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ABSTRACT 

The growing demand for freight transportation has led to increased congestion on urban 

arterial roads, requiring innovative solutions such as long combination vehicles (LCVs) and heavy 

commercial vehicle (HCV) platooning. However, these approaches face challenges at intersections 

due to limited green time and insufficient lane storage for left turns.  

This study examines the use of Intelligent Transportation Systems (ITS) to enhance truck 

travel time, specifically through Freight Signal Priority (FSP) and dedicated truck left-turn lanes 

(DTLL). A methodology was developed to identify intersections requiring truck priority measures. 

Using PTV VISSIM, a micro-simulation model was created for a 19.2 km corridor with 32 

signalized intersections. Freight vehicle composition included 5% LCVs and single-unit trucks. 

Eight models were used for comparative analysis. Model 1 represents the 'do-nothing' scenario 

that includes the assumption of 5% LCVs, Model 2 applies the FSP scenario, Model 3 includes the 

DTLL scenario, and Model 4 combines Models 2 (FSP) and 3 (DTLL). Model 5 assessed a 5% 

penetration rate of HCV Platooning under existing conditions. Model 6 adds FSP to Model 5, 

Model 7 adds DTLL to Model 5, and Model 8 combines Models 6 (FSP) and 7 (DTLL).  

The study found that implementing both FSP and DTLL together yields better results than 

applying each individually. This integrated approach demonstrated improvements in efficiency, 

traffic flow, and sustainability by reducing travel time and greenhouse gas (GHG) emissions for 

all vehicles. 
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CHAPTER 1: INTRODUCTION 

This study explores surface infrastructure improvements to support the use of intelligent 

transportation systems (ITS) in improving the operational and environmental performance of 

freight transportation. The first chapter discusses the importance of exploring the vital role Heavy 

Commercial Vehicles (HCV) play in the economic growth of urban areas and highlights the 

importance of ensuring efficient HCV travel times. It also outlines the research goal and objectives, 

as well as the overall structure of the thesis.   

1.1 Background 

Nearly every product, from raw materials to finished goods, requires transportation at 

different stages making goods movement an essential part of the supply chain. Parts are delivered 

to manufacturing facilities, assembled products go to warehouses, and finished goods are sent to 

retailers or consumers and so on. This process significantly increases the use of HCVs on urban 

roads for first- and last-mile deliveries. Although long-haul HCVs predominantly use highways, 

they cannot avoid traveling on urban roadways. For example, in Canada, any HCV trip under 25 

km is classified as urban, with HCVs traveling a total of 126 million km on urban roadways 

(Statistics Canada, 2020). While in the United States (U.S) HCVs traveled 164 million km on 

urban roads, with 59.4% of these trips on major and minor arterials (USDOT, 2020). In addition, 

these deliveries are restricted as they must be completed during standard business hours, forcing 

the trucks to travel during peak hours (Woudsma, 2001).  

Freight transportation is an important contributor to the economic development of any 

region (FHWA, 2004. Peel Region, 2015). As shown in the 2015 Goods Movement Economic 

Impact Analysis Report which states that about $1.8 billion worth of goods crosses through the 
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Peel Region on a daily basis, contributing to an annual GDP of $49 billion. The economic impact 

of those goods represents approximately 6.3% of the provincial GDP and 3.2% of the federal GDP 

(Region of Peel, 2015). This significant urban travel highlights the importance for HCV operations 

along urban intersections; however, it can lead to delays and increased greenhouse gas (GHG) 

emissions due to congestion. The impact of congestion in the Greater Toronto and Hamilton Area 

(GTHA), which slows down freight and passenger vehicle movement, is reflected in estimated 

cost to the regional economy of $6 billion per year (Parker, 2008). According to the Texas 

Department of Transportation (TxDOT) in 2021, the value of delay time is estimated at $30.54 per 

passenger car hour and $41.91 per commercial truck hour (Texas Department of Transportation 

(TxDOT), 2021). In addition, Kurri et al. discussed that the average delay cost for daily goods is 

approximately 63.11 US$ per metric ton per hour (Kurri, et al., 2000). Therefore, significantly 

lower the costs associated with goods transportation. 

Due to the increased traffic of freight vehicles and the growing demands of goods 

movements on roadways, long combination vehicles (LCVs) are introduced. LCVs are specialized 

tractors designed to tow two full-length semi-trailers, which is an extended length compared to 

standard configurations of a conventional single unit truck. Figure 1 illustrates the three common 

LCV configurations in Canada: turnpike doubles (turnpikes), Rocky Mountain doubles (Rockies) 

and B-Train double (AASHTO, 2018; TAC, 2017). Turnpikes and Rockies both consist of a 

tractor, attached to one 16.2 m (53 ft) semi-trailer. Turnpikes include a second 16.2 m (53 ft) trailer, 

while Rockies have a second, shorter 8.5 m (28.5 ft) trailer (Wood & Regehr, 2017). The overall 

length of Rockies is 29.67 m, while turnpikes are 34.75 m (Wood & Regehr, 2017). B-Train 

double, on the other hand, consist of a tractor pulling two semi-trailers with a “B-train” hitch, 

resulting in an overall length of 25.0 and 27.5 m.  
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While western Canadian provinces allow LCVs up to 40–41 meters, including turnpike 

doubles, the Transportation Association of Canada (TAC) specifies a maximum LCV length of 25 

meters for B-Train doubles, which are more commonly operated in Ontario and several other 

provinces without special permits (Wood & Regehr, 2017; TAC, 2017). Additionally, longer 

configurations such as turnpike doubles, recommended at lengths up to 34.75 meters by AASHTO, 

are less prevalent in urban areas due to infrastructure constraints. Although some provinces, like 

Manitoba and Saskatchewan, have increased allowable B-Train lengths to 28 meters, the 25-meter 

B-Train double remains the standard for much of Canada’s urban freight operations (Manitoba 

Transportation and Infrastructure Department, 2022; Ministry of Highways - Government of 

Saskatchewan, 2022). 
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Figure 1: Three Configurations of LCVs 

In addition, eight provinces and one territory, shown in Table 1, across Canada require 

special permits to operate LCVs (Ministry of Transportation, 2021). These permits are designed 

to ensure that only qualified carriers with suitable equipment, training and safety measures, operate 

LCVs on roadways. In Ontario, where this study is set, carriers who operate LCVs do need a 

special permit. To get this permit, carriers must follow specific rules set by the Ministry of 

Transportation of Ontario (MTO). They must also sign an agreement with the MTO to meet the 

requirements for safely operating these large vehicles on approved routes. Only carriers that meet 
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these conditions are allowed to use LCVs on designated roads or areas that connect to their 

destinations (Ministry of Transportation, 2021). Table 1 shows whether different provinces in 

Canada require a permit to operate LCVs, the type of LCVs approved and the permit duration 

(Saha, 2021).  

Province or Territory Permit 

Required 

Permitted LCVs Permit Duration Safety Rating 

Maintenance 

British Columbia Yes RMD, TPD N/A Yes 

Alberta Yes RMD, TPD, Triple 12 months No 

Saskatchewan Yes RMD, TPD, Triple 12 months No 

Manitoba Yes RMD, TPD, Triple 12 months No 

Ontario Yes TPD 12 months Yes 

Quebec Yes TPD 3 to 9 months No 

New Brunswick Yes TPD 12 months Yes 

Nova Scotia Yes TPD 12 months Yes 

Northwest Territories Yes RMD 12 months Yes 

 

When compared to two tractor-trailers with a similar volume, LCVs offer economic and 

environmental benefits. Due to their increased length, LCVs can transport more goods in a single 

trip, lowering transportation costs for retailers and manufacturers and has better fuel efficiency 

(Ministry of Transportation, 2011). In addition, the lead truck operates on methanol and liquid 

petroleum gas, which are known as cleaner gases (Geuy, 1989), and by pulling along the connected 

trailers, requires less fuel compared to standard tractor-trailers (Region of Peel, 2021). According 

to the Ministry of Transportation in 2013, Greenhouse gas emissions (GHGs) caused by freight 

transportation could be reduced by one-third if the industry transitions to using LCVs. In addition, 

it is expected to save shippers and consumers up to $320 million annually by reducing fuel 

Table 1: LCV Permit Requirements in Different Provinces in Canada  
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consumption by 70 million liters and cutting emissions by 190,000 tonnes (Ministry of 

Transportation, 2011). 

Despite their advantages, LCVs also have downsides. Their extended length requires more 

physical space on roadways, resulting in increased turning radii and wider horizontal clearance. 

Due to these constraints, LCVs are restricted to specific, carefully studied areas rather than being 

permitted everywhere as seen in Figure 2 that shows the roadways in the Greater Toronto Area 

that permit LCVs (Ministry of Transportation, 2021).  

In Ontario, specific requirements are needed to be fulfilled to become an LCV driver, 

including having at least five years of HCV driving experience and over 100 hours of classroom 

Figure 2: LCV Map Roadways  
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training (Ministry of Transportation, 2021; Smith, 2020). Given these rigorous training 

requirements, Butler reported that Canada will need 34,000 new HCV drivers by 2024 (Butler, 

2019). In addition, the United States will need 160,000 new drivers by 2028 (Costello, 2019). In 

response to this challenge, HCV platooning emerges as a promising alternative.  

HCV platooning, also known as HCV platooning, allows multiple HCVs to travel closely 

together in a coordinated and automated manner. Unlike LCVs, which face spatial limitations such 

as needing wider lane width and larger turning radii, HCV platoons do not encounter these issues 

as they use the same horizontal clearance and turning radius as a single HCV. By utilizing vehicle-

to-vehicle (V2V) technology, HCV platoons can maintain safe distance and coordination between 

convoys, which can reduce aerodynamic drag and increase fuel efficiency (Browand, et al., 2004; 

Alam, et al., 2015; Patten, et al., 2012).  

According to the Society of Automotive Engineers (SAE), HCV platoons operate at 

automation levels between 3 and 5. To see the benefits of HCV platooning, automation levels 

should start at level 3. Level 3 indicates that the leading and following vehicles have human 

drivers, but the following vehicles can operate autonomously in specific conditions such as 

highway driving, requiring driver intervention when necessary. At Level 4, only the leading 

vehicle requires a human driver, while the following vehicles are autonomous. Level 5 shows full 

autonomy for all vehicles in the platoon (U.S. Department of Transportation, 2018; Bishop, 2020; 

SAE International Standard, 2016). Up to now, North American jurisdictions, including Alberta, 

California, Florida, Ontario, and Texas, have primarily tested Level 3 automation in pilot projects 

(Kuhn, et al., 2017; Canadian Council of Motor Transport Administrators, 2016). However, Level 

4 automation has the potential to address the shortage of HCV drivers with the automation levels. 

Since only the lead vehicle requires a human operator, a single driver could operate multiple HCVs 
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(e.g. four or more HCVs per driver instead of one-to-one). While LCVs in Canada are typically 

limited to two trailers per driver, which is a less efficient usage of available drivers. Therefore, this 

automation level can significantly improve driver utilization and overall efficiency.  

Since HCV platoons prefer to travel on freeways, significant fuel savings at higher speeds. 

At 80 km/h, fuel consumption can be reduced by up to 6% for the lead HCV and up to 10% for the 

following vehicles. Similarly, when platooning at 70 km/h, a 4.7% reduction in fuel consumption 

for the lead HCV and a 7.7% reduction for the following HCVs has been observed (Al Alam, et 

al., 2010). However, HCV platooning will be used on arterial roadways in urban settings as they 

may need to complete first- and last-mile deliveries. Since the speed limits in urban areas are often 

below 70 km/h, the aerodynamic benefits are reduced.  

To implement HCV platooning in this study, it is necessary to assume the adoption rate of 

this technology. Milakis et al. predicted trends in the urban freight adoption of automated vehicle 

technology, identifying two distinct approaches (Milakis, et al., 2017). The first, a regulated 

approach, envisions rapid adoption of connected autonomous vehicles (CAVs) with regulatory 

limitations swiftly resolved, targeting a 5% adoption rate by 2031. The second, a conservative 

approach, adopts a cautious stance towards CAVs, projecting a 5% adoption rate by 2034 (Ministry 

of Transportation of Ontario, 2020). Additionally, the study forecasted personal CAV adoption 

rates, with an average trendline aiming for 5% adoption by 2022 (Organisation for Economic Co-

operation and Development (OECD), 2017), and a conservative trendline predicting 5% adoption 

by 2031 (Ministry of Transportation of Ontario, 2020). This contrast highlights the cautious 

adoption of automated vehicle technologies in urban freight logistics compared to personal CAV 

use. 
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The U.S. Department of Transportation (DOT) has developed a plan to accelerate the 

implementation of Vehicle-to-everything (V2X) technology, which allows for the vehicles to 

communicate with each other and with infrastructure, such as traffic lights and road signs. 

However, the plan suggests that the infrastructure to support V2X is still in the early stages of 

development. The DOT’s short-term goals include equipping 20% of the National Highway 

System with V2X technology and ensuring that 25% of signalized intersections in the top 75 metro 

areas have V2X capabilities by 2024-2028. While long term goals aim for full utilization of V2X 

technology across the National Highway System and 85% of signalized intersections in the top 75 

metro areas V2X-enabled by 2032-2036 (United States Department of Transportation, 2024).  

Since the launch of this plan, Salt Lake City which is the 47th largest metropolitan area in 

the united stated, is close to meeting the short-term goal with around 20% of signalized 

intersections equipped with V2X technology and cover the remaining 5% by the end of the year 

(Utah Department of Transportation, 2024). However, in Canada the deployment of V2X-

equipped intersections is still in its early stages, with various pilot projects and trials rather than 

extensive network coverage. For example, the City of Calgary has tested V2I technology as part 

of its 16 Avenue North "V2I Test Bed" project. This project involved a connected corridor of 14 

intersections designed to test and implement connected vehicle application (City of Calgary, 2021) 

In Ontario where the study area takes place, the City of Toronto has an action plan with MoveTO 

set for 2021 to 2025. It suggests implementing smart traffic signals and intelligent intersections at 

500 and 100 locations over the next 5 years (City of Toronto, 2020).  

In addition, the adoption of V2X and automated vehicle technology faces limitations as 

there is a lack of policies and regulations. As they require coordination between various 

stakeholders, including the Department of Transportation (DOT), Federal Communications 
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Commission (FCC), automakers, and state and local governments. The adoption of fully 

autonomous trucks (Level 4 or 5 automation) is still in its infancy stages, as companies such as 

Waymo, TuSimple, and Aurora are testing autonomous trucks on select routes in the U.S. 

However, the lack of compatibility across different regions and systems hinders large-scale 

automated vehicle deployment (United States Department of Transportation, 2024). 

While many studies examine vehicle platooning at market penetration rates ranging from 

5% up to 100%, especially for passenger vehicles on freeways, these higher penetration 

assumptions may not be realistic for HCV platooning in urban environments (Arnaout and 

Bowling, 2011; Van Arem et al., 2006; Lioris et al., 2017). For instance, Gordon and Turochy 

(2016) reported benefits at 20% and 100% HCV platooning rates on freeways, but such levels are 

ambitious given the complexities of urban arterials with frequent signalized intersections and 

variable traffic conditions.  

The 5% market penetration rate adopted in this study, therefore, represents a deliberately 

conservative yet ambitious target when compared to these prior works, acknowledging the 

significant technological, infrastructural, and operational hurdles currently limiting higher 

adoption rates for HCV platooning in urban areas. This more cautious benchmark aligns better 

with current real-world conditions and anticipated near-term deployment scenarios. 

The adoption of SAE Level 4 HCV platooning requires not only advanced vehicle 

technology but also robust, city-wide vehicle-to-infrastructure (V2I) communication networks, 

significant investments in infrastructure, and coordinated policy and regulatory frameworks. Such 

requirements limit the potential for rapid, widespread deployment and instead point toward an 

initial focus on fleet-specific operations where multiple trucks from the same company travel 
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regularly along fixed routes. This fleet-based approach naturally restricts market penetration to 

relatively low percentages during the early years of implementation.  

Given these constraints, focusing on a 5% market penetration rate allows this study to 

provide a realistic and practical evaluation of HCV platooning impacts on urban arterial mobility, 

avoiding overly optimistic assumptions that could misinform planners and policymakers. By 

assessing operational effects at a more feasible adoption level, this research offers actionable 

insights for near- and mid-term transportation planning, while recognizing that higher penetration 

rates and their associated benefits may only be attainable in the longer term, contingent on 

continued technological advancement and infrastructure development. 

1.2 Problem Statement 

This study focuses on the short trips freight vehicles make on urban roads, such as the first and 

last-mile trips from their origins to destinations. Unlike long-haul trips that take place on highways 

or freeways, all freight movement must begin or end in local, urban areas, whether it is a truck 

leaving a warehouse or making its final delivery to a store or customer. These urban segments are 

unavoidable and often the most complex part of the journey due to traffic, signals, and limited road 

space. According to Sureshan, about 85% of truck trips have at least one trip-end inside the region, 

suggesting a strong urban freight presence (Sureshan, 2009). This presence, while only 

representing the end or beginning of the truck's total journey, can have a significant impact on 

urban traffic flow. With the increasing demand for freight transportation in urban areas, congestion 

at signalized intersections is expected to worsen, leading to longer travel times and reduced 

efficiency in goods movement. Addressing these challenges is essential to improving traffic flow 

and supporting economic growth. 
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This study explores potential engineering solutions to improve the mobility of Heavy 

Commercial Vehicles (HCVs) using Intelligent Transportation Systems (ITS) and surface 

infrastructure improvements. One strategy is Freight Signal Priority (FSP), which adjusts traffic 

signal timings to give priority to freight vehicles at intersections, reducing delays and improving 

traffic flow. In addition to FSP, Dedicated Truck Left-Turn Lanes (DTLL) offer a surface 

infrastructure solution larger trucks by reducing conflicts and improving safety and intersection 

efficiency. While other strategies exist, such as dynamic routing, this study focuses on FSP and 

DTLL due to their practicality, compatibility to existing infrastructure, and potential for 

measurable impact on urban freight corridors. 

Evaluating multiple strategies enables a comprehensive assessment of their relative 

effectiveness and trade-offs within the urban context. The purpose of this evaluation is to 

determine which individual, or combined solutions can most effectively improve freight mobility, 

alleviate congestion, and reduce environmental impacts. This evidence-based approach aims to 

support regional transportation planners and decision makers in selecting targeted, feasible 

interventions that enhance both freight operations and overall traffic performance 

1.3 Research Goal and Objectives 

The goal of this study is to investigate the mobility and environmental impacts of 

Intelligent Transportation System (ITS) strategies, such as freight signal priority (FSP) and 

dedicated truck lanes (DTL) on LCVs and SAE Level 4 HCV platooning along urban arterial 

roads, with particular emphasis on left-turning movements. Given the operational challenges 

associated with left turns, such as limited storage capacity and green time allocation for left 

turning, the analysis focuses on how these strategies influence both through and turning traffic. 

