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ABSTRACT 

 

Inefficient or improperly functioning traffic signals create frustrations for those who use 

them on a daily basis. Optimization of signal timings is one of the most cost-effective tools 

available to transportation professionals to improve the performance of the roadway system. It is 

a proven method for deceasing vehicle fuel consumption, vehicle emissions and motorist delays. 

The primary purpose of this study was to improve traffic flow along Atlanta Highway in the city of 

Montgomery, Alabama, and improve the efficiency of traffic signal operations. Additionally, the 

optimization aimed to reduced emissions and fuel consumption. For this study, a total of 14 

intersections were selected, which were poorly coordinated and included in 5 subsystems. Two-

hour traffic counts were conducted in the field during the PM peak hours and additional videos 

were recorded to monitor the field condition. Signal timing data were acquired from the central 

control system in the Traffic Management Center. Geometric data were obtained from Google 

Maps and verified in the field. Two traffic simulation tools, Synchro and TranSync, were used in 

this study. Synchro was utilized to analyze the operation conditions as well as optimizing the 

signal timings. TranSync was employed to diagnose and verify the timings in the field. It also 

helped with developing optimum signal timings for the corridor. Analysis of existing conditions 

indicated that the low efficiency of progression on the corridor was due to the long cycle length 

and inappropriate coordination. Thus, new timing plans were developed with optimized cycle 

length, offsets, and phasing sequence. Based on the before-and-after comparisons, the optimized 

timings increased the bandwidth of green band for both directions by at least 20%. Thus, they 

reduced the average delay by 20% and queue length by 25% for the through vehicles on the 

major arterial. Additionally, the new timing plans can shorten daily commuting time by 15%, which 

is roughly 4 minutes per vehicle per day. The overall benefits of signal timing optimization, which 

include the reductions of delay, emission, and fuel consumption, were high with a benefit/cost 

ratio (b/c ratio) of over 10:1. Transportation agencies can utilize the procedure to diagnose and 

verify existing timings in order to increase the reliability of traffic signal operations. The method 

introduced in this study can also be used to develop new timings to improve the corridor 

progression. The materials developed in this study can be provided to traffic engineers and 

college students for training purposes. 

  



iv 
 

Table of Contents 

Table of Contents ........................................................................................................ iv 

List of Tables................................................................................................................. v 

List of Figures .............................................................................................................. vi 

 Introduction ........................................................................................... 1 

1.1 Background ........................................................................................................... 1 
1.2 Objectives ............................................................................................................. 1 

 Literature Review .................................................................................. 3 

2.1 Signal Timing Optimization ................................................................................. 3 
2.2 Traffic Simulation Models ................................................................................... 9 
2.3 Benefits of Signal Timing Improvements ........................................................ 11 

 Methodology ........................................................................................ 13 

3.1 Traffic Signal Optimization Models .................................................................. 13 
3.2 Traffic Signal Timing Model Development and Adjustments........................ 14 
3.3 Field Diagnosis and Verification ....................................................................... 15 

 Data Collection .................................................................................... 17 

4.1 Site Description .................................................................................................. 17 
4.2 Data Collection ................................................................................................... 18 

 Analysis of Existing Condition ......................................................... 22 

 Analysis of Corridor Optimization ................................................... 26 

6.1 Optimization of Cycle Length ........................................................................... 26 
6.2 Optimization of Offsets and Phasing Sequences .......................................... 26 
6.3 Improvements on Operation and Progression ............................................... 30 
6.4 Corridor Benefits ................................................................................................ 32 

 Implementation and Fine-Tuning ..................................................... 36 

7.1 Schedule and Process ...................................................................................... 36 
7.2 Fine Tuning ......................................................................................................... 37 

 Conclusions and Recommendations .............................................. 40 

References ............................................................................................................... 42 

Appendix A: Optimized Signal Timing Plans 

Appendix B: Synchro Outputs 

Appendix C: Raw Signal Timing Data 

Appendix D: Phasing Diagrams 



v 
 

List of Tables 

Table 2.1 Minimum Green Time for Pre-timed and Actuated Signals (ALDOT 2015)
 .................................................................................................................................. 4 

Table 2.2 Proposed Signal Control at Intersections along Arterials (Gordon et al. 2005)
 .................................................................................................................................. 8 

Table 2.3 Proposed Signal Control at Intersections in Grid Systems (Gordon et al. 2005)
 .................................................................................................................................. 8 

Table 2.4 Annual Network Benefits from Signal Timing Optimization ................... 12 

Table 4.1 Intersections and Subsystems on the Study Segment .......................... 18 

Table 4.2 Data Collection of Turning Movement Counts ........................................ 19 

Table 4.3 Information Collected from Raw Timing Data ......................................... 21 

Table 5.1 Average Delay and LOS on the Major Arterial ........................................ 23 

Table 5.2 Average Queue Length on the Major Arterial .......................................... 23 

Table 6.1 Change in Traffic Performance Measures ............................................... 34 

Table 6.2 Corridor Benefits during PM Peaks .......................................................... 35 

Table 7.1 Adjustments to the AM Timing Plans ....................................................... 38 

 

 

 

 

 

 

 

 

 

 

 

 

 



vi 
 

List of Figures 

Figure 2.1 Time-Space Diagram of a Coordinated Timing Plan (NASEM 2015) ... 7 

Figure 3.1 Link-Node Diagram Developed in Synchro ............................................ 15 

Figure 3.2 Field Diagnosis and Verification Using TranSync ................................. 16 

Figure 4.1 Atlanta Highway Corridor Map ................................................................. 17 

Figure 4.2 Equipment for Counting Traffic Volumes ................................................ 19 

Figure 4.3 NEMA Standard Phasing Diagram .......................................................... 20 

Figure 5.1 Time-Space Diagram of Subsystems 1 to 3 .......................................... 24 

Figure 5.2 Travel Time on the Major Arterial ............................................................ 25 

Figure 6.1 Before TSD (Federal Dr to Bellehurst Dr) .............................................. 27 

Figure 6.2 After TSD (Federal Dr to Bellehurst Dr) .................................................. 28 

Figure 6.3 Before TSD (East Mount Plaza to East Eastern Blvd) .......................... 29 

Figure 6.4 After TSD (East Mount Plaza to East Eastern Blvd) ............................. 29 

Figure 6.5 Improvements in Major-Road Progression during PM Peaks (Eastbound)
 ................................................................................................................................ 30 

Figure 6.6 Improvements in Major-Road Progression during PM Peaks (Westbound)
 ................................................................................................................................ 31 

Figure 6.7 Travel Time before and after Optimization (Eastbound) ...................... 32 

Figure 6.8 Travel Time before and after Optimization (Westbound) ..................... 32 

Figure 7.1 Real-Time Trajectory-Based Field Verification ...................................... 37 

Figure 7.2 Ring-Barrier Diagram of Intersection at Perry Hill/Dalraida Rd ........... 38 

 



1 
 

 Introduction  
1.1 Background  

A well-timed, coordinated signal timing plan plays an irreplaceable role in 

mitigating the traffic congestion of urban roads (Wu et al. 2013). Optimized signal timing 

can reduce delay, increase the capacity of the urban road network, and improve traffic 

mobility. Traffic signal coordination has proven to be a low-cost method for improving 

traffic operations with a high benefit-cost (B/C) ratio up to 40:1 (Sunkari 2004). Traffic 

signals have many drawbacks when they fail to be designed properly, which may cause 

adverse impacts on motorist delay and safety (ALDOT 2015). Currently, existing signal 

timings in many small cities in Alabama have not been timely updated due to a lack of 

knowledge and training on how to use signal optimization tools. For instance, the signal 

timings on many intersections in the city of Montgomery were implemented more than 10 

years ago. Due to the lack of advanced simulation tools, many local agencies do not have 

alternative timing plans for work zones, major events, or traffic incidents. 

Currently, signal optimization software such as Synchro, TSIS, and VISSIM have 

been commonly used in developing optimized and coordinated timing plans. Many new 

features have been added to the latest versions of these software for developing adaptive 

and actuated signal timings in a short-time period. Past studies showed corridors have 

less delay and a better Level of Service (LOS) after optimizing signal timing (MnDOT 2013, 

Urbanik et al. 2015). 

This project applied advanced simulation tools (Synchro and TranSync) to optimize 

the traffic signal timings along the Atlanta Highway corridor from Federal Dr to Eastern 

Blvd in the City of Montgomery, Alabama. The project outcomes (tools and strategies) can 

be applied by other local transportation agencies in Alabama. 

 

1.2 Objectives  
The primary purpose of this project was to develop the optimized traffic signal 

timing to improve traffic flow along the Atlanta Highway corridor in the City of Montgomery, 

Alabama, while also maintaining efficient and safe travel for road users. Following are five 

tasks conducted to achieve the goals in this study: 

1. Collect existing traffic data, such as turning movement counts, signal timing 

plans, and intersection geometry. 

2. Develop and calibrate Synchro and TranSync models for the existing conditions. 
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3. Develop a set of new timing plans for different time periods. The focus was on 

afternoon peak hours when the most congestion occurs. 

