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Most U.S. urban traffic signal systems deploy multiple signal timing plans to 

account for daily variability of traffic demand (i.e. morning peak, midday, afternoon 

peak, off peak and night).  Groups of signals (belonging to the one zone or section) along 

an urban arterial, usually operate in a coordinated manner. This essentially means that 

timing plans change at the same time for all the signals in the group, so as to facilitate 

vehicle progression of through a series of signals. Good traffic signal timing practices 

assume a certain level of monitoring and maintenance in order to guarantee that they are 

efficient in servicing current traffic conditions.  
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When investigating signal control optimality the most significant evidence to 

consider is intersection/approach traffic volume. Availability of traffic data is crucial 

when examining the robustness of signal timing plans for varying daily demand. 

Flexibility of field signal timing plans to handle day to day and daily traffic demand 

fluctuations determines whether the designed/optimized signal plan is 

appropriate/optimal.  

The purpose of this study is to establish the methodology to examine the ability of 

currently deployed signal timing plans to serve traffic demands’ diurnal and day-to-day 

fluctuations, and based on traffic volumes, identify appropriate TOD breakpoints. A 

methodology developed in this research study is intended to assist traffic signal engineers 

and operators in developing more robust timing plans which operate well over a broader 

range of daily and day-to-day demand conditions. This study, also, investigates various 

methods to identify TOD breakpoints and optimal number of signal timing plans based 

on the significant amount of collected traffic data. This research included developing an 

auto-spreadsheet which would enable traffic operators/engineers to observe and evaluate 

the latest changes in daily demand and based on the historical hourly volumes and 

identify the most appropriate signal timing plan for the corresponding demand. 
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CHAPTER 1 INTRODUCTION 

 

Most U.S. urban traffic signal systems deploy multiple signal timing plans to account for 

daily variability of traffic demand (i.e. morning peak, midday, afternoon peak, off peak 

and night).  Groups of signals (belonging to the one zone or section) along an urban 

arterial, usually operate in a coordinated manner. This essentially means that timing plans 

change at the same time for all the signals in the group, so as to facilitate vehicle 

progression of through a series of signals. Good traffic signal timing practices assume a 

certain level of monitoring and maintenance in order to guarantee that they are efficient 

in servicing current traffic conditions. However, issues arise when outdated or not 

properly timed signals are operational, consequently, causing travel delays, increased fuel 

consumption and pollution from vehicle emissions, and most importantly safety concerns. 

And even though, a number of research studies proved that traffic signal retiming is an 

extremely beneficial and cost-effective technique, minority of transportation agencies in 

fact carry out the retiming process on a regular basis. This chapter discusses the practice 

in dealing with these types of issues from an agency’s and traveller’s point of view. 

 

1.1 SIGNAL TIMING PLANS IN DIFFERENT TRAFFIC CONDITIONS 

 

In reality, transportation agency’s general purpose is to plan, build, maintain and operate 

a transportation system enhancing safety, mobility and economic growth. To 
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achieve this, depending on the actual agency level - state or local, policies, priorities and 

goals are identified. Traffic signal control cannot be seen as anything but an important 

part of every such effort. Traffic signals are infrastructure assets whose purpose is to 

control vehicular and pedestrian traffic conflicting requirements - by alternating the right 

of way to conflicting sets of movements. Depending on the actual traffic management 

agency’s principal policies, signal control objectives are different and sometimes 

inherently incompatible. Policies and objectives, along with constraints, form the 

cornerstones of signal timing practices. Traffic engineers, therefore, are faced with a 

difficult task, designing and implementing the most appropriate signal control strategy 

which promotes and optimizes, at times, several of these objectives. These mainly 

include minimizing delay and air pollution, maximizing progression and traffic safety, 

are only some of the examples which essentially represent opposing goals to achieve by a 

single timing plans, therefore tradeoffs must ensue.  

The timing, phasing, and coordination of traffic signals will inevitably impact all 

modes of transportation. Well-planned signal control settings reduce delay and 

unnecessary stops at intersections, thus improving traffic flow without roadway 

widening. This is why transportation agency’s key priority is to guarantee demand-

suitable traffic signal timings. 

Evaluation of appropriateness of current signal timing settings, traditionally, 

assumes application of analytically-based approaches. Traffic signal operations proactive 

management is aimed at establishing and implementing systematic methods to determine 

the most appropriate strategy to address operational problems. Such an approach assumes 

identifying appropriate analysis tools, relevant performance metrics to quantify current 
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conditions as well as potential future benefits and possibly specific targets for 

performance. 

Even though managing and maintaining traffic signals can have a significant 

immediate impact on transportation system’s efficiency, appropriate consideration is 

often minimized.  

When first installing traffic signals, the main objective to accomplish was to 

minimize safety concerns. Improving traffic signal operations, minimizing traffic delay, 

fuel consumption and enabling greater progression wasn’t given much consideration. 

With increasing traffic volumes these objectives have been expanded to include roadway 

system capacity maximization and traffic flow efficiency. If neglected, traffic signal 

systems, regardless of their type, will likely perform inefficiently and in turn lead to 

traffic delays and even accidents. To prevent this from happening traffic agencies, first 

and foremost, need to regularly monitor traffic at intersections and update their traffic 

control strategies, including signal timing plans, to reflect actual field traffic conditions. 

Traffic signal system management represents a broad matter. For the purpose of this 

research the aspect of preventive and response maintenance are not going to be 

investigated.  The focus of this study is on the design i.e. modifications of the signal 

timing plans to reflect changed traffic conditions.  

Common signal timing practice is to optimize the settings of the signal timing 

plan (typically, cycle length, offsets and splits) to precisely fit a given set of demands. 

The problem exists when there is uncertainty of demand. Real world demands and traffic 

conditions in general, vary from the precise values used to optimize the signal timing 

plan. Daily and day-to-day traffic demand might fluctuate significantly thus causing less 
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than optimal traffic operations i.e. increase in vehicle delay experienced, along the 

corridor. Every timing plan is developed based in respect to specific traffic counts/design 

traffic volumes, usually collected during several representative days.  This is why the 

most representative sample time of day/week/year is essential when developing Time of 

Day signal plans. If the signal timing plan is too inflexible, any fluctuations in traffic 

flow lead to less than optimal traffic conditions, which usually means increase in delay. 

On the other hand, if the plan is too flexible, no optimal settings are defined and at any 

given moment, a certain amount of delay is present, no matter how much present traffic 

demand differs from the design settings. This is why traffic engineers and operators 

should practically consider a significant amount of relevant traffic data and attempt to 

incorporate most representative set of data when developing the most suitable signal 

timing plans.   

Real world case study is an urban arterial corridor for which the last signal timing 

plans retiming procedure was performed in 2011. The methodology was developed to 

investigate the flexibility of field signal timing settings in accommodating current traffic 

demand. This research also lays out the procedure for creating demand profiles using 

limited detector data from an arterial corridor. It then shows how to use the profiles to 

evaluate robustness. The application of the proposed methodology represents a practical 

approach to evaluating signal timing plans robustness. 
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1.2 RESEARCH MOTIVATION 

 

Similar traffic patterns and volume distributions during time of day (TOD) intervals 

allow for the same timing plan to be applied during the same TOD period over multiple 

days, this is the reason why coordinated traffic signals commonly operate different timing 

plans at different times of the day and days of the week. A predetermined signal timing 

plan, designed to best suits current traffic conditions, is operated throughout the same 

time of day interval every weekday. To accomplish this for every traffic signal belonging 

to its corresponding coordination group, time-of-day and day-of-week schedules are 

developed. This is referred to as time-of-day (TOD) plan selection, (Koonce et al., 2008).  

Signal coordination assumes that same coordination group signals switch from one TOD 

plan to another at exactly the same time of day. This is referred to as transition between 

signal timing plans. Therefore, controllers within a single coordination group need to be 

configured with the same time-of-day schedule. 

This is why controllers on a daily basis operate AM, PM, off-peak plans etc. Any kind of 

unusual traffic circumstances such as incidents, construction works, extreme weather, 

causes a significant change in anticipated traffic conditions, the timing plan selected by 

the time-of-day method may not be the plan best suited to current conditions. On the 

other hand, day-to-day and diurnal traffic volume and pattern variations are supposed to 

be serviced satisfactorily well by the developed plans, since these types of deviations 

should be anticipated when the plans are first designed. Unfortunately, more often than 

not, this isn’t the case. Generally, when designing traffic signal control system, one of the 

primary objectives to consider is achieving for it to respond immediately to changes in 
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traffic conditions. Fully (demand) actuated signals are intended to adequately respond to 

changing traffic patterns/ volumes by providing efficient green time allocation.  

