hours per year on travel

compared to 40 hours in 1993. The proportion of freeway mileage experiencing congestion has increased
from 51% to 60%.

2.1.3 Impacts of Incidents on Economy

Li et al. (2006) describes several ways to measure traffic performance, including road delays. This
delay measurement can then be used to calculate the economic impact of incidents and emissions.
Kabit et al. (2014) provide a definition of delay cost that considers the time spent by passengers,
vehicle operating expenses, and external costs such as air pollution. According to Dia (2011),
incidents like vehicle breakdowns, queues, and environmental emissions have a significant impact
on society. Kim (2019) reports that the estimated annual cost of congestion due to queuing time for
all US commuters is $29 billion, which is supported by BTRE's (2020) estimation that the social cost
of congestion in Australia's major metropolitan areas was $20.36 billion in 2020, a 20% increase
from 2015. The social cost of road crashes in 2006 was $17.85 billion, which was 1.7% of the GDP.
This represents a 7.5% decrease from the 1996 estimates, as reported by the Bureau of Transport
Economics (BTRE 2009). The cost of a fatality refers to the economic value of a human life lost
because of an accident or other catastrophic event. As per below pie graph, highest cost of fatality
is about $6.19 million in Australia.
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Figure 4 Comparison of the cost of fatality estimates for developed countries.

2.1.4 Impacts of Incidents on Environment

The Bureau of Infrastructure Transport and Regional Economics (2009) states that when there is
heavy traffic, vehicle engines operate less efficiently, leading to an increase in the emission of air
pollutants. In Australia, the transport sector is responsible for 14% of the nation's gross emissions,
with road transport contributing about 90% of it. A case study conducted on vehicles traveling on
the Monash Freeway in Melbourne revealed that 95% of these emissions were carbon dioxide (CO2)
(Luk, Kazantzidis & Han, 2009). In 2012, the transport sector in Australia released 91Mt of CO2
equivalents (CO2e), with 84% of it coming from road transport (Commonwealth of Australia, 2013).
CO2e is a unit of measurement that expresses the impact of different greenhouse gases on climate
change as the equivalent amount of carbon dioxide. According to the National Greenhouse Gas
Inventory, emissions in the year leading up to September 2022 were significantly lower compared
to the year leading up to June 2005, specifically 21.0% lower. However, on a quarterly basis,
emissions for the September quarter of 2022 increased slightly by 0.3% or 0.3 Mt CO2-e compared
to the previous quarter. The increase in emissions was observed in various sectors, including
transport, fugitive emissions, agriculture, and stationary energy (excluding electricity). In contrast,
there were decreases in emissions from electricity, industrial processes, and Land Use, Land Use
Change, and Forestry (LULUCF) sectors. Australia's 2030 target under the Paris Agreement is based
on the emissions from the year 2005. Preliminary estimates show that national emissions for the
year leading up to December 2022 are 490 Mt CO2-e, a decrease of 0.3% from the previous year.
On a quarterly basis, national emissions for the same period are preliminarily estimated to be 123
Mt CO2-e, a decrease of 0.1% compared to the previous quarter.
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Barcel6 et al. (2005), Dia (2011), Holyoak and Stazic (2009), Archer (2000), Hadi et al. (2007), and
Helbing et al. (2002) illustrate the importance of using micro-simulation techniques in traffic
incident modeling on freeways. Micro-simulation modeling requires a greater amount of empirical
data, including relevant driver and vehicular characteristics and behavior, compared to macro-
simulation modeling. Dia (2011) emphasizes that microscopic traffic simulation is a cost-effective
approach for incident modeling, which can be used in both peak and non-peak conditions. Unlike
macro-simulation modeling, micro-simulation models consider vehicle acceleration and
deceleration rates, leading to improved vehicle emissions calculations (Holyoak & Stazic, 2009).
Additionally, micro-simulation models are suitable for evaluating intelligent transportation systems
(ITS) due to their detailed modeling of vehicle and driver behavior, as noted by Burghout et al. (2005)
and Holyoak and Stazic (2009). These models can incorporate driver interaction attributes, such as
vehicle awareness and network familiarity, into the evaluation of ITS technologies.