4. Field implementation of new signal timings and fine-tuning of the offset between 

signals. 

5. Evaluate the operational performance and benefits based on before-and-after 

studies. 
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 Literature Review  
This chapter presents a literature review of signal timing studies in three 

categories: signal timing optimization, model calibration and verification, and benefits of 

signal timing improvements. 

 

2.1 Signal Timing Optimization 
2.1.1 Traffic Signal Timings and Control Algorithms  

This section gives a brief introduction of traffic signal timing concepts and typical 

control algorithms. 

 

Basic Actuated Control 

There are three key components arriving at the green time for a given phase: initial 

interval, unit extension, and maximum green (Roess et al. 2004). The initial interval and 

unit extension are set based on the detector layout on the approach served by the given 

phase. The maximum green can be set based on the desired operation at the signalized 

intersection. 

The initial interval plus the unit extension is the minimum green that an approach 

will receive if no additional detections are presented once the phase is given. Because the 

unit extension can be short, the majority of time in this minimum green is the initial interval. 

It should be designed to allow the space between the detector and the stop line to clear 

of vehicles (Roess et al. 2004). Because there are different types of detection at different 

sizes and distances from the stop bar, the initial interval can range from 0 seconds to as 

much as 20 to 30 seconds. Table 2.1 lists the recommended minimum green time by 

Alabama Department of Transportation (ALDOT) based on the type of street. 

 

 

 

 

 

 

 

 



4 
 

Table 2.1 Minimum Green Time for Pre-timed and Actuated Signals (ALDOT 2015) 

Movement Type 
Minimum Green Time (seconds) 

Pre-Timed Actuated 

Major Street Thru (≥45 mph) 20 20 

Major Street Thru (<45 mph) 15 15 

Major Street Left Turn 6 4 

Minor Street Thru 8 6 

Minor Street Left Turn 6 4 

 

The unit extension time is the time the green is extended for each arrival at the 

detector, from the instant of arrival at the detector (Roess et al. 2004). To avoid vehicles 

being hesitated/stopped between the detector and the stop line, the vehicle interval must 

be at least the “passage time” of a vehicle from the detector to the stop line. 

The maximum green is the total time to be allowed to the phase (Roess et al. 

2004). If each phase at an intersection will be called and consistently extended to the 

maximum green, then the actuated controller will replicate fixed-time operation, in which 

case the maximum green can be set to the optimized green time for a fixed-time operation. 

If the phase ends because the unit extension time expires without a new detection being 

sent to the controller, it is called “gap out”. Otherwise, if the phase ends because the 

maximum green has been reached, it is called “max out”. According to the ALDOT Traffic 

Signal Design Guide and Timing Manual (ALDOT 2015), the green time required to 

discharge n vehicles per cycle in a single lane is 2.1n+3.7 seconds. 

Two other important settings are the yellow clearance interval and the all-red 

interval. The purpose of the yellow clearance interval is to alert drivers that the green 

interval is being terminated and that right of way is being assigned to another movement. 

ALDOT recommends a yellow clearance interval between 3.0 and 6.0 seconds. Moreover, 

yellow intervals longer than 5.0 seconds may encourage red-light running. The purpose 

of the all-red interval is to allow any vehicles that entered the intersection during the yellow 

interval to safely clear the intersection before a green indication is given to a conflicting 

movement. ALDOT recommends using an all-red interval that is less than 3.0 seconds. 
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Semi-Actuated Coordinated Control 

In coordinated environments, only minor non-coordinated movements are 

actuated. The actuated features are turned off for the main street through phase since it 

serves the traffic movement to be coordinated. In this operation, the main street through 

phase receives a minimum green interval that is typically set to be long enough so that if 

it receives no other green time, it will still be of sufficient duration to serve the demand. 

The main street through phase also receives any time that is not used by the minor 

uncoordinated phases through their actuated operation. 

Providing coordination requires the introduction of three additional signal timings: 

cycle length, split, and offset (Roess et al. 2004). The semi-actuated operation requires 

three more signal timing parameters: yield point, force off, and permissive period. 

A cycle length is one complete sequence of signal indications (Roess et al. 2004). 

In a coordinated system, each intersection should have the same cycle length, which is 

called the system cycle length. At intersections with significantly less demand for minor 

movements, a cycle length that is half the system cycle length can also be used. Using 

such cycle length keeps the intersection coordinated with the system while reducing the 

wait time for minor-road traffics. 

The split for a given phase is the percentage of the cycle length devoted to the 

given phase (Roess et al. 2004). The split includes the green time and clearance 

interval(s). Splits are typically provided in percentage form, in which case the sum of all 

the splits at an intersection must equal 100%. 

Each intersection in the system will have an offset. The offset is defined as the 

difference between reference points in the system cycle length time and the beginning or 

end of the reference phase. The offsets are generally referenced to the beginning or end 

of green at the master controller (Roess et al. 2004). 

The yield point is the time in the cycle when the coordinated phase will end and 

yield to the non-coordinated actuated phases if the appropriate call has been placed 

(Koonce and Rodegerdts 2008). Each non-coordinated phase has an associated force-off 

point, which is assigned to each actuated phase so the phase being served can terminate 

to service another actuated phase. The beginning of each permissive period is usually the 

force-off point of the proceeding phase. The end permissive period is the time when there 

is still sufficient time remaining to service the minimum green or pedestrian crossing time 

(the greater of the two values) and all vehicle clearances. 
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Traffic Adaptive Signal Control Systems 

Adaptive Signal Control Technology (ASCT) adjusts the timing of each phase to 

accommodate changing traffic patterns and ease traffic congestion (FHWA 2017). By 

receiving and processing data from strategically placed sensors, ASCT can determine 

which traffic lights should be red and which should be green. Many choices are available 

from many vendors, with more in development. Available ASCTs include the Split Cycle 

Offset Optimization Technique (SCOOT), Sydney Coordinated Adaptive Traffic System 

(SCATS), Real-Time Hierarchical Optimized Distributed Effective System (RHODES), and 

Optimized Policies for Adaptive Control (OPAC) "Virtual Fixed Cycle" and Adaptive 

Control Software (ACS) Lite. 

SCOOT is a dynamic, on-line, real-time method of signal control that continuously 

measures traffic demand on all approaches to intersections in a network and optimizes 

the signal timings at each intersection to minimize delay and stops. Timing changes are 

small, to avoid major disruption to traffic flows, and frequently, to allow rapid response to 

changing traffic conditions (Siemens 2020).  

SCATS is an intelligent transportation system that manages the dynamic (on-line, 

real-time) timing of signal phases at traffic signals, meaning that it tries to find the best 

phasing (i.e. cycle times, phase splits and offsets) for a traffic situation (for individual 

intersections as well as for the whole network) (Sims and Dobinson 1980). SCATS is 

based on the automatic plan selection from a library in response to the data derived from 

loop detectors or other road traffic sensors.  

Input detector data from induction loops, video, etc. are taken by RHODES for real-

time measurement of traffic flow (Mirchandani and Head 2001). Estimates of the load on 

each particular link, in terms of vehicles per hour, can be calculated. The load estimates 

then allow RHODES to allocate "green time" for each different demand pattern and each 

phase.  

OPAC, which is also called “Virtual Fixed Cycle”, is an on-line control algorithm 

designed to optimize the performance of individual traffic signals. It is a building block for 

demand-responsive control of a distributed signal system (Gartner et al. 1991). 

ACS Lite, a reduced-scale version of the Federal Highway Administration’s 

(FHWA) Adaptive Control Software (ACS), offers small and medium-size communities a 

low-cost traffic control system that operates in real-time, adjusting signal timing to 

accommodate changing traffic patterns and ease traffic congestion (FHWA 2006). ACS 
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Lite can be used with new signals or to retrofit existing traffic signals. It is designed for 

closed-loop systems, providing cycle-by-cycle control. 

 

2.1.2 Bandwidth Maximization and Delay Minimization 

A green band is a “window” of green time through the arterial signal system through 

which a platoon of vehicles can travel without stopping (Roess et al. 2004). The duration 

of this window is the bandwidth. Figure 2.1 presents a Time-Space Diagram (TSD). The 

parallel arrows indicate the green band for each direction. The first and last of vehicle 

trajectories outline the bandwidth. As the bandwidth gets wider, potential progression 

opportunities increase for vehicles traveling along the coordinated corridor. To maximize 

the bandwidth and to move the anticipated platoons on the main street, settings such as 

cycle length, splits, and offsets need to be optimized. A typical software package that 

performs this type of signal system timing is Synchro. Another new software called 

TranSync has been showing cost-effective results in the field. They will be further 

introduced in the next chapter. 

 
Figure 2.1 Time-Space Diagram of a Coordinated Timing Plan (NASEM 2015) 

 

2.1.3 Arterial Signal Timing and Optimization 

Signal System Type 

According to the Traffic Control Systems Handbook (Gordon et al. 2005), the 

selection between pretimed, semi-actuated, and fully actuated control on arterials and grid 
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networks are listed in Tables 2.2 and 2.3, based on the cross-street traffic volumes and 

through traffic movements on the arterial.  