This research is attempting to address signal timing adequacy by applying the 

method of traffic responsive plan selection systems (uses data from traffic detectors), to 

automatically recognize the timing plan best suited to current conditions. 

Traffic responsive pattern selection and adaptive traffic control systems designed 

and deployed over the last several decades, were anticipated to provide quicker response 

to constantly varying traffic conditions. These advancements try to incorporate more 

robustness into the signal controller and therefore into the signal timing plans. 

Nevertheless, traffic control settings designed by the signal engineer’s still determine the 

limits within any of these systems operate. Cycle lengths, maximum green times, phase 

sequence, vehicle extension times etc. represent the constraints which affect controllers 

response to ever-fluctuating traffic flows. No matter how sophisticated controller 

software logic might be, certain limitation will always exist. 

Updating timing control strategies is labor intensive and potentially costly, and 

majority of transportation agencies choose to conduct a retiming procedures only when 

forced to do so. In reality this means that original traffic signal plans often remain 

operational long after traffic volumes and patterns have changed, therefore, degradation 

of traffic network performance becomes inevitable.  

Main reasons (Sunkari, 2004) to conduct signal retiming studies usually fall in one of the 

following categories: 

 Providing better corridor progression – enabling platoons of vehicles to travel 

through a series of signals without stopping; 
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 Reduction of travel delay;  

 Traffic demand changes – changes in traffic flow for different times of day or 

days of the week can lead to less than optimal signal operation; 

 Commuters’ objections due to excessive delays, recurring congestion or stops; 

 Reduction of fuel consumption and air pollution from vehicle emissions; 

 Improving Road safety – minimizing the number of collisions; 

 Roadway reconstruction and reconfiguration (construction work). 

 

When investigating signal control optimality the most significant evidence to consider is 

intersection/approach traffic volume. Availability of traffic data is crucial when 

examining the robustness of signal timing plans for varying daily demand. Sources of 

traffic information can be different: observation-based intersection traffic counts, detector 

data, population growth projections or any combination of these.  Traffic control studies 

and optimization procedures rely on of these data to evaluate and calculate signal timing 

plans.  

Synchro software package remains the tool of choice for the majority of 

transportation agencies. Significant time and effort savings for traffic systems engineers’ 

and quality of the designed plans are the reasons behind this preference. On the other 

hand, software produced solutions usually require further adjustments and fine-tuning in 

the field. This is understandable since model optimal and field optimal solutions might 

perform differently. Flexibility of field signal timing plans to handle day to day and daily 

traffic demand fluctuations determines whether the designed/optimized signal plan is 

appropriate/optimal.  
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In addition, TOD systems, assume that a day is divided into several time intervals 

and each of them exemplifies its own specific traffic characteristics. Each of these 

periods’ corresponding demands are used to develop and/or optimize its own particular 

signal timing plan. Considering the fact that traffic patterns along an urban arterial 

corridor are usually repetitive from one day to another, commonly, all weekdays operate 

the same signal timing plans during the same time of day periods.  

However, segmenting a day into several representative intervals and choosing an 

appropriate number of signal timing plans to be active daily is not simple as it might 

sound. The biggest challenge in operating a TOD system effectively, in fact, selecting the 

optimal number of TOD periods.  For example, too many plans might segment the day 

better and respond to frequent fluctuations in traffic flow more appropriately, but on the 

other hand, too many transitions from one plan to the other might disrupt corridor 

progression and degrade traffic network performance considerably. The existing 

engineering practice assumes observing relevant traffic patterns and volumes during a 

weekday 24 hour period, but, also usually, considers a small data set when developing 

traffic volume vs time of day plots, since traffic counts are conducted over a limited 

number of days. Finally, traffic signal settings (cycle length, splits and offsets) are fixed 

within each TOD period, but traffic demands may still fluctuate significantly.  

 

1.3 RESEARCH OBJECTIVES 

 

The purpose of this study is to establish the methodology to examine the ability of 

currently deployed signal timing plans to serve traffic demands’ diurnal and day-to-day 
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fluctuations, and based on traffic volumes, identify appropriate TOD breakpoints. The 

primary goal of this research focuses on evaluating the effectiveness of traffic signal 

timing plans given daily and day-to day variability in demands. This study is presenting 

the methodology that involves identification of daily demand scenarios and assessment of 

signal timing plans’ performance under each of the demand scenarios. This research is 

focused on the Synchro-based procedures of optimizing signal settings for urban arterial 

streets.  

A methodology developed in this research study is intended to assist traffic signal 

engineers and operators in developing more robust timing plans which operate well over 

a broader range of daily and day-to-day demand conditions. Examining historical daily 

traffic volume changes (4 months of data) and corresponding responsiveness of the traffic 

control system will assist traffic engineers and even more traffic operators in observing 

current traffic system state deficiencies. 

This study, also, investigates various methods to identify TOD breakpoints and 

optimal number of signal timing plans based on the significant amount of collected traffic 

data. The intention was to investigate daily traffic volume distributions for each of the 

data collection points (midblock detectors) and determine critical locations along the 

corridor and corresponding peak periods. Since the last signal retiming, sizable variations 

in traffic volumes were observed and possibly morning and afternoon peak hour duration 

changes.  

One major aspect of this research relates to developing practically applicable 

methods, aimed at reducing the time and effort when designing or improving urban 

corridor arterial signal timings and coordination settings. End result is expected to assist 
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traffic systems engineers reach reasonable signal settings in a shorter time. To actually 

account for the variations in traffic patterns and evaluate signal performance, it is 

necessary to observe, and foremost, obtain significant amount of representative traffic 

data. A method for extracting daily traffic flow patterns was applied to multiple 

consecutive weekdays during a four month period. Next, these traffic volumes were used 

to expand the limited number of data collection points along the corridor and develop 

appropriate TOD demand scenarios. These scenarios assumed determining each 

intersection’s turning movement counts based on the collected midblock detector traffic 

counts. The performance of the timing plans was evaluated through Synchro under these 

generated traffic levels.  

This research included developing an auto-spreadsheet which would enable traffic 

operators/engineers to observe and evaluate the latest changes in daily demand and based 

on the historical hourly volumes and identify the most appropriate signal timing plan for 

the corresponding demand. In fact, this excel-based tool could be perceived as some sort 

of TRPS timing plans library. When certain pre-determined traffic volume thresholds are 

reached, the best suited timing plan is identified.   

This research study, however, recognizes that the major reason for unsatisfactory 

solutions exists as a consequence of the difference between the Synchro optimizer’s 

objective function and standard engineering practice.       
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CHAPTER 2 LITERATURE REVIEW 

 

An extensive literature review was conducted regarding several pertinent topics. Benefits 

of retiming traffic signals, include the most important findings related to improvement in 

traffic performance due to in time signal retiming. Evaluation of signal timing optimality 

under varying demands considers the research approaches undertaken in the past, aimed 

at adequately quantifying the level of optimality of signal timing plans to handle ever-

fluctuating traffic flows. Previous similar research was examined and only most relevant 

studies and their scientific contributions are listed in this chapter. The studies cited reflect 

the view of the author and by no means include all of the studies that might be significant 

to this study. 

 

2.1 BENEFITS OF RETIMING TRAFFIC SIGNAL PLANS 

 

Depending on a number of factors, benefits of updating signal timing plans could be 

more of less extensive and/or significant. Roadway and intersection layout, type of 

control and traffic conditions, structure of traffic network, detection system, field 

observations of traffic operations were recognized as the major causal factors when 

quantifying the benefits of signal retiming. The authors noted that “before and after” 

analysis generally overstated the benefits of retiming, mostly due to each TOD timing
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plans’ operation in lower than design volume conditions, throughout each of its 

corresponding periods.  Morales (1995) strongly recommended regular, low-cost traffic 

management strategies as a way of continuous traffic signal system improvement. The 

emphasis was placed on the adjusting the timing of traffic signals, which could bring 

outstanding benefits by minimizing traffic delay, pollution, and fuel consumption. On the 

other hand, the authors did not underestimate the importance of the actual “before” 

conditions. The highest benefits were observed if the system were to become actuated-

coordinated and optimized. Sunkari (2004) stated that the benefit to cost ratio when 

retiming signal timing plans is generally around 40:1. Various aspects of traffic signal 

systems benefits were considered; total user costs if traffic signals were to be retimed at 

periodic intervals would provide significant savings in the form of reduced delays, traffic 

progression, number of stops, fuel consumption and other    measures of effectiveness 

(MOEs).  