Overall, microscopic simulation is a powerful tool for road traffic studies in Australia. This simulation
method allows researchers to investigate the impacts of different traffic control strategies, road
designs, and speed limit reductions on traffic flow, congestion, and safety issues. These findings
have important implications for policymakers who are considering different strategies for improving
road safety and reducing congestion on Australian roads. By modeling individual vehicle movements
and interactions, microscopic simulation provides a detailed understanding of the impacts of
incidents on traffic flow and safety. Moreover, the ability to evaluate different incident
management strategies and their effectiveness is significant in mitigating the impacts of incidents
and improving traffic flow and safety.

2.2.2 Nanoscopic simulation of Incidents

Nanoscale simulation is a simulation technique that models the behavior of individual atoms and
molecules in materials. This technique can be used to model the properties of materials used in
road construction, such as asphalt and concrete, and to understand the fundamental mechanisms
that control their behavior. Nanoscale simulation can also be used to investigate the properties of
materials used in vehicle manufacturing, such as tires and brake pads. Nanoscopic simulation stands
out as a highly sophisticated traffic simulation model that accounts for individual parameters of
each vehicle, including perception, cognition, errors, and decision-making (Ni, 2003; Ratrout &
Rahman, 2009). Ni (2006) notes that this simulation model focuses on replicating individual
behavior, including waiting times and interactions. While nanoscopic simulation and micro-
simulation share network descriptions, the former considers person-based travel, while the latter
focuses on vehicle-based travel. The NSW Government (2013) reports that due to the similarities
between these two modeling approaches, various microsimulation software, such as AIMSUN, now
employ nanoscopic agent-based simulation in their models.

Overall, nanoscale simulations are a promising technique for studying road traffic in Australia. This
method allows researchers to investigate the physical and chemical processes that govern the
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behavior of road surfaces and vehicles, providing insights into the factors that impact vehicle safety,
efficiency, and air pollution. These findings have important implications for policymakers who are
considering strategies for improving road safety and reducing air pollution on Australian roads.
However, it should be noted that nanoscale simulations are still a relatively new and developing
field, and further research is needed to fully understand their potential applications in road traffic
studies.

2.2.3 Mesoscopic simulation of Incidents

Mesoscopic simulation is a simulation technique that models’ groups of vehicles, rather than
individual vehicles. This technique is less detailed than microscopic simulation but can still capture
important features of traffic flow, such as the formation of queues and the propagation of shocks
through the traffic stream. Mesoscopic simulation is often used to model larger road networks, such
as urban or highway networks, and can be used to evaluate the impact of changes to traffic
management strategies. One study by Rakha et al. (2019) used mesoscopic simulation to investigate
the impacts of autonomous vehicles on traffic flow and safety. The study found that autonomous
vehicles can significantly improve traffic flow and reduce the risk of accidents, particularly in areas
with high traffic volumes. Another study by Chen et al. (2018) used mesoscopic simulation to
investigate the impacts of different lane configurations on traffic flow and safety. The study found
that lane configurations that prioritize safety and efficient traffic flow can significantly improve
traffic flow and reduce the risk of accidents. According to a study by Burghout (2005), mesoscopic
models are well-suited for predictive applications, where they simulate route choices with limited
detail of driver behavior. Mesoscopic simulation has also been used to investigate the impacts of
different traffic management strategies on traffic flow and congestion.

Overall, mesoscopic simulation is a valuable technique for road traffic studies in Australia. This
simulation method allows researchers to investigate the impacts of different traffic management
strategies, lane configurations, and autonomous vehicle deployment on traffic flow, congestion, and
safety issues. These findings have important implications for policymakers who are considering
different strategies for improving road safety and reducing congestion on Australian roads.