Each type of control offers varying performance and cost characteristics depending 

on the installation and prevailing traffic conditions. In general, the semi-actuated control is 

recommended unless the cross street has a high v/c (volume to capacity) ratio. It is 

anticipated that if the cross street is near saturation, the system would operate as a 

pretimed signal. 

 

Table 2.2 Proposed Signal Control at Intersections along Arterials (Gordon et al. 
2005) 

Cross Street Traffic 

V/C 

Turning 

Movements* 

Arterial Volume/Cross Street Volume 

< 1.3 > 1.3 

Low to Moderate 

V/C < 0.8 

< 20% Actuated1 Actuated2 

> 20% Actuated2 Actuated 

High 

V/C > 0.8 

< 20% Pretimed Pretimed 

> 20% Pretimed Pretimed 

*Percent of Arterial Through Traffic 

Notes: 
1Pretimed control at an intersection with balanced volumes and high turning traffic 

from the cross street without exclusive lanes. 
2Pretimed operation if the early start of the green leads to additional stops and delays 

at the downstream signal. Also, boundary intersections may operate as pretimed if 

they are critical to the arterial’s time-space diagram and define the leading edge of 

the green bandwidth. 

 

Table 2.3 Proposed Signal Control at Intersections in Grid Systems (Gordon et al. 
2005) 

Network 

Configuration 

Intersection 

V/C 

Number of Phases 

2 4 8 

Crossing 

Arterials 

< 0.8 Pretimed Actuated1 Actuated1 

> 0.8 Pretimed Pretimed2 Pretimed2 

Dense Network 
< 0.8 Fully Actuated3 Actuated Fully Actuated 

> 0.8 Pretimed Actuated Fully Actuated 
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Notes: 
1The through phases may operate as pretimed if the volumes on each arterial are 

approximately equal, or semi-actuated operation leads to additional stops at the 

downstream signal(s). 
2Left turn phases at critical intersections may operate as actuated. Any spare green 

time from the actuated phases can be used by the through phases. 
3Intersections that require a much lower cycle than the system cycle length and are 

located at the edge of the network where the progression would not be influenced. 

 

Signal Timing Optimization 

Synchro uses a performance index (PI) in the optimization of cycle length 

(Trafficware, 2014). It is calculated from the Percentile Signal Delay (D), a Queue Penalty 

(QP), and Vehicle Stops (St), as follows: 

𝑃𝑃𝑃𝑃 = (𝐷𝐷 × 1 + 𝑆𝑆𝑆𝑆 × 10 + 𝑄𝑄𝑃𝑃 × 100)/3600 

The PI is heavily affected by the queue penalty, which is calculated by multiplying the 

traffic volume in the queue by the percent of time blocked. 

Splits at each intersection are then optimized based on each lane group’s 90th 

percentile traffic flow divided by its adjusted saturation flow rate (Trafficware 2014). In 

optimizing offsets, Synchro evaluates the delays associated with different offsets and 

finalizes the best offset with the least delay. 

 

2.2 Traffic Simulation Models 

2.2.1 Overview of Traffic Simulation Software 

Synchro is a software originally developed for modeling and optimizing traffic 

signal timings (Jones et al. 2004). Synchro provides a Windows-based, easy-to-use 

solution for single intersection capacity analysis and signal timing optimization. In addition 

to calculating capacity, Synchro can also optimize signal timings. Its easy-to-use interface 

has made it an increasingly popular choice among traffic professionals. 

TranSync is the first of its kind and the only mobile tool currently available in the 

world for real-time diagnosis and evaluation of traffic signal timing plans using mobile 

devices (TranSync 2015). It enables users to develop virtual signal controllers on their 

mobile devices, which run the same timing plans as that running in the field. Together with 

its advanced features of geo-referencing and dynamic time-space diagram, it allows users 
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to easily diagnose common issues with actuated coordinated signals, such as phase early 

return, transition, clock drifting, and erroneous offset inputs. 

VISSIM is a microscopic, behavior-based multi-purpose traffic simulation to 

analyze and optimize traffic flows (Fellendorf and Vortisch 2010). It offers a wide variety 

of urban and highway applications, integrating public and private transportation. Complex 

traffic conditions are visualized in high level of detail supported by realistic traffic models. 

Highway Capacity Software (HCS) is a traffic analysis software that is produced 

by McTrans Moving Technology (Khasawneh and Obadat 2013). It is used to model 

signalized intersections, roundabouts, freeway facilities, two-lane two-way highways and 

multilane highways based on the procedures defined in the Highway Capacity Manual 

(HCM). With known traffic volumes and many other inputs, this software can determine 

the current and projected Level of Service (LOS) for all of the above traffic facilities. 

CORSIM is a comprehensive traffic simulation package developed to model 

surface streets, freeway systems, and combined networks having simple or complex 

control conditions. The strengths of the model lie in its ability to simulate a wide variety of 

traffic conditions from signalized arterial corridors and freeway corridors to stop-controlled 

intersections. Owen et al. (2000) presented an excellent overview of the CORSIM model 

and its uses. In particular, they focused on its ability to model special circumstances such 

as HOV(high occupancy vehicle) facilities and real-time adaptive traffic control systems. 

 

2.2.2 Model Calibration 

Calibration is defined as the adjustment of model parameters to improve the 

model’s ability to reproduce local driver behavior and traffic performance characteristics 

(Dowling et al. 2004). Verification is also essential to ensure the model replicates the 

existing field conditions. In general, the following variables need to be calibrated and 

verified: 

 Traffic volumes, 

 Signal timings, 

 Lane configurations, 

 Travel time runs, and 

 Queuing/congestion locations. 

For the traffic volumes, the default saturated flow rate is 1900 vehicle per lane per 

hour with the assumption of the average headway of 1.9 seconds. The saturated flow rate 



11 
 

will need to be adjusted based on the average vehicle headway observed in the field. 

Based on the field observations, lane configurations and queuing conditions can be 

compared with the model output. Other parameters can be adjusted include the total lost 

time, lane utilization factor, turning factors, area type, and buses and parking. Simulation 

animation can be also used to verify the model input with the field condition. 

 

2.3 Benefits of Signal Timing Improvements 

Many anticipated benefits of traffic signal coordination were pointed out in past 

studies (Roess et al. 2004) including:  

 Reduction in user costs resulting from fewer stops and delay, 

 Queue length reduction which reduces queue spill-back between 

intersections, 

 Conservation of energy and the preservation of the environment, 

 Maintenance of a preferred speed on the arterial, which can be used as a form 

of speed control, and 

 Formation of platoons of traffic, which tends to smooth traffic flow, reduce 

speed differentials, and shorten queues. 

American Association of State Highway Transportation Officials (AASHTO 2003) 

also indicated that the three savings in user costs resulting from traffic signal timing 

improvements are: 

 Travel time improvements resulting from less delay experienced by vehicle 

users. 

 Lower operating costs resulting from a reduction in the time spent idling or 

traveling very slowly while queued. 

 Lower accident costs, if applicable. 

Table 2.4 shows the overall measure of effectiveness (MOE) improvement for the 

various traffic signal system improvement projects in Texas (Fambro et al. 1992). Though 

new equipment can bring cutting-edge features, the evaluation shows that periodic 

updating of timing plans proves to be more beneficial than upgrading the equipment. The 

benefit/cost (B/C) ratio can be as high as 65:1. Even though it is important to note that 

signal timing optimization can increase delays and/or fuel consumption on side streets, 

these increases in delay or fuel consumption often prove negligible compared with the 

total network improvement. 
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Table 2.4 Annual Network Benefits from Signal Timing Optimization 
Coordination/Equipment 

Status 

Reduction in 

Stops (%) 

Reduction in 

Delay (%) 

Reduction in Fuel 

Consumption (%) 

Uncoordinated arterial with 

existing equipment 
10 24 8 

Uncoordinated arterial with 

new equipment 
18 21 14 

Partially coordinated 

arterial with existing 

equipment 

6 9 3 

Partially coordinated 

arterial with new 

equipment 

15 18 3 

Coordinated arterial with 

existing equipment 
16 23 17 

Coordinated arterial with 

new equipment 
14 23 12 
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 Methodology 
This chapter summarizes the following methodologies utilized in this study: the 

selection of traffic simulation models, the diagnosis of inputs in the field, the optimization 

of timing plans, and the verification of the results. 

 

3.1 Traffic Signal Optimization Models 
Numerous traffic signal optimization models have been developed by public 

agencies, research organizations, and private vendors/consultants. Methodologies of 

these models are mostly based on the Highway Capacity Manual (HCM) procedures. 

However, they are primarily designed to develop optimal signal phasing and timing plans 

for isolated signal intersections, arterial streets, or signal networks. This may include 

capacity calculations, cycle length and split optimizations, and coordination/offset plans. 

Two advanced traffic simulation tools were selected in this study, which are Synchro 9.0 

and TranSync. 