Microsimulation tools (e.g., VISSIM) allow the simulation of future traffic scenarios, such as HCV 
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platooning, enabling researchers to generate and analyze data under controlled conditions. This 

approach provides valuable insights into potential mobility and environmental impacts. The 

detailed model development process will be discussed in a later section. 

The study has three objectives:  

1. Develop a methodology for identifying and selecting signalized intersections that are 

suitable for implementing freight priority measures based on key operational and freight-

related criteria. 

2. Calibrate and validate a microsimulation model (using VISSIM) to evaluate the operational 

impact on the study corridor. 

3. Evaluate the feasibility and impacts of LCVs and HCV platooning on mobility and 

sustainability (i.e. travel time and GHG emissions), particularly focusing on left-turn 

movements at urban intersections. 

1.4 Research Scope 

The scope of this research focuses on evaluating the mobility and environmental impacts 

of intelligent transportation systems (ITS) strategies, including freight signal priority and dedicated 

truck lanes, in urban areas. The study specifically examines how these strategies can support the 

operation of Long Combination Vehicles (LCVs) and Heavy Commercial Vehicle (HCV) 

platoons, particularly Level 4 HCV platoons, on urban arterial roadways. The study concentrates 

on how ITS strategies can improve freight mobility while reducing congestion and emissions. 

Additionally, this research will investigate the effectiveness of these strategies for all vehicles.   
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1.5 Research Constraints 

This study is constrained by several factors that shape the scope and applicability of its 

findings. Specifically, this thesis is designed as a case study focused on the Region of Peel, 

meaning that the methodology, data inputs, and resulting insights are closely tied to the specific 

transportation context and operational challenges of that region. While the findings provide 

valuable direction for freight mobility improvements in Peel Region, they may not be broadly 

generalizable to other municipalities with differing roadway configurations, traffic dynamics, or 

policy goals. 

Another constraint is the study’s limited flexibility. Because the research responds to a 

real-world transportation issue rather than a purely academic question, many aspects, such as the 

study area, selection of ITS strategies, and simulation design that were influenced by practical 

considerations and regional priorities. This applied nature reduces the opportunity for broad 

theoretical exploration or scenario diversification. Additionally, the study places emphasis on 

generating actionable insights rather than advancing theoretical frameworks. As a result, the 

research leans more toward problem-solving than hypothesis testing, focusing on identifying 

feasible, data-supported solutions for urban freight operations. While academic rigor is maintained 

in the modeling and analysis, the thesis is grounded in real-world relevance, which naturally 

narrows its academic scope. 

Despite these constraints, the work contributes meaningful insight to the field of urban 

freight and ITS planning, especially for rapidly growing urban regions like Peel Region where 

freight-related congestion and infrastructure challenges are increasingly pressing. 
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1.6 Anticipated Benefits of the Research 

This research is the first to investigate the effects of freight signal priority and dedicated 

truck left-turn lane measures specifically for left-turning vehicles at intersections along arterial 

roadways. Typically, freight signal priority technologies have focused on through movements, 

while dedicated truck left-turn lane (DTLL) have only been implemented on freeways, not on 

urban arterials. The anticipated benefits include improved traffic flow by minimizing delays at 

signalized intersections, which will help reduce congestion and enhance overall intersection 

efficiency. More predictable and shorter travel times for freight vehicles will not only reduce 

delivery delays but also lower operational costs for logistics companies, making goods distribution 

more efficient. Enhancing urban freight movement in this way will support economic growth by 

improving supply chain reliability and attracting businesses to urban centers. 

Beyond economic and mobility benefits, the study will also contribute to policy and 

infrastructure planning by providing a framework for evidence based decision-making in urban 

freight management. The findings will help municipalities prioritize infrastructure investments 

that deliver the highest mobility benefits and inform future policies related to automation, 

intelligent transportation systems (ITS), and targeted infrastructure improvements. Additionally, 

reducing truck idling times at intersections can lead to lower greenhouse gas emissions, improving 

urban air quality, while enhanced traffic flow and lane separation can reduce crash risks associated 

with heavy commercial vehicles making left turns. By addressing these challenges and exploring 

innovative freight management strategies, this research will offer valuable insights for regional 

municipalities in Ontario and serve as a model for other urban centers in Canada looking to 

improve goods movement efficiency while balancing passenger traffic and sustainability. 
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1.7 Thesis Outline 

The structure of the thesis consists of an introduction and six additional chapters.  

• Chapter 2 offers a literature overview of various signal priority techniques. This includes 

discussing current implementations of freight signal priority measures, as well as the usage 

of dedicated truck lanes in urban environments.  

• Chapter 3 discusses the criterion shown in previous studies and how it was adapted to 

produce a methodology that implements FSP and dedicated truck left lane on certain 

intersections.  

• In Chapter 4, the study area and the data acquired from Peel Region are discussed.  

• Chapter 5 includes a detailed explanation of the micro-simulation models (VISSIM), and 

the associated parameters utilized in this project. This chapter also delves into the 

simulation scenarios.  

• Chapter 6 evaluates the results from the analysis of different scenarios developed by the 

microsimulation model in terms of the performance measures.  

• In Chapter 7, the findings are summarized, and recommendations for future research and 

research gaps are provided.  
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CHAPTER 2: LITERATURE REVIEW 

This chapter provides a summary and analysis of previous studies on Intelligent 

Transportation System (ITS) technologies and surface improvement infrastructure. These 

measures are designed to enhance freight mobility, reduce delays, and improve overall network 

efficiency. It also identifies research gaps and examines the environmental impacts associated with 

these technologies. 

Section 2.1 reviews discusses transit signal priority (TSP) and freight signal priority (FSP) 

methods. Section 2.2 considers different enhancements that could be made to the physical elements 

of roadways and transportation networks that are visible at or near the surface level. This includes 

dual left lanes, dedicated truck lanes and intersection geometry modifications such as turning radii 

and lane widths.  

2.1 Signal Priority  

Signal Priority is one of the many Intelligent Transportation Systems (ITS) strategies used 

to improve traffic operations and reduce delays for specific vehicle classes. Common signal 

priority techniques include Transit Signal Priority (TSP) and Freight Signal Priority (FSP); 

however, it also consists of vehicle-to-infrastructure (V2I) technology that implements HCV 

platooning.  

Transit Signal Priority is an operational system designed through prioritization to improve 

the mobility of transit vehicles, emergency vehicles, and/or trucks at signalized intersections. It 

relies on detectors, fixed location of check-in and check­out detectors, that identify the presence 

of specific types of approaching vehicles and provides a priority to the signal phase for that 

approaching vehicle.  
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The first study on Transit Signal Priority was conducted in the Unites States by Salter and 

Shahi in 1979, which found that while giving priority to buses reduced bus delays, it resulted in 

increased delays for passenger vehicles (Hu, et al., 2015). Since then, conventional FSP systems 

have been applied to 109 cities in North America, Europe, and Asia (Liao & Davis, 2007). In 

Toronto, the use of FSP started in the 1990’s, and by now, 420 signalized intersections are 

equipped with FSP, with over 80 of them implemented in the past two years (Gray, 2025). This 

highlights how widespread the application of FSP and how effective it is in improving the 

effectiveness and efficiency of transit operations and cost effectiveness. 

There are several strategies used to modify the operation of traffic signals when prioritizing 

specific vehicles. It is split into four types of priority, that decide when and why transit vehicles 

get priorities, the four types of signal adjustment techniques are how the signals are adjusted for 

FSP. The four priority types are (Shalaby, et al., 2006). 

1) Passive Priority: 

This type of priority involves the pre-emptive adjustment of traffic signals to prioritize 

transit or freight vehicles based on fixed schedules or conditions, without real-time adjustments. 

This approach was the initial technique used in FSP systems, as communication technologies in 

transit vehicles were still in their early stages. In addition, passive priority is a relatively low-cost 

and easy strategy to implement and operate. 

A key limitation of this approach is that it gives signal priority to buses or prioritized 

vehicles at specific times, regardless of their actual arrival at the intersection. As a result, if no 

transit or prioritized vehicles are present, the system would still give preferential signal timing, 

causing unnecessary delays for non-prioritized vehicles and cross traffic. Therefore, this method 
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is most effective on signalized intersections with high-frequency transit services, predictable travel 

times, and light to moderate traffic volumes (Vincent, et al., 1978) 

2) Active Priority (Shalaby, et al., 2006): 

Active priority involves dynamically adjusting the traffic signal to give transit vehicles 

priority in real-time. When a transit vehicle is detected approaching the intersection, the signal 

phases are actively modified to allow the vehicle to pass without significant delay. This approach 

is more efficient than passive priority, as it only adjusts the signal when a transit vehicle is present, 

which eliminates unnecessary delays caused by pre-allocated priority times.  

By providing real-time adjustments, active priority improves the flow of transit vehicles 

along arterial corridors, helping them maintain faster and more reliable travel times. However, a 

disadvantage of active priority is that it can sometimes give priority to transit vehicles when it may 

not be necessary. For example, if a bus is ahead of schedule or has a low number of passengers, 

giving priority could lead to unnecessary delays for non-prioritized traffic and cross traffic. This 

could be problematic as the system gives priority based only on the detection of a transit vehicle, 

rather than considering if it needs the priority (Shalaby, et al., 2006). 

3) Conditional Active Priority (Shalaby, et al., 2006): 

Conditional active priority is a kind of active priority where the signal adjustment will give 

priority based on certain conditions, such as if the transit vehicle is running late, if traffic is light 

or it has been a long time since priority was allocated. This system utilizes an Automated Vehicle 

Location (AVL) system to track the real-time location of transit vehicles using GSP or similar 

technologies. In addition, it relies on an Automated Passenger Counter (APC) system that counts 

the number of passengers boarding and alighting the transit vehicle in real-time. This ensures that 
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priority is not given to a nearly empty bus, but instead is optimizing the signal cycle length for a 

bus carrying a high number of passengers. Therefore, this priority system minimizes the negative 

impacts on nonpriority vehicles and cross traffic by granting priority only when necessary. 

4) Adaptive Priority: 

Adaptive priority adjusts the signal timing based on real-time traffic conditions and can 

modify its behavior over time, learning and making dynamic decisions on when to give priority to 

transit vehicles. For example, if a bus arrives during peak hours and there is minimal congestion 

in its direction of travel, but cross traffic is heavily congested, the system may decide not to give 

priority. This helps buses run on a more consistent schedule, reduces overall delays for all vehicles 

on the road, and allows more people to move through the area efficiently. 

However, this control system often relies on regularly updated traffic and transit location 

data to adjust signal timing, helping it respond more effectively to quickly changing traffic and 

transit conditions. Due to the inaccuracies of real-time traffic updates, this strategy has mainly 

been evaluated in simulation studies.  

To implement the types of priorities, different techniques are used to adjust the signal to 

handle the different types of priorities. A study conducted by the National Academies of Sciences, 

surveyed 28 transit agencies about their deployment of FSP strategies, with seven agencies in 

Canada (National Academies of Sciences, Engineering, and Medicine, 2020). The survey results, 

Table 2, presented that the most common priority technique is called extended green and early 

green, which are both passive and active types of priority measures. Therefore, the most common 

and widely used type of priority in FSP is the Active and Passive priority. 
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Table 2: Survey Deployment for Different Priority Types 

Type of Priority Deployment Count 

Extended green 28 

Early green 16 

Phase insertion, rotation, or skipping 4 

Special bus-only signal 7 

Other 4 

Deployment Groups with a Response 31 

Note: Respondents could select more than one answer 

 

When employing the Passive Priority, the most common technique seen in Table 2 is called 

the Green Extension method which involves extending the green phase when a priority vehicle is 

detected approaching the signal. While the green time extension is seen to range between 3 and 30 

seconds in the surveyed agencies, the average extension is between 6 to 10 seconds. This approach 

is widely adopted and aims to optimize signal timing for enhanced traffic flow. While, if the Active 

Priority is chosen to be employed the Early Green or Red Truncation technique to adjust the signal 

is likely to be used. The Early Green or Red Truncation involves activating the green light sooner 

as a priority vehicle approaches during a red phase. This adjustment allows the priority vehicle to 

access a green signal sooner, thus facilitating smoother traversal through the intersection. The 

transit agencies surveyed that the early green length range is from 3 to 60 seconds, which is longer 

than the green extension. However, the average early green length is still between 6 to 10 seconds 

as it shows the least delay for cross traffic. 

Figure 3 shows the different priority strategies in terms of 3-time cycles (Imran, et al., 

2021). The usual bus arrival conditions states that if the bus arrives during the second- or third-

time cycle which is denoted as red time, the bus must wait until the green time to go. However, in 
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priority strategy ‘a’, the green time extends to accommodate the bus trajectory for green time 

extension technique. While priority strategy ‘b’, shows that the red time is shortened, and the green 

time is started early to prioritize the bus that approached the signal.  

 

Figure 3: Priority Techniques, a) Green Extension b) Early Green/Red Truncation c) Phase 

Rotation d) Phase Insertion e) Phase Skipping  

The other two adjustment techniques are the Phase Rotation (priority strategy ‘c’ in Figure 

3) in which involves skipping of a non-priority phase to expedite the arrival of the green signal for 

the approaching priority vehicle. Lastly, the Phase Insertion (priority strategy ‘d’ in Figure 3) 

method introduces a temporary green phase exclusively designated for priority vehicles within 
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queue jump lanes. These techniques collectively constitute foundational strategies within FSP 

systems, each tailored to mitigate traffic congestion and prioritize designated vehicles efficiently. 

One of the major disadvantages of FSP is that it can negatively affect cross traffic, 

especially at intersections operating near capacity. This happens because FSP often relocates the 

green time from cross traffic to prioritize transit vehicles. This can lead to significant delays for 

cross-traffic and potentially offset the benefits of FSP, especially when an intersection is already 

facing heavy traffic (Al-Sahili & Taylor, 1996). In addition, the variability and uncertainty when 

predicting bus arrival times causes further delays for cross traffic as to compensate, longer green 

times may be assigned to transit phases to ensure buses pass through, even if they arrive later than 

expected (Hu, et al., 2014). 

A new approach is Vehicle-to-everything (V2X) or Vehicle-to-Infrastructure (V2I) that 

enables vehicles to communicate with road infrastructure such as traffic lights and coordinate the 

most efficient lights, barriers, crosswalks, etc. (Chong, 2016). This technology allows for the 

vehicle to communicate with the signal allowing it to get real-time data based on measures such 

as vehicle speeds, positions, arrival rates, rates of acceleration and deceleration, queue lengths, 

number of passengers, and stopped time (Hu, et al., 2014). This method offers greater reliability 

compared to adaptive GPS-based systems. However, its adoption is limited due to the lack of 

vehicle-to-infrastructure (V2I) technology at many intersections. Therefore, this study focuses on 

widely implemented Active and Passive priority techniques to analyze prior research. 

There are several studies about the usage of FSP, including various strategies and 

techniques. This literature review focuses on research where travel time is the primary Measure of 

Effectiveness (MOE), aligning with the objectives of this study. This review will also focus on 

signal priority systems designed for freight vehicles (FSP), exploring their role in optimizing 
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freight movement. In addition, it will examine the interaction of signal priority with emerging 

concepts such as HCV platooning and left-turn movements, to study any previous research and 

their methodology. 

In a 2020 study by Kevin Balke et al., FSP was implemented along a 2.2-mile segment of 

Burnet Road in Austin, Texas. This corridor, a four-lane arterial with a continuous two-way left-

turn lane, included seven signalized intersections and served as a key route for freight traffic. The 

FSP strategy applied a 10 second green time extension for through truck movements at all seven 

intersections. The study analyzed travel times for passenger and freight vehicles and found 

minimal impact. Passenger vehicle travel times increased by 1.90%, and freight vehicle travel time 

increased by 0.87%, showing that during peak periods, when the signal's maximum split is already 

in use, a 10 second extension offers limited benefits to cycle time efficiency (Shelton, et al., 2020). 

This shows that while FSP can extend the green light duration for the Northbound (NB) approach, 

its effectiveness may be limited during peak hours when the signal cycle is already operating at its 

maximum capacity. The additional 10 second extension does not significantly alter the cycle time 

or improve traffic flow under such conditions.  

However, the study compared them to a 2014 study by Mahmud at a heavily trafficked, 

low-speed intersection in Portland, Oregon, North Columbia Boulevard at NE Martin Luther King 

Jr. Boulevard. This earlier study used an 11 second green time extension for freight traffic. The 

results show that in the Eastbound (EB) approach only, the truck travel time was decreased by 

13% to 21% (4.3 seconds to 5.3 seconds per vehicle) and overall vehicle travel time in the truck 

direction was decreased by 0% to 8% (0.5 second to 2.1 seconds per vehicle) (Mahmud, 2014).  

The study by Kevin et al. concludes that FSP is most effective on corridors with a high 

percentage of truck traffic, minimal impact on cross-street traffic, close proximity to industrial 
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areas or intermodal facilities, demonstrated operational benefits through capacity analysis or 

microsimulation, and locations with air quality concerns, such as non-attainment zones. This 

highlights that while FSP can offer localized benefits, its success depends heavily on site-specific 

traffic conditions and freight movement patterns (Shelton, et al., 2020). 

Another study by Kaisar et al. (2018) tested FSP for transit vehicles and freight vehicles. 

The study was conducted on nine signalized intersections along a 7.1km (4.4 mile) corridor in 

Broward County, Florida. The results show that an overall reduction of 18.1 seconds in corridor 

travel times per vehicle, while freight signal priority contributed to a reduction of 84.2 seconds per 

vehicle. Notably, transit signal priority demonstrated a significant impact, reducing travel times 

by 251.2 seconds per transit vehicle, while freight signal priority led to a reduction of 175.3 

seconds per freight vehicle. The study also observed an increase in average travel times for cross-

street traffic due to the signal priority systems. This increase occurred because the extended green 

time provided for transit and freight vehicles reduced the green time available to cross-street 

traffic. The study reported an average travel time increase of 50 seconds for cross-street traffic 

movements when freight signal priority was applied (Kaisar, et al., 2020). 

Most previous studies on TSP and FSP have focused on through movements, leaving a 

notable gap in research on their implementation for left-turn movements. Only one study, 

conducted by the U.S. States Department of Transportation, specifically addressed this scenario. 

Harriet et al. (1998) analyzed the eastbound left-turn movement at 54th Avenue, where buses were 

required to turn left to access a nearby station. To facilitate this maneuver and improve bus 

operations, FSP was implemented specifically for the left-turn movement at this intersection. They 

also had to turn left out of the terminal onto Central and proceed south to return to Cermak Road. 

Conventional FSP was implemented on this driveway at Central Avenue to call the Central NS 
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green. The results showed that eastbound and westbound buses achieved an average travel time 

decrease of 15% (3 minutes per vehicle). The actual decrease in travel times varied between 7% 

and 20%, depending on the time of day (Illinois Department of Transportation and Civiltech 

Engineering, Inc., 1998). However, the study fails to detail the specific decrease in travel time at 

the intersection where FSP was implemented for left turns. 