2.2.4 Macroscopic simulation of Incidents

Macroscopic simulation is a simulation technique that models traffic flow at a high level, without
modeling individual vehicles or their behavior. This technique is based on aggregate variables, such
as traffic density and flow rate, and can be used to model large-scale traffic patterns over time.
Macroscopic simulation is often used to evaluate the impact of changes to transportation
infrastructure, such as the addition of new roads or the implementation of new transportation
policies. Macroscopic simulation has been extensively used in Australian research is in
transportation modeling. According to Holyoak and Stazic (2009), macroscopic simulation models
are used to estimate travel patterns for an entire region with many road networks. These models
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are commonly utilized for wide-scale strategic policy testing in travel demand, considering factors
such as land-use strategies, socio-demographic influences, mode, route, and destination choices.
However, these models do not account for traveler interactions and often produce simpler travel
pattern outputs, compromising driver attribute details. Additionally, vehicle emission estimates
from macroscopic models are limited as the models only apply constant speed to the entire road.
To improve accuracy, researchers have proposed linking macro-simulation and micro-simulation
models, as seen in the study by Helbing et al. (2002), to achieve simultaneous modeling parameters.
A study conducted by Wong et al. (2018) used macroscopic simulation to model the impacts of
connected and automated vehicles (CAVs) on traffic flow. The study found that CAVs can improve
traffic flow and reduce congestion, leading to a more efficient and sustainable transportation
system. Study by Piterou and Pagonis (2019) used macroscopic simulation to model the impacts of
road pricing schemes on traffic flow in Sydney. The study found that road pricing schemes can
reduce congestion and improve air quality, leading to a more sustainable transportation system.
These findings have important implications for policymakers who are considering the
implementation of road pricing schemes as a means of reducing congestion and improving
environmental outcomes.

In summary, macroscopic simulation is a powerful tool that has been extensively used in Australian
research to model complex systems and predict their behavior under different conditions. This
technique has numerous applications in fields such as transportation, population dynamics, and
economics, and is likely to become even more important as the world becomes increasingly complex
and interconnected.

2.3 Traffic management during Incident

Traffic management during incidents is a critical issue in modern transportation systems. To ensure
the safety of commuters and to minimize the impact of incidents on traffic flow, Intelligent
Transportation System (ITS) technologies have been widely adopted in many countries, including
Australia. One of the most used ITS technologies in Australia for incident management is ramp
metering. This literature review aims to examine the current state of research on the use of ITS
technology and ramp metering in traffic management during incidents in Australia. ...

2.3.1 Traffic management during Incident using ITS Technology

ITS technologies are used in traffic management to improve safety, reduce congestion, and enhance
the efficiency of the transportation system. The use of ITS technologies in Australia for traffic
management during incidents has been studied extensively. Rijavec et al. (2018) investigated the
effectiveness of ITS technologies such as traffic cameras and variable message signs in reducing
traffic congestion during incidents. They found that these technologies can significantly reduce
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traffic congestion and improve traffic flow during incidents. In another study, Sarvi et al. (2019)
examined the use of ITS technologies for traffic management during major incidents such as
earthquakes, terrorist attacks, and pandemics. They concluded that ITS technologies, such as traffic
control centers and intelligent traffic systems, can effectively manage traffic during major incidents
and help to minimize their impact on traffic flow.

Variable message signs (VMS) and variable speed limits (VSL) offer multiple benefits for improving
road efficiency and reducing the impact of incidents. When incidents occur, VMS can divert traffic
and clear lanes, resulting in reduced incident duration and improved travel times. Dia (2011)
conducted a study that demonstrated the effectiveness of VMS in minimizing delays and travel
times during incidents on the freeway. Additionally, the study evaluated the viability of VSL for
reducing delay and travel times during incidents. Below Table summarizes the benefits of
introducing VMS during incidents in a freeway section. Case 2 represents the incident occurrence
with no response, while case 4 shows the introduction of VMS as a response to traffic incident
management.