Synchro is a macroscopic analysis and optimization software application. Synchro 

supports the Highway Capacity Manual’s (HCM) 6th Edition, 2010 and 2000 for signalized 

intersections, unsignalized intersections, and roundabouts. Synchro also implements the 

Intersection Capacity Utilization method for determining intersection capacity. Synchro’s 

signal optimization routine allows the user to weigh specific phases, thus providing users 

more options when developing signal timing plans. 

TranSync has two different versions, TranSync-D and TranSync-M. TranSync-D, 

which is the abbreviation for TranSync-Desktop, is the Windows-based desktop 

application with enhanced features for systematic management, optimization, and 

performance evaluation of traffic signal timing plans. It provides users with many advanced 

and easy-to-use functions to meet the various needs of different levels of skills and 

backgrounds by traffic signal engineers. TranSync-M, which is short for TranSync-Mobile, 

is the first of its kind and the only mobile tool currently available in the world for real-time 

diagnosis and evaluation of traffic signal timing plans using mobile devices. It enables 

users to develop virtual signal controllers on their mobile devices, which run the same 

timing plans as running in the field. Together with its advanced features of geo-referencing 

and dynamic time-space diagrams, it allows users to easily diagnose common issues with 

actuated coordinated signals, such as phase early return, transition, clock drifting, and 

erroneous offset inputs. 
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3.2 Traffic Signal Timing Model Development and Adjustments 

Synchro was utilized to develop coordinated traffic signal timing plans. The link-

node diagram was created first (Figure 3.3). Each intersection is considered as a node. 

The link distance is measured from the center of one intersection to the center of the 

adjacent intersection. The link distance between adjacent intersections was first measured 

from Google Maps and then scaled in Synchro. The speeds assigned to a link match on-

street regulatory speed limits from Google Maps. The primary settings of the simulation 

model are geometric, volume, and timing settings. 

Geometric inputs such as lane settings were obtained from Google Maps and later 

verified in the field. Storage length is used for analyzing potential blocking problems. The 

number of storage lanes, their lengths, and actual lane widths were collected and 

measured by using Google Maps. Channelized right-turn lanes were coded according to 

the field condition, in which all of them are under yield control. No noticeable grade was 

reported. For the area type, the corridor was classified as a non-Central Business District 

(CBD) environment. 

As turning movement counts were conducted in 15-min intervals, the highest 15-

min counts were multiplied by four as the hourly volumes. A value of 1.00 was used as 

the peak hour factor. Heavy vehicles are defined as those with more than four tires 

touching the pavement. The heavy vehicle percentage was calculated based on the field 

counts. Adjustments to the ideal saturated flow (vphpl) are to ensure that saturated flow 

replicates field conditions as much as possible. The default ideal saturation flow is 1900 

passenger car per hour per lane, with the assumption of the average headway of 1.9 

seconds. The field measurement indicated an average headway of 2.0 seconds. Thus, 

the adjusted saturated flow was set as 1800 vphpl. 
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Figure 3.1 Link-Node Diagram Developed in Synchro 

  

The mode of control which is included with the signal timings information was 

provided by the city. The Atlanta Highway corridor is configured to operate in semi-

actuated mode, in which the detection is provided only on the side-street approaches. It 

is used to provide progressive vehicle flow through a series of controlled intersections. 

The major-road signals remain green until a call for service is placed by the minor-street 

detectors. 

 

3.3 Field Diagnosis and Verification 
TranSync-M demonstrates in both standard double-ring format and graphical 

illustration the real-time signal timing information on the mobile device, as shown in Figure 

3.4-a. After coding the signal timings in TranSync, each signal runs in real-time the same 

signal timing plans as that run in the field controllers, if the inputs are correct and no failure 

of controllers in the field. To verify the timing in the field, a coordinated phase was first 

selected to make synchronization when the selected phase was about to reach the 

beginning of all-red time. The timing in TranSync was then synchronized with the controller 

by tapping on the phase in the TSD(traffic speed deflectometer). Once one coordinated 

intersection was synchronized, the other coordinated intersections should be running the 
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same timing plans as shown in TranSync. If not, either the input or the controller in the 

field is not set correctly. 

To verify the corridor progression, the vehicle trajectory was automatically mapped 

to a TSD for performance analysis. The speed, travel time, GPS coordinates, queue 

length, and number of stops were recorded. Using vehicle trajectory instead of traffic 

counts to evaluate the performance of the signal timing can greatly reduce the workload 

and budget. 

 

  
(a) Intersection Diagnosis (b) Corridor Verification with TSD 

Figure 3.2 Field Diagnosis and Verification Using TranSync 
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 Data Collection 
4.1 Site Description 

The Atlanta Highway, as shown in Figure 3.1, is a major arterial that is parallel to 

I-85 in the City of Montgomery, AL. It has 26 intersections in total. The 26 signals were 

previously grouped into 5 subsystems. This project focuses on the busiest segment of 3.7 

miles, which contains 14 intersections. Table 3.1 summarizes the 14 intersections and 

their subsystems, as well as the cycle lengths for PM peak hours. Signals within the same 

subsystem were coordinated; however, signals from different subsystems were not. 

Having the excessive number of subsystems on a relatively short corridor was the original 

cause of unnecessary stops for through traffic. Congestion and queuing problems have 

been reported on this corridor, especially during the PM peak hours on weekdays. 

 

 
Figure 4.1 Atlanta Highway Corridor Map 
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Table 4.1 Intersections and Subsystems on the Study Segment 

Subsystem Intersection 
PM-Peak Cycle Length (s) 

(Before Condition) 

1 
Federal Dr 

150 
Bradley Dr 

2 

Forest Hills Dr 

150 Coliseum Blvd 

Wares Ferry Rd 

3 

Perry Hill/Dalraida Rd 

235 New Publix 

Bellehurst Dr 

4 

East Mount Plaza 

200 

Faulkner 

Carol Villa Dr 

Food World 

West Eastern Blvd 

East Eastern Blvd 

 

4.2 Data Collection 
Data collection includes four parts: turning movement counts, signal timing plans, 

geometric data, and video data.  

Two-hour turning movement counts were conducted at those 14 intersections on 

Atlanta Highway from 4:00 PM to 6:00 PM on typical weekdays. The turning movement 

counts consist of traffic volumes from each direction and the number of heavy vehicles 

during each 15-min interval. Figure 4.2 lists four types of equipment that were used for 

recording traffic volumes. The digital turning movement counter (Jamar TDC-12) was used 

at four large intersections. It was operated by one person and recorded all turning 

movements at an interval of 15 min. The mechanical counters were used at intersections 

with low volumes. Numbers were recorded on the data sheet every 15 min. Mobile apps 

were also utilized for counting traffic volumes due to the budget. They worked similarly to 

the mechanical counters. Video cameras were installed at large intersections for help 

collecting the turning movement counts and monitoring congestion situations. The typical 

installation locations are traffic sign supports near the intersections. A total of 28 hours of 

turning movement counts and 160 hours of video data were collected in the field. 
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(a) digital counter (b) mechanical counter 

 
 

(c) mobile phone app (d) traffic camera 

Figure 4.2 Equipment for Counting Traffic Volumes 
 

Table 4.2 Data Collection of Turning Movement Counts 
Direction Number Minor Road Equipment Date 

West 1 Federal Dr Digital counter 

1/31/2018 

  2 Bradley Dr APP 
3 Forest Hills Dr APP 
4 Coliseum Blvd Camera 
5 Wares Ferry Rd Digital counter 
6 Perry Hill Rd Camera 
7 New Publix Mechanical counter 
8 Bellehurst Dr Mechanical counter 
9 East Mount Plaza Mechanical counter 

10 Faulkner Digital counter 

2/7/2018 
11 Carol Villa Dr APP 
12 Food World Digital counter 
13 West Eastern Blvd Camera 

East 14 East Eastern Blvd Camera 
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The existing signal timing plans (see Appendix C) were acquired from the Traffic 

Management Center (TMC). The plans provide detailed timing settings; however, they 

were not coded following the standard National Electrical Manufacturers Association 

(NEMA) phasing (Figure 3.2), which is commonly used in the industry. Therefore, the 

existing signal timing data needs to be translated first based on the phasing diagrams (see 

Appendix D) as NEMA phasing is commonly accepted by traffic simulation tools. 

 

 
Source: https://ops.fhwa.dot.gov/publications/fhwahop08024/chapter4.htm 

Figure 4.3 NEMA Standard Phasing Diagram 
  

 Table 4.3 summarizes the major information collected from the raw timing data. 

The timing data required by Synchro and TranSync comes from the following parts: phase 

data, general coordination data, split times and phase modes, dial/split and cycle, traffic 

plan data, and local TBC data. The phase data and general coordination data list basic 

timing data and the reference phase for corridor coordination. After reviewing the phase 

data and general coordination data, it’s recommended to refer to the local TBC data first 

in order to identify the correct timing plans for the specific time of day and day of week. 