The following year, Chien et al. (2005) conducted a practical cost and benefit 

analysis associated with optimizing traffic signal timing plans. The authors developed an 

Excel-based benefit analysis tool which calculated the difference between existing and 

optimized traffic signal timing plans by utilizing Synchro reports results. The tool was 

designed to automatically compute the benefits by inputting delay, fuel consumption, 

amount of pollutants, and model variables (weights of factors and specific model decision 

variables such as occupancy, split ratio, fuel price etc.). 

Park and Agbolosu-Amison (2007) proposed to answer the question “when” to re-

optimize signal timing plans so this effort could be most cost-effective. The case study 

was conducted using a signalized arterial network (i.e., Route 50) in Virginia. The study 
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showed that the determination of re-optimization time intervals would be beneficial and 

extended to other traffic signal systems as long as adequate data is available rephrase. 

This was primarily related to the availability of archived traffic data, which could define 

the actual extent of improvement. The case study showed significant annual net savings 

when applying 1-year re-optimization time interval compared to do nothing scenario for 

the midday and PM peak plans investigated.  

Researchers such as Bonneson et al. (2009) aimed at establishing comprehensive 

guidelines for designing signal timing settings which would lead to more consistent 

signal operation on an area wide level. The intention was to assist traffic engineers 

improve the operation of existing signalized intersections’ timing plans. The review 

concluded that different performance measures should be employed to quantify the 

degree of quality of signal system’s efficiency. The extent of over-saturation in terms of 

how far it extended throughout the signal system and how long it lasted were identified as 

the most useful performance measures in oversaturated conditions.  

Gordon (2010) by examining signal retiming practices in the United States recognized 

several major issues in current traffic engineering practices. Detector data are often not 

used to systematically identify the need for retiming. Another issue was related to the 

appropriate number of timing plans and the associated time periods. Current practice 

relies on the experience and a general review of volume profiles. Also, the most 

appropriate timing plan transition techniques are still somewhat overlooked when 

determining daily TOD timing plans. Special attention was dedicated to examining 

procedures on how to use available data to develop design requirements for a cost-
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effective approach that might be widely deployed to provide common evaluation 

parameters such as delay. 

 

2.2 EVALUATION OF SIGNAL TIMING PLAN OPTIMALITY UNDER VARYING 

DEMANDS 

 

Despite the availability of detectors, few agencies have archived or analyzed detector and 

signal data at signalized intersections to help signal operations. The actual need to 

adequately collect and analyze traffic data related to signal timing design efforts is 

recognized by every transportation agency. However, almost half of them do not 

regularly collect, review or assess the quality of traffic information utilized when 

updating signal timings (Schrank and Lomax, 2007).   

Park and Schneeberger (2002) proposed to evaluate the benefits of optimizing 

signal timing plans of a real world highway network through microsimulation. Three 

different optimization tools were investigated: GA-based optimization, Synchro and 

TRANSYT 7F. The authors concluded that there were no significant differences in delay 

reduction when three signal timing plans, developed by each of the tools respectively, 

were compared to each other. All three tools produced similar overall travel time savings, 

however, the demand conditions were set to represent a specific day’s PM peak field 

traffic counts and the uncertainty of demand was only modelled through VISSIM’s 

stochastic environment. Thus, stating that different demand conditions might have 

resulted in different time savings and delay reductions. Henry (2005) investigated how 

signal timing plans could be developed and updated efficiently at the lowest possible 

cost.  
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The author established an approach structured to be most helpful in the 

circumstances where constant signal timing adjustments are necessary to meet the 

constantly changing traffic demands and at the same time budget considerations preclude 

the use of standard techniques for retiming signals. In 2007 Li and Tarko (2007) 

investigated various approaches to assist traffic systems engineers reach reasonable signal 

settings in a shorter time. Significant part of the study investigated Synchro objective 

function-related deficiencies and the reason it failed to produce field optimal solutions in 

even extremely well calibrated models. There is a difference between Synchro’s criteria 

of “optimality” and the actual field optimal signal timing plan, therefore, traffic signal 

systems engineers had to often improve the results by fine-tuning the solution. The 

authors also stated that there was no obvious way to consistently improve the robustness 

of current signal design procedure and that careful fine-tuning of the solutions is of great 

value and should not be overlooked. 

Several years later, Park and Chen (2010) conducted a before and after study on 

two sites in Virginia to quantify the benefits of actuated-coordinated traffic signal 

systems. The “before” conditions represented the uncoordinated isolated-intersection 

operation along the corridor. The “after” part of the study involved Synchro developed 

coordinated signal timing plans.  The authors pointed out that although the absolute 

performance between Synchro and field measurement was quite different, their 

performance changes during the before-and-after conditions were very similar. 

An extensive research was conducted by Dowling et al. (2010) to revise the 2010 

HCM signal analysis methodologies and develop a methodology for assessing signal 

timing plan effectiveness of traffic signal operations given variability in demands and 
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capacities. The signal plan performance results under each of the demand scenarios 

identified were combined into an assessment of overall signal timing plan robustness 

based on the probability of each scenario occurring during the desired analysis period. A 

more robust timing plan was suggested and developed/optimized in Synchro using the 

95th percentile demand scenario. 

Li et al. (2010) developed a general approach for robust signal optimization under 

day-to-day demand uncertainty. The authors first demonstrate the effectiveness of the 

approach by solving the problem of synchronization of actuated signals along arterials. 

Then, signal settings including the cycle length, green splits, offsets and phase sequences 

were optimized taking into account day-to-day demand variations. The robust timing 

plans were demonstrated in numerical tests to perform better against high-consequence 

scenarios without losing optimality in the average sense. Stevanovic et al. (2011) 

investigated the performance of signal timing plans developed for various traffic count 

scenarios, i.e. conditions of varying traffic demand. The study included modelling of 155 

weekday scenarios in VISSIM in order to capture daily traffic demand fluctuations. 

Results showed that average traffic flows (mean, mode, and median) based signal timing 

plans performed best (and were most robust) when exposed to day-to-day traffic flow 

variability. The study concluded that when relevant traffic data sources are lacking, using 

higher-than-average (or maximal) traffic flows to develop signal timing plans yielded 

better results than signal timing plans developed for low (minimal) traffic flows.  

Schlaich and Haupt (2012) investigated significant drawbacks of intersection traffic 

counts-based optimization methods. The authors pointed out the fact that these counts 

only give information related to stop bar traffic, while actual demand over links remained 
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relatively unknown. In addition, the reliability of stop bar detectors counts is limited in 

oversaturated conditions, simply because their location is preventing them from capturing 

the true nature of actual demand. The authors proposed an approach which uses 

macroscopic traffic flows as the basis for traffic network signal optimization.  

The importance of knowing the existing field traffic conditions, applied tools’ 

objective function and field fine tuning of signals were underlined and could not be 

downscaled. Liu and Zheng (2014) developed a method for continuous monitoring of 

signal timing performance and identifying improvement opportunities of state-of-the-

practice on traffic signal operations by automatically identifying necessary changes to 

traffic signal timing parameters. A tool was developed for performance visualization 

through time-space diagrams to visualize progression quality (Time Space diagrams in 

Synchro). The authors suggested generated TS-Diagram to assist the practitioners to fine-

tune TOD transitions during signal retiming process. The other important tool feature 

developed to make TOD schedules more responsive to traffic pattern changes utilized a 

newly proposed MOE, Utilized Green Time. The reason for recommending an MOE 

other than volume measured at the stop bar was its potential inaccuracy.  

 

2.3 IDENTIFICATION OF TOD BREAKPOINTS 

 

A systematic framework which gives adequate consideration to time-space features of 

traffic data and that could be easily implemented by traffic engineers is necessary when 

determining transition points between different TOD signal timing settings. Aside from 

the rough estimates based on practical experience and traffic volume vs time of day plots 
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used by engineers to determine cut off points of TOD intervals during the day, there was 

a mentionable number of research studies done in the past aimed at identifying TOD 

breakpoints by applying data mining tools. Most significant efforts mainly include 

statistical clustering analysis. 