In addition, there has been only one study conducted that explored HCV platooning and 

FSP, a study conducted by Chowdhury et al., in 2022. It dives into the utilization of truck signal 

priority measures with HCV platooning. The study was conducted along a 9.2 km segment of 

Derry Road, Mississauga, Ontario, with 16 signalized intersections, exploring the usage of Level 

4 HCV platooning, both with and without signal priority for through movements with market 

penetration rates of 0%, 5% and 10%. The study used a 0.6 second time headway between two 

HCVs in a platoon, combined with a 9 second green time extension for signal priority. Results 

showed that without signal priority, 5% and 10% market penetration rates increased travel time by 

24 and 33 seconds per vehicle, respectively, whereas with signal priority, travel time decreased by 

29 and 12 seconds per vehicle, respectively. Additionally, without signal priority, these rates led 

to a significant increase in the number of stops by 810 and 990 additional stops per hour, 

respectively. In contrast, with signal priority, the 5% market penetration rate decreased stops by 

950 per hour (Chowdhury, et al., 2022). This highlights that a 5% market penetration rate of HCV 

platooning can assist in reducing travel times and stops for all vehicles, particularly with effective 

signal priority strategies.  

2.2 Surface Infrastructure Improvements  

Surface infrastructure improvements represent enhancements made to visible, surface-

level features along roadways in transportation networks. In this study, these enhancements 
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include features such as dual left-turn lanes, dedicated truck lanes, and optimized intersection 

geometries, including adjustments to turning radii and lane widths. These improvements are 

designed to enhance traffic flow, improve safety, and address specific operational requirements. 

1) Dual Left Turn Lanes 

In urban areas, intersections often experience traffic demands beyond capacity, leading to 

congestion and delays. One of the surface infrastructure improvements that is designed to alleviate 

this congestion includes dual left-turn lanes that provide additional capacity for vehicles making 

left turns. This approach involves upgrading a single left lane into dual left-turn lanes, allowing a 

greater number of vehicles to simultaneously pass through the intersection during the signal phase. 

Guidelines from the National Cooperative Highway Research Program Report 375 and HCM 2000 

recommend considering dual left-turn lanes when left-turn volumes exceed 300 vehicles per hour 

(vph) (Harwood, et al., 1995; Transportation Research Board, 2000). 

Saturation Flow Rate represents whether more vehicles are able to pass through the 

intersection when a dual left turn is implemented. According to Highway Capacity Manual (HCM), 

the saturation flow rate feres to the number of vehicles that pass through an intersection in one 

hour, assuming the traffic signal remains continuously green (Transportation Research Board, 

2010). The ideal values for saturation flow rate when operational and geometric conditions are 

ideal are 1750 or 1900 passenger vehicles per hour of green per lane (pcphgpl) (Transportation 

Research Board, 2010).  A study conducted by Siddiqui, studied the saturated flow rate of a dual 

left turn at the intersection of 19th Avenue and Main Street in Montana, United States. The 

saturated flow rates observed for the two left-turn lanes and the through lane in this study fall 

within the expected range and are actually higher than HCM’s base value, meaning that the dual 

left turns operate and demonstrate an effective traffic flow. In addition, Drivers in the inner left-
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turn lane are slightly more aggressive, with SFRs about 3% higher than those in the outer left-turn 

lane (Siddiqui, 2015). 

The Texas Department of Transportation (TxDOT) identifies dual left-turn lanes as 

essential for managing high traffic volumes, seeing that they operate at approximately 1.8 times 

the capacity of a single left-turn lane (Yu, et al., 2007; Neuman, 1985). This allows more vehicles 

to pass through the intersection at the same time during the signal phase. This aids in reducing 

congestion by increasing the capacity for left-turning traffic. Since the Texas Department of 

Transportation regards the upgrade of lanes into dual left-turn lanes as a necessity for handling 

high traffic volumes and are an effective way to improve intersection efficiency (Yu, et al., 2007).  

Additionally, a study conducted in Charlotte by Shaik et al. (1996) demonstrated that upgrading a 

single left-turn lane to dual left-turn lanes can reduce delays by 23% (Shaik & Graham, 1996). 

Therefore, dual left-turn lanes are recognized as an effective measure to reduce delays.  

Dual left-turn lanes are not suitable for locations with asymmetric receiving lanes or 

mismatched left-turn lane designs, as demonstrated in Figure 4. Since this study implements a new 

dual left turn lane, intersections should have adequate and aligned receiving lanes. In the study by 

Fitzpatrick et al. in 2014, explored the addition of a new lane shortly after the intersection left turn 

lane. This allowed vehicles in the outside lane to smoothly enter the new lane, improving traffic 

flow as the saturation flow rate increased by about 50 vehicles per lane per hour (Fitzpatrick, et 

al., 2014). Despite this limitation, dedicated left turn lanes remain an effective solution for 

alleviating congestion and improving intersection efficiency in appropriately designed settings. 
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Figure 4: Insufficient Receiving Lanes for Left-Turn Movements a) and After Extra Lane 

Installation b) 

A main problem with left turn lanes is the overflow in the storage length and unbalanced 

queue length, adding another reason that single left turns may be upgraded to dual left turns (Yu, 

et al., 2007). Overflow in the storage length occurs when the left-turn queue length exceeds the 

designated capacity of the left-turn lane. This can cause the vehicles to spill over into the adjacent 

through lanes, disrupting traffic flow and compromising the efficiency and safety at the 

intersection. Intersections that experience left-turn overflow problems, on average experience an 

increase in rear-end accidents at intersections by 35% compared to intersections without such 

issues (Yu, et al., 2007).  

A possible solution could be increasing the storage length, however, due to considerations 

for roadways with two-way left-turn lane (TWLT) configuration is not feasible. In a TWLT setup, 

the central lane serves as the left-turn lane for both directions of traffic. Increasing the length of 

the storage in this scenario is impractical as it could impede the functionality of the TWLT and 

potentially block entrances for opposing traffic.  
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The second issue that occurs on dual-left turn lanes is an unbalanced queue length situation 

which occurs when the queue length of the left-turn vehicles is longer than that of the adjacent 

through lane. Usually, when the total left-turn volume is low, drivers tend to choose lanes more 

randomly, typically based on which lane provides the best access to their intended downstream 

lane. However, as the left-turn volume increases, drivers become more focused on ensuring they 

can clear the intersection within a single signal cycle (Kikuchi, et al., 2004). According to Wei et 

al., which developed driving behavior for vehicles in a two-lane arterial road, whether drivers wish 

to turn at the next intersection or further downstream they chose to be in the lane connecting them 

to their turn (Wei, et al., 2000). Therefore, if the drivers need to access to a right-turn or an exit 

shortly after completing a dual left turn, the drivers tend to pick outer lane of the dual left-turn 

lanes. This is because the outer lane provides easier access to the adjacent through lane or right-

turn lane, minimizing the need for lane changes immediately after the turn. This behavior is a result 

of drivers planning their lane choice based on their intended downstream movements to ensure 

smoother transitions and avoid conflicts. 

Due to the long queue length, a phenomenon called left turn queue intrusion problem 

occurs. This is when left turning vehicles approach the intersection from the adjacent through lane 

and try to squeeze into the left-turn queue from the adjacent through lane as shown in Figure 5. 

The shaded area represents raised medians, therefore, the left turning vehicles merging into the 

left-turn queue from the adjacent through lane can impede the flow of following through vehicles 

and create safety concerns at the intersection (Yu, et al., 2007). According to Levinson's (1989) 

findings, approximately 80% of the through vehicles may experience blockage in a shared left-

turn lane when there are five or more left-turning vehicles in a cycle (Levinson, 1989).  
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Figure 5: DLTL layout and pattern of vehicle arrivals: a) typical DLTL and arrival 

patterns, b) left-turn vehicles overflowing DLTL, and c) through vehicles blocking entrance 

of DLTL 

2) Dedicated Truck Lanes 

Another surface infrastructure improvement that aids in the movement of freight vehicles 

are dedicated truck lanes. This allows for slow-moving trucks to utilize their own lane by 

separating them from faster-moving general traffic, reducing congestion and increase safety. 

However, previous studies have mainly focused this priority measure on urban freeways, 

specifically for through movements. This literature review will focus on all the components needed 

to implement dedicated truck lanes and the different types. This includes the different types of 

dedicated truck lanes, such as Truck-only lanes and physically and operationally separation 

methods of implementation. Criteria for freeway selection and the truck lane configuration and 

types are also discussed, with focus on operationally separated truck-only lanes for their potential 

benefits will be used in this study. 

There have been ways that lanes were used to separate traffic like High Occupancy Vehicle 

(HOV) lanes, toll lanes and the combination of them called High Occupancy Toll (HOT) lanes. 

HOV lanes will provide a lane for 2 or more passengers in a vehicle, this includes transit, carpool 
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and vans (Ministry of Transportation, 2022). This encourages people to use a single vehicle to 

travel in congested areas to increased vehicle occupancy while decreasing the number of vehicles 

on congested roadways. The usage of HOV lanes is seen to reduce delay during peak hours by 

20% in a Texas study conducted by Urban Mobility Report and improve travel time (Schrank & 

Lomax, 2005; Xu, 2005; Lipnicky & Burris, 2010). The City of Toronto assessed the changes in 

passenger vehicle travel time on HOV lanes and General-Purpose Lanes (GPL) on the Eglinton 

Avenue East during the morning (AM) and evening (PM) peak hours. For the eastbound (EB) 

HOV lanes, travel time experienced a decrease of 17.2% in the AM peak hours and 30.5% in the 

PM peak hours. Similarly, the westbound (WB) HOV lanes showed a decrease of 22.5% in travel 

time in the AM peak hours and a significantly smaller decrease of 3.53% in travel time in the PM 

peak hours. These results show the importance and effectiveness of HOV lanes in reducing 

congestion and improving the travel time during peak periods (City of Toronto, 2014).  

These dedicated lanes do not separate traffic by vehicle of class, such as transit or freight 

vehicles. Therefore, they were not considered for the methodology and focused on truck lane 

restrictions. Truck lane restrictions designate a specific lane exclusively for truck usage, leaving 

the remaining lanes for general traffic. In 2014, the Transportation Association of Canada (TAC) 

conducted a study on the different types of truck lanes in urban areas across Canada. This research 

examined Truckways, Truck Bypasses, and Truck-Only Lanes (Rempel, et al., 2014). Figure 6 

shows an example of truck-only lane implementation using either physical barriers or operational 

strategies to ensure separation from other traffic. 
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Figure 6: Truck-only Lane Sign 

Truckway lanes gives direct access to freight vehicles to significant hub and industrial areas 

using dedicated lanes or corridors. While truckways are intended to be truck-exclusive, they may 

also accommodate other users, such as employees accessing the freight facilities. Truckways are 

mainly used in rail intermodal terminals, marine ports, truck staging areas, and large industrial 

parks. A case study at the Global Transportation Hub near Regina, Saskatchewan addressed the 

issue that freight vehicles coming in and out of the facility on Highway 11 caused major 

congestions. Therefore, an interim two-lane undivided highway with grade-separated access was 

constructed to alleviate the issue. This improved travel time and reliability while reducing 

congestion on general routes. However, the requirements for implementing a truckway do not align 

with the conditions in our study area, thus this was not considered (Rempel, et al., 2014).  

Truck bypasses are designed to facilitate the movement of freight vehicles onto less 

congested roadways this helps them avoid bottlenecks such as busy interchanges, access ramps, or 
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congested urban streets. By redirecting truck traffic, these bypasses help improve overall traffic 

flow, reduce delays, and enhance safety for all road users. The effectiveness of truck bypass 

depends on the conditions of the parallel or alternative roadways. If these roadways are already 

congested with general purpose traffic, freight vehicles might face the same issues they were meant 

to avoid, such as delays and inefficiencies (Rempel, et al., 2014). 

Truck-only lanes operate by making one of the lanes only for heavy freight vehicles. They 

tend to be similar to managed lanes, however, truck-only lanes focus on the movement of heavy 

freight vehicles as the infrastructure, maintenance and operations would change. Chrysler (2016) 

emphasized the potential benefits of truck-only lanes, highlighting ability to reduce congestion for 

both freight and non-freight vehicles (Chrysler, 2016). While truck-only lanes are rarely 

implemented, an earlier study found that they aid in traffic management by increasing the 

operational efficiency of the traffic network (He, et al., 2000).  Furthermore, a study by Iowa DOT 

(2017) affirmed the positive impact of truck-only lanes, noting improvements in truck travel time 

reliability, enhanced operation for light vehicles, and the provision of supplementary facilities for 

emergency vehicles as needed (U.S. Department of Transportation, 2017). There are two different 

strategies to implement a truck-only lanes and separate them from the general traffic, physically 

and operationally.  

Physically separated truck lanes typically require the implementation of medians or 

barriers, such as grass, concrete medians or grade-separated structures, to isolate trucks from 

general-purpose traffic, as demonstrated in Figure 7. The TAC (Transportation Association of 

Canada) manual identified Highway 427 as a strong case study in 2014 due to its high truck 

volumes and proximity to intermodal terminals (e.g., CN Brampton and CP Vaughan) (Rempel, et 

al., 2014). However, the construction outcome differed from the recommendations. Managed lanes 
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and HOV lanes were implemented instead of physically separated truck-only lanes. This decision 

aligns with findings from the original case study, which emphasized that high truck volumes are 

critical for justifying such lanes. U.S. guidelines recommend at least 60,000 trucks per day and 

two lanes per direction for physically separated truck lanes to be viable. Highway 427, with a 

maximum of 20,000 trucks per day, did not meet these criteria. As a result, shared truck-HOV 

lanes were proposed as a more practical alternative for maintaining service levels in areas with 

insufficient truck or HOV volumes (Rempel, et al., 2014). 

Additional challenges included the limited Right-of-Way (ROW), high construction costs, 

and risk of collisions. Space constraints, particularly in residential areas along Highway 427, made 

it difficult to add new lanes. Physically separated lanes require additional width for breakdown 

areas and emergency access, further complicating the design. In addition, the expense of building 

physical barriers or grade-separated truck lanes was deemed too high relative to the traffic volumes 

and available funding. In conclusion, while Highway 427 was a strong candidate for study, the 

practical implementation opted for managed and HOV lanes as a more feasible solution (The 

Miller Group, 2021). The addition of truck lanes can increase the interaction of trucks and general-

purpose traffic at entry/exit points, raising the risk of collisions. To solve this issue, specific 

infrastructure design strategies and the implementation of clear signage are necessary.  

One solution involves the use of different configurations for truck-only lanes, such as inner 

lanes (located next to the median) versus outer lanes (closer to the roadway shoulder). When 

implementing the inner lane as the truck only lane, it requires trucks to merge across multiple 

general-purpose lanes to access entry or exit ramps. While this setup poses challenges for freight 

vehicles and increases the risk of collisions during lane changes, it remains the most publicly 

favored and cost-effective option. On the other hand, outer lanes allow freight vehicles direct 
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access to ramps without crossing general-purpose lanes, improving operational efficiency for 

trucks (Douglas, 2004; Saiyed, 2021). However, this configuration forces passenger vehicles to 

merge into truck-only lanes when accessing ramps, creating a hazardous environment for smaller 

vehicles due to increased interactions with large trucks. 

 

Figure 7: Physically Separated Truck-Only Lane 

Most existing truck lane configurations studies focuses mainly on through movements and 

neglect left turning movements. However, implementing truck-only lanes for left turns requires 

accommodating the wider turning radius of freight vehicles. Hummer et al. (1988) stated that when 

trucks are provided with sufficient space in a left-turn lane, they can navigate the turn without 

intruding into adjacent lanes or interfering with other vehicles (Hummer, et al., 1988). Therefore, 

when intersections have two left-turning lanes, implementing the outermost lane to trucks provides 

sufficient space for their turns, reducing conflicts with passenger vehicles. This approach ensures 

that trucks can safely navigate left turns without intruding on adjacent lanes while enhancing traffic 

flow and intersection safety by addressing the specific spatial needs of freight vehicles. 
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Operationally separated truck lanes, shown in Figure 8, are designated lanes for freight 

vehicles to keep them separate from general-purpose traffic by utilizing traffic control measures 

such as rumble strips, painted lane markings, signage, adjusted speed limits, or the implementation 

of special policies (Rempel, et al., 2014). These lanes can be categorized into three types: truck 

friendly lanes, truck only lanes and truck lane restrictions. Truck friendly lanes are shared with 

other users, such as transit vehicles or temporary parking, but are designed to accommodate trucks 

during selected periods. While truck only lanes are exclusively utilized by specific types of trucks, 

often those categorized as Federal Highway Administration (FHWA) Classification 8 or higher. 

This classification includes single-trailer trucks with four or more axles (Federal Highway 

Adminstration (FHWA), 2015). Truck lane restrictions allocate two or more lanes exclusively for 

trucks, ensuring that other lanes remain accessible to non-truck vehicles, effectively reducing 

conflicts between vehicle types. 

A study by Trowbridge et al. focused on strategies for designated truck lanes without 

physical barriers in the Seattle area. In this setup, trucks are given priority access, but passenger 

vehicles are still allowed to enter the lanes. The study found the following key outcomes: $10 

million in annual travel time savings for trucks, with an average truck trip saving 2.5 minutes, 

which translates to less than an 8% improvement in travel time and $30 million in annual travel 

time savings for single-occupancy vehicles due to reduced congestion and more efficient traffic 

flow (Fischer, et al., 2003). Another example of operationally separated truck lane is the New 

Jersey Turnpike, where outer lanes are open to both trucks and cars, while inner lanes are 

designated for cars only. This configuration allows for some separation of truck and passenger 

vehicle traffic, though it does not involve physical barriers, offering a less strict form of lane 

separation but still aiming to improve safety and traffic flow (Espiritu, 2013). 
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Figure 8: Operationally Separated Truck-only Lane 

A study conducted by the Georgia Department of Transportation (DOT) compared the 

advantages and disadvantages of operationally versus physically separated truck-only lanes. 

Operationally separated truck lanes are relatively quick and affordable to implement, making them 

an attractive option for immediate improvements. These lanes can be adjusted or removed with 

ease if they do not generate the desired results. The clear difference between truck and car lanes 

helps organize traffic flow, which can improve overall efficiency. However, the downside is that 

drivers may ignore the lane separation, reducing its effectiveness. Additionally, the system relies 

heavily on pylons, signs, and markings, all of which require frequent upkeep and replacement to 

remain visible and functional. The Georgia DOT (2010) points out that due to the required 

investment, these lanes are not well-suited for use in HOT or toll systems because they lack the 

durability and infrastructure necessary (HNTB Corporation, 2010). 
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In contrast, physically separated truck lanes offer the clear benefit of enhanced safety for 

passenger vehicles by ensuring that trucks are completely separated from car traffic. However, 

these lanes come with significant drawbacks, including lengthy construction timelines and the risk 

of damage to vehicles if they collide with the barriers. Some drivers may also experience a sense 

of claustrophobia while navigating lanes bordered by concrete walls, and there is often resistance 

to such large-scale and costly projects, with concerns over whether such an elaborate system can 

actually be implemented effectively. 