In-depth research by Kabit et al. (2014) and Hojati et al. (2011) shows that analyzing the impact of
incidents and estimating costs provides reliable data for evaluating traffic incident management
programs. Kabit et al. (2014) specifically examined the use of VMS for route diversion and associated
cost estimation in terms of incident-induced delay, fuel consumption, and CO2 emissions. A below
table presents a summary of the incident’s impact reduction in financial savings. Research indicates
that assigning a VMS to reduce a two-hour incident to a 90-minute incident clearance duration saves
23% of the financial cost during one lane clearance and 37% of the cost savings when all lanes are
cleared in the same duration.

Table 1 Comparison with and without VMS route Diversion on Delay, speed, and Travel time

Delay Speed Travel
time
(Sec
per
Veh)

Scenario (Sec) (kph)

Case 2: Incident occurs on normal Exit66 | 159 44 9 451
route, but no response is initiated (no

diversions or dynamic signal plans)

Case 4: Incident occurs in a normal  Exit67 | 145 46 7 436
route, 30% traffic is diverted to
alternating routes, where traffic signal
timing is increased to 160s cycle

Benefits(%) (Case 4 over case 2) 8.8% 4.5% 22.2%  3.3%
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Table 2 Incident impact reduction in terms of financial savings using ITS

Parameters Clear one Percentage Clear all Percentage
lane after 90 savings (%) lanes after savings (%)

minutes 30 minutes
Average travel time (sec) @ 10626 6 10351 9
Total delay (hr.) 3518.8 21 3063.4 31
Avg. speed (kph) 47.6 -10 50.1 -16
Delay cost (AUS) 109885 21 95667 31
Fuel cost (AUS) 59490 27 43984 46
CO2 cost (AUS) 60870 27 4515 46
Total cost (AUS) 175463 144167
Saving (AUS) 52150 23 83446 37

2.3.2 Traffic management during Incident using Ramp metering.

Ramp metering is an ITS technology that involves the use of traffic signals on entrance ramps to
regulate the flow of traffic onto highways. Ramp metering has been widely adopted in Australia and
has been found to be effective in reducing congestion during peak traffic hours. In the context of
traffic management during incidents, ramp metering has also been studied extensively.

For example, Khattak et al. (2014) investigated the impact of ramp metering on traffic flow during
incidents in Melbourne, Australia. They found that ramp metering can significantly reduce
congestion and improve traffic flow during incidents. Similarly, Wang et al. (2017) studied the
impact of ramp metering on incident management on a major freeway in Sydney, Australia. They
found that ramp metering can help to reduce the impact of incidents on traffic flow and improve
the overall efficiency of incident management.

Moreover, ramp metering can also be combined with other ITS technologies to further improve
incident management. For example, a study conducted by Ma et al. (2020) proposed a ramp
metering strategy that uses a predictive model to anticipate traffic demand during incidents and
adjust ramp metering rates accordingly. The study found that this strategy can improve traffic flow
and reduce delays during incidents. Ramp metering is an Incident Management Technique (TIM)
used less frequently on freeways, and the literature assessing its capabilities is limited (Dia 2011;
Dia, Gondwe & Panwei 2006; Ozbay & Bartin 2004). It is a type of traffic control that regulates the
number of vehicles allowed to enter the freeway at each time based on current traffic conditions
(Dia 2011). Ozbay and Bartin (2004) demonstrate the benefits of implementing coordinated arterial
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signals with ramp metering, which can be effective. However, this same literature suggests that
local roads may experience unexpected congestion due to traffic spill-over from the freeway access
ramp. Nevertheless, a study conducted by Dia (2011) suggests that ramp metering can be beneficial
during incident conditions when traffic demand increases. Results from this study reveal that travel
times were reduced by 2.8%, the number of stops by 23%, and the average delay by 10.5% because
of implementing ramp metering during congested periods, as summarized in below table.

2.4 Optimal Traffic Analysis Software

Microscopic traffic simulators are widely recognized as powerful and versatile traffic analysis tools
that can provide accurate results for complex traffic engineering phenomena (Barcel9, et al., 2005).
Based on a literature review comparing various modelling approaches, microsimulation has been
identified as the most efficient approach for incident modelling and evaluating the impacts of
incidents on traffic flow in terms of travel times, delay, speed, emissions, and the use of Intelligent
Transportation Systems (ITS) for warning drivers and traffic diversion.