In 1988, Balke et al. developed an algorithm which estimated the of transition phase 

when changing timing plans. Proposed method determined the best plans based on the 

absolute difference in delay between the old timing plan and the delay accumulated when 

implementing a new signal timing plan, taking into account delay caused when 

transitioning to the new plan. Basically, if this difference is positive the new plan would 

be adopted and vice versa. The algorithm was developed as a component of traffic 

responsive pattern selection systems.  

Hauser et al. (2000) investigated the ITS detection sensor-collected data in the 

development of improved TOD signal timing plans. The researchers suggested statistical 

clustering and classification as the method for identification of temporal intervals 

breakpoints. The need to automate the monitoring of timing plans effectiveness was 

emphasized, in order for transportation agencies to ensure that plans need not to be 

changed. In 2002 the authors by building on their previous research implemented 

statistical cluster analysis over large sets of archived traffic volume data, and established 

a method which automated the identification of TOD breakpoints. This approach was 

based on plotting cluster membership value for each state vs. time of day, after which the 

times when specific states transferred from one membership to another were determined. 

Those represented the interval breakpoints for TOD STPs.     Park et al. (2004) building 

on their previous research and shortcomings of the methods used to determine the 
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optimal number of breakpoints (unclean clusters which do not include the TOD variable), 

formulated an automation process that identifies optimal TOD breakpoints for urban 

signal systems and evaluate its performance a microscopic simulation program. The 

authors after previously testing a heuristic GA-based approach developed a two-stage 

optimization method named GA TOD finder program which outputs both the breakpoints 

and the fractional data used for the traffic signal timing plan parameters required by the 

delay equations. The following year, Wang et al. (2005) was the first to propose a K-

means clustering method for identifying TOD breakpoints, opposite to hierarchal 

approaches suggested by other researchers previously.  The reassignment of cluster 

membership was based on the distance between the centroid of the assigned items, or 

cluster, and the unassigned item. Distance was the difference between individual item 

value and centroid mean. The biggest advantage was realized in its applicability to large 

sets of (traffic volume) data and data space storage savings.  

Park and Lee (2008) suggested a novel approach for determining TOD 

breakpoints, based on the visual observation of preliminary cycle lengths, developed as 

part of the optimization process for every 15minute TOD interval corresponding traffic 

volume counts. In the following step these preliminary breakpoints were further refined 

by implementing a greedy search algorithm. The procedure was evaluated using a four-

intersection hypothetical network for randomly varying demand conditions (up to ±20%). 

The results demonstrated that the proposed procedure produces optimal break points that 

can enhance TOD based coordinated actuated traffic signal operations.  

Ratrout (2011) by building on the deficiencies of similar past research proposed 

the clustering using two features Z-score for traffic volume for a set of representative 
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number of days and time in hours to account for the effect of TOD interval. The authors 

concluded that by including both variables the problem of undefined clusters could be 

avoided and back the claim through simulation results from two different sets of data 

(different geometries and types of operation). Guo and Zhang (2012) examined the 

optimal number of clusters which determined the number of timing plans; times when the 

clusters occurred were considered as one dimension in the analysis. However, the authors 

only considered one directional traffic volumes when determining optimal number of 

TOD plans and their breakpoints. Jun and Yang (2013) proposed an unsupervised neural 

network approach in which input data with similar features form clusters by competitive 

learning algorithm to avoid inoperable number of TOD breakpoints. The algorithm is 

based on the Euclidean distance as measure of similarity between cluster counts. Liu and 

Zheng (2014) determined an appropriate transition point between the two timing plans at 

two joint TOD periods, based on delay analysis if the two plans were running the entire 

period individually.  
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CHAPTER 3 METHODOLOGY 

 

 

This chapter is intended to describe the proposed methodology for assessing the adequacy 

of signal timing plans to serve daily varying demands. Considering a significant amount 

of traffic data available, for the purpose of this study, general approach was developed to 

test and quantify signal performance under variable traffic conditions. Study corridor 

investigated is Broward Blvd., one of the busiest urban arterials in Fort Lauderdale, 

Broward County, (Southeast) Florida. This corridor serves as a connection between city’s 

downtown and central business district and the area west of Interstate-95 (I-95), which 

crosses Broward Blvd.  Urban arterial stretch investigated is approximately 4 mi long and 

consists of 20 fully actuated signalized intersections, one of them being I-95 freeway 

ramp. The corridor is divided into two zones, each of the zones is coordinated and 

operates independently. The corridor operates on Time-of-Day signal timing plans seven 

days a week. Weekdays operate on a specific plan schedule and for the purpose of this 

research, only the weekdays plans were examined. This was mainly due to the relatively 

steady traffic demand over the weekends, traffic patterns and volumes didn’t deviate 

considerably compared to design volumes used to develop signal timing plans in 2011. 

Four months of daily traffic counts were collected from five Microwave Vehicle 

Detection System (MVDS) locations along the corridor. MVDS is a noninvasive 

detection system installed above ground on the side of the road. A. Detection of vehicles
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in multiple lanes within the detection zone (up to 10 discreet lanes) is accomplished in 

both directions providing accurate, real-time presence, volume, average speed and 

occupancy data. MVDSs were positioned as midblock detectors, therefore, actual 

intersection traffic counts for each analysed day had to be developed, by expanding the 

limited data collection locations. To accomplish this an Excel-based flow balancing tool 

was developed.  It automatically calculated corresponding intersection’s turning 

movement counts once the MVDS values were entered in the specified fields. For each 

weekday and time of day period peak hour (maximum 15min traffic volume) a specific 

TOD demand scenario was identified. Each of these generated scenarios was inserted into 

a corresponding Synchro model (each TOD period) and performance of current signal 

timing plans was evaluated under current field demand. For each of the scenarios 

investigated optimized signal timing plans were developed. The optimality of current 

signal timing settings was evaluated by comparing the performance metrics (delay) 

between the current and optimized signal timing state.  



 

23 

3.1 GENERAL APPROACH 

 

In order to perform the last retiming of signal timing plans in 2011 - Broward County 

Traffic Engineering Department (BCTED) developed three (four) weekday Synchro files 

- AM, Midday and PM peak Synchro files. These files were calibrated by using one 

November 2011 weekday traffic counts. Based on these design volumes 20 signalized 

intersections signal timing plans (STPs) were developed by BCTED as part of the last 

signal coordination and optimization effort.  

These signal timing plans were later fine-tuned in the field and current field-deployed 

plans differ from those originally developed in Synchro. Essentially, splits and offsets 

were modified along the entire corridor, and from I-95 to Federal Highway (US 1) cycle 

lengths were increased from original 160 to 180 sec for AM and Midday signal timing 

patterns. The rest of the corridor (State Route 7-SR 7 to I-95) operates at the same cycle 

length - 160 sec – this part of the corridor didn’t undergo any cycle length adjustments 

since last retimed. The Intersection of US1 and Broward Blvd., even though considered 

as part of this corridor, is, in fact, coordinated as part of US1/Federal Hwy corridor SB-

NB. This is why this intersection was excluded from the optimization, however, 

corresponding signal performance metrics were considered in the analysis. Current 

weekday time of day signal timing plans operate with three patterns (AM, Midday, PM) 

which alternate at specific time of day intervals. AM peak and Midday STPs start at the 

same time every weekday: 6:00am and 9:00 am respectively. PM peak pattern runs from 

16:00pm to 18:15 pm for the SR7 - I-95 portion of the corridor. For intersections I-95 

through US 1 PM peak pattern starts running earlier and ends later than for the rest of the 

corridor (15:00-20:00pm).  This corridor is located in the Central Business District 
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(CBD) of Fort Lauderdale, where the night time amount of traffic can be significant, thus 

signals work in coordination and on a pattern. Despite the fact that a specific Synchro 

model representing night time traffic conditions didn’t exist, these conditions were 

modelled and investigated.  After the last retiming of signals, there were no further traffic 

volume or signal timing adjustments in the original Synchro files, but signal timing 

changes were made in the field.     