A study examined the road network around the Port of Miami, including highways and 

major streets, focusing on I-395 which is a short highway in downtown Miami that connects I-95 

to the Port of Miami Tunnel and FL-A1A, leading to Miami Beach. The study assessed existing 

traffic conditions with the addition of dedicated truck-only lanes and lane restrictions. It then 

introduced HCV platooning into the existing conditions, testing both dedicated truck lanes and 

lane restrictions. The platoons consisted of a maximum of seven trucks, which disbanded when 

exiting and entering the freeway and only formed on highways (Jaya, 2023). 

The results demonstrated that implementing a dedicated truck-only lane reduced travel 

times between 3.1% and 16.3% in the eastbound (EB) direction and between 1.05% and 8.5% in 

the westbound (WB) direction. The most significant reduction of 16% (EB) occurred when trucks 

exclusively used the dedicated lane, outperforming lane restriction strategies and shared-use lanes. 

HCV platooning further improved traffic efficiency, with travel time reductions ranging from 1.7% 

to 12.6% (EB) and up to 16.1% (WB) on the Dolphin Expressway through I-395. Even greater 

benefits were observed on I-95, where platooning reduced travel times by up to 17.9% (EB). HCV 

platoons operating within dedicated truck-only lanes demonstrated greater performance compared 

to scenarios where trucks shared lanes with other vehicles (Jaya, 2023). 
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2.3 Environmental Impacts 

To assess the environmental impacts of freight traffic properly, it is essential to identify 

the relevant vehicle emissions to be analyzed. According to the U.S. environmental protection 

agency, the main greenhouse gas (GHG) emissions that are emitted make up the combined effects 

of carbon dioxide (𝐶𝑂2), nitrogen oxide (𝑁𝑂2), and methane (𝐶𝐻4) emissions. 𝐶𝑂2 is the main 

contributor to the deterioration of air quality, while vehicles that use gasoline emit 𝑁𝑂2 and 𝐶𝐻4 

that would hurt the environment (United States Environmental Protection Agency, 2024). In 

Canada, the transportation sector is a significant source of greenhouse gas emissions, contributing 

approximately 28% of the country’s total emissions (Government of Canada, 2023). Similar to the 

U.S., the primary pollutants of concern are carbon dioxide (𝐶𝑂2), nitrogen oxides (𝑁𝑂2), and 

methane (𝐶𝐻4 ), all of which contribute to air pollution and climate change. Figure 9 shows 

greenhouse gas (GHG) emissions from on-road freight between the years 2000 and 2018, 

measured in megatonnes of CO₂ equivalent (Mt CO₂e). Emissions have generally increased over 

time, indicating a growing environmental impact from on-road freight transport, due to increased 

freight demand due to economic growth. 
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Figure 9: GHG Emissions for On-Road Freight for 2000-2018 

Wijayaratna (2013) implemented FSP along a 10km stretch of El Camino Real in 

California, United States. The average 𝐶𝑂2  and 𝑁2𝑂  emissions were seen to increase by an 

average of 12.3% and 14.88%, respectively during the AM peak hour when considering all 

vehicles. However, when accounting only for the bus emissions, 𝐶𝑂2  and 𝑁2𝑂  emissions 

decreased by 9.13% and 10.78%, respectively during the AM peak hour (Wijayaratna, et al., 2013). 

Alam and Hatzopoulou (2014) implemented FSP along a 5.1 km corridor with various 

slopes ranging from -17% to 8% in Montreal. The study extended transit green time by 15 seconds 

and the minimum green time for the non-priority phases was set at 50% of their initial fixed green 

time. The results show that Northbound and Southbound GHG emissions decreased by 5.91% and 

13.49% respectively for the buses traveling along the corridor. However, this study does not assess 

the overall network GHG emissions. For the estimation of emissions analysis, all the earlier studies 

utilized EPA’s Motor Vehicle Emission Simulator (MOVE) emission model (Alam, et al., 2010). 
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HCV platooning offers environmental benefits compared to HCVs and provides a practical 

engineering solution for addressing roadway challenges faced by long combination vehicles 

(LCVs). However, from an environmental perspective, LCVs outperform HCV platoons. This is 

because an LCV uses a single engine to pull two trailers, whereas a platoon of HCVs involves 

multiple engines operating. A lot of studies though focus on fuel savings as it is directly correlated 

to environmental benefits. As reducing fuel consumption directly lowers greenhouse gas emissions 

and air pollutants. The combustion of fossil fuels, particularly diesel and gasoline, releases carbon 

dioxide (CO2), a major contributor to climate change. By burning less fuel, CO2 emissions are 

proportionally reduced (Canadell, et al., 2021). LCVs have been shown to reduce fuel consumption 

by up to a 30%. However, no studies about LCVs dive into the specific reduction of GHG 

emissions, such as 𝐶𝑂2 and 𝑁𝑂𝑥 emissions. 

Since HCV platoons are closely spaced tandem trucks, the distribution of pressure will 

influence the drag reduction. In this arrangement, the lead and trailing trucks experience varying 

levels of drag savings due to distinct aerodynamic effects, influenced in part by vehicle geometry. 

Particularly, pressure in the gap between trucks is higher than at the trailer base but lower than at 

the truck nose. This dynamic results in drag savings for the lead truck, which benefits from 

increased pressure over its trailer base (Patten, et al., 2012). Browand in 2004 conducted field tests 

that put model HCV platoons into wind tunnels. The results showed that both the model trucks 

used in wind tunnel testing and full-scale trucks experienced similar levels of drag reduction when 

closely spaced in tandem formation. For the trailing truck, the nose shape plays a significant role, 

but variations between model and full-scale trucks impact drag reduction Additionally, the engine-

forward design significantly influences the actual drag reduction experienced by the trailing truck. 

Overall, platooning offers substantial advantages for leading vehicles, particularly regarding 
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aerodynamic efficiency (Browand, et al., 2004). Moreover, strategies such as smoothing 

acceleration/deceleration peaks and applying aerodynamic add-on devices to intercity buses can 

further improve fuel efficiency. These strategies often focus on minimizing flow separation and 

optimizing underbody aerodynamics (Zabat, et al., 1995). It's important to note that air density 

changes resulting from temperature fluctuations, particularly in cold climates like Canada, 

significantly affect aerodynamic drag and fuel consumption, leading to higher fuel consumption 

in such conditions (Alam, et al., 2015).  

Research studies by Bibeka and Shlavador show that reducing the distance between trucks 

minimizes wind resistance, leading to fuel savings between 4.7% and 7.7%, with closer spacing 

resulting in greater efficiency. Bibeka et al., the impact of HCV platooning on emission rates was 

evaluated for a 26-mile freeway without off-ramp and on-ramp flows. The study discovered that 

using a shorter time gap of 0.2 seconds resulted in larger emission reductions compared to a 0.6-

second time gap (Bibeka, et al., 2019). This states that the smaller the headway, the less emissions 

the HCV platooning experience. An experiment conducted by PATH and Transport Canada 

measured maximum fuel consumption savings of 7.4% for the first follower at a gap of 17.4 meters 

and 11.0% for the second follower. Interestingly, the first truck, positioned at the front of the 

platoon, does not experience significant fuel savings, while the second truck, located in the middle 

of the platoon, saves between 7% and 6% of fuel consumption (Shladover, et al., 2018). 

Lammert et al. (2014) examined how factors such as speed, following distance, and vehicle 

weight impact fuel consumption in platooning trucks. Their study tested speeds from 88.5 km/h to 

112.6 km/h and following distances between 6.1 m and 22.9 m. This shows that the headway time 

is slightly larger than the average seen which is 0.2 seconds to 0.6 seconds equivalent to a distance 

gap of 5.49 and 17.37 m (Bibeka, et al.). The findings indicated fuel savings of up to 5.3% for lead 
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trucks and 9.7% for trailing vehicles (Lammert, et al.). Similarly, Davila (2013) used aerodynamic 

simulations and field tests to analyze the effects of platooning, showing that a spacing of 3 to 15 

m could reduce wind drag by approximately 80%, with fuel savings between 7% and 16% for gaps 

of 5 to 7 m .  

As for studies specifically on emissions, a European study saw reduction in 𝐶𝑂2 emissions 

by 19%, if market penetration rate is 100% (Pribyl, et al., 2020). In addition, Davila and Ferrer 

(2014) studied two HCV platoons traveling at 85 km/h at a distance of 8m (0.34 second headway) 

for two 2km highways. Results show that 𝐶𝑂2 emissions reduce by 11% (Davila & Ferrer).   

In 2019, Park et al. conducted a study on the emissions impact of connected trucks with 

the implementation of FSP. The study was conducted along a section of United States Route 50 in 

Chantilly, Virginia, including six signalized intersections equipped with FSP. While the study did 

not specify the level of priority given to trucks, it employed the Motor Vehicle Emissions 

Simulator (MOVE) emission model for analysis, consistent with previous research. The findings 

indicated that reductions in 𝐶𝑂2  and 𝑁𝑂𝑥  emissions for connected trucks were influenced by 

traffic conditions. At lower volume-to-capacity (V/C) ratios, reductions were relatively small, with 

𝐶𝑂2  emissions decreasing by 6.6% and 𝑁𝑂𝑥  by 6.5%. In comparison, higher V/C ratios 

demonstrated significantly greater reductions of 25.3% for 𝐶𝑂2  and 24.3% for 𝑁𝑂𝑥 . As for 

passenger vehicles traveling along truck routes, FSP also had significant environmental benefits, 

with maximum reductions of 23.8% in 𝐶𝑂2 emissions and 17.6% in 𝑁𝑂𝑥  emissions. However, the 

implementation of FSP negatively impacted vehicles on cross streets due to reduced green signal 

time, leading to maximum increases of 103.2% in 𝐶𝑂2 emissions and 11.2% in 𝑁𝑂𝑥  emissions 

(Park, et al., 2019). 
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A study by Kim et. al ran a study to evaluate a proposed $2 billion project to construct 40-

miles of truck-only lanes on Interstate 75 (I-75) between Atlanta and Macon, Georgia (United 

States). The study found that the enhanced vehicle operations with the installation of the truck-

only lanes helped reduce the total fuel consumption by 2.8% to 3.7%, decreases in CO₂ (up to 

3.7%), CO (up to 8.0%), and NOx (up to 3.9%). These reductions were more noticeable when 

truck demand increased, demonstrating the long-term sustainability benefits of truck-only lanes. 

Additionally, pollutant concentrations declined significantly near the highway, with CO levels 

dropping by up to 11.7 μg/m³ within 0.25 miles. As truck volumes grow, dedicated lanes help 

mitigate air pollution by promoting smoother traffic flow, reducing acceleration and braking, and 

lowering vehicle-specific power demands (Kim, et al., 2018).  

This study focuses on urban arterial roads; however, most existing research on GHG 

emission reductions examines freeway environments. This difference leads to differences in 

expected outcomes, as the operating conditions on freeways, such as higher, more consistent 

speeds and minimal interruptions, allow strategies such as HCV platooning and ITS systems to 

achieve more significant GHG reductions. In contrast, urban arterials are subject to frequent 

intersections, pedestrian activity, turning movements (particularly left turns), and variable signal 

timing, all of which create stop-and-go conditions that limit the potential for sustained fuel savings. 

While ITS strategies such as FSP and DTLL can still produce measurable benefits on urban 

roadways, these improvements are typically localized, such as reduced idling at bottlenecks, rather 

than network wide. As a result, the magnitude of GHG reductions on urban arterials is unlikely to 

match those reported in freeway-based studies. 
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2.4 Microsimulation Model 

This study uses VISSIM to model traffic flow and evaluate the travel time impacts of 

Transit Signal Priority (FSP) and Freight Signal Priority (FSP) systems. VISSIM is a widely 

recognized microsimulation tool that allows for detailed, microscopic-level modeling of vehicle 

movement, enabling an analysis of how passenger cars, trucks, and transit vehicles interact at 

signalized intersections and along corridors (FHWA, 2022). Data from Synchro is used as input 

for the microsimulation model, which is used to gather essential traffic information, such as traffic 

volumes, turning movements, and signal timings, to ensure that the model accurately reflects real-

world conditions.  

In the context of this study, VISSIM was used to simulate how different signal priority 

systems, like FSP and FSP, would affect travel time, delays, and overall traffic flow. By adjusting 

signal timings in real time and introducing priority for specific vehicles, the tool can track how 

these changes improve or worsen travel times for buses, trucks, and passenger vehicles, as well as 

how they interact with each other.  

In terms of emission modeling, this study utilized PTV VISSIM 2024, while previous 

studies have typically employed Motor Vehicles Emission Simulator (MOVE) as the simulation 

tool. MOVE, developed by the U.S. Environmental Protection Agency (EPA), is designed to 

estimate greenhouse gas (GHG) emissions such as 𝐶𝑂2, 𝑁𝑂𝑥 , and 𝑁2𝑂 based on real-time data 

and simulated traffic conditions. However, MOVE does not account for the real-time dynamics of 

traffic signal priority systems (FSP/FSP), meaning it cannot directly simulate the effects of signal 

timing or traffic management strategies on emissions without input from a traffic simulation tool. 

VISSIM is crucial in this context as it generates the detailed traffic behavior data that can then be 

used by emission models like MOVE for more accurate environmental assessments. 
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2.5 Chapter Two Summary 

Chapter 2 presents an in-depth analysis of existing literature on Intelligent Transportation 

Systems (ITS) and infrastructure enhancements, particularly focusing on technologies like Transit 

Signal Priority (FSP) and Freight Signal Priority (FSP), and the development of dedicated truck 

lanes. The chapter is divided into two main sections: Section 2.1 focuses on ITS strategies, while 

Section 2.2 explores infrastructure enhancements aimed at improving roadway and network 

efficiency. 

Section 2.1 explores various ITS technologies, including LiDar, Radar, Bluetooth 

communications, and vehicle-to-infrastructure (V2I) technology that supports systems like HCV 

platooning. The section provides an overview of FSP and FSP, which prioritize the movement of 

transit vehicles, emergency vehicles, and trucks at signalized intersections. The chapter outlines 

the evolution of FSP, beginning with the early study by Salter and Shahi in 1979, which identified 

the trade-offs between reducing delays for buses and increasing delays for passenger vehicles. FSP 

systems have now been deployed in over 100 cities worldwide, demonstrating their effectiveness 

in improving transit operations. 

The section also examines four types of signal priority strategies: 

1) Passive Priority: Pre-emptive adjustments of traffic signals based on fixed schedules or 

conditions. It is low-cost but can cause delays for non-prioritized vehicles. 

2) Active Priority: Real-time adjustments to give priority to transit vehicles only when they 

approach an intersection. This approach improves efficiency but can cause delays if used 

unnecessarily. 

3) Conditional Active Priority: A more refined version of active priority, where the system grants 

priority based on conditions like bus lateness or traffic conditions. 
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4) Adaptive Priority: A dynamic approach that adjusts signal timing based on real-time 

conditions, offering a more responsive and efficient solution. 

FSP and FSP can improve travel times but vary in effectiveness depending on traffic 

conditions. Studies show that FSP is most beneficial on freight-heavy corridors with minimal 

cross-street traffic, reducing truck travel times by up to 21%. However, its impact is limited during 

peak hours when signal cycles are already maximized. FSP has shown greater benefits, cutting 

transit travel times by over four minutes per vehicle, though it can increase delays for cross-street 

traffic. While most research focuses on through movements, a study on left-turn FSP found travel 

time reductions of 7% to 20%, but priority on left-turning movements remains underexplored.  

Section 2.2 examines physical improvements to transportation networks, such as dual left 

lanes, dedicated truck lanes, and intersection geometry modifications. A particular focus is placed 

on the advantages and disadvantages of operationally and physically separated truck-only lanes. 

Operationally separated lanes are cost-effective and flexible, but they can lose effectiveness if 

drivers ignore lane separations, requiring regular maintenance. In contrast, physically separated 

truck lanes offer enhanced safety but are costly and time-consuming to implement. In addition, the 

study examined the benefits of HCV platooning on dedicated truck-only lanes. Jaya (2023) found 

that implementing dedicated truck-only lanes reduced travel times by 3.1% to 16.3% in the 

eastbound (EB) direction and 1.05% to 8.5% in the westbound (WB) direction.  

Section 2.3 explores several studies on the environmental impact of ITS systems, especially 

the effects of FSP and FSP on greenhouse gas (GHG) emissions. Studies show mixed results: 

• A study by Wijayaratna (2013) found a reduction in emissions for buses with FSP but an 

overall increase in CO2 and N2O during peak hours. 
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• Alam and Hatzopoulou (2014) observed a decrease in GHG emissions for buses in Montreal, 

but the study did not consider network-wide emissions. 

• Park et al. (2019) highlighted the benefits of FSP in reducing CO2 and NOx emissions for 

connected trucks, particularly under favorable traffic conditions, though the implementation 

led to increased emissions on side streets due to reduced green time for cross traffic. 

• A study by Kim et al. (2018) highlighted the environmental benefits of dedicated truck-only 

lanes (DTLL), demonstrating reductions in CO₂, NOx, and CO emissions, even as the 

percentage of trucks on the highway increased. 

In summary, Chapter 2 presents a detailed review of signal priority systems, and 

infrastructure enhancements. It examines the operational advantages and limitations of truck-only 

lanes and priority systems while also considering their environmental effects, highlighting a need 

for further research to understand their full impact.  
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CHAPTER 3: STUDY AREA AND DATA 

This chapter discusses the study area, and the data used for this study. This includes a 

description of the study corridor and area, as well on identifying routes suitable for LCV freight 

movements. Additionally, it outlines the data sourced from Peel Region, which includes traffic 

volume information, such as vehicle classifications, turning movements, as well as signal timing 

plans. This data is used to understand the freight activity in the area, including the types and 

volumes of vehicles. 

3.1 Study Network 

Regional Municipality of Peel, also known as Peel Region,  is approximately 1,257 square 

kilometers and has a population of roughly 1.45 million according to the 2021 census (Peel Region, 

2021). It is subdivided into three municipalities: The City of Mississauga, the City of Brampton, 

and the Town of Caledon. The region's land usage is diverse, consisting of urban, suburban, rural, 

agricultural, and natural landscapes. According to Metrolinx, in 2017, it became a significant 

freight hub in North America, as it aids in the freight movement between Southern Ontario, the 

rest of Canada, the United States, and other international destinations. In total handling 25% of all 

goods transported within Ontario, which is approximately CAD 1.8 billion of freight being 

transported through the region daily. This contributes 6.3% to the provincial GDP, adding a total 

of CAD 49 billion annually to the Peel Region's economy (Region of Peel, 2015). These roadways 

also connect to major transportation infrastructure, including Toronto Pearson International 

Airport, Canada's largest cargo airport, seven major expressways, and the two largest inland rail 

container terminals in the country (Region of Peel, 2012).  
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Figure 10 shows the general land use of Peel Region being predominantly industrial around 

Toronto Pearson airport. The study area, indicated by the red box, is located within this zone. This 

concentration of industrial land use contributes to significant freight activity in the area, making it 

a good study area (Peel Region, 2023).   