AIMSUN (Advanced Interactive Microscopic Simulator for Urban and Non-Urban Networks) is a
leading and versatile microsimulation software that generates vehicle movement data and driver
data for traffic modelling (AIMSUN, 2021). This software was used to develop a detailed model for
simulating trafficincidents on a freeway during morning peak hour traffic flow in our research, using
MASTEM (Metropolitan Adelaide Strategic Transport Evaluation Model).

Moreover, SIDRA Intersection is a powerful software tool for analyzing intersections in terms of
intersection delay, queue length, and level of service (SIDRA SOLUTIONS, 2021). In this research, we
compared the performance of intersections before and after traffic incidents to assess the impact
of vehicle diversion from the arterial road to sub-arterial roads during incidents.

AIMSUN microsimulation software was chosen for the detailed modelling and simulation of traffic
incidents due to its widespread acceptance for strategic transport modelling by the Department of
Infrastructure and Transport (DIT). It can quantify the impact of incidents in terms of travel times,
emissions, delay times, and congestion. Additionally, AIMSUN can incorporate Variable Message
Signs as traffic demand and incident management strategies.

While AIMSUN can simulate an entire traffic network at a detailed level of individual vehicles, SIDRA
is limited to the analysis of intersections and roundabouts. However, SIDRA can optimize
intersection signal timing for future models, a limitation of AIMSUN. Hence, each software was used
together in this research to address each research objective.
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2.4.1 SIDRA INTERSECTION

SIDRA INTERSECTION is a widely used software tool for analyzing the performance of signalized
intersections and roundabouts. It provides a comprehensive set of features and capabilities for
analyzing different types of intersections, including signalized, unsignalized, and roundabouts. The
software is developed by Akcelik & Associates Pty Ltd and is used by transportation engineers,
planners, and researchers around the world.

SIDRA is designed to help transportation professionals evaluate the performance of intersections
and roundabouts in terms of several performance measures, such as delay, queue length, level of
service, and safety. The software provides a range of analysis tools that allow users to test different
scenarios and evaluate the impacts of various traffic control strategies on intersection performance.
For example, SIDRA can be used to evaluate the impacts of traffic signal phasing and timing, lane
configuration, and geometric design features on intersection performance.

Key Advantages of SIDRA INTERSECTION software.

1. SIDRA software can analyze the performance of signalized and unsignalized intersections, as well
as roundabouts.

2. It provides accurate and reliable estimation of intersection delays, level of service, and queue
length.

3. SIDRA can be used to evaluate the impact of various design options on intersection performance
and safety.

4. The software can also be used for optimization of signal timings and geometric design.
5. SIDRA is widely accepted and used in the transportation engineering field.
Despite its strengths, SIDRA does have limitations. Some of the main limitations of SIDRA include:

1. Limited scope: SIDRA is mainly designed for intersection analysis and optimization and is not
suitable for modeling larger networks or simulating traffic flow in real-time.

2. Datarequirements: The accuracy and usefulness of SIDRA results depend on the availability and
quality of input data, including traffic volumes, vehicle types, and signal timings.

3. Lack of dynamic traffic modeling: SIDRA does not include dynamic traffic modeling, meaning it
cannot capture the impact of real-time traffic conditions, incidents, or unexpected events.

4. Complexity: The software can be complex and difficult to use, requiring significant training and
experience to produce accurate results.

5. Expensive: The cost of purchasing and maintaining the software can be high, making it less
accessible to smaller transportation agencies or consulting firms.
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2.4.2 AIMSUN

AIMSUN (Advanced Interactive Microscopic Simulator for Urban and Non-Urban Networks) is a
traffic microsimulation software that is widely used for transportation planning and traffic
engineering purposes. It is a powerful tool that allows users to model and analyze complex traffic
systems, including highways, arterials, roundabouts, and intersections. The software is developed
and marketed by the Barcelona-based company, Transport Simulation Systems (TSS).