 
Figure 1. General approach 

 

Performance Index (PI) 1 quantifies the effectiveness of the original signal timings to 

serve the traffic demand at the time retiming was last performed, while PI2 takes into 

account actual field-tuned STPs instead. Difference between PI2 and PI1 quantifies the 

imperfection of the analysis tool.   
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Basically, the difference between Synchro “optimal” vs. field “optimal” signal timing 

plans, since a model optimal solution, however accurately calibrated to replicate the field 

conditions, doesn’t necessarily offer the optimal solution in the real-world conditions. A 

major reason for discrepancy is the difference between the Synchro objective function 

used for optimization and general engineering practice requirements.  PI3 is quantifying 

the responsiveness of field signal timing plans to serve the current traffic demand, while 

PI4 represents the effectiveness of the optimized STPs in dealing with current traffic 

conditions. Difference between PI4 and PI3 represents the amount of PI change due to 

“suboptimal” signal operation. It can be interpreted as a benefit of updating current signal 

timing plans considering recent variations in traffic demand, Stevanovic (2006).  

 
Table 1. September 8th MOEs example table  

 

By assuming this, the objective to accomplish can be summarized as the following: 

optimized signal timing plans produce better performance metrics (i.e. delay reduction), 

thus current timing plans are no longer optimal. One crucial assumption is that optimized 

signal timing plans perform better than the old ones. This is, however, not always the 

case. Often, signal timing plans developed through the optimization tool, applied in the 

field or in the simulation models, fail to perform the way it would be expected, due to 
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optimization tool’s inability to model traffic conditions adequately and the difference 

between the traffic engineer’s objective and software objective function. Past research 

and experience has shown that macroscopically optimized signal timings underperform 

when deployed in the field (Park and Schneeberger, 2002, Park and Chen 2010). 
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3.2 DESCRIPTION OF APPROACH STEPS 

 

 
Figure 2. Approach steps 

 

Extensive data collection was conducted in order to investigate the adequacy of currently 

deployed signal timing plans. Broward County Traffic Management Center (BC TMC) 

provided Synchro models for three TOD periods, developed as part of the last retiming 

effort. The fourth model (Night) was developed by adjusting the Midday Synchro model, 

since traffic characteristics and signal timing settings were similar. Synchro models were 

created in 2011 and included traffic volumes used to design then optimal signal timing 

plans.  BC TMC also provided current (field-deployed) signal timing plans. These plans 

represent original plans fine-tuned in the field.  

MVDS midblock detector counts were retrieved through the Sunguide software* 

and used to extract each TOD period’s peak hour demands. Midblock detector data were 



 

28 

obtained for four month long period during fall of 2014. Each detector’s data was 

retrieved in a .csv format which simplified data processing greatly. The figure below 

represents the data format of each of the midblock detectors traffic counts. Each month’s 

data were aggregated into 15 minute intervals over a 24h period. For the purpose of this 

research only traffic volumes were used.  

 
Table 2. Screenshot of MVDS counts retrieved through Sunguide software 
 

Since only weekdays were investigated (weekday TOD plans), these days were filtered 

out for every MVDS and every month. Then, according to the TOD schedule, 

corresponding intervals during the day were filtered. For example, AM peak TOD plans 

started at 06:00am every weekday, and switched to a Midday plan at 09:00 am (Zone 1 of 

the corridor). Time interval between 06:00 and 09:00 was identified as relevant for the 

AM Synchro model (corresponding to AM peak signal timing plan) and maximum 15 

minute traffic volume during this period was selected as AM peak hour demand. Peak 

hour demand was extracted for every weekday TOD period during 4 months and 

appropriate demand scenarios were developed, 4 per each analysed day.  
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Developing demand scenarios needed additional effort to be made. In fact, the 

peak hour demand extracted from MVDSs, was only the first of the necessary steps 

taken. MVDSs only covered 5 specific locations along the corridor and accounted for the 

midblock traffic between two intersections. This basically meant that certain assumptions 

needed to be made in order to generate the volumes at 20 signalized intersections, when 

only 10 midblock traffic counts are obtained (2 directions: westbound and eastbound). 

For the Synchro models to evaluate the optimality of appropriate signal timing plans, 

each intersections turning movement counts needed to be known. To achieve this an 

Excel-based traffic flow balancing tool was created to take into account the impact of 

most recent changes in traffic demand. This tool essentially balances each intersections 

turning movement counts based on the ratio between the design volumes (volumes used 

to develop signal timing plans) and most recent traffic volumes from MVDS detectors. 

Actual intersection traffic distributions per movement were not changed only 

proportionally adjusted to match the current midblock demands.  Each time a new set of 

MVDS values (10 of them) were entered into the balancing sheet, intersection traffic 

volumes were updated automatically. This was accomplished by calculating the ratios 

between the old and the new traffic counts and referencing appropriate cells to reflect the 

changes automatically.  

The outcome was a balanced set of traffic flows representing intersection 

movement volumes on a given day. 4 sheets were created, each corresponding to a 

specific TOD interval (Synchro model), since Synchro design volumes and plans were 

different for every TOD period. These were used to generate reasonable traffic inputs to 

the optimization tool. Once the volumes were produced, they were also provided in a 
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tabular form. This table was designed in such a way in order to perfectly correspond to 

Synchro .csv data format (Universal Data Transfer Format - UTDF). It was necessary to 

update a Synchro file with new sets of volumes for every day investigated. Since there 

was a significant number of demand scenarios to investigate, the process of importing 

traffic volumes needed to be automated as well. This was accomplished through 

Synchro’s UTDF feature. Every time a new set of traffic volumes was produced it was 

imported into Synchro using UTDF.  

The appropriateness of the current signal design procedures was evaluated using 

these balanced traffic inputs. Each of the scenarios was evaluated for the second time, 

once the signal timing plans were optimized for the same traffic conditions. So in the end 

there were two Sunchro files to be compared, “current” and “optimized”.  Performance 

metrics were quantified for the two files, each time, and the comparison was made. The 

evaluation consisted of assessing whether the optimized signal timings produced better 

traffic performance metrics (reduction in delay) compared to current signal timings 

generated performance metrics. If optimized signal timing plans offer improvements in 

performance metrics, then current signal timing plans are no longer optimal and better 

signal timings can be implemented instead.  
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CHAPTER 4 CASE STUDY 

 

Approximately 4 mi long stretch of urban arterial corridor, consisting of 20 fully 

actuated-coordinated signalized intersections was chosen to test the application of 

proposed methodology.  This chapter describes the main corridor characteristics in terms 

of location, significance, geometry and traffic conditions.  

 

4.1 DESCRIPTION OF THE STUDY CORRIDOR 

 

Investigated segment of State Road 842, locally known as Broward Blvd. includes 20 

signalized intersections, from SR 7/US 441 to US 1/SR 5/Federal Highway.  The segment 

is approximately 4.0 mi long and represents a major east–west transportation route 

through Broward County, Southeastern Florida.  Broward Blvd. is the heart of Fort 

Lauderdale downtown and a part of central business district (CBD) area. It serves as the 

main east–west access route to downtown Fort Lauderdale and the city's street grid.  

Broward Boulevard is also one of the critical east/west connections between 

downtown Fort Lauderdale and the communities of Plantation, Lauderhill, and Fort 

Lauderdale. The arterial distributes transportation systems’ users, from the Central 

Business District and high concentration of commercial and business offices east of I-95 

to the suburban retail and residential uses west of I-95. Starting at SR7, the corridor 

http://en.wikipedia.org/wiki/Broward_County,_Florida
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stretches with residential buildings about a block away from the commercial 

establishments, until it crosses the I-95 where it enters central Fort Lauderdale.  In the 

downtown area, government buildings and banks are located along Broward Blvd. Other 

potential high traffic volume generators can be found as it crosses SW 7th Avenue, 

access point to the Broward Center for the Performing Arts and further down, SW 5th 

Avenue, providing an access point to the Museum of Discovery and Science. The 

intersection of Broward Blvd. and Andrews Avenue is the center of Fort 

Lauderdale's street grid. Federal Highway is the most eastern point of the investigated 

corridor, located one block east of Andrews Avenue.    