 

Figure 10: Peel Region Land Use 

To accommodate the usage of LCVs in the area, Peel Region conducted an LCV Usage 

Study, which identified the appropriate roadways and intersections for LCVs based on roadway 

geometry as shown in Figure 11. This usage study was necessary because LCVs face challenges 

on urban road infrastructure, such as needing wider turn radii and larger traffic lanes, therefore, 

the study corridor comprised three major connected truck routes: Dixie Road, Derry Road, and 
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Steeles Avenue, located in Brampton, Ontario. The three roadways were specifically selected 

because they are designed for LCV usage (Region of Peel, 2021).  

 

Figure 11: Approved LCV Routes  

Using the approved LCV routes (Figure 11) a study corridor was chosen. The total corridor, 

shown in Figure 12, consists of 32 signalized intersections and five un-signalized intersections 

along a total of 19.2km corridor in the Region of Peel. It includes seven major intersections on 

Derry Road, five major intersections along Dixie Road, and four major intersections along Steeles 
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Avenue. The green dots represent all the identified intersections within the study network, while 

the blue boundary represents whether each intersection is signalized. 

3.2 Traffic Volume Data 

The traffic volume input data were collected from the 2017 fall season AM (7:15 AM to 

8:15 AM) and PM (4:30 PM to 5:30 PM) peak hour Synchro files provided by the Peel Region 

from September to November. These files contain the traffic volume data, turning movements at 

all intersections, the percentage of HCVs travelling along the corridor, and signal timing details, 

which include signal splits, control modes (actuated vs. semi-actuated), and cycle lengths for each 

signalized intersection within the study corridor.  

Figure 12: Study Network (19.2Km) 
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After reviewing the AM and PM data sets, the AM peak hour data set was selected for 

analysis. This decision was determined using two factors, average HCV percentage and the 

volume-to-capacity (V/C) ratio. The AM peak hour has a higher average HCV percentage of 22.5% 

making it more relevant for a freight focused study. The PM peak hour data showed over-

saturation, with a volume-to-capacity ratio reaching 1.13 for certain movements, which could 

distort the simulation results by exaggerating the queuing and congestion problems. Therefore, the 

2017 AM peak hour traffic volumes were selected for the study as they ensured a more balanced 

and reliable traffic flow for evaluating freight operations. These datasets were then used to update 

the traffic volumes and route movements when developing the VISSIM microsimulation model.  

Table 3 shows the simulated total volume of vehicles at each intersection, as well as the 

number and percentage of HCVs and LCVs for each direction (Eastbound, Westbound, 

Northbound, and Southbound) at major signalized intersections along Dixie Road, Derry Road, 

and Steeles Avenue. The assumption that LCVs make up 5% of traffic in Peel Region is based on 

Hussain (2019), who found that 5% of LCV trips either start or end within the region. Since all 

LCV trips must begin or end in urban areas to access freight facilities, this percentage reasonably 

represents their share of traffic on Peel’s roads. Therefore, using 5% as the LCV proportion in the 

vehicle composition appropriately reflects their presence. Since freight trips must begin or end in 

urban areas, this statistic reflects that freight vehicles are classified as 5% LCVs with the rest being 

comprised of single unit trucks. It is important to note that the HCV percentages shown in the table 

represent only a portion of the overall traffic. The total traffic volume is made up of HCVs, LCVs 

(5%), and passenger vehicles, which together adds up to 100% of the total traffic. 

Cardiff and Derry Road show the highest percentage of HCVs northbound, roughly 50.3%. 

However, a significant portion of these trucks are right turning onto major roadways. On the other 
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hand, Steeles Avenue and Tomken Road show high freight activity, with HCVs representing 26% 

of southbound traffic and 22.3% of northbound traffic. These intersections show the importance 

of these routes for truck movement within the study corridor as they exhibit high freight volumes.  

Table 3: Base Freight Traffic Composition for Major Intersections 

Intersection Total Volume (AM Peak) 

7:15 am – 8:15 am 

Number and Percentage of Freight 

EB WB NB SB 

Airport and 

Derry 

5,802 HCV 250 

(12%) 

88 

(5%) 

131 

(13%) 

102 

(10%) 

LCV 14 4 7 6 

Bramalea and 

Derry 

4,019 HCV 148 

(10.3%) 

116 

(7%) 

11 

(10%) 

59  

(6.33%) 

LCV 8 6 0 3 

Dixie and 

Derry 

7,100 HCV 183 

(11.7%) 

279 

(12.3%) 

205 

(20.3%) 

153 

(11.7%) 

LCV 10 14 11 8 

Cardiff and 

Derry 

3,856 HCV 170 

(12.7%) 

250 

(22%) 

64 

(50.3%) 

68 

(40%) 

LCV 8 13 4 3 

Tomken and 

Derry 

3,799 HCV 99 

(6.33%) 

215 

(18.7%) 

70 

(22.3%) 

102 

(17%) 

LCV 6 11 3 5 

Kennedy and 

Derry 

6,502 HCV 139 

(10.3%) 

213 

(14%) 

94 

(19%) 

85 

(7.33%) 

LCV 8 11 5 4 

Hurontario 

and Derry 

6,502 HCV 53 

(3.67%) 

123 

(13%) 

63 

(12.7%) 

74 

(4.33%) 

LCV 2 6 3 4 

Steeles and 

Dixie 

6,309 HCV 166 

(8.67%) 

265 

(47%) 

99 

(14.7%) 

64 

(5.67%) 

LCV 8 14 5 4 

Drew and 

Dixie 

2,912 HCV 56 

(10.3%) 

65 

(7%) 

206 

(10%) 

167 

(6.33%) 
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Intersection Total Volume (AM Peak) 

7:15 am – 8:15 am 

Number and Percentage of Freight 

EB WB NB SB 

LCV 3 4 11 9 

Britannia and 

Dixie 

3,856 HCV 120 

(34.3%) 

84 

(36.7%) 

228 

(14.7%) 

230 

(24.3%) 

LCV 7 5 11 12 

Matheson and 

Dixie 

5,906 HCV 68 

(9.67%) 

94 

(18.7%) 

117 

(22.3%) 

169 

(17%) 

LCV 5 5 6 9 

Kennedy and 

Steeles 

6,118 HCV 110 

(3.67%) 

113 

(7%) 

39 

(7%) 

70 

(6.33%) 

LCV 5 5 1 4 

Rutherford 

and Steeles 

5,388 HCV 98 

(7.67%) 

160 

(9.67%) 

53 

(13%) 

114 

(12.67%) 

LCV 5 8 2 6 

Tomken and 

Steeles 

4,666 HCV 155 

(7.67%) 

184 

(17.3%) 

65 

(22.3%) 

116 

(26%) 

LCV 8 10 4 6 

 

Table 4 shows the simulated hourly traffic volumes in the study corridor with an assumption 

of 5% HCV platoons. It is important to note that the HCV percentages shown in the table represent 

only a portion of the overall traffic. The total traffic volume is made up of HCVs, LCVs (5%), 

HCV platoons (5%), and passenger vehicles, which together add up to 100% of the total traffic. 

The 5% of HCV platoons are taken from the total number of HCVs, not from the LCVs. In other 

words, the platooning vehicles are a subset of the existing HCV volume, meaning that a portion of 

the heavy trucks is designated as platoons, keeping the total number of heavy vehicles constant 

throughout the simulation.  

Dixie and Derry Road show the highest total traffic volume of 7,100 vehicles, highlighting 

its importance and potential congestion issues. Additionally, at Britannia and Dixie, HCVs 



  

 57 

represent 34.3% of eastbound traffic, indicating high freight activity. HCV platoons are defined as 

two WB-20 trucks; therefore, volumes were calculated as one platoon for every two trucks 

counted. In addition, the number of HCV platoons was deducted from the total HCV counts. The 

maximum volume of HCV platoons, reaching seven, is shown at three intersections: the eastbound 

direction of Airport Road and Derry Road, the westbound direction of Steeles Avenue and Dixie 

Road, and the westbound direction of Derry Road and Dixie Road. These intersections are 

significant because they represent the meeting of all three study corridors, highlighting their 

importance in managing and assisting the truck traffic flow within the region.  

Table 4: Assumed Freight Traffic Composition for Major Intersections 

Intersection Total Volume (AM Peak) 

7:15 am – 8:15 am 

Number and Percentage of Freight 

EB WB NB SB 

Airport and 

Derry 

5,802 HCV 243  

(12%) 

86 

(5%) 

128 

(13%) 

99 

 (10%) 

LCV 14  4 7  6 

HCV Platoon 7 2 4 3 

Bramalea and 

Derry 

4,019 HCV 144 

(10.3%) 

113 

(7%) 

11 

(10%) 

57 

(6.33%) 

LCV 8 6 0 3 

HCV Platoon 4 3 0 2 

Dixie and 

Derry 

7,100 HCV 178 

(11.7%) 

272 

(12.3%) 

200 

(20.3%) 

149 

(11.7%) 

LCV 10 14 11 8 

HCV Platoon 5 7 6 4 

Cardiff and 

Derry 

3,856 HCV 166 

(12.7%) 

244 

(22%) 

62 

(50.3%) 

66 

(40%) 

LCV 8 13 4 3 

HCV Platoon 4 6 2 2 

Tomken and 

Derry 

3,799 HCV 96 

(6.33%) 

210 

(18.7%) 

68 

(22.3%) 

99 

(17%) 
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Intersection Total Volume (AM Peak) 

7:15 am – 8:15 am 

Number and Percentage of Freight 

EB WB NB SB 

Tomken and 

Derry 

3,799 LCV 6 11 3 5 

HCV Platoon 3 5 2 3 

Kennedy and 

Derry 

6,502 HCV 135 

(10.3%) 

208 

(14%) 

91 

(19%) 

83 

(7.33%) 

LCV 8 11 5 4 

HCV Platoon 4 5 3 2 

Hurontario 

and Derry 

6,502 HCV 52 

(3.67%) 

120 

(13%) 

61 

(12.7%) 

72 

(4.33%) 

LCV 2 6 3 4 

HCV Platoon 1 3 2 2 

Steeles and 

Dixie 

 

6,309 HCV 162 

(8.67%) 

258 

(47%) 

96  

(14.7%) 

62 

(5.67%) 

LCV 8 14 5 4 

HCV Platoon 4 7 3 2 

Drew and 

Dixie 

2,912 HCV 53 

(10.3%) 

63 

(7%) 

200 

(10%) 

162 

(6.33%) 

LCV 3 4 11 9 

HCV Platoon 2 2 6 5 

Britannia and 

Dixie 

3,856 HCV 116 

(34.3%) 

81 

(36.7%) 

222 

(14.7%) 

224 

(24.3%) 

LCV 7 5 11 12 

HCV Platoon 4 3 6 6 

Matheson and 

Dixie 

5,906 HCV 65 

(9.67%) 

91 

(18.7%) 

114 

(22.3%) 

164 

(17%) 

LCV 5 5 6 9 

HCV Platoon 3 3 3 5 

Kennedy and 

Steeles 

 

6,118 

 

HCV 107 

(3.67%) 

110 

(7%) 

38 

(7%) 

68 

(6.33%) 

LCV 5 5 1 4 

HCV Platoon 3 3 1 2 

Rutherford 

and Steeles 

5,388 HCV 95 

(7.67%) 

156 

(9.67%) 

52 

(13%) 

111 

(12.67%) 
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Intersection Total Volume (AM Peak) 

7:15 am – 8:15 am 

Number and Percentage of Freight 

EB WB NB SB 

Rutherford 

and Steeles 

5,388 LCV 5 8 2 6 

HCV Platoon 3 4 1 3 

Tomken and 

Steeles 

4,666 HCV 151 

(7.67%) 

179 

(17.3%) 

63 

(22.3%) 

113 

(26%) 

LCV 8 10 4 6 

HCV Platoon 4 5 2 3 

3.3 Traffic Control Data 

The Synchro database provided signalized intersection input parameters for the study 

corridors, which are managed by the Ring Barrier Signal Control (RBC) system. The RBC system 

works by organizing signal phases into a continuous loop, or "ring," and placing barriers between 

conflicting movements to avoid simultaneous operations. This system coordinates conflicting 

traffic movements by either having them one after another or separating them with a barrier in the 

timing plan called change intervals and clearance times. RBC systems manage signal timing and 

coordination at intersections, especially along corridors with high traffic volumes. 

The RBC (Ring Barrier Controller) input parameters incorporated a range of signal timing 

and phasing details essential for accurately modeling intersection operations in the VISSIM 

microsimulation environment. These parameters included phase numbers, movement directions 

(e.g., left-turn movements, through traffic, and right-turn movements), as well as pedestrian 

walking times, ensuring that pedestrian clearance intervals were appropriately reflected in the 

simulation. 

Key timing aspects were also included, such as green time, amber (yellow) time, and all-

red time, which together determined the total cycle time for each signalized intersection. The total 
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cycle time is calculated as the sum of the green, amber, and all-red phases, ensuring proper 

clearance and safety margins for all road users. 

Beyond basic signal timings, additional traffic signal control parameters were incorporated 

to enhance the accuracy of the microsimulation. These included: 

• Signal split times: the proportion of the total cycle time allocated to each movement phase. 

• Cycle lengths: the duration of a complete signal cycle, varying based on intersection demand. 

• Signal offsets: timing coordination between adjacent signals to optimize traffic flow and 

reduce stops and delays. 

• Lead/lag phasing: specifying whether protected/permissive left-turn phases were implemented, 

allowing for better traffic progression along corridors. 

Furthermore, the database distinguished between actuated, semi-actuated, and coordinated 

signal operations, ensuring that each intersection's control type was properly represented in the 

microsimulation. Actuated signals respond dynamically to traffic demand via vehicle detection 

systems, while semi-actuated signals operate with fixed phases but adjust timings based on side-

street demand. Coordinated signals, often used along arterial corridors, were also accounted for by 

incorporating signal coordination strategies, helping to maintain progression and minimize delays 

at consecutive intersections. 

All these data inputs were integrated into VISSIM through RBC files, which were 

generated to accurately replicate real-world signal timing plans at each intersection. The RBC files, 

derived from Synchro outputs provided by Peel Region, included detailed intersection control 

settings for both signalized and unsignalized intersections. These files contained key signal phase 
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parameters such as green times, cycle lengths, and amber/red clearance intervals, ensuring that the 

microsimulation closely mirrored real-world traffic operations. 

As shown in Figure 13, the Synchro data was imported into VISSIM and developed into a 

fully functional microsimulation model.  

 

Figure 13: Ring Barrier Controller modelled in VISSIM 

3.4 Chapter Three Summary 

Chapter 3 of this research provides a detailed overview of the study area, and the data used 

for the analysis. The study area is in the Peel Region, Ontario, a major freight hub in North 

America, handling a significant portion of Canada's freight traffic. The region's infrastructure, 

which includes key roadways, intersections, and connections to major transportation networks, is 

crucial for freight movement. The study specifically focuses on identifying Long Combination 
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Vehicle (LCV) routes suitable for freight transport in urban areas. Three major truck routes, Dixie 

Road, Derry Road, and Steeles Avenue were selected for the study, with each designed to 

accommodate LCVs based on road geometry and turning radii. The total study corridor spans 19.2 

km and includes 32 signalized intersections and five unsignalized intersections. 

The chapter also discusses the traffic data used for the analysis, which was sourced from 

Peel Region's Synchro database. This data includes traffic volumes, turning movements, vehicle 

classifications, and signal timing details, gathered during peak AM and PM hours. After evaluating 

the data, the AM peak hour data was selected for analysis due to its suitability and lower risk of 

oversaturation compared to PM data. The collected traffic data provides insights into the volume 

of HCVs and LCVs along key intersections, highlighting critical freight routes and their 

importance in the study corridor. The following intersections stand out for their high truck volumes 

and freight percentages: 

• Dixie Road and Derry Road: The highest total traffic volume (7,100 vehicles) and substantial 

freight activity, with HCVs making up 11.7% to 20.3% of the traffic, indicating a significant 

truck presence along this route. 

• Britannia and Dixie: 34.3% of eastbound traffic consists of HCVs, highlighting the high freight 

activity at this intersection. 

• Tomken and Derry: Notable for 22.3% of northbound traffic being HCVs, which shows the 

importance of this route for freight movement. 

• Steeles and Dixie: A critical intersection with high freight traffic, especially in the westbound 

direction where 47% of the traffic is HCVs. 

These intersections, along with others in the corridor, highlight the importance of Dixie 

Road, Derry Road, and Steeles Avenue in supporting freight traffic within the Peel Region. These 
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routes are essential for managing truck movements and improving transportation efficiency in the 

region. 

The traffic control data is also examined, focusing on the Ring Barrier Signal Control 

(RBC) system used to manage signalized intersections in the region. The RBC system coordinates 

traffic signal phases to improve flow and reduce conflicts between different traffic movements. 

The chapter concludes with an explanation of how this data was incorporated into the VISSIM 

microsimulation model, ensuring an accurate representation of traffic conditions and signal 

operations along the study corridor. This comprehensive dataset provides a solid foundation for 

analyzing the impacts of Transit Signal Priority (FSP) and Freight Signal Priority (FSP) systems 

on traffic flow and freight movement in the Peel Region. 
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CHAPTER 4: METHODOLOGY 

This Chapter discusses the decision-making process used to determine which signalized 

intersections in the study area will implement the truck priority measure techniques. The chapter 

highlights the lack of standardized criteria for prioritizing specific movements at intersections and, 

in response, develops a methodology to guide this selection process effectively.  

4.1 Identifying Process for Freight Priority Measures 

Previous studies offered limited detail on the methodology used to select intersections for 

truck priority measures. In most cases, the criteria were vague, often citing general areas with high 

truck volumes without specifying a clear selection process (Ardalan, 2020). The development of 

Figure 14 represents a critical step in identifying which intersections are most suitable for truck 

priority implementation. This section outlines the operational and cost-based criteria used in the 

evaluation, as well as the number of intersections excluded at each stage of the process. 

4.1.1 Operational Criteria  

When compiling FSP guidelines from previous studies, primary factors such as slack time, 

major and minor street designations, Average Annual Daily Traffic (AADT), and the percentage 

of heavy vehicles were considered as key criteria used in the methodology of this study (Ardalan, 

2020) 

1) Slack Time 

One of the main focuses that is addressed in the methodology is slack time. This criterion 

was introduced by a FSP checklist by Ardalan in 2020 and previously identified in 2018 study by 

Kaiser et al. also focused on FSP implementation guidelines. Slack time refers to the portion of 

the green phase at a signalized intersection that can be reallocated or extended for priority vehicles, 
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such as freight trucks or transit, without adversely affecting cross traffic or pedestrian phases. 

Essentially, it is unused green time that can be safely shifted to extend the priority vehicle’s green 

interval without causing significant delay or safety concerns for other road users (FHWA, 2021). 

Slack time in this study was calculated as the difference between the total signal cycle time and 

the sum of all minimum pedestrian clearance intervals and minimum green times allocated for left-

turn movements (Ardalan, 2020). 