Then, the phase splits, cycle length, and coordination mode can be determined. 

https://ops.fhwa.dot.gov/publications/fhwahop08024/chapter4.htm
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 Afterwards, TranSync-M was used to verify the input and diagnose potential 

failures in the field. Researchers synchronized the timing in the mobile app with the field 

condition first. At each intersection, three cycles were observed to ensure that the field 

condition was running the same timing plans as the app. In one instance, the field 

diagnosis found that the initial settings of reference phases were incorrect. Additionally, 

one cabinet wasn’t responding to the call from the TMC, which was fixed by technicians 

in the field later. The outcome of diagnosis proves that field verification is essential before 

furthering the analysis. So far, TranSync is the only tool that can efficiently conduct the 

field diagnosis. 

 
Table 4.3 Information Collected from Raw Timing Data 

Data Description 

Phase Data 

This part includes basic timings such as 
minimum green time, maximum green 

time, passage time, yellow interval, and 
all-red interval. 

General Coordination Data 

The offset mode indicates the reference 
phase. “0=Beg Grn” means that the offset 

point is at the start of the coordinated 
phases (e.g., phases 2 and 6). 

Split Times and Phase Modes This part provides details of phase splits 
and the control mode of each phase. 

Dial/Split and Cycle The general cycle lengths are 
summarized according to different modes. 

Traffic Plan Data This part lists detailed cycle lengths 
associated with timing plans. 

Local TBC Data 
This part helps to determine the timing 
plan executed during a specific time of 

day and day of week. 
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 Analysis of Existing Condition 
This chapter discusses the existing condition of Atlanta Highway, including control 

type, delay, LOS, queue length, and travel time. Findings will be used to develop the 

optimized signal timing plans for the corridor. 

The existing control type on Atlanta Highway is semi-actuated, which means the 

major-road through phases are coordinated and the minor-road phases are actuated. 

According to the traffic volume data, most intersections have low v/c ratios on minor streets 

and the minor-road volumes is much lower than that on the major road. As indicated in 

the literature, the semi-actuated control type is appropriate for Atlanta Highway. 

Table 5.1 summarizes the average delay and LOS at each intersection on the 

major arterial. Through vehicles have short delay and good LOS at most intersections 

because of the relatively low traffic volumes from minor roads. As a result, the green time 

of major-road through movements are greatly extended with the “early-return-to-green” on 

minor roads. However, “early-return-to-green” may cause congestions at downstream 

intersections with larger traffic volumes from minor roads. Given the factors of “early-

return-to-green” from upstream intersections and existing subsystems being poorly 

coordinated, intersections of Coliseum Blvd, Perry Hill Rd, New Publix, and Carol Villa 

have LOS of C or worse. Among them, the intersection of Perry Hill Rd has the worst 

scenario (LOS F for EB). Besides, other movements at each intersection such as the 

major-road left-turn movements and the minor-road movements suffer from the extremely 

long waiting time caused by the long cycle lengths (see Appendix B). Thus, the 

recommendation for existing conditions in addition to optimizing offsets and phasing 

sequence is to reduce the cycle length 

 Table 5.2 lists the average queue length at each intersection. The intersection at 

Perry Hill Rd is again proved to be the bottleneck. The EB queue length is over 1,400 ft 

which means that traffic in queue has to wait more than one cycle to pass the intersection. 

Based on the field observation, the majority of the queue results from the “early-return-to-

green” from the upstream intersections. Due to the lower volumes of the minor roads at 

those intersections, the extended green time on major-road through movements provides 

extra time for through vehicles, which make them eventually stack up at the intersection 

of Perry Hill Rd. During the busiest 15-min time period (17:15-17:30), about 70% of the 

queue can be cleared each cycle while the rest 30% needs to wait for another full cycle. 
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Table 5.1 Average Delay and LOS on the Major Arterial 
Subsystem Intersection EB Delay (s/veh) EB 

LOS WB Delay (s/veh) WB 
LOS 

System 1 
Federal Dr 0.6 A 12.3 B 
Bradley Dr 5.7 A 0.9 A 

System 2 
Forest Hills Dr 14.9 B 1 A 
Coliseum Blvd 23.9 C 30.9 C 

Wares Ferry Rd 5.8 A 21.6 C 

System 3 
Perry Hill Rd 124.4 F 15.8 B 
New Publix 28 C 30.4 C 

Bellehurst Dr 1.7 A 1.8 A 

System 4 

East Mount Plaza 16.1 B 5.7 A 
Faulkner 9.5 A 8.7 A 

Carol Villa Dr 22.4 C 1.7 A 
Food World 7 A 7.2 A 

West Eastern Blvd 9.3 A 8.5 A 
East Eastern Blvd 7.6 A 17.3 B 

 

Table 5.2 Average Queue Length on the Major Arterial 
Subsystem Intersection EB Queue Length (ft) WB Queue Length (ft) 

System 1 Federal Dr 0 154 
Bradley Dr 582 33 

System 2 
Forest Hills Dr 525 22 
Coliseum Blvd 832 636 

Wares Ferry Rd 187 303 

System 3 
Perry Hill Rd 1425 86 
New Publix 506 928 

Bellehurst Dr 47 111 

System 4 

East Mount Plaza 686 182 
Faulkner 337 253 

Carol Villa Dr 459 22 
Food World 83 219 

West Eastern Blvd 170 241 
East Eastern Blvd 273 665 

 

Subsystems 1 to 3 are closely spaced within 2 miles, which indicates a potential 

for the two to be coordinated together. Figure 5.1 shows the existing time-space diagram 

(TSD) of subsystems 1 to 3. The coordination within each subsystem is good. However, 

subsystems are poorly coordinated with each other. The green band presents the EB band 

and the blue one is the WB band for through vehicles. From the TSD, through vehicles 

are not likely to clear all the intersections without having stops. Moreover, they have higher 
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chance of stopping at intersections of Perry Hill Rd and New Publix. Factors such as 

different cycle lengths, uncoordinated offsets, and failure of using proper phase sequence 

contribute to the low efficiency of the progression. Thus, there is a need to develop a 

common cycle length to coordinate these three subsystems. 

The distance between subsystem 3 and 4 is over 1 mile; therefore, subsystem 4 

is not suggested to be coordinated with the other subsystems. The TSD of subsystem 4 

shows that the coordination within the subsystem is good but still has potential to be 

improved. Hence, the recommendation is to further optimize existing coordination. 
 

 
Figure 5.1 Time-Space Diagram of Subsystems 1 to 3 
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Figure 5.2 Travel Time on the Major Arterial 

 

Figure 5.1 shows the travel time on the corridor under the existing traffic signal 

timing plans. The travel time significantly increases after 17:00 and is peaked between 

17:15 and 17:30 for both directions. According to the field driving tests, roughly 20% of 

travel time is wasted by waiting in the queue and making unnecessary stops, which shall 

be reduced by the optimized signal timing plans. 

To conclude, the existing coordination is good within subsystems, but subsystems 

are not well coordinated with each other. The number of subsystems needs to be reduced 

in order to improve the progression of the corridor. The optimization of existing signal 

timing plans needs focus on 1) reduced cycle length and 2) optimized offsets and phasing 

sequences. 
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 Analysis of Corridor Optimization 
6.1 Optimization of Cycle Length 

The optimized plans categorized 14 intersections into 2 subsystems to improve the 

progression on the corridor. 8 intersections from Federal Dr to Bellehurst Dr were grouped 

in the same subsystem, while the remaining 6 intersections were included in another 

subsystem. To avoid interrupting the existing progression with the adjacent 

upstream/downstream intersections, timings of intersections at Federal Dr and East 

Eastern Blvd remain unchanged.  

For the first subsystem (Federal Dr to Bellehurst Dr), a common cycle length needs 

to be developed to coordinate the intersections. The cycle length for a coordinated group 

of intersections can be based on the cycle length required at the critical intersection 

(NASEM 2015). Using this methodology, a cycle length is established that will sufficiently 

maintain undersaturated conditions at the critical intersection. While there are several 

critical intersection methods, the traditional method uses Webster’s model to determine 

the optimal cycle length. The formula is as follows: 

𝐶𝐶 =
1.5𝐿𝐿 + 5
1.0 − 𝑌𝑌

 

where 

 C = optimum cycle length (s), 

 Y = critical lane volume divided by the saturation flow, summed over the phases, 

and 

 L = lost time per cycle (s). 

In this subsystem, the critical intersection is the intersection at Perry Hill/Dalraida 

Rd. The lost time, which includes the sum of start-up lost time and clearance lost time, is 

4 seconds/phase according to HCM. The ratio of critical lane volume to the saturated flow 

is roughly 0.8. Thus, the optimum cycle length is calculated as 150 seconds. The splits 

were defined by the traffic volumes in each phase.  