AIMSUN uses microscopic modeling, which simulates individual vehicles, drivers, and their
interactions with the road network. This approach provides a detailed and realistic representation
of traffic dynamics, making it ideal for analyzing complex scenarios such as incident management,
signal timing optimization, and intelligent transportation systems (ITS) implementation.

The software's user-friendly interface allows users to model and analyze a variety of transportation
scenarios, including vehicular and non-motorized traffic, public transportation, and pedestrians.
AIMSUN can be used for both short-term and long-term planning, as well as for evaluating the
impact of new infrastructure projects on traffic flow.

The AIMSUN microsimulation software is widely recognized and utilized in the field of traffic analysis
globally, and it is also widely accepted by the Department of Infrastructure and Transport in South
Australia. The AIMSUN user's guide (2021) identifies several capabilities of the software that are
relevant to the scope of this research mentioned below.

e Ability of incident impact analysis of highway infrastructure (Arterial Road)

e Ability of environmental impact analysis in terms of fuel consumptions and emissions
e Ability to evaluate the travel demand management strategies.

e Ability to integrate Intelligent Transport Systems (ITS)

e Ability of freeway capacity analysis and safety analysis

e Microscopic traffic flow modeling and simulation

e Dynamic route assignment and traffic assignment modeling

e Capability to model complex traffic management scenarios and strategies.

e Optimization of signal timings for isolated and coordinated signalized intersections.
e Advanced data analysis and visualization capabilities

e Compatibility with various types of data inputs, including real-time data.

Despite its many strengths, AIMSUN has some limitations that should be taken into consideration
when using the software.

1. The accuracy of the simulation depends on the quality and quantity of the input data.
Therefore, it is important to ensure that the data used for modeling is accurate and up to
date.
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AIMSUN is computationally intensive software that requires high-end hardware to run
efficiently. Large-scale simulations can be time-consuming, and users may need to invest in
powerful computing equipment to obtain reliable results.

AIMSUN's microsimulation approach makes it challenging to simulate large-scale networks,
particularly in urban areas with dense traffic flow. This limitation can be mitigated by using
network aggregation techniques or by dividing the network into smaller sub-areas.
AIMSUN's ability to optimize signal timings is limited to the current period, and it does not
consider future scenarios or changes in traffic demand. To address this limitation, some
researchers have proposed the use of hybrid models that combine AIMSUN with other
software tools, such as TRANSYT-7F or PARAMICS, to improve signal timing optimization for
future scenarios (Ma and Li, 2016).

The accuracy of AIMSUN's simulation results may be affected by the modeler's assumptions
and calibration procedures. It is important to carefully calibrate the model based on real-
world data and to validate the simulation results using field data or other independent
sources (Wang et al., 2018).

In conclusion, AIMSUN is a powerful and versatile traffic simulation software that can be used for a

wide range of transportation planning and traffic engineering applications. Its strengths include its

realistic microscopic modeling approach, real-time traffic simulation capabilities, and user-friendly

interface. However, it is important to consider its limitations, such as its computational

requirements and limitations on signal timing optimization.

Table 3 Benefits of implementing ramp metering during incident conditions (Dia 2011)

Without ramp | With ramp
Performance Measures Route metering metering % Difference

On ramp 57.6 52 -9.7

Speed (kmph) Mainline 83.2 83.8 0.6

On ramp 0.0 0.2 200

Number of stops Mainline 1.4 1.1 -23

On ramp 36.3 40.6 11.8

Travel time (seconds/vehicle) Mainline 192.1 186.8 -2.8
On ramp 2.7 73 156.5

Delay (seconds/vehicle) Mainline 50.5 45.2 -10.5

In conclusion, the use of ITS technologies and ramp metering in traffic management during

incidents has been extensively studied in Australia. The research has shown that these technologies

can significantly reduce traffic congestion, improve traffic flow, and minimize the impact of

incidents on traffic. As such, they are crucial for the effective management of incidents and the

efficient operation of transportation systems. Further research can focus on the optimization of ITS

technologies and ramp metering to enhance their effectiveness in traffic management during

incidents.
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2.5 Aims and Objectives:

This study examines the effects of various incident characteristics, such as different locations,
durations, and time of day (AM or PM peak), on the performance of the North-East Road Section.
The study analyzes key parameters including delay, congestion, vehicular travel time, and emissions,
utilizing analytical and simulation methods such as AIMSUN and SIDRA software. Recommendations
are provided to mitigate the impact of incidents, reduce traffic congestion, and enhance safety.
Through extensive research and literature review, a research gap has been identified, highlighting
the need for further investigation. As a result, specific objectives have been formulated to achieve
more robust research outcomes.

AlMs:

1. Toanalyze the impact of incidents on road network performance with and without incidents
and compare it by creating various scenarios of incidents using SIDRA and AIMSUN.

2. Toidentify the factors that contribute to the delay in traffic flow during incidents.

3. To evaluate the effectiveness of the existing incident management strategies in reducing
traffic delays and congestion during incidents.

4. To propose new incident management strategies based on the findings of the study.

Objectives:

1. To collect traffic data and incident data from various sources for analysis.

2. To develop a methodology for analyzing the impact of incidents on road network
performance.

3. To identify the factors that contribute to delays in traffic flow during incidents using
statistical and data mining techniques.

4. To evaluate the effectiveness of existing incident management strategies by comparing their
outcomes with the analyzed data.

5. To propose new incident management strategies based on the analysis of the data and best
practices from other regions.

6. Tovalidate the proposed strategies using simulation models and compare their performance
with existing strategies.

7. To provide recommendations for implementing the proposed incident management

strategies to relevant stakeholders such as transportation agencies, emergency services, and
the public.
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3. METHODOLOGY

The methodology for this research involved a detailed process of incident modeling using two
different software applications, AIMSUN and SIDRA. The selection of these software applications
was based on their capabilities and strengths in handling various aspects of traffic management
strategies. AIMSUN was chosen for its ability to simulate and model complex traffic networks,
including the implementation of traffic management strategies such as vehicle diversion. On the
other hand, SIDRA INTERSECTION was selected for its specialized focus on traffic signal analysis and

intersection design.

The process of incident modeling involved several steps, beginning with the validation of the base
model. Once this was complete, the AIMSUN model was calibrated and validated using a range of
metrics, including queue lengths, and travel times. This process ensured that the model accurately

reflected the real-world traffic conditions and could be used as a reliable basis for incident modeling.

In the incident modeling process, various traffic management strategies were analyzed and
modeled using AIMSUN. This included vehicle diversion, which involved rerouting traffic away from
the incident site to minimize congestion and delays. The modeling process for vehicle diversion
involved careful consideration of various factors, including the location of the incident, the capacity
of the surrounding road network, and the expected traffic volume.

Inputs for the SIDRA INTERSECTION software was also carefully selected and analyzed as part of the
methodology. This involved detailed consideration of various factors, such as traffic volumes, signal
timings, and the geometric layout of the intersection. By incorporating these inputs into the SIDRA
model, the impact of the incident on intersection performance could be accurately analyzed and
evaluated.

Flow Chart of the Report:

Summary of the
research findings,
Recommendations,
and Future research

scope

General overview of

Methodology and

Brief description of the
the project Specifications generated resulits

Relevant literature Resuits

Overall, the methodology for this research involved a detailed and comprehensive approach to
incident modeling, incorporating the strengths of two different software applications to provide a
thorough analysis of traffic management strategies and their impact on intersection performance.

Page | 20



3.1 Data Collection

In the master thesis work, data collection was performed from two primary sources, namely the
Department of Infrastructure and Transport (DIT) and the Sydney Coordinated Adaptive Traffic
System (SCATS). The data collection process involved obtaining several types of data, including
intersection drawings, manual turning counts from DIT, and SCATS counts for one week (7 March
2022 — 13 March 2022).