Even though the study area is represented as a predominantly industrial area, it’s essential 

to recognize the urban movement patterns within the region. Since the implementation of FSP in 

this study involves extending the green time for the applied movement, there is a potential concern 

for the reduction of green time for cross traffic movements. Therefore, this criterion was vital in 

the methodology as it reflects the flexibility within the traffic signal cycle without affecting the 

flow of cross traffic or pedestrian movements and ensures that FSP implementations are effective 

and smoother for the applied signalized intersections.  

2) Importance of intersection 

Next, minor streets were identified as locations where LCVs are restricted from making 

left-turning movements by utilizing the LCV usage study provided by Peel Region. In addition, it 

was identified that minor streets typically do not require priority measures, as their traffic volume 

is generally lower than major streets, therefore, resulting in fewer freight vehicles needing priority. 

In addition, providing priority measures on minor roads could negatively impact the flow of major 

roads as it may slow down traffic leading to inefficiencies and congestion. To prioritize maximum 

green time for the major streets, detectors on minor roads are set to semi-actuated mode, this means 

the green phase for minor roads is activated only when a vehicle is detected waiting (Smith, et al., 
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2005). Therefore, adding freight priority measures on minor roadways may impede major 

roadways traffic flow and no additional priority will be given regardless of truck percentages. 

The main factor in evaluating whether a signalized intersection will receive priority is the 

percentage of trucks against the guidelines of the Transportation Association of Canada (TAC) 

manual, which recommends a truck traffic percentage range of 14% to 30% for effective 

implementation of traffic management strategies (Transportation Association of Canada, 2014).  

For urban environments, a 14% truck traffic threshold is selected based on the percentage 

range recommended by the TAC manual for truck-only lanes is on the higher end because the 

study was done on freeways, where trucks travel more frequently than on urban roadways 

(Transportation Association of Canada, 2014).  

The second factor considered the total traffic volume per day. According to the turning 

movement data counts from the Synchro data files, which have already surpassed the 20,000 

vehicle per peak hour from 7:15 am to 8:15 am threshold. This suggests that the traffic volume 

meets the criteria for analysis, as the peak hour counts are often used as an indicator of the overall 

demand on the intersection. 

3) Type of priority needed 

Since the TAC manual’s operational separation guidelines for trucks helps with the 

implementation of dedicated truck only lanes (DTLL), the criteria are used to verify that the 

intersection data aligns with these standards. This verification includes assessing factors such as 

intermodal terminals, level of service (LOS), collision statistics, and the number of lanes at the 

intersection to ensure compliance with the TAC manual’s standards for managing truck traffic. 
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Intermodal terminals are facilities where different modes of transportation, i.e. truck, train, 

ships, and airplanes interconnect, this allows for the efficient transfer of goods between them. TAC 

manual states that the freeway is important enough to receive truck lane priority if the lane is less 

than 3 kilometres away from an intermodal terminal. The study area is surrounded by the biggest 

cargo airport in Ontario, Toronto Pearson airport, which is an intermodal terminal.  

The next decision input is level of service (LOS). The LOS describes the quality of traffic 

flow and the effectiveness of transportation infrastructure, particularly roads, highways, and 

intersections. Usually, the primary consideration for the quality of traffic flow is density which is 

related to the flow rates and traffic volumes; however, for signalized intersections like the study 

area, control delay and volume-to-capacity ratio are the primary performance measures considered. 

Control delay refers to the additional time a vehicle experiences at a traffic signal or stop-

controlled intersection beyond what it would take to pass through if no control (like a traffic light 

or stop sign) was present. 

 LOS scored range from A to F, A indicating free-flowing traffic with no delays while F is 

when traffic is at a complete stop and congestion is severe. TAC manual indicates that a lane 

requires priority when the LOS grade is E or worse. Level E represents frequent delays and slow 

speeds, and traffic is near capacity, indicating the need for better maneuvering (Transportation 

Research Board, 2016). Table 5 represents the LOS grades in terms of control delay and volume-

to-capacity ratios.  
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Table 5: LOS Grades for Signalized Intersections 

 LOS by Volume-to-capacity Ratio 

Control Delay (sec/veh) ≤1.0 >1.0 

≤ 10 A F 

> 10 − 20 B F 

> 20 − 30 C F 

> 35 − 55 D F 

> 55 − 80 E F 

> 80 F F 

 

The TAC manual identifies intersections with truck collision rates above the national 

average as priority locations for priority measures. Collision statistics are a critical component in 

prioritizing and improving safety in areas with high truck traffic ensuring that the safety of the area 

is a priority. While no specific data is available for the number of truck related collisions in the 

Region of Peel, Ontario reported a truck collision rate at 5.4 per 100 million Vehicle Kilometres 

Traveled (VKT) for 2021, which is higher than the national average for truck crashes in Canada. 

Nationally, Canada had a truck collision rate of about 4.2 per 100 million VKT for 2021 (Transport 

Canada, 2021; Ministry of Transportation, 2021). These figures highlight the need to consider 

collision risk as a key measure when selecting intersections for truck priority measures. 

The number of lanes at in the TAC manual specifies that the freeway must have four or 

more lanes in each direction to accommodate truck priority measures. This requirement does not 

typically apply to intersections as having four through lanes is unconventional. At the intersections, 

the number of lanes counted is with the addition of left and right turning lanes. When evaluating a 
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dedicated left-turn lane, the receiving lanes must have enough capacity to accommodate at least 

two left turn lanes. 

Studies conducted by Ardalan and Kaisar et al. (2020) examined criteria for implementing 

freight and transit signal priority, with both emphasizing the importance of Volume-to-Capacity 

(V/C) ratios. Specifically, when the V/C ratio exceeded 0.85, the studies recommended the 

implementation of freight signal priority to improve traffic flow efficiency. This study found that 

the criteria for DTLL were also applicable to the implementation of FSP, as they are equally 

important to assess. Therefore, the truck priority criteria are combined in the flow chart. 

Assessing the availability of sufficient space is essential for both applications. This ensures 

that the well-studied base plan of intersections aligns with regulatory guidelines and stakeholders' 

needs. These plans include existing and proposed elements such as pavement edges, islands, 

sidewalks, right-of-way, and pavement limitations. Depending on the type of priority, whether FSP 

or DTLL, implementation measures like integrating check-in/check-out detectors and adding a 

new left-turn lane must be examined to avoid negative impacts on utilities and stormwater systems. 

The feasibility of adequate space for DTLL installation is a critical factor. If space constraints 

hinder DTLL implementation, FSP must be explored as an alternative, and vice versa. 

4) Feasibility 

To assess the feasibility of implementing truck priority measures, a microsimulation tool 

like VISSIM is essential for evaluation. It was assumed that a 5% decrease in travel time would 

be sufficient, as this threshold was verified through a benefit-cost analysis for the truck priority 

measures individually (Victoria Transport Policy Institute, 2023). This assumption stems from 

previous studies and experience with similar transportation measures. A 5% reduction in travel 

time has often been observed as a typical benefit from truck priority measures or Traffic Signal 
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Priority (FSP) systems (Kaisar, et al., 2021; Rakha, 2006), where the goal is to minimize delays 

for freight traffic. 

5) GHG Emissions 

If this threshold is not met, the combination of FSP and DTLL is considered for further 

evaluation. For the second performance measure, greenhouse (GHG) gas emissions are assessed 

by comparing the lowest alternative against each alternative, rather than aiming for a specific 

reduction. Figure 14 shows the strategic methodology of selecting ITS techniques for intersections 

performance improvements using the criteria stated above. 

4.1.2 Cost Criterion 

The payback period for implementing and construction of transportation engineering 

projects can vary significantly based on the scale of the project. Larger projects, like highway 

expansions or major urban truck lanes, often require substantial investment and might take 10 to 

20 years to pay back the costs. For instance, projects like the Highway 407 ETR in Ontario, a 

major toll highway with significant infrastructure and technological upgrades, have a longer break-

even timeline due to the higher capital costs involved and the broader scale of the improvement. 

On the other hand, smaller projects, such as intersection upgrades or localized truck priority 

systems, can pay off much quicker. These projects typically focus on improving traffic flow at 

specific intersections or corridors, which have lower upfront costs and can provide quicker 

benefits. In these cases, the payback period is often much shorter, ranging from 1 to 5 years, 

depending on factors such as traffic volume, the scale of the improvements, and the level of 

congestion in the area.  
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The cost of implementing FSP can vary depending on whether existing equipment can be 

reused or if new equipment is required. If existing equipment can be leveraged, the cost per 

intersection typically ranges from $4,000 to $7,000. This lower cost is possible because the 

necessary infrastructure (such as signal control systems and traffic detectors) is already in place, 

and only minor modifications or upgrades are needed (Translink, 2020). 

While travel time savings is a primary benefit, it is important to note that FSP systems also 

contribute to several other benefits, which enhance their overall value. Reduced emissions are 

another key benefit of FSP, as trucks can spend less time idling or waiting at intersections, which 

leads to lower fuel consumption and fewer emissions. In addition, reducing delays for trucks also 

helps to alleviate congestion, making the road network more efficient for all vehicles, not just 

freight. Trucks typically occupy more road space, accelerate slower, and have longer stopping 

distances than passenger vehicles which disrupts traffic flow, especially in urban settings where 

passenger vehicles cannot overtake trucks. Given these additional benefits, the 5% reduction in 

travel time considered in this analysis is a conservative estimate that accounts solely for the travel 

time savings. 

However, if the existing equipment is outdated or incompatible with the truck priority 

measures, the cost to replace equipment may range from $25,000 to $40,000 per intersection. This 

higher cost accounts for the complete installation of new systems, including upgraded signals, 

detectors, and potentially new traffic management software. The need for new infrastructure could 

also include work like new wiring, installation of communication systems, or other technical 

requirements to enable the priority measures to function effectively (Translink, 2020). 

The 5% travel time evaluation threshold for dedicated left-turn lanes are expected to have 

minimal construction costs, as most intersections already feature two left-turn lanes. Converting 
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one of these into a truck-only left-turn lane would primarily involve operational separation 

measures, rather than major structural modifications. Since a raised median cannot be considered 

for separation, the primary costs would be limited to signage and pavement markings to clearly 

designate the lane for truck use. 

For truck-only lanes, special pavement markings, such as diamond symbols or truck lane 

identifiers, must be incorporated into the cost analysis. Previous projects provide useful cost 

benchmarks: the pavement widening on Lakeshore Rd West and the realignment of Clarkson Road 

North estimated the cost of pavement markings and signage at $5 per meter (City of Mississauga, 

2022). Additionally, data from the Town of Innisfil suggests that permanent roadway signage costs 

approximately $265 per sign (Town of Innisfil, 2022).  

Material durability is also a key factor in cost considerations. Ontario Traffic Manual stated 

that hot-applied thermoplastic markings, while more expensive upfront, can last three to fifteen 

times longer than standard painted markings. Thermoplastic is also highly resistant to de-icing 

chemicals and sand, making it a cost-effective alternative for high-wear truck lanes where 

longevity and visibility are critical (Ministry of Transportation, 2000). Therefore, the maintenance 

costs associated with pavement markings and signage would be deferred further into the project's 

lifespan, as the use of durable materials would reduce the frequency of required reapplications. 

This contributes to long-term cost efficiency, minimizing ongoing upkeep expenses compared to 

conventional painted markings. 

4.2 Decision Tree Flowchart 

The total study network includes 32 signalized intersections; however, after excluding 

those involving minor roads, only 13 intersections are classified as major to major. These 

intersections account for 33 individual left turning movements (e.g. westbound left, eastbound left, 
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northbound left, southbound left). Applying the initial criteria, slack time, did not eliminate any 

intersections. Truck percentage criteria appeared to be more concise as it narrowed down the 

selection to 10 intersections, covering 16 individual left turning movements, roughly half the 

number of left turning movements initially considered.   

Applying the truck priority criteria, reduced the number of intersections to 9 intersections 

and 14 left turning movements. Particularly, all intersections that qualified for FSP also met the 

requirements of DTLL. Following the microsimulation analysis, the travel time savings threshold 

did not eliminate any additional intersections. As a result, the total was 9 intersections and 14 

turning movements that meet all levels of the decision tree criterion.  
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Figure 14: Strategic Methodology of Selecting Truck Priority measures for Intersections 
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4.3 Updated Study Network 

Since the decision tree refined which signalized intersections require truck priority 

measures within the study network, the study network was updated to reflect these changes. The 

following Table 6 represents the final list of intersections and corresponding left turning 

movements that were also identified through the decision tree criteria, and visually shown into 

Figure 15.  

Table 6: Intersections and Movements that Received Priority 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 shows the total study network that spans 19.2 km and includes 32 signalized 

intersections and five unsignalized intersections, with seven major intersections on Derry Road, 

five major intersections along Dixie Road, and four major intersections along Steeles Avenue. The 

blue boundary around the dots represent the signalized intersections, the green dots identify 

Intersection Movement 

Steeles Ave E. and Dixie Rd. NBL 

Derry Rd. and Dixie Rd. EBL 

NBL 

Matheson Blvd E. and Dixie Rd. EBL 

Britania Rd E. and Dixie Rd. EBL 

WBL 

SBL 

Tomken Rd. and Derry Rd. NBL 

Kennedy Rd S. and Derry Rd WBL 

NBL 

Airport Rd. and Derry Rd E. EBL 

Cardiff Blvd. and Derry Rd. EBL 

Tomken Rd. and Steeles Ave E. WBL 

NBL 
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unanalyzed intersections along the corridor, while the red dots show the identified intersections 

that will receive the different types of truck priority along the study network.  

In addition, the map indicates that many warehouses are located near intersections 

prioritized through the study’s decision tree methodology. This arrangement suggests that the 

decision tree effectively identifies key logistical hubs, enhancing transportation efficiency and 

accessibility for freight movement. 

 

Figure 15: Study Network with Identified Intersections 

4.4 Methodology Discussion 

To evaluate the operational and environmental impacts of the proposed freight priorities 

measures, the study utilized PTV VISSIM 2024 to conduct microsimulation-based analysis of 

travel time and GHG emissions from the implementation of 5% HCV platooning, DTLL, and FSP 

across the study network. VISSIM was chosen over other microsimulation platforms such as 
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Aimsun due to its flexibility in customizing vehicle dynamics and signal control behavior. It allows 

detailed, vehicle-level modeling, making it ideal for analyzing the interactions between passenger 

vehicles, HCVs, LCVs, and HCV platooning at signalized intersections. Key driving behaviors 

such as car-following and lane-changing were modelled using Wiedemann 74 and Wiedemann 99 

parameters. This allows for the calibration of different vehicle classes, specifically important when 

simulating freight-specific characteristics like LCVs and HCV platoons, which are not standard 

vehicle types in VISSIM and required custom parameter adjustments.  

The simulation process began with the development of a base network in PTV VISSIM 

2024, which involved inputting essential traffic data including traffic volumes, vehicle 

classifications, turning movement counts, signal phasing, and signal timing plans. These inputs 

were sourced from Synchro files provided by the Region of Peel. The model was calibrated and 

validated using the GEH statistic, ensuring that simulated traffic flows closely matched observed 

conditions. 

In order to evaluate the operational and environmental performance of the proposed 

scenarios, this study defines a set of Measures of Effectiveness (MOE), including travel time and 

greenhouse gas (GHG) emissions. These MOEs are critical indicators for assessing the impacts of 

freight priority strategies and vehicle technologies on corridor efficiency and sustainability. Travel 

time, in particular, was chosen based on its common use in previous studies analyzing the effects 

of signal priority measures (Kaisar, et al., 2021). A more detailed breakdown and discussion of 

these metrics, including separate analyses for heavy commercial vehicles (HCVs), long 

combination vehicles (LCVs), and HCV platooning scenarios, is presented in the results chapter. 
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CHAPTER 5: SIMULATION MODEL DEVELOPMENT 

This chapter discusses the setup, calibration, and simulation of traffic scenarios using PTV 

VISSIM 2024 to replicate real-world traffic conditions on study corridors. Key driving behaviors 

such as car-following and lane-changing are modeled using Wiedemann 74 and 99 parameters and 

the differences between them. The chapter explains adjustments made to simulate LCVs and HCV 

platoons, as these are not standard VISSIM vehicle types. Input data for traffic volumes, vehicle 

types, signal phases, and intersection controls were gathered from sources like Google Maps and 

Synchro files from Peel Region. 

The chapter also discusses how model calibration and validation were done using the GEH 

statistic, ensuring that the simulated scenarios closely reflected real-world traffic patterns. 

In addition, it discusses the development of various simulated scenarios, including the base 

case scenario with LCVs, the base case with the addition of HCV platooning, freight signal priority 

(FSP), and a dedicated truck left-turn lane (DTLL).  

5.1 VISSIM Model Parameters 

To simulate traffic along the study corridor, PTV VISSIM 2024 was used due to its ability 

to mimic real-world traffic conditions effectively through its car-following and lane-changing 

behaviors. While the Wiedemann 74 (W74) model is commonly used for urban arterials because 

of its accuracy in representing typical traffic flow, the Wiedemann 99 (W99) model is more 

suitable for simulating HCV platoons and autonomous driving behavior. The PTV group 

recommends the use of W99 for vehicles with adaptive cruise control and autonomous technology, 

as it offers 7 additional parameters compared to W74. These additional parameters enable more 

advanced control over vehicle interactions, including time headways and interaction with 
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surrounding objects and vehicles, which are both critical when simulating HCV platoons 

(Sukennik, 2018). Since LCVs and HCVs share similar characteristics aside from vehicle length, 

LCV driving behavior was modeled based on HCV driving behavior (AASHTO, 2018; TAC, 

2017). A comparison between the parameters of these models, included the look-ahead and back 

distance, interaction objects, standstill distance, time headway, and safety distance reduction, as 

seen in Table 7. 

Table 7: Driving Behavior Input Parameters 

Input Parameters 
Wiedemann 74 Wiedemann 99 

Default HCV Default HCV/LCV HCV 

Platoon Maximum look ahead distance (m) 250 250 250 250 300 

Maximum look back distance (m) 150 150 150 150 300 

Number of interaction objects 4 1 2 1 3 

Number of interaction vehicles 99 1 99 1 2 

Average standstill distance (m) for a 

following car 

2.0 3.77 NA 3.77 3.77 

Average standstill distance (m) for a 

following HCV 

2.0 3.37 NA 3.37 3.37 

Standstill distance (m) for a 

following HCV platoon 

NA NA 1.5 NA 1.00  

Time headway (s) NA NA 0.9 NA 0.6 

Maximum deceleration for 

cooperative braking (m/s2) 

-3 -1.62 -3 -1.62 -1.62  

Safety distance reduction factor (m) 0.6 0.6 0.6 0.6 1 
 

In the W99 model, the look ahead and back distance for HCV platoons is set to 300 meters, 

this follows the NHTSA's recommendations for the communication range needed by autonomous 

vehicles. W74 limits the number of interaction objects, the number of vehicles or infrastructure a 

vehicle can respond to simultaneously, to one for conventional HCVs. Since human drivers 

typically interact with traffic signals or nearby vehicles. On the other hand, W99 allows HCV 

platoons to interact with multiple objects simultaneously. The interactable objects refer to several 

leading vehicles in a platoon, merging vehicles, surrounding traffic, and even infrastructure like 
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traffic signals or road signs. Due to the vehicle-to-everything (V2X) technology equipped in 

autonomous vehicles and HCV platoons, which improves operational efficiency.  