 

4.2 TRAFFIC CONDITIONS 

 

The cross-section of Broward Boulevard is six-lanes along the corridor with a landscaped 

median established along the entire corridor. The 4-mile study corridor is a facility with a 

posted speed limit of 35 miles per hour (mph) along the most eastern portion of the 

corridor (between US-1 and NW 9th Avenue) and a 40 mph along the rest of the corridor 

(between NW 9th Avenue and SR-7/ US-441). There are dozens of unsignalized access 

points serving businesses and residential areas along the study corridor. The Florida 

Department of Transportation (FDOT) owns and maintains this part of Broward Blvd.  

From a traffic standpoint, Broward Blvd. west of I-95 is rarely congested and at 

the same time and is heavily congested east of I-95. The heaviest traffic loads are 

observed historically between I-95 and SW 7th Avenue. West of I-95, there is still a 

http://en.wikipedia.org/wiki/Broward_Center_for_the_Performing_Arts
http://en.wikipedia.org/wiki/Museum_of_Discovery_and_Science
http://en.wikipedia.org/wiki/Grid_plan
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significant amount of daily traffic, however, the congestion doesn’t occur often. Near 

public transit stops, there is also a high level of pedestrian activity.  

The worst traffic conditions, excessive delays and queues, are observed specifically 

between US 1 and I-95. This is understandable, considering the location of Broward 

Central Terminal and Florida East Coast Rail Road at grade crossing, close to the 

freeway interchange. 

This arterial is also an important public transit route with a number of transit 

options. These include rail service (Tri-Rail and Amtrak) and bus service (BCT fixed 

route, Breeze, Sun Trolley, I 95 Express, Tri-Rail Shuttle, and Tri-Rail NW Community 

Link). 

This study area was equipped with ITS infrastructure through “ATMS Installation 

in Central Broward County Phase I, which was awarded in January 2012. This project 

included the design and deployment of Advanced Transportation Management System 

(ATMS) infrastructure along portions of Broward Blvd., and 5 major corridors: Sunrise 

Blvd., Oakland Park Blvd., US1/Federal Hwy, SR-7, and University Dr.  
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Figure 3. Study area location and ITS equipment  

   

 

The project components included 10 dynamic message signs, 63 traffic-

monitoring cameras, 33 travel time collection sites, 54 vehicle data collection devices, 

software to manage the devices, and approximately 18 miles of fiber optic cable and 

required conduit.  

Broward Blvd. corridor, between SR7 and US1, was equipped with 5 MVDS 

midblock detectors, which were used as the main source of information in this study, and 

6 Bluetooth devices. MVDS were strategically deployed throughout the corridor, but 

were not covering every pair of adjacent intersections. A specific method was developed 

in order to overcome the lack of traffic conditions related information.  

Broward Blvd. was chosen as a test bed for a new Traffic Responsive Pattern 

Selection (TRPS) system because the overall traffic performances and level of service 

were at very low levels in the network model.   
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Traffic responsive plan selection (TRPS) normally takes place in a field master or a 

central computer system. When the master or computer selects a new timing plan, it 

sends a command to all signals in a coordinated group to instruct them to change to the 

new plan simultaneously, thus ensuring coordination is maintained. The master or central 

computer monitors volume and/or occupancy data from multiple vehicle detectors. The 

data from the detectors are weighted, merged, and otherwise processed to calculate values 

for a few key parameters that are compared to thresholds. When a threshold is crossed, 

one of the predetermined plans is implemented for the conditions represented by the 

threshold categories selected.  

When setting up TRPS, considerable effort may be needed to identify the vehicle 

detectors that will provide an adequate representation of traffic conditions, to establish 

appropriate parameter values associated with those detectors, to establish appropriate 

thresholds and associated plans, and to fine tune the configuration based on its 

performance once TRPS is implemented. Historical traffic count (and preferably 

occupancy) data should be available for candidate detectors before the detector selection 

and setup process begins. The detectors used in TRPS generally need to be located away 

from the stop line. 

  

4.3 CURRENT TRAFFIC DEMAND 

 

Current traffic demand data are collected through BC TMC. Monthly traffic flow reports 

are retrieved through the Sunguide Software. The reports list a daily distribution of traffic 

volumes, speed, occupancy and travel time in 15minute intervals during 24h, 7 days a 

week. 
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Analysis Variable : Volume  

Hour N Obs N Minimum Maximum Mean Median Std Dev 

0 2682 2682 0.00 272.00 74.02 67.00 31.42 

1 2664 2664 0.00 177.00 43.68 39.00 19.87 

2 2664 2664 0.00 190.00 30.26 27.00 16.34 

3 2664 2664 6.00 181.00 24.09 22.00 13.36 

4 2664 2664 7.00 236.00 27.98 25.00 15.59 

5 2664 2664 12.00 156.00 52.67 46.00 25.72 

6 2664 2664 21.00 401.00 145.41 127.00 74.11 

7 2664 2664 37.00 624.00 312.26 307.00 114.69 

8 2666 2666 32.00 746.00 395.33 372.00 141.90 

9 2662 2662 64.00 734.00 354.37 322.00 126.88 

10 2662 2662 57.00 717.00 324.87 299.00 103.54 

11 2672 2672 93.00 594.00 328.68 310.00 86.18 

12 2672 2672 117.00 653.00 347.84 330.00 86.18 

13 2672 2672 115.00 658.00 346.65 328.00 80.92 

14 2672 2672 101.00 617.00 354.19 341.50 81.70 

15 2672 2672 169.00 632.00 373.16 371.00 75.09 

16 2672 2672 102.00 633.00 394.09 392.00 87.47 

17 2672 2672 154.00 655.00 427.19 432.00 96.00 

18 2672 2672 126.00 640.00 402.16 408.00 92.49 

19 2672 2672 145.00 613.00 306.66 296.50 72.11 

20 2668 2668 20.00 495.00 232.99 223.00 55.78 

21 2664 2664 77.00 507.00 193.92 184.50 49.22 

22 2664 2664 64.00 539.00 165.41 156.00 48.61 

23 2664 2664 10.00 551.00 128.55 114.00 59.32 

Table 3. Distribution of traffic data per hour for all days considered 

 

This analysis included every weekday during a 4 month long period, since only weekday 

Signal Timing (ST) patterns were evaluated in this study.  
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Link N Obs Minimum Maximum Mean Median Std Dev 

M-17-linkEB 4992 5.00 592.00 203.33 236.00 130.56 

M-17-linkWB 4992 7.00 573.00 207.15 225.50 139.11 

M-18-linkEB 6816 8.00 545.00 200.75 235.00 122.74 

M-18-linkWB 6816 9.00 606.00 201.84 215.00 133.16 

M-19-linkEB 6816 12.00 622.00 237.60 275.00 147.59 

M-19-linkWB 6816 9.00 622.00 235.87 257.00 148.98 

M-20-linkEB 6816 9.00 746.00 304.41 355.00 201.47 

M-20-linkWB 6816 8.00 655.00 291.80 316.50 179.55 

M-21-linkEB 6574 0.00 666.00 266.85 309.00 174.59 

M-21-linkWB 6574 6.00 570.00 244.08 267.00 147.73 

Table 4. Distribution of traffic data per MVDS approach (15 minute counts) 

 

 
Figure 4. Location of MVDS midblock detectors along Broward Blvd. 
 



 

38 

 
Figure 5. Location of Portable Traffic Monitoring Sites along Broward Blvd. 

 

Field traffic counts (volumes) from mid-block detectors during the last 4 months 

of 2014 and from portable traffic monitoring sites during 2014 demonstrate that actual 

traffic patterns have changed over the past 4 years. 

Tables below represent a) design AM weekday peak hour volumes from Synchro, 

4 month average AM peak hour counts from 5 MVDS detectors b) and average AM 

weekday peak hour counts from 8 Portable Traffic Monitoring Sites c). 

Yellow highlighted rows in tables under Fig.6 b) and c) represent locations traffic counts 

are available from both sources: MVDS and Florida Online Traffic. Each color in one of 

the tables can be found in two others if the locations (data collection points) match. The 

first table, however only accounts for the WB/EB through traffic counts from original 

Synchro file (design volumes), which clearly demonstrates that there have been 

significant changes in traffic demand over the last four years. 
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            b) 

 

 

 

 

 

a)                                                                      c) 

Table 5. Traffic counts from various sources 

 

Actual weekday traffic demand (available from 5 MVDS mid-block detector traffic 

counts and Florida Online Portable Traffic Monitoring Sites) deviates significantly from 

the design volumes used to develop original signal timing plans.  Florida Online Portable 

Traffic Monitoring Sites were used for verification purposes only, since peak period 

demand decreased according to the most recent traffic data observed, contrary to what 

was expected.  