 

6.2 Optimization of Offsets and Phasing Sequences 

Offsets and phasing sequences were adjusted in order to increase the bandwidth 

of the corridor. The sequence of phases, particularly left-turn phases, can significantly 

affect corridor operations. The most common phase sequencing decision - whether to lead 

or lag left turns - can have a particularly strong impact on bandwidth (in both directions) 
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along a corridor. Other phase sequence decisions (such as the sequence of left turns on 

the minor street or the sequence of split phasing on the minor street) often have less 

impact on bandwidth and delay but should also be considered (NASEM 2015). 

Bandwidth attainability is a measure of the corridor progression. The attainability 

is the ratio of the total bandwidths to critical phase lengths for each of the directions on 

the arterial (MnDOT 2017). Attainability is a measure of how much of the maximum 

available green is used for through progression. The higher ratio represents better 

progression. 

It can be seen from Figure 6.1 that, before optimizing the cycle length, phasing 

sequence, and offset, there is only one through band for the eastbound through movement 

with a bandwidth of 4 seconds and the maximum attainability is only 0.06. The westbound 

movement has no available band, which indicates that it is impossible for through vehicles 

to pass all the intersections without having a stop. Evidently, the coordination was in poor 

condition. After optimization (Figure 6.2), the through bands for both directions have been 

significantly improved as shown on the TSD. The bandwidths are 41 seconds for both 

directions. Meanwhile, the attainability of both directions has been increased to 0.71 

(eastbound) and 0.79 (westbound).  

 

 
Note: Green = Eastbound Band; Blue = Westbound Band. 

Figure 6.1 Before TSD (Federal Dr to Bellehurst Dr) 
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Note: Green = Eastbound Band; Blue = Westbound Band. 

Figure 6.2 After TSD (Federal Dr to Bellehurst Dr) 
 

The second subsystem contains intersections from East Mount Plaza to East 

Eastern Blvd. Because downstream intersections were coordinated with the same cycle 

length (200 seconds), the cycle length in this subsystem remained unchanged. Offsets 

and phasing sequences were adjusted to maximize the bandwidth attainability. As shown 

in Figure 6.3, the eastbound through movements have a bandwidth of 71 seconds and the 

attainability is 0.62 before optimization. While the westbound bandwidth is 89 seconds 

with an attainability of 0.69. The coordination is acceptable, but it can be further improved. 

After optimizing the offsets and phasing sequences (Figure 6.4), bandwidths of both 

directions are 103 seconds. The attainability of the eastbound movement is 0.89 and 

westbound 0.80. 
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Note: Green = Eastbound Band; Blue = Westbound Band. 

Figure 6.3 Before TSD (East Mount Plaza to East Eastern Blvd) 
 

 
Note: Green = Eastbound Band; Blue = Westbound Band. 

Figure 6.4 After TSD (East Mount Plaza to East Eastern Blvd) 
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 The bandwidth shows that through vehicles are more likely to pass all the 

intersections without having a stop after signal timing optimization, with the increased 

bandwidth and attainability. On another note, the decrease of delays and queue lengths 

on major-road through movements is considered as another important measure of 

progression.  

 

6.3 Improvements on Operation and Progression 

 Figure 6.5 shows the control delays and queue lengths for the eastbound through 

vehicles on Atlanta Highway. Most of the intersections have decreased control delays after 

optimization. Some remain at a similar or slightly increased delay because of the corridor 

coordination. On average, the delay is reduced by 19% after signal timing optimization. 

The queue lengths are significantly reduced, especially at the intersection of Perry 

Hill/Dalraida Rd. The queue length decreases by about 400 ft (27%) after optimization, 

which is in line with the field observation.  

 In addition, Figure 6.6 presents the control delays and queue length for the 

westbound direction. On average, the delay was reduced by 19% and the queue lengths 

shortened by 26%. 

 

 
Figure 6.5 Improvements in Major-Road Progression during PM Peaks 

(Eastbound) 
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Figure 6.6 Improvements in Major-Road Progression during PM Peaks (Westbound) 

 

Ten test driving runs during PM peaks on typical weekdays were conducted for 

both directions before and after the optimization.  

Figure 6.7 presents the comparison of travel time in the eastbound direction before 

and after the signal timing optimization. This direction has a large traffic volume during PM 

peaks because of the commuting from work to home. The major congestion in this 

direction is caused by the queuing problem on the major-road through lanes at the 

intersection of Perry Hill/Dalraida Rd. The travel time is about 9 to 10 minutes before 5:00 

PM. Typically, the most congested time is between 5:00 PM and 5:30 PM. The travel time 

peaks at nearly 14 minutes. When approaching 6:00 PM, the travel time starts to decrease. 

On average, the travel time is reduced by 10% to 15% depending on the time during PM 

peak hours. The time savings are roughly 1.5 to 2 minutes.  

Similarly, the new timing plan also saves travel time for the westbound direction 

(Figure 6.8). The travel time starts to increase after 5:00 PM because of activities after 

work such as dining. However, the overall travel time is much shorter than the eastbound 

direction because of a lower traffic volume. The new timing plan is able to shorten the 

travel time by roughly 12% to 15%. The major congestion is caused by the insufficient 

capacity of major-road left-turn storage at the intersection of Perry Hill/Dalraida Rd. 
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Figure 6.7 Travel Time before and after Optimization (Eastbound) 

 

 
Figure 6.8 Travel Time before and after Optimization (Westbound) 

 

6.4 Corridor Benefits 

Signal timing projects typically have one of the highest benefit-cost ratios for 

transportation projects. The primary benefits include a reduction in travel time, fewer 

vehicle stops, decreased vehicle emissions (carbon monoxide, nitrogen oxides, and 

hydrocarbons), decreased fuel consumption, and lower user costs to motorists. The 

benefits of a signal re-timing project impact individual motorists as well as the greater 
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community. Secondary benefits, which are more difficult to measure, can also include 

increased safety, reduced driver frustration, and lower vehicle maintenance costs. 

The primary benefits of signal re-timing can be measured through the collection of 

“before” and “after” travel time/delay data. The collection of travel-time data to verify signal 

re-timing benefits is a time-tested and well-proven method that is used by transportation 

agencies throughout the United States. “After” run data were collected by using 

TranSync’s GPS collection application. The performance measure data (travel time, 

delays, stops, speed, etc.) were recorded from the application.  

A measure of fuel consumption was obtained using a model developed by the 

University of Florida Transportation Research Center which is utilized by the Synchro 

traffic signal timing modeling software. The model is a linear estimate based on a 

combination of total travel, delay, and stops. The equation for estimating fuel consumption 

is: 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐹𝐹𝐶𝐶𝐹𝐹𝐶𝐶 = 𝐾𝐾𝑖𝑖1 × 𝑇𝑇𝑇𝑇𝑖𝑖 + 𝐾𝐾𝑖𝑖2 × 𝐷𝐷𝑖𝑖 + 𝐾𝐾𝑖𝑖3 × 𝑆𝑆𝑖𝑖 

where,  

Kij = coefficients which are functions of corridor cruising speed on each link, 

TTi = total travel in vehicle-mile per hour, 

Di = total delay in vehicle-hour per hour, and 

Si = total stops in vehicle per hour. 

Emissions were calculated from the fuel consumption, based on the passenger car 

emission rates developed by the Environmental Protection Agency 

(https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator). The following 

equations were used to calculate carbon monoxide (CO) (carbon dioxide or CO2 

equivalent), nitrogen oxide (NOx) and hydrocarbon emissions (HC) [or volatile organic 

compounds (VOCs)]: 

 CO = 8.85 kilograms/gallon of gasoline 

 NOx = 0.03 kilograms/gallon of gasoline 

 HC = less than 0.01 kilograms/gallon of gasoline 

The before-and-after data were compared to assess the change in performance 

measures for each corridor and to determine travel time, fuel and emission benefits. 

Using the procedures described above, the before and after travel data were 

measured for the 14 intersections on the corridor. The benefits were subsequently 

calculated. Traffic performance measures were calculated for the corridor during PM 

peaks. Table 6.1 shows the percent change for each of these measures from the before 
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condition to the after condition. They were collected from the simulation results. Additional 

field test driving was conducted to measure the travel time during AM and PM peaks. On 

average, the travel time was about 12 minutes during peak hours before. The new timing 

plans have reduced the travel time by roughly 1.5 minutes for each direction.  

 

Table 6.1 Change in Traffic Performance Measures 
Performance Measure Peak Period 

Reduced Vehicle Stops 5.8% 

Reduced Vehicle Delays 8.1% 

Reduced Travel Time 2.5% 

Reduced Fuel Consumption 3.3% 

Reduced Emissions 3.3% 

 

Table 6.2 presents the corridor benefits in terms of vehicle travel time reduction, 

decreased fuel consumption, emissions reductions and overall cost savings. According to 

the 2019 Urban Mobility Report (Schrank et al. 2019), the value of time per auto commuter 

is about $ 20.0/hour per vehicle. Additionally, vehicle occupancy is roughly 1.6 persons 

per vehicle during peak hours. Therefore, the delay value per person is defined as 

$12.5/hour. The fuel costs of $ 2.01/gallon were based on the average price of unleaded 

regular gasoline for Lee County, Alabama during the year of 2019, as reported by the 

American Automobile Association (AAA). Carbon monoxide has the largest reduction 

among the three pollutants. When CO is released into the atmosphere it combines with 

oxygen to form carbon dioxide (CO2). CO2 is a primary contributor to greenhouse gases. 