Standstill distance refers to the minimum gap maintained between a leading and a 

following vehicle when both are stopped (Ahmed, et al., 2021). In W74 has no specific standstill 

distance  defined for following HCV platoons, but W99 introduces a distance of 1.00 meter to 

avoid collisions within the platoon. Studies on time headways between two HCVs in platoons on 

highways have studied various ranges, between 0.6 and 1.2 seconds. The shorter interval of 0.6 

seconds is more appropriate for urban areas, where slower traffic speeds allow the vehicles in a 

platoon to maintain closer spacing and better coordination. According to Shladover et al., 

cooperative adaptive cruise control which is enabled by vehicle-to-vehicle communication, allows 

the 0.6 second headway to be feasible. Chowdhury et al. (2019) also supported the use of 0.6 

second headway on urban arterial roads when examining two HCV platoons. Therefore, this study 

set the headway time as 0.6 seconds.  

Vehicle speeds were assigned according to posted limits for cars and trucks, with reduced 

speed zones implemented for right and left turns. To ensure that the simulation model accurately 

reflected the real-world traffic conditions, input parameters such as lane configurations, tapered 

lanes, and road geometry were gathered using Google Maps.  

VISSIM's standard vehicle types do not include LCVs, so for this study, LCVs were 

defined as being 25 meters in length. Also, HCV platoons were not part of VISSIM's default 

settings. The parameters for an HCV platoon can vary based on the number of HCVs, the length 

of each vehicle, and the headway between them. For this study, platoons were defined as consisting 

of two HCVs, as this represents the minimum viable configuration, with most operations 

anticipated to begin with vehicle pairs. Considering challenges associated with turning movements 
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at intersections along urban arterials, testing platoons with more than two HCVs is deemed not 

urgent at this stage as difficulties encountered by two HCV platoons in maneuvering urban 

intersections will suggest that testing with three or more HCVs may not necessarily. In this study, 

the HCVs were defined as WB-20 vehicles, the longest standard single-trailer HCVs available in 

North America, measuring 22.70 meters in length. This decision was made so that the platoon 

length is representative of typical HCV configurations used in North America (Transportation 

Association of Canada, 2017; AASHTO, 2018).  

An important factor influencing the simulation of freight vehicle behavior in the VISSIM 

model is the vehicle turning envelope, which affects lane usage and turning maneuvers at 

intersections. The turning envelope refers to the area a vehicle sweeps while making a turn. HCVs 

have larger turning envelopes than passenger vehicles due to their greater length, wider tracking, 

and off-tracking behavior, which can create conflicts with curbs, medians, and adjacent lanes 

(AASHTO, 2011). LCVs share most handling characteristics with HCVs but require even more 

space because of their increased overall length. Peel Region highlighted that when creating the 

LCV usage map, the internal roadways and driveways serving LCV supported facilities should be 

designed to accommodate the swept path and minimum turning radius requirements of LCVs 

(Hussain, 2019). In a 2024 study by Marchesan, the swept path analysis of existing roads showed 

mixed results. Under current intersection designs, LCVs cannot safely complete turns when 

restricted to a single lane on both the origin and destination roads. However, when permitted to 

encroach on a second lane on the destination road, the intersection geometry can accommodate 

these vehicles, as turnpike doubles are able to complete the turn without conflict in most situations 

(Marchesan, 2024). Therefore, this study assumed that in the DTLL scenarios the freight vehicles 

would utilize the outer left turn lanes. 
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Finally, the simulation was run for an 8,000 second period, beginning with a 3,600 second 

warm up phase at half traffic volumes, followed by a 3,600 second data collection period, and 

concluding with a 200 second cool down phase. PTV group suggests a warm-up period before the 

main analysis begins to let traffic build up and avoid unrealistic free-flow conditions at the start 

(PTV Group, 2025). Wisconsin DOT suggests a warm up phase of maximum 3600 seconds if 

traffic counts are high (Wisconsin DOT, 2019). A short cool down phase allows vehicles already 

in motion to exit the network without affecting the collected data set, Washington DOT suggests 

setting this to 200 seconds (Washington State Department of Transportation, 2014). 

5.2 Model Calibration and Validation 

The study used the GEH (Geoffrey E. Harver) statistic to ensure that the base case scenario 

closely mirrored real-world traffic conditions, which helps to validate the test scenario results. The 

GEH statistic shown in Equation 1, compares simulated and observed AM peak-hour traffic. A 

GEH value of less than 5 indicates a well-calibrated model, values between 5 and 10 are considered 

decent, and values greater than 10 suggest poor calibration (Doustmohammadi, 2017; Dowling, 

2004). 

𝐺𝐸𝐻 =  √
2(𝑚−𝑐)2

𝑚+𝑐
       (1) 

Where:  

m = simulated AM peak traffic volume for an hour; and 

c = observed AM peak traffic volume for an hour. 
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Figure 16: GEH Result of Study Corridor 

According to Fries et al., a well calibrated model should be simulated 10 times and achieve 

a GEH value below 5 for 85% of the network. While GEH values between 5 and 10 remain within 

an acceptable range. Figure 16 shows a GEH graph showing a 92% compliance rate, although 

some intersections in the simulated scenarios exhibit value higher than 5. The highest GEH value 

of 5.5 corresponding to Drew Rd. and Dixie Rd. intersection which is within the acceptable range. 

These results suggest that the base model is properly calibrated to simulate real-world traffic. 

5.3 Simulation Scenarios 

To evaluate the operational and environmental impact of 5% market penetration rates of 

Level 4 HCV platooning on urban arterials, both with existing traffic conditions and with the 

addition of FSP, DTLL and their combination.   
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The study consists of eight simulation scenarios divided into two groups. The first group 

(Models 1–4) simulates current traffic conditions with 5% LCVs, while the second group (Models 

5–8) introduces a 5% market penetration of Level 4 HCV platooning. Each group follows the same 

set of alternative solutions: a baseline do-nothing scenario (Models 1 and 5), the application of 

Freight Signal Priority (FSP) at left-turning movements (Models 2 and 6), the implementation of 

Dedicated Truck Left-Turn Lanes (DTLL) (Models 3 and 7), and a combined scenario using both 

FSP and DTLL (Models 4 and 8).  

The first four represent the base model with alternative solutions: 

1. Model 1: Do-nothing scenario (base traffic) with an assumption of 5% LCV; 

2. Model 2: Base traffic with FSP on the Left Turning Lane; 

3. Model 3: Base traffic with the dedicated Truck Left Turning Lane; 

4. Model 4: Base traffic with FSP as well as the dedicated Truck Left Turning Lane; 

The next four models simulate base scenario with 5% HCV platooning assumption and alternative 

solutions: 

5. Model 5: 5% HCV platooning with base traffic; 

6. Model 6: 5% HCV platooning with FSP on the Left Turning Lane; 

7. Model 7: 5% HCV platooning with the dedicated Truck Left Turning Lane; 

8. Model 8: 5% HCV platooning with FSP as well as the dedicated Truck Left Turning Lane; 

Model 1 represents the do-nothing scenario with 5% LCV assumption, but no HCV 

platooning applied. The road network was modelled using Google Earth, this included link length, 

road width, and length of tapered turning lanes. Vehicle composition included both passenger 

vehicles and freight vehicles, within the freight vehicles 5% were classified as LCVs and the 
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remainder were single unit trucks. According to Hussain (2019), which examines LCV usage in 

the Peel Region, 5% of LCV trips either originate from or have a destination within Peel Region. 

Therefore, in this study, the freight vehicles are classified as 5% LCVs with the rest being 

comprised of single unit trucks. 

Heavy vehicle percentages and signal timings at intersections were determined using 

Synchro data provided by Peel Region, which provided data on green time, red and amber time, 

cycle lengths, position signal heads, detectors at intersections, and whether signals were fully or 

semi-actuated. Reduced travel speeds for turning movements were applied at intersections for 

turning movements and unsignalized intersections were modeled as stop-controlled. 

In addition, vehicle volumes, including truck percentages, were obtained from Synchro 

data. The Synchro dataset provides traffic volumes at individual intersections only, resulting in 

inconsistent traffic volumes between adjacent intersections. This is because vehicles may enter or 

exit from parking areas, plazas, and/or other destinations located along the links between 

intersections. To address this, traffic volume balancing tasks are performed to align link volumes 

with the in-and-out traffics to street-side destinations in order to ensure consistency in traffic 

volumes in adjacent intersections. Figure 17 demonstrates how street layout, such as the number 

of lanes, turning lanes, and other details, gathered from Google maps for an intersection has been 

integrated into VISSIM network. The maximum desired speed was determined to be equal to the 

posted speed limit for both cars and trucks. At intersections, the yellow strips represent reduced 

travel speed during right and left turning movements were considered to be reduced-speed zones. 

Cars making right turns were determined to do them at a speed of 15 km/h, while left turning cars 

were set at a speed of 25 km/h. while trucks, the right-turning speed was set to be 12 km/h, and 
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the left-turning speed was set to be 20 km/h (City of Toronto, 2016; Hendriks, 2015). The blue 

boxes represent the detectors placed for a semi-actuated signal control.  

 

Figure 17: Google Maps Translated to VISSIM 

Since models 2 and 6 implement the Transit Signal Priority (FSP) scenario, this study will 

discuss them together. Model 2 represents base traffic with 5% LCVs, and Model 6 includes 5% 

LCVs along with 5% HCV platooning. This scenario focuses on extending the green time phase 

at intersections to prioritize left turning freight vehicles. This extension was equipped with FSP 

detectors (shown in the red box in Figure 18) to identify HCVs, LCVs, and HCV platoons and was 

applied at nine intersections, which amounts to thirteen left turn movements across the study 

corridor.  

Zhou et al. (2006) reported the effectiveness of FSP through a VISSIM microsimulation 

which identified optimal bus detector locations. The results showed that queue jump lanes should 

be placed approximately 130 to 170 meters before intersections, depending on traffic volumes. 

Kaisar et al. (2018) recommended positioning check-in loop detectors based on the Minimum 

Stopping Sight Distance (MSSD) for through movements as defined by AASHTO. For this study, 

detectors were placed beyond the left-turn lanes, starting at the connector, which enhances safety 
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and improves the effectiveness for left turning movements. This placement was adjusted through 

trial and error because, when detectors were positioned according to AASHTO standards, they 

detected the trucks too early. This caused the green light extension to expire before the truck could 

complete its turn, as trucks tend to slow down significantly during left turns.  

Following the guideline stated by Ioannou et al. (2015), the green time for left turning 

movements was extended by 8 seconds. While FSP typically extends the green time by 8 to 15 

seconds for through movements, a more conservative approach was chosen for left turns, providing 

an 8 second extension to ensure smoother traffic flow for freight vehicles. 

 

Figure 18: Application of FSP in Models 2 and 6 at Steeles Ave. and Dixie Rd. 
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Since Models 3 and 7 introduces a dedicated truck left lane (DTLL), this study will discuss 

these models together. Model 3 assuming 5% LCV and Model 7 assuming 5% LCV, with 5% 

HCV platooning. The truck only lane restricts trucks to using the outermost left lane, as highlighted 

in the literature review. Figure 19 shows the addition of a left turn lane at the original intersection, 

the red box shows the additional left lane added. 

Certain intersections, such as Cardiff Blvd. and Derry Rd., have only one left turn lane. 

Despite this intersection being a significant freight hub, there are not enough physical space to 

implement a truck only lane. Therefore, to accommodate truck only lane design, the expansion of 

the single left lane to dual left lanes is necessary. The design of  the new left lane was started at 

the existing left turn taper as this reduces confusion for last minute merging of passenger vehicles. 

In addition, the new left lanes were designed to mirror the length and taper of the original lane. 

This ensures a smooth transition for vehicles moving from the existing left lane to the new left 

lane taper, reducing potential confusion and enhancing overall traffic operations. Before 

introducing the second left lane, factors such as existing or new edges of pavement, islands, 

sidewalks, right-of-way, and pavement  geometry outlined in the intersection plan need to be 

considered. It is important to ensure that this surface improvement does not negatively impact 

utilities and stormwater drainage systems, therefore, an assessment of space requirements before 

implementation is required. 
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Figure 19: Application of DTLL in Models 3 and 7 at Steeles Ave. and Dixie Rd. 

Models 4 and 8 incorporate both FSP and DTLL features to improve traffic operations, 

therefore, these two models will be explained together. Model 4 reflects base traffic conditions 

with an assumption of 5% LCVs, while Model 8 includes 5% of vehicles representing 2-HCV 

platooning with the same percentage of LCVs. As discussed in Models 3 and 7 where DTLL is 

implemented, an additional left lane is introduced, specifically designed to accommodate heavy 

vehicles. In Models 4 and 8, this new lane is equipped with check-in and check-out detectors that 

support the FSP functionality, Figure 20 shows that with the addition of the new left turn lane, an 

FSP detector was installed, as highlighted in the red box, two detectors are now placed. 
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Figure 20: Application of FSP+DTLL in Models 4 and 8 at Steeles Ave. and Dixie Rd. 

CHAPTER 6: ANALYSIS RESULTS 

This chapter discusses the study results conducted for each of the eight models. The 

measure of effectiveness (MOE) used in this study includes travel time and Greenhouse gas (GHG) 

emissions for all transportation modes, such as passenger and freight vehicles. The MOEs for 

freight vehicles include analyzing HCVs, LCVs and HCV platooning results and discussing them 

separately.  
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6.1 Travel Time Analysis 

The results for each model show varied impacts on travel time across the 19.2 km study 

corridor with 32 signalized intersections, with some models demonstrating more effective time 

reductions. In this study, the term all vehicles include passenger cars, and freight vehicles. 

Although the ITS strategies examined are primarily aimed at improving freight mobility, their 

positive effects extend to the overall traffic network. Freight vehicles tend to accelerate more 

slowly, require larger gaps for turning movements, and occupy more road space, which can create 

delays impacting all road users. By enhancing the efficiency and reducing delays for these slower, 

heavier vehicles, traffic flow improves for passenger vehicles and others sharing the road. On the 

other hand, prioritizing only passenger vehicles would not address freight-related congestion, 

restricting improvements to passenger traffic and limiting overall network performance gains. 

Figure 21 presents the average travel time results for all vehicles. Figure 21a shows Models 

1 to 4, while Figure 21b shows Models 5 to 8, which includes the implementation of HCV 

platooning. It is important to note that Figures 21 a and b use different y axis scales, reflecting the 

variations in travel time results between the two sets of scenarios.  

Model 4, which combines FSP and DTLL, results in the highest reduction in travel time, 

reducing 5.77 minutes (3.17%) per vehicle compared with the base scenario (Model 1). Model 3, 

which includes DTLL only, comes close with a reduction of 5.35 minutes (2.94%) per vehicle, 

while Model 2, which includes only FSP, provides the lowest reduction of 1.30 minutes (0.70%) 

per vehicle. Model 4 also results in an overall journey time reduction of 50 hours (1.61%) across 

the network, while Model 3 and Model 2 achieve reductions of 35 hours (1.13%) and 6 hours 

(0.18%), respectively. 
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When HCV platooning is introduced in the existing traffic conditions (Model 5), a 

significant increase in travel time occurs, totalling an additional 13.09 minutes (6.84%) per vehicle, 

this leads to an overall journey time increase of 862 hours (24.08%) for a total of 6091 vehicles 

along the corridor. This increase highlights the challenges posed by HCV platooning under 

existing conditions. 

Contrary to the results in scenarios without platooning, DTLL alone (Model 7) performs 

worse than FSP (Model 6) when subjected to 5% HCV platooning. Model 6 (FSP with platooning) 

reduces travel time by 1.82 minutes (0.92%) per vehicle, while Model 7 (DTLL with platooning) 

achieves only a slight reduction of 0.60 minutes (0.30%) per vehicle compared with Model 5. The 

DTLL model (Model 7) had around half the number of vehicles in the network than Model 6 and 

Model 5. This difference highlights how platooning can reduce the effectiveness of DTLL, as the 

convoy structure of the platoons can block passenger vehicles from entering the storage lane, 

creating additional delays in the adjacent through lanes as discussed in Figure 5.  

The results for the combination of FSP and DTLL under the 5% HCV platooning 

assumption in Model 8 show a significant decrease in travel time across the corridor. Compared 

to the scenario with HCV platooning under existing conditions (Model 5), Model 8 reduces travel 

time per vehicle by 5.28 minutes (2.71%). Compared with the base scenario (Model 1), Model 8 

shows an increase of 7.80 minutes (4.14%) per vehicle. While the percentage increase may seem 

big, this change indicates that the combination of FSP and DTLL can still reduce the total travel 

time by 118 hours along the study corridor compared with the new conditions of 5% HCV 

platooning. 

Overall, the results demonstrate the effectiveness of the methodology employed in this 

study. The observed changes in travel time across the models align closely with expectations, 
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indicating that the approach provides a reliable representation of real-world conditions. This 

consistency between methodology and outcomes reinforces the credibility of the findings and 

highlights their relevance for enhancing urban freight mobility. 

 

Figure 21: Average Travel Time for All Vehicles a) Models 1 to 4 b) Models 5 to 8 

The average travel time per passenger vehicle vary across different models. Figure 22 

shows the average travel time per passenger vehicle, with Figure 22a showing results of Models 1 

to 4, and Figure 22b presents the results of Models 5 to 8, which implements 5% HCV platooning. 

It is important to note that Figure 22 a and b have different y-axis scale. Under existing conditions, 

the implementation of FSP in Model 2 reduces travel time by 0.66 minutes (0.38%) per vehicle, 

while DTLL in Model 3 shows a bigger reduction of 4.71 minutes (2.76%) per vehicle. This is 

thought to occur because passenger vehicles experience fewer delays when separated from freight 

vehicles, as they no longer need to wait behind slower-moving trucks or navigate around large 

platoons in the DTLL model. The combined strategies in Model 4 achieve the highest decrease, 
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reducing travel time by 5.13 minutes (3.01%) per vehicle. In terms of total journey time savings 

for all passenger vehicles across the network, Model 2 (FSP) shows a reduction of 2 hours (0.08%), 

Model 3 (DTLL) results in a decrease of 31 hours (1.12%), and Model 4 (FSP + DTLL) reduces 

travel time by 42 hours (1.53%). 

With the introduction of 5% HCV platooning in Model 5, travel time for passenger vehicles 

under existing conditions increases by 7.77 minutes (4.40%) per vehicle, leading to a total journey 

time increase of 749 hours (23.9%) for all passenger vehicles in the network. Truck priorities in 

Models 6 and 7 do not reduce travel time for passenger vehicles, as the length of HCV platoons 

blocks taper and shoulder areas during FSP and DTLL, hindering passenger vehicle flow in 

adjacent lanes. 