It is important to emphasize one detail here, midblock detectors count midblock 

traffic, each of them counts the total number of vehicles going through, left and right at 

the next intersection in both directions. Therefore, certain assumptions had to have been 

made when determining each intersection movement traffic counts. It was assumed that 

turning movement proportions were not changed (same as the design volumes’ turning 

movement proportions in Synchro models) and only the total number of vehicles 
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approaching the intersection was modified. When this value was updated (MVDS 

collected number of vehicles), the turning movement counts were proportionally 

adjusted.   

Generally, whenever traffic conditions change, signal timing plans, that were once 

optimized and later fine-tuned for a specific demand, need to be retimed or updated. By 

measuring the difference in performance of traffic control system, before and after the 

latest retiming, we can determine the extent of deterioration of signal timing plans or 

recognize that current signal timing plans are still optimal. 

Traffic demand variations infer that it is necessary to test the optimality of current 

signal timing plans for new field-collected traffic volumes. Therefore, in order to evaluate 

the effectiveness of current signal timing plans (operated in the field), actual 

modifications in signal timing plans and variations in traffic volumes were examined.  

 

4.3 EXISTING TOD SIGNAL TIMING PLANS 

 

Existing TOD traffic signal control on Broward Blvd was developed in-house by 

Broward County Traffic Engineering Department (BCTED). Engineers used Synchro to 

determine initial cycle lengths, phasing and offsets and then fine-tuned the settings in the 

field.  

Twenty traffic signals on Broward Blvd. are part of a larger signal coordination system in 

place in Broward County. The signal controllers are implementing conventional actuated-

coordinated predefined signal timing plans determined by time of day. Broward Blvd. 

currently has the following time-of-day actuated-coordinated signal timing plans in place. 
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Table 6. Time-of-Day signal timing plans and corresponding intervals-Zone 1 
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Table 7. Time-of-Day signal timing plans and corresponding intervals-Zone 2 
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Field implemented TOD signal timing data were provided by BCTED in two forms: 1. 

detailed PDF files of signal timings and pattern data, and 2. a Synchro file containing all 

of the signalized intersections for the entire corridor, containing original timing plans. 

Signal timings from the Synchro files for each intersection were compared with the PDF 

files and the Synchro files were adjusted to replicate the field signal timing settings 

precisely. 

 

4.3.1 DIVIDING AREA INTO SECTIONS 

 

Broward Blvd. from SR7 to US1 is divided into two zones, two groups of signals which 

are controlled independently from any other group of signals. Every intersection in zone 

1 changes to a new TOD timing plan at the same time of day, the same is true for zone 2.  

 

 
Figure 6.  Number of phases per intersection along the corridor 
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The main reason for this sectioning comes from an operational standpoint. I-95 freeway 

crosses the corridor and carries far more traffic than any surrounding area. Considering 

that Fort Lauderdale downtown and large central business district are located east of I-95, 

logical break in coordinated intersection operation was separating the corridor into two 

independently coordinated zones. East of I-95 common changes in traffic flow among all 

intersections are experienced (i.e., peak period occurs at nearly the same time, the time at 

which saturated conditions occur, number of intersections which are impacted by 

incidents etc. Lastly, commonly used natural boundary is the intersection of an arterial 

with a freeway interchange. On the other note, smaller groups of signals are easier to deal 

with, this is specifically related to the optimization processes and software used, since the 

algorithm is most sensitive to small numbers of intersections at once. 

Intersection of Broward Blvd. and US1 geographically forms a part of this 

corridor, since it is actually at the junction of two crossing arterials, each of which forms 

a separate coordinated section. It was excluded from the optimization process, but it was 

used in the evaluation since it intersects the Broward Blvd. corridor.  
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Figure 7. Signal Patterns for Broward Blvd & W 24th Ave and Broward Blvd & I-95 
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CHAPTER 5 APPLICATION OF METHODOLOGY 

 

This chapter illustrates the application of the proposed assessment methodology to the 

selected segment of Broward Blvd. There are several aspects which are included in this 

chapter:  

 Explain the procedure of creating demand profiles using detector data from an 

arterial corridor.  

 Demonstrate how to use these profiles to compute balanced traffic counts for each 

of the intersections, i.e. identify demand scenarios. 

 Describe the automated procedure of importing traffic demand scenarios into 

Synchro. 

 Explain the signal timing plans optimality evaluation method applied to every 

scenario. 

 

5.1 IDENTIFYING SCENARIOS 

 

64 weekdays were investigated in this study. Each TOD period (4 per day) represented a 

scenario, which in total made 64*4=256 scenarios which were developed to emulate the 

variation in the link/corridor traffic flows. All of the scenarios are first modelled in MS 

Excel and account for the variations in daily and day-to-day traffic demand. 
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Excel-based flow balancing tool was used to determine properly balanced traffic volumes 

and preprocess the peak hour volumes in a .csv format. These volumes were then 

imported through Universal Transfer Data Format (UTDF), into the Synchro file for 

every scenario. 

 

5.1.1 WEEKDAY TOD PEAK HOUR DEMAND 

 

Weekday AM peak hour period scenarios were defined through the sets of AM MVDS 

values, used to balance traffic flows along the corridor. TOD AM peak hour period, 

(Zone 1 06:00-09:00 am), determined the time interval from which the AM analysis 

volumes were selected. Highest 15-minute vehicle count during this time of day interval, 

was identified (each MVDS and each direction) and later used to analyze the optimality 

of deployed STP. In the end, each demand scenario consisted of a set of 10 highest 

MVDS traffic counts. 

The method in this study assumed evaluating worst case scenarios. 15-minute 

flows were then converted into an hourly flow rate (veh/hr) (i.e., multiplied times 4). The 

peak 15 minute flow (multiplied by 4) was considered to be the hourly flow rate. These 

MVDS hourly flows were then used to develop demand scenarios. Hourly volumes used 

to design Synchro signal timing plans and MVDS hourly volumes, together, were used to 

compute new sets of hourly flows which were inserted into Synchro for analysis. Synchro 

peak hour factor was then set to be 1. The process was repeated for each weekday 

investigated; next weekday’s set of 10 MVDS hourly volumes was identified and used to 

generate balanced volumes for another demand scenario.  
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The same procedure was applied for every other TOD period during the day: 

Midday, PM and night time. 

 

5.2 EXCEL-BASED TRAFFIC FLOW BALANCING TOOL 

 

In order to include new traffic volumes into signal timing analysis a new set of traffic 

flows needed to be developed. An Excel-based traffic flow balancing tool is created to 

take into account impact of the most recent field traffic counts. Traffic flows are modified 

at several locations (MVDS positions) and the rest of the flows are balanced accordingly 

with respect to design traffic volumes.  

Each intersection approach was schematically represented by its design volumes’ 

turning movement distributions. Total inbound and outbound traffic flow for both main 

intersection approaches were calculated. Blue circled cells represent total inbound traffic 

flow at NW 7th westbound (and per turning movement), while red circled  cells represent 

total outbound flow at NW 7th eastbound approach.  

 

 
Figure 8. Illustration of the corridor segment in the balancing tool 

 

It is important to mention that this was necessary since the traffic counts retrieved 

at the midblock detectors represent total number of vehicles that pass over the midblock 
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detectors. This basically means that the total number of vehicles includes through, left 

and right turning vehicles. This approach provided a reasonable standpoint to compare 

design inbound/outbound volumes to MVDS hourly volumes to calculate the ratio 

between the two.  

At 5 specific locations along the arterial (positions of MVDSs) total midblock detector 

traffic volumes collected are used to represent the most recent field traffic demand. 

Microwave vehicle detectors are usually mounted on top of the signal poles and vehicles 

can be detected anywhere within the field of vision, i.e. over multiple lanes. Considering 

that MVDS detectors count traffic in both directions, the actual number of points where 

traffic flows were measured equals 10.  