According to the United States Environmental Protection Agency, the carbon offset is 

$41.7/metric ton in 2020 (EPA 2013). 

 It is to be noted that the savings presented in Table 6.2 only account for the 

benefits during PM peak hours (2 hours). The initial costs of signal timing optimization 

include the software license fee and labor costs, which amount to less than $10,000. The 

b/c ratio is more than 10:1 based on the 2-hour duration. The city of Montgomery has been 

using the new timing plans for all the weekdays. The AM peak plan runs from 6 AM to 8 

AM and the PM peak plan is from 2 PM to 6 PM. Therefore, the true benefits from signal 

timing optimization for this corridor could be much higher than the estimation. 
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Table 6.2 Corridor Benefits during PM Peaks 

 
Travel Time 

Reduction (Hours) 

Fuel Reduction 

(Gallons) 

Emission Reduction 

(kg) 

Amount/hour 13 27 1.87 

Value $12.5/hour $2.01/gallon $0.0417/kg 

PM Peak Savings $325.00 $108.54 $0.16 

Annual Savings $84,500 $28,220 $42 

Total Savings $112,762 

Note: Annual savings include 260 weekdays only. 



36 
 

 Implementation and Fine-Tuning  
7.1 Schedule and Process 

The Auburn team began to design the new signal timing plans in March 2018. The 

implementation of new signal timing plans of old systems 1-3 was done in September 

2018. The old system 4 was replaced with new signal timing plans in September 2019. 

The implementation process generally included the following steps: 

1. Implement new timings at the TMC. 

2. Verify signal operations at each intersection using TranSync. 

3. Check individual intersections for any capacity or queuing problems. 

4. Perform corridor test driving and collect the vehicle’s trajectory using 

TranSync. 

5. Recommend fine-tuning adjustments based on field observations and public 

feedback. 

6. Re-check corridor progression and individual intersection operations. 

7. Adjust final timings as needed. 

Figure 7.1 presents the sample results of field verification using TranSync. These 

intersections are those from Federal Dr to Bellehurst Dr (from top to bottom). Alongside 

the TSD, the GPS coordinates of the vehicle were recorded as a format of its trajectories. 

The green band represents the eastbound green band, while the blue band indicates the 

westbound green band. To be noted, trajectories may be outside the band due to the 

“early return to green” on the minor road. A “platform” in the trajectory means a slow-

down/queuing condition. The length of the queue is the distance between the “platform” 

and the downstream intersection. The width of the “platform” indicates the length of the 

waiting time in seconds. No “platform” exists for the westbound trajectories as all the 

westbound test driving can pass the eight intersections without having a stop. Four out of 

five times, the eastbound vehicle was able to clear all the intersections. The vehicle, 

however, completely stopped one time and waited for a whole cycle at the intersection of 

Perry Hill/Dalraida Rd. After reviewing the field videos, it was found that the congestion 

was caused by two semi-trucks. Those trucks needed a longer time to accelerate, which 

slowed down the nearby vehicles. Typically, vehicles can pass the eight intersections 

without having a stop if no heavy vehicle was in the queue at the intersection of Perry 

Hill/Dalraida Rd.  
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Note: Green = Eastbound Band, Blue = Westbound Band. 

Figure 7.1 Real-Time Trajectory-Based Field Verification 
 
7.2 Fine Tuning 

Feedback from the public was received about the congestion on the southbound 

(SB) at the intersection of Atlanta Highway and Perry Hill/Dalraida Rd during morning 

peaks. According to the field observation and videos collected, the SB queue on the left-

through lane contained 23 vehicles on average during the peak 15 minutes. Over 80% of 

vehicles (18 vehicles) in the queue can pass the intersection during one cycle without 

heavy vehicles (e.g., school buses, semi-trailer trucks, pickups with trailers) in the queue; 

with their presence, only half of the queue (11 vehicles) can clear during one cycle. The 

hypothesis for this problem was that the timing plan was designed for PM peaks initially, 

though this was a balanced plan for both directions. The AM signal timing plan could be 

adjusted considering the difference in traffic volumes between AM and PM peaks. 

Thus, adjusted timings were calculated based on the AM traffic volumes. The splits 

of one cycle are determined by the volumes on major and minor roads (Equations 7.1 and 

7.2). Since the major-road phases are controlled by two rings as shown in Figure 7.1, the 

major-road split should be decided by the larger volume as shown in Equation 7.3. While 

the minor-road split is based on the sum of traffic volumes from the side streets (Equation 

7.4). Here, ma = major road, mi = minor road, and V = volume. 
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𝑆𝑆𝑆𝑆𝐹𝐹𝑆𝑆𝑆𝑆𝑚𝑚𝑚𝑚 = 𝑉𝑉𝑚𝑚𝑚𝑚
𝑉𝑉𝑚𝑚𝑚𝑚+𝑉𝑉𝑚𝑚𝑚𝑚

× 150𝐶𝐶                                           (7.1) 

𝑆𝑆𝑆𝑆𝐹𝐹𝑆𝑆𝑆𝑆𝑚𝑚𝑖𝑖 = 𝑉𝑉𝑚𝑚𝑚𝑚
𝑉𝑉𝑚𝑚𝑚𝑚+𝑉𝑉𝑚𝑚𝑚𝑚

× 150𝐶𝐶                                            (7.2) 

𝑉𝑉𝑚𝑚𝑚𝑚 = 𝑀𝑀𝑀𝑀𝑀𝑀[(𝑉𝑉𝐸𝐸𝐸𝐸𝐸𝐸 + 𝑉𝑉𝑊𝑊𝐸𝐸𝑊𝑊), (𝑉𝑉𝐸𝐸𝐸𝐸𝑊𝑊 + 𝑉𝑉𝑊𝑊𝐸𝐸𝐸𝐸)]                 (7.3) 

𝑉𝑉𝑚𝑚𝑖𝑖 = 𝑉𝑉𝑆𝑆𝐸𝐸𝐸𝐸𝑊𝑊 + 𝑉𝑉𝑁𝑁𝐸𝐸𝐸𝐸𝑊𝑊                                                    (7.4) 

 

 
Figure 7.2 Ring-Barrier Diagram of Intersection at Perry Hill/Dalraida Rd 

 

Based on the traffic volumes for three morning peaks, the minor-road split needs 

at least 62.5 seconds which is 42% of the cycle length. The current plan assigned 57 

seconds to the minor road, which is 38% of the cycle length. Considering the lower 

volumes on EBL and EBT, a 5.5-second reduction can be made for these two phases. 

Thus, the extra 5.5 seconds can be added to the SB green time, which will be increased 

by 25%. The existing queue can now be cleared without heavy vehicles in the queue, 

while 2 more vehicles can pass the intersection with heavy vehicles in the queue. 

 

Table 7.1 Adjustments to the AM Timing Plans 
Intersection Variable Current Plan (s) Optimized Plan (s) 

Perry Hill/Dalraida 

Rd 

EBL Green 21.0 15.5 

EBT Green 54.5 49.0 

SBLT Green 22.5 28.0 

Offset 140.0 2.0 

New Publix Offset 9.0 19.0 

Bellehurst Dr Offset 137.0 141.0 
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After adjusting the splits and offsets of this intersection, two WB upstream 

intersections were also adjusted to optimize the corridor progression. Adjustments are 

listed in Table 7.1. Field observations and video recordings were conducted to verify the 

updated timings, which are well accepted by the public. 
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 Conclusions and Recommendations 
Congestions have been reported on Atlanta Highway in the City of Montgomery, 

indicating an increase in delays and frustration for road users likely caused by poorly 

coordinated signal timings. Environmental impacts (e.g., air pollution) and economic 

losses (e.g., decreased fuel efficiency) have also resulted from such poor coordination of 

signals. Typically, urban signal timings are recommended to be updated every three to 

five years. The timings used at Atlanta Highway have not been updated for over two 

decades. 

This study developed traffic simulation models in Synchro to optimize the peak-

hour signal timings on the corridor. TranSync, the first-ever field diagnosis tool, was also 

used to optimize and verify the signal timings in the field. Data on traffic volume, signal 

timing, and geometric variables were collected, and video cameras were installed to 

monitor the field condition. The new timing plans improve the corridor progression as they 

reduced the through-movement delay by 20% and queue lengths by 25%. They also 

helped shorten daily commuting time by 15%.  The b/c ratio is estimated to be more than 

10:1. 

After a comprehensive field observation, a number of operational and capacity 

improvements that would be beneficial to improving traffic flow along the corridor have 

been noted.  

 Use of Flashing Yellow Arrow Left-Turn Phasing - Flashing yellow arrow 

(FYA) left-turn phasing offers the advantage of reducing delays to left-turning 

vehicles and can also improve corridor progression and safety. Based on the 

field review of the corridor timing plans, locations with left-turn demands are 

recommended as potential candidates for FYA. 