Intersection drawings were obtained from the DIT to provide information about the geometry and
layout of the intersection. These drawings helped to ensure the accuracy of the simulation model
developed using the SIDRA software. Manual turning counts were conducted by DIT at the
intersection, and the data was collected manually by observing the turning movements of vehicles
at the intersection over a specified period. This data provided information about the volume of
traffic at the intersection, which was later used to calibrate the simulation model.
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FIGURE 6 SCATS VEHICLES COUNT - DAILY PROFILE

SCATS counts were collected over one week (7 March 2022 — 13 March 2022) using the Sydney
Coordinated Adaptive Traffic System as shown in figure 6. This data provided detailed information
about traffic volume, speed, and other relevant parameters for each lane at the intersection. As
show in figure 6, SCATS data was used to plan site visit (11 November, 8:00-9:00 AM) with Akshay
Ahlawat and collect latest data, and that used to validate the simulation model's performance by
comparing the model's output to the observed traffic data from site visit.

Prior to conducting a site visit, two locations were chosen for the mobile camera recording of traffic
flow, as indicated in figure 8. The team arrived on-site at 7:30 AM to conduct a review of the
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intersection and to position themselves for recording, which was completed by 7:50 AM. The first
camera, C1, was positioned on a street between two roads, providing a wide-angle view of incoming
and outgoing vehicles from TS168 to TS029 on the North-East Road section. The second camera, C2,
was positioned to cover a long view of the back of the queue on the North-East Road.

v
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FIGURE 7 CAMERA POSITIONS DURING SITE VISIT AND VIDEO RECORDING

The team commenced video recording from 8:00 AM to 8:15 AM. The resulting footage was
reviewed, and vehicle counts for cars, trucks, buses, and bikes were manually extracted. The
proportion method was used with existing SCATS vehicle count data to extrapolate one hour of data
from the 15-minute collection period, which was then used to calculate all manual turning counts

for one hour, as presented in table 4.

TABLE 4 MANUAL TURNING COUNT DURING SITE VISIT

Overall, the data collection process from DIT and SCATS, and Site visit was a crucial component of
the master thesis work, providing necessary information about the intersection's geometry, traffic
volume, and other relevant parameters to develop an accurate and reliable simulation model using

the SIDRA software.
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3.2 SIDRA Intersection Modelling

SIDRA Intersection Modelling involved creating a simulation model of an intersection using the
SIDRA Intersection software. Geometric and traffic data was inputted to generate a preliminary
layout, which was then adjusted as necessary. The simulation model was then analyzed using
various parameters to evaluate the intersection's performance. The results of the analysis were
used to identify potential improvements to the intersection and make informed decisions regarding
its design and operation. The general steps to create a model in SIDRA with Professor Branko Stazic
were as follows:

Selected the “New Project” option from the File menu in the SIDRA Intersection software.
Selected the intersection type, which could be a signalized intersection.

3. Entered the basic geometric data for the intersection, including the number of lanes, the
width of the lanes, the radius of the curves, and other relevant details.

4. Entered the traffic volume data for the intersection, including the number of vehicles and
their turning movements.

5. Adjusted the preliminary layout of the intersection as necessary.

6. Finalized the layout, which automatically generated a simulation model for the intersection.

7. Analyzed the simulation model using various parameters, including level of service, capacity,
delay, and safety.

8. Saved and exported the data for AIMSUN modelling and Calibration, such as Avg Back of
Queue (distance in meter).

3.2.1 SIDRA Intersection Geometry.

Developing Intersection TS029 and TS168 Geometry using DIT drawings and SCATS data into SIDRA
software involved a series of steps to ensure accurate and reliable results. Firstly, | selected type of
Intersection as per the DIT drawings into the software to create a digital representation of the
intersection and specify all the Information as per real-data set. Then, | used Movements Classes
(Light vehicles, Heavy vehicles, and Buses) and OD Movements for each approach. Then, | adjusted
the geometry of the intersection, including Lane Configuration and Lane Disciplines, to create a base
model geometry of Intersection TS029 and TS168 which represent real-word situation. Also, |
removed cycle lanes and pedestrian movement. Final network of the study area in SIDRA
intersection showing in below figure 8.
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