However, the combination of FSP and DTLL with 5% HCV platooning in Model 8 shows 

an improvement over Model 5, reducing travel time by 3.95 minutes (2.21%) per vehicle, with a 

total decrease of 225 hours for all passenger vehicles. Although Model 8 still results in a slight 

increase from the base case scenario (Model 1), with a travel time increase of 3.81 minutes (2.18%) 

per vehicle, it performs significantly better than Model 5, which had a 7.77 minute (4.40%) 

increase. Overall, Model 8 shows an increase of 105 hours (3.73%) for all passenger vehicles 

compared to the base model, which is far less than the 749 hour (23.9%) increase seen in Model 

5. 
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Figure 22: Average Travel Time per Passenger Vehicle a) Models 1 to 4 b) Models 5 to 8 

Figure 23 represents the average travel time per HCV across all models. Figure 23a shows 

results for Models 1 to 4, while Figure 23b focuses on Models 5 to 8, which include HCV 

platooning. Different y-axis scales are used to capture the variation in travel times specific to 

HCVs. The travel time per HCV shows reductions under existing conditions in Models 2, 3, and 

4, with decreases of 1.08 minutes (0.58%), 5.77 minutes (3.12%), and 5.96 minutes (3.22%) per 

vehicle, respectively. This transforms to overall HCV journey time reductions of 3 hours (0.92%) 

in Model 2, 4 hours (1.20%) in Model 3, and 8 hours (2.19%) in Model 4. 

When HCV platooning is introduced in Model 5, travel time per HCV increases by 7.78 

minutes (4.06%) compared to existing conditions, resulting in a total journey time increase of 75 

hours (18.2%). Under the 5% HCV platooning assumption, FSP (Model 6) emerges as a more 

efficient truck priority measure, reducing travel time by 0.96 minutes (0.49%) compared to Model 

5, although it shows an increase of 6.82 minutes (3.57%) relative to Model 1. Overall, HCV 
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journey time is reduced by 20 hours (4.54%) in Model 6 compared to Model 5 but increases by 55 

hours (14.4%) when compared to Model 1. DTLL (Model 7) shows a slight increase in travel time 

relative to Model 5, as discussed that raised medians and long truck combinations block the left 

turning movement entrance for vehicles. 

The combination of FSP and DTLL in Model 8 proves to be the most effective approach 

as it decreases travel time by 5.29 minutes (2.04%) compared to Model 5. However, Model 8 

shows a slight increase in travel time of 2.49 minutes (1.32%) when compared to Model 1. Overall, 

this combined approach reduces total HCV travel time by 15 hours (4.23%) relative to Model 1 

and by 90 hours (22.37%) relative to Model 5, suggesting that the combined strategy outperforms 

the individual application of FSP or DTLL. 

 

Figure 23: Average Travel Time per HCV a) Models 1 to 4 b) Models 5 to 8 
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The travel time results for LCVs is presented in Figure 24, with Figure 24a showing results 

for Models 1 to 4, while Figure 24b includes models 5 to 8, which include HCV platooning. As 

with the previous figures, differing y-axis scales are used. The results reflect similar patterns as 

those observed for HCVs, supporting a consistent analysis of the findings. In Model 2, the 

implementation of FSP results in a reduction in LCV travel time by 2.15 minutes (1.12%), while 

DTLL in Model 3 shows a more significant decrease of 5.57 minutes (2.94%). The combined 

application of FSP and DTLL in Model 4 leads to a significant reduction in LCV travel time by 

6.22 minutes (3.17%). These reductions in travel time translate to total LCV journey time savings 

of 0.1 hours (0.51%) for Model 2, 0.22 hours (1.09%) for Model 3, and 0.16 hours (0.79%) for 

Model 4. 

With the introduction of 5% HCV platooning in existing conditions (Model 5), LCV travel 

time increases by 7.96 minutes (4.03%), resulting in a total journey time increase of 3 hours in the 

corridor. The addition of FSP in Model 6 causes a slight increase in travel time compared to Model 

5, while DTLL in Model 7 reduces travel time by 0.85 minutes (0.42%) relative to Model 5. In 

terms of total LCV travel time, this decrease is minimal compared to Model 5, totaling to a 20-

minute reduction. In Model 8, which combines FSP and DTLL under 5% HCV platooning, LCV 

travel time increases by 3.88 minutes (1.99%) relative to Model 1 but decreases by 4.07 minutes 

(2.04%) compared to Model 5. Overall, Model 8 shows that total LCV travel time increased by 

1.7 hours (8.14%) compared to Model 1, while it decreased by 5 hours (19.1%) compared to Model 

5, indicating that combined truck priorities are the most effective approach. 
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Figure 24: Average Travel Time per LCV a) Models 1 to 4 b) Models 5 to 8 

Figure 25 summarizes the travel time results for HCV platoons under existing conditions 

versus with truck priorities (FSP, DTLL, and FSP+DTLL) implemented. Given the introduction 

of HCV platooning in Model 5, data for Models 1, 2, 3, and 4 is unavailable. However, Model 6 

(FSP) shows a significant reduction in travel time of 8.63 minutes (4.13%) per HCV platoon. 

Similarly, Model 7 (DTLL) achieves a slightly smaller decrease in travel time of 5.83 minutes 

(2.77%). The combination of FSP and DTLL in Model 8 still achieves a significant reduction in 

travel time of 7.82 minutes (3.73%) per HCV platoon. Despite the low penetration rate of HCV 

platoons, Models 6, 7, and 8 demonstrate overall journey time reductions of 2.35 hours (7.48%), 

4.4 hours (14.4%), and 4.42 hours (14.5%) for HCV platoons in the network, making this 

combined approach a significant improvement in overall travel time reduction. 
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Figure 25: Average Travel Time per HCV Platoon for Models 5 to 8 

6.2 Greenhouse Gas Emission Summary 

Figure 26 presents GHG emissions along the 19.2 km corridor area for all vehicles, Figure 

26a represents 5% LCV scenarios, while Figure 26b shows 5% HCV platooning scenarios. It is 

important to note that Figures 26 a and b have different y-axis scales. In this study, GHG emissions 

are shown as a combined total of nitrous oxide (𝑁2𝑂), methane (𝐶𝐻4), and carbon dioxide (𝐶𝑂2) 

emissions. 

The results indicate that the combined implementation of FSP and DTLL in Model 4 

achieves a 1.61% reduction in GHG emissions, while FSP in Model 2 and DTLL in Model 3 results 

in a  decrease of 0.18% and 1.13%, respectively. This demonstrates that DTLL is more effective 

in reducing emissions compared to FSP. These findings are consistent with previous studies, where 

reductions in GHG emissions were observed with FSP applications (Wijayaranta, 2013; Alam and 
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Hatzopoulou, 2014). This trend also aligns with travel time reductions observed before HCV 

platooning was introduced, suggesting that fewer stops may reduce emissions for all vehicles. 

With the introduction of 5% HCV platooning in Model 5, GHG emissions increase 

substantially by 24.1%, highlighting the need for truck-friendly measures. When truck priority 

measures are introduced, FSP in Model 6 leads to an 18% increase in emissions compared to Model 

1, showing a moderate improvement relative to the 24% increase seen in Model 5. DTLL in Model 

7 results in a 5.61% increase in emissions, while the combined FSP and DTLL approach in Model 

8 results in the smallest emissions increase of 3.7% compared to Model 1. When these scenarios 

are compared to Model 5, Model 6 (FSP) decreases emissions by 6.17%, Model 7 (DTLL) by 

18.6%, and the combined FSP and DTLL approach in Model 8 shows a significant emissions 

reduction of 20.4% relative to Model 5. Additionally, when assessing each GHG component 

individually, each gas exhibits a reduction consistent with the overall GHG emission decrease 

across all three components. 
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Figure 26: Total Greenhouse Gas (GHG) Emissions a) Models 1 to 4 b) Models 5 to 8 

6.3 Chapter Six Summary 

This study evaluated the effectiveness of various traffic management models on travel time 

and greenhouse gas (GHG). The results from the analysis highlighted several key findings 

regarding travel time and emissions across different models. 

6.3.1 Travel Time Analysis Summary 

Among all the models, Model 4 (FSP + DTLL) showed the highest efficiency, reducing 

overall travel time by 5.07 minutes (3.17%) per vehicle compared to existing conditions. In 

contrast, Model 3 (DTLL) resulted in a 5.34 minute (2.94%) reduction, and Model 2 (FSP) resulted 

in a smaller reduction of 1.29 minute (0.70%) compared to the do-nothing condition.  
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The Introduction of HCV Platooning (Model 5) led to an increase in overall travel time for 

each vehicle by 13.09 minutes (2.15%) compared to Model 1, highlighting the challenges 

presented by current traffic conditions. Models 6 (FSP) and 7 (DTLL) under 5% HCV platooning 

showed increases in overall travel time of 11.26 minutes (5.92%) and 12.49 minutes (6.54%), 

respectively, when compared to Model 1. However, both models offered slight reductions in travel 

time, 1.82 minutes (0.92%) and 0.60 minutes (0.30%), respectively compared to Model 5. While 

Model 8 emerged as the most effective approach, resulted in a decrease in overall travel time of 

5.28 minutes (2.71%) compared to Model 5 and only increasing travel time slightly compared to 

Model 1, highlighting its effectiveness over individual strategies. 

For LCVs, Model 4 achieved the greatest improvement with a reduction of 6.22 minutes 

(3.27%). In contrast, Model 8 showed a 3.88 minute (1.99%) increase compared to the baseline 

but remained more efficient than Model 5 with a 4.07 minute (2.04%) reduction. 

For HCV platoons, Model 8 was the most effective, reducing travel time by 7.81 minutes 

(3.70%) compared to Model 5. Models 6 and 7 also yielded moderate improvements, showing the 

importance of signal priority strategies in managing platooning effects. 

6.3.2 GHG Emissions Result Summary 

In terms of Emissions, Model 4 (FSP + DTLL) achieved the highest reduction in GHG 

emissions, lowering emissions by 1.61% relative to the baseline. Models 2 (FSP) and 3 (DTLL) 

exhibited reductions of 0.18% and 1.13%, respectively. 

The introduction of HCV Platooning on Emissions (Model 5) led to a significant increase 

in GHG emissions by 24.1%, showing the need for more truck-friendly measures. Model 6 (FSP) 

showed an 18% increase in emissions compared to the baseline, which was particularly less than 
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the 24% increase in Model 5. Model 7 (DTLL) recorded a 5.61% increase in emissions, while 

Model 8 (FSP + DTLL) demonstrated the smallest increase at 3.7%. 

When comparing Model 6 (FSP) to Model 5, emissions decreased by 6.17%; Model 7 

(DTLL) achieved an 18.6% reduction, and Model 8 (FSP + DTLL) presented a substantial decrease 

in emissions by 20.4%. An individual evaluation of the gases comprising GHG emissions (𝑁2𝑂, 

𝐶𝐻4, 𝐶𝑂2) showed proportional decreases that aligned with the total GHG emissions across all 

three components. 
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CHAPTER 7: CONCLUSION AND RECOMMENDATION  

This chapter provides an overview of the study, summarizing its key elements, including 

the background, methodology, and significant research findings. In addition, the chapter highlights 

the study's major contributions, highlighting its value in advancing knowledge. It also critically 

examines the study's limitations, identifying areas where improvements could be made, or further 

exploration is needed. Finally, the chapter concludes with detailed recommendations for future 

research, offering guidance on potential directions to build upon the findings and address the 

identified gaps. 

7.1 Research Summary 

The efficient movement of freight vehicles is critical to economic vitality, particularly on 

roadway network with high freight traffics. This intense truck activity inevitably contributes to 

congestion on urban roadways, along with significant environmental challenges, including 

greenhouse gas (GHG) emissions to the area, such as the Region of Peel. Addressing these dual 

challenges requires innovative approaches to improve mobility and reduce environmental impacts 

while maintaining economic growth. 

This study investigated that heavy commercial vehicle (HCV) platooning as a possible 

solution for enhancing freight travel efficiency. As HCV platooning improves aerodynamics and 

reduces fuel consumption without the geometric constraints of long combination vehicles (LCVs), 

allowing for comparable freight capacity. However, while effective on freeways, HCV platooning 

presents unique challenges on urban arterial roads, particularly during last-mile trips. These trips 

often involve left-turn movements at signalized intersections, where geometric design limitations, 
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such as inadequate storage length and insufficient signal phases exacerbate congestion, delay, and 

emissions. 

To address these challenges, this study explores the implementation of Intelligent 

Transportation Systems (ITS) measures, such as Freight Signal Priority (FSP) and Dedicated Truck 

Left-turn Lanes (DTLL). These strategies aim to optimize traffic flow, reduce vehicle delays, and 

mitigate environmental impacts, particularly for left-turning freight vehicles. However, previous 

studies lack discussions about criteria for prioritizing signalized intersections requiring truck 

priority, this research fills a critical gap by introducing criteria for focused signalized intersections.  

Using PTV VISSIM microsimulation, the study evaluates the operational and 

environmental impacts of FSP and DTLL under varying conditions, including scenarios with a 5% 

market penetration of HCV platooning. In total there were Key performance measures include 

average travel time and GHG emissions across different vehicle categories: passenger vehicles, 

freight trucks, LCVs and HCV platoons. Results show that the combined implementation of FSP 

and DTLL in Model 4 demonstrated the highest effectiveness, reducing travel time by 5.77 minutes 

(3.17%) per vehicle, an overall journey time in the network reduction of 50 hours and achieving 

the largest GHG emissions reduction of 1.61% compared to baseline conditions. While individual 

strategies such as FSP and DTLL provided moderate improvements, their combined application 

consistently outperformed individual measures. 

The introduction of 5% HCV platooning in Model 5 posed significant challenges, leading 

to increased travel times and emissions, emphasizing the need for infrastructure enhancements. 

Models integrating FSP and DTLL with HCV platooning in Model 8 proved to be the most 

effective in mitigating these impacts, an overall journey time in the network reduction of 19 hours 

and a substantial 20.4% decrease in emissions relative to Model 5.  
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This finding highlights the importance of combining advanced traffic management 

strategies. By reducing delays and emissions, these measures enhance the reliability of freight 

shipments and contribute to sustainable urban mobility. 

Overall, this study provides a foundational framework for integrating ITS measures into 

urban freight networks. The results demonstrate that FSP and DTLL, particularly when 

implemented together, significantly enhance mobility and environmental performance on urban 

arterial roadways. These findings offer valuable insights for policymakers and transportation 

planners seeking to balance economic growth with environmental sustainability and operational 

efficiency in freight transportation. Future research should build upon these results by exploring 

higher market penetration rates for HCV platooning and assessing impacts across entire freight 

journeys, including both freeways and urban corridors. 

7.2 Major Findings 

The study makes several contributions to the field of freight transportation. First, it 

introduces a strategic methodology for selecting intersections that require freight priority 

measures, filling a critical gap in existing literature. The research highlights the effectiveness of 

integrating FSP and DTLL to enhance traffic flow and reduce environmental impacts. 

Additionally, it provides a framework for using an ITS technology to support urban freight 

movement, particularly during first- and last-mile trips, where operational inefficiencies are most 

pronounced. These findings offer valuable insights for transportation planners and policymakers, 

emphasizing the importance of targeted infrastructure improvements for sustainable urban 

mobility. 
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7.3 Study Limitations  

This study acknowledges several limitations that may influence the generalizability and 

depth of its findings. One of the primary limitations is the reliance on travel time as the sole 

performance metric. While travel time is an important indicator of the efficiency of Freight Signal 

Priority (FSP) and Dedicated Truck Lanes (DTLL), it does not comprehensively capture the 

broader implications of these strategies on urban road networks. A more complete evaluation 

would require the inclusion of additional metrics such as number of stops, fuel consumption, and 

safety outcomes. These factors are crucial for understanding the environmental and safety impacts 

of FSP and DTLL, as well as their potential to reduce congestion and improve traffic flow for all 

vehicle types. 

The study also does not fully address the economic feasibility of implementing these 

systems. A benefit-cost analysis would be invaluable in assessing the financial viability of 

infrastructure improvements. It would be important to include direct costs, such as installation of 

traffic control devices (signage, pavement markings, signal system adjustments), as well as 

ongoing maintenance costs for these systems. The study did not fully consider network-wide 

infrastructure improvements, like converting single left-turn lanes to dual left-turn lanes, which 

could involve substantial construction costs. These factors should be addressed in future planning 

to better evaluate the overall economic implications of such projects. 

A major assumption, and therefore a limitation, is the focus on a 5% market penetration 

rate for HCV platooning. While this assumption addresses the most imminent market need, it may 

require additional analysis beyond the 5% penetration rate to broaden our understanding of the 

impacts of platooning on FSP and DTLL effectiveness. 



  

 108 

7.4 Recommendations for future work 

Building upon the limitations identified in this study, there are several key areas for future 

research that could provide a more comprehensive understanding of the effectiveness and 

feasibility of Freight Signal Priority (FSP) and Dedicated Truck Lanes (DTLL). 

Future studies should expand the scope of performance metrics beyond travel time. 

Incorporating indicators such as delay, number of stops, fuel consumption, and safety factors. This 

will offer a well-rounded perspective on the impacts of FSP and DTLL. 

In addition, they could include a benefit-cost analysis to assess the economic viability of 

implementing FSP and DTLL systems. This analysis should encompass both direct and indirect 

costs, including the installation of traffic control devices and ongoing maintenance. Additionally, 

larger-scale infrastructure changes, such as the conversion of left-turn lanes, should be explored to 

evaluate how such modifications might improve traffic flow for freight vehicles while considering 

associated construction and operational costs. 

The study analyzed HCV platooning based on a 5% market penetration rate only. Future 

research should explore higher penetration rates, such as 10% or 20%, to better understand the 

performance of FSP and DTLL under more widespread adoption. This could reveal how such 

systems handle increased traffic volumes, and whether they continue to mitigate the negative 

impacts of platooning while also addressing challenges related to infrastructure capacity, traffic 

flow, and safety. Higher penetration rates could yield more significant reductions in fuel 

consumption, greenhouse gas emissions, and travel time, but they may also introduce new 

challenges, such as increased infrastructure capacity requirements and safety considerations. 
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Future research should investigate the impact of FSP and DTLL systems on vehicle safety. 

While these strategies aim to improve traffic flow, they could also alter driver behavior, collision 

rates, and overall safety conditions. It may be beneficial to conduct safety risk analysis to assess 

how changes in signal timing or lane allocation might affect traffic safety. By addressing these 

safety concerns, future research can help to ensure that the implementation of FSP and DTLL 

systems does not introduce unintended negative consequences for road users. 

In conclusion, addressing these research gaps would enable a more thorough and nuanced 

understanding of FSP and DTLL, ultimately leading to more effective decision-making in their 

design and implementation. By incorporating broader performance metrics, conducting detailed 

economic analyses, and exploring the impacts of higher platooning rates and safety factors, future 

studies can contribute significantly to improving urban road network efficiency and sustainability. 
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