 Capacity Improvement at the intersection of Perry Hill/Dalraida Rd – This 

intersection has the failure condition for almost all the turning movements 

because of insufficient capacity. The v/c ratios are either near or more than 1.0. 

Simply increasing the cycle length will not fix the capacity problem. According 

to the Synchro simulation, at least one more through lane is required for the 

major arterial to relieve the queuing issue. Additionally, increasing the left-turn 

capacity for the major arterial can be an option during peak hours. The minor 

road geometric designs need to improve as the existing designs are not efficient 

for handling the traffic volumes during peak hours. 



41 
 

 Pre-Timed Signal Control during Peak Hours – One of the contributions to 

the queuing problem is the “early-return-to-green” pattern on the minor roads. 

Among the 14 intersections, about 70% of them have consistently low traffic 

volume during peak hours. The other 30% have relatively high traffic volume, 

which puts these intersections under the pre-timed signal control. The varying 

traffic patterns on the minor roads result in the queuing problem at busy 

intersections such as the intersection at Perry Hill/Dalraida Rd. Therefore, to 

further improve the traffic flow on Atlanta Highway, the pre-timed signal control 

can be considered for peak hours. However, the overall delay for the minor-road 

vehicles will be increased consequently. 

 Access Management Improvements – Many access points are directly 

connected to the major arterial without having any access management 

strategies such as a frontage road. Vehicles that make right turns into the 

business areas from Atlanta Highway can slow down the traffic. They can also 

increase lane-changing maneuvers, which could result in an increased number 

of traffic conflicts or crashes. On the other hand, a number of median openings 

on Atlanta Highway are only for providing the left-turn vehicles with access to 

business areas. Roughly half of them don’t have a left-turn pocket/deceleration 

lane. Removing these median openings would greatly improve the overall traffic 

flow, especially when they are located close to the intersections. 

 School Zone Coordination – Several schools are located near the 

intersections. The school buses that operate during AM peak hours block the 

traffic on the minor roads. The typical time window is between 07:45 to 08:00 

AM according to the field observation. This contributes to congestions on the 

minor road and intersection blockage. A method of coordinating the arrival and 

departure of the school buses with the nearby traffic signal would be greatly 

beneficial. An extra traffic operator could be at the intersection and conduct the 

coordination with the existing operator at the school zone. The school buses are 

best to arrive at or depart from school during the green time of major-road 

through movements. Moreover, school buses should be discouraged to arrive 

at or depart from schools during that peak 15-min window. 
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Appendix A: Optimized Signal Timing Plans 
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Optimized Timings – AM Peak 

 
 

 
 

 
 

 
 

 
 

Intersection:
Cycle Length 150 Offset 14

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 7 20 7
Maximum Green 120 25 35 74 25

Yellow 0 4 4 4 4
All-Red 0 1 1 2 1

Federal Rd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 0

Phase 1 2 3 4 5 6 7 8
Minimum Green 12 12 5
Maximum Green 113.5 113.5 25

Yellow 4.5 4.5 4.5
All-Red 2 2 0.5

Bradley Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 73

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 30 8 7 30 8
Maximum Green 20 73 40 20 73 9

Yellow 4 5 4 4 5 4
All-Red 1 2 1 1 2 1

Forrest Hills Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 88

Phase 1 2 3 4 5 6 7 8
Minimum Green 8 20 8 5 20 8
Maximum Green 9 61 50 22 48 9

Yellow 4 4 4 4 4 4
All-Red 1 2 1 1 2 1

Coliseum Blvd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 73

Phase 1 2 3 4 5 6 7 8
Minimum Green 8 30 7 8 30 7
Maximum Green 20 82 32 20 82 32

Yellow 4 4 4 4 4 4
All-Red 1 2 1 1 2 1

Wares Ferry Rd
Reference Phase Phase 2&6; Start of 1st Green
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Intersection:
Cycle Length 150 Offset 2

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 9 6 20 9
Maximum Green 26 49 28 15.5 61 23.5

Yellow 4.5 4.5 4 4 4 4
All-Red 1.5 2 1.5 1 2 1.5

Perry Hill Rd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 19

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 7 20 7
Maximum Green 20 57 26 20 57 23

Yellow 4 5 5 4 5 5
All-Red 1 2 1 1 2 1

New Publix
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 235 Offset 141

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 20 7
Maximum Green 100 38 100 38

Yellow 4.5 4.5 4.5 4.5
All-Red 2 1 2 1

Bellehurst Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 80

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 20 7
Maximum Green 20 143.5 168.5 20

Yellow 4 4.5 4.5 4
All-Red 1 2 2 1

East Mount Plaza
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 87

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 7 20 7
Maximum Green 153 34 15 133 34

Yellow 5 5 4 5 5
All-Red 2 1 1 2 1

Faulkner
Reference Phase Phase 2&6; Start of 1st Green
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Intersection:
Cycle Length 200 Offset 85

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 20 7
Maximum Green 17 141 24 163 24

Yellow 4 5 5 5 5
All-Red 1 2 1 2 1

Carol Villa Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 88

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 7 7 20 7 7
Maximum Green 17 127 16 16 17 127 16 16

Yellow 4 5 5 5 4 5 5 5
All-Red 1 2 1 1 1 2 1 1

Food World
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 106

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 20
Maximum Green 33 111 38 149

Yellow 4 5 5 5
All-Red 1 2 1 2

West Eastern Blvd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 101

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 20 7
Maximum Green 159 28 125 28

Yellow 5 5 5 5
All-Red 2 1 2 1

East Eastern Blvd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 14

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 7 20 7
Maximum Green 120 25 35 74 25

Yellow 0 4 4 4 4
All-Red 0 1 1 2 1

Federal Rd
Reference Phase Phase 2&6; Start of 1st Green
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Optimized Timings – PM Peak 

 

 

 

 

 

 

 

 

 

 

Intersection:
Cycle Length 150 Offset 0

Phase 1 2 3 4 5 6 7 8
Minimum Green 12 12 5
Maximum Green 113.5 113.5 25

Yellow 4.5 4.5 4.5
All-Red 2 2 0.5

Bradley Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 73

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 30 8 7 30 8
Maximum Green 20 73 40 20 73 9

Yellow 4 5 4 4 5 4
All-Red 1 2 1 1 2 1

Forrest Hills Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 88

Phase 1 2 3 4 5 6 7 8
Minimum Green 8 20 8 5 20 8
Maximum Green 9 61 50 22 48 9

Yellow 4 4 4 4 4 4
All-Red 1 2 1 1 2 1

Coliseum Blvd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 73

Phase 1 2 3 4 5 6 7 8
Minimum Green 8 30 7 8 30 7
Maximum Green 20 82 32 20 82 32

Yellow 4 4 4 4 4 4
All-Red 1 2 1 1 2 1

Wares Ferry Rd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 150 Offset 140

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 9 6 20 9
Maximum Green 26 54.5 22.5 21 61 23.5

Yellow 4.5 4.5 4 4 4 4
All-Red 1.5 2 1.5 1 2 1.5

Perry Hill Rd
Reference Phase Phase 2&6; Start of 1st Green
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Intersection:
Cycle Length 150 Offset 9

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 7 20 7
Maximum Green 20 57 26 20 57 23

Yellow 4 5 5 4 5 5
All-Red 1 2 1 1 2 1

New Publix
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 235 Offset 147

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 20 7
Maximum Green 100 38 100 38

Yellow 4.5 4.5 4.5 4.5
All-Red 2 1 2 1

Bellehurst Dr
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 80

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 20 7
Maximum Green 20 143.5 168.5 20

Yellow 4 4.5 4.5 4
All-Red 1 2 2 1

East Mount Plaza
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 87

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 7 20 7
Maximum Green 153 34 15 133 34

Yellow 5 5 4 5 5
All-Red 2 1 1 2 1

Faulkner
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 85

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 20 7
Maximum Green 17 141 24 163 24

Yellow 4 5 5 5 5
All-Red 1 2 1 2 1

Carol Villa Dr
Reference Phase Phase 2&6; Start of 1st Green
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Intersection:
Cycle Length 200 Offset 88

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 7 7 20 7 7
Maximum Green 17 127 16 16 17 127 16 16

Yellow 4 5 5 5 4 5 5 5
All-Red 1 2 1 1 1 2 1 1

Food World
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 106

Phase 1 2 3 4 5 6 7 8
Minimum Green 7 20 7 20
Maximum Green 33 111 38 149

Yellow 4 5 5 5
All-Red 1 2 1 2

West Eastern Blvd
Reference Phase Phase 2&6; Start of 1st Green

Intersection:
Cycle Length 200 Offset 101

Phase 1 2 3 4 5 6 7 8
Minimum Green 20 7 20 7
Maximum Green 159 28 125 28

Yellow 5 5 5 5
All-Red 2 1 2 1

East Eastern Blvd
Reference Phase Phase 2&6; Start of 1st Green
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Appendix B: Synchro Outputs 
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Appendix C: Raw Signal Timing Data 
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