 

 
Figure 9. Adjusting intersection traffic volumes based on the M18 counts  

 

Each MVDS value (i.e. total number of vehicles) for a specific TOD interval was 

inserted in the tool at its corresponding position. These values were referred to as 

“Balanced” in the Figure below. “Design” volumes represent actual design volumes 
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retrieved from the original Synchro files, summed per intersection turning movement to 

represent the total number of vehicles, similar to MVDS total number of vehicles. By 

taking into account the ratio between the “Design” and “Balanced” volumes, (at every 

MVDS location), each approach turning movement counts were increased/ decreased 

accordingly, depending on the actual approach considered. Eastbound approach volumes 

were updated based on the ratio for the closest eastbound MVDS count.   

Turning movement proportions were not changed, they remained the same as 

design volumes turning movement proportions. The same ratio was applied to side street 

volumes, seeing that no information was available for those (minor) approaches. This 

approach is presented in the Figure above for M18 detector, located between NW 31st St. 

and NW 27th St.  

Each of the midblock detectors counts was considered when updating intersection 

volumes along the entire arterial segment. A single demand scenario was created, by 

automatically updating traffic volumes as soon as MVDS peak hour traffic flows were 

inputted in the corresponding fields. Excel spreadsheet was designed and appropriate 

cells were referenced to automatically update entire corridors’ intersection counts upon 

entering midblock collected traffic volumes. The figure below demonstrates how the 

method was executed for two MVDSs (M18 and M19). 

Yellow and purple colored cells represent the updated volumes per turning 

movement for westbound and eastbound directions, respectively. The image below 

demonstrates the manner in which the tool calculated and updated the volumes, as a 

result producing a new set of traffic flows which will later be inserted into the appropriate 

Synchro file.  
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Figure 10. Updating traffic volumes at evety intesection approach 

 

Illustrated procedure refers to weekday AM peak hour traffic counts balancing. 

The same is applied to three remaining sets of traffic counts: Midday, PM peak and night 

time. 

5.3 SYNCHRO PROCEDURE 

 
Figure 11. Synchro-based analysis procedure 
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In this study Synchro (Husch, D., & Albeck, J., 2011) was used as the analysis tool as 

well as the optimization tool.  It was crucial to enable an easy and fast import of traffic 

volumes into Synchro, scenario after scenario, given that there were 256 scenarios 

classified. 

BCTED provided weekday AM, mid-day and PM peak hour Synchro models for 

Broward Boulevard.  These models contained lane configurations, signal timings, and 

historic (2011) traffic volumes at every signalized intersections along the arterial. Signal 

timings were modified to replicate field-implemented signal timing patterns.    Traffic 

volumes were then updated in every model for every scenario. 

Universal Traffic Data Format, or UTDF, stands for a Synchro component which 

enables data access from other programs such as databases and spreadsheets. A 

significant part of this research effort was based on the use of an Excel-based flow 

balancing tool to derive the actual daily TOD traffic counts per intersection. It was 

mentioned in the previous chapters that traffic volumes per intersection and per approach 

were generated in a tabular form, and this later facilitated easy transfer between the 

balancing tool and Synchro through its UTDF feature. When the balancing tool was first 

developed, an additional effort was made to adjust the outcome table format to match the 

exact layout of Synchro models’ UTDF traffic volume data format. 

Synchro data access option enables a straightforward and automated manipulation 

of standard traffic data (Gerken and Meyers, 2000). Given that UTDF supports storing 

and sharing of .csv types of files, this allowed for traffic counts data to be exchanged 

between the two tools. The entire concept was formulated so it would enable a seamless 

import of updated traffic volumes into Synchro. There were no other adjustments made 
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and this approach guaranteed only volumes would be updated. By choosing 

Transfer/UTDF Database Access option on Synchro main menu and then “Write 

Volume” each intersections’ layout and corresponding volumes are stored as a .csv file. 

Intersection turning movements are listed per approach, along with the 

intersection identification (INTID) number. The intersection identification number, which 

corresponds to the node number assigned in Synchro (this was set when the network was 

initially built by BCTED), serves as the key to connecting intersection data. Each time an 

excel tool generated new volumes (same format) the table was copied into the UTDF .csv 

file. Then, through Synchro UTDF option “Read”, these updated volumes were inserted 

into the model accordingly. This approach enabled the import to be completed efficiently 

and eased greatly an extremely tedious and time-consuming effort. 

Importing balanced volumes into the Synchro file represented the state which 

corresponds to current field conditions. This Synchro file was referred to as “Current” 

and saved for further analysis. 

Taking into account regulatory constraints imposed by the authority (BC Public Works 

Department) which assumed that the corridor should stay divided into two Zones, 

optimization process also was separated per zone.  

Optimized Synchro files were also saved for further analysis. This process was repeated 

for all 256 scenarios. Each day TOD period had two corresponding Synchro files 

“current” and “optimized”.  

Optimization process in Synchro consisted of: 

 Cycle Length optimization per zones (range from 50 to 180sec, 5 sec increment) 

 Never allow uncoordinated signals 
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 Sometimes allow double cycling 

 Extensive offset optimization 

 No lead/lag phase optimization 

 

Performance of signal timing plans was assessed by quantifying the difference in 

approach delay. Major approaches intersection delay was compared for the two files 

“current” vs. “optimized” for every scenario. Relative difference in delay was used as the 

measure of STP effectiveness. Figure below shows one example table for September 8th 

scenario. Relative difference in delay was used as an indicator, and the justification was: 

“optimized” vs. “current” delay relative ratio provides a more accurate representation of 

the actual intersection performance gain/loss due to changes in signal timings than the 

absolute value of difference in delay. Absolute difference in delay (number of seconds) 

could be misleading; actual approach delay, for example, could have been, under current 

traffic conditions, extremely low or high and the absolute value wouldn’t represent the 

actual magnitude of change.   
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Table 8. Example scenario September 8th result summary table 

 

5.3.1 SYNCHRO STUDIO 8 

 

Synchro is a macroscopic analysis and optimization software application. Synchro 

supports the Highway Capacity Manual’s methodology for signalized intersections 

(Trafficware, 2011. To perform the optimization of signal timing plans Synchro requires 

the user to select and apply several options in a specific order. Synchro is capable of 

optimizing cycle lengths, offsets, splits and phase sequence. In addition can partition the 

network.  

Synchro provides optimization function for cycle lengths, splits, and offsets. It 

optimizes cycle length by analyzing all cycles in the user defined range and increment. 

Synchro determines network cycle lengths by minimizing the performance index (PI). 
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The cycle length optimization will chose the cycle length with the lowest 

performance index. Previous versions of Synchro included a queuing penalty within the 

PI. Total Delay (Synchro version 8) consists of Control Delay and Queue Delay.  

The PI is calculated as follows: 

PI = [(D*1) + (St*10)]/3600 

PI = Performance Index 

D = Total Delay (s) 

St = Vehicle Stops (vph) 

 

Optimization of offsets can be achieved through multiple stages; a number of 

stages and search step sizes depend on the optimization level selected by the user. This 

command tests all possible offsets (and if selected lead-lag phase combinations). The best 

timing plans minimize the delays between the intersection and its immediate neighboring 

intersections, Synchro recalculated the delay based on the departure patterns for an 

intersection and its adjacent nodes.  

Split optimization is accomplished by first attempting to service critical lane’s 

90th percentile traffic flow. It the cycle time is too short to achieve this, Synchro attempts 

to serve the 70th percentile, and, if necessary, the 50th percentile traffic flow. Any extra 

green time is given to main phases. 

In addition, Synchro includes several special features, which facilitate its 

integration with other tools and software. Data Access option offers the possibility of 

effortless import/export of different data formats, which greatly simplifies extensive i.e. 

time-consuming processes.    
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CHAPTER 6 IDENTIFICATION OF TOD BREAKPOINTS 

 

Time-of-day specific signal timing plans are developed to accommodate specific sets of 

traffic conditions. Therefore, it is important to properly identify daily intervals when 

those specific circumstances exist; meaning the times of day when each plan should be 

used. On the other hand, it is equally important to determine the number of unique sets of 

traffic conditions that will require signal timing plans. This process could be referred to 

as TOD breakpoints identification.  

The most common approach of determining the number of timing plans and the 

times of day when they operate assumes a combination of reviewing traffic data along the 

corridor, such as 24-hour directional traffic counts, critical intersections’ turning 

movement counts (TMCs), and traffic engineering judgment. Appropriateness for time of 

day changes is primarily based on the analysis of plots of traffic volumes as a function of 

time of day for the two or three most important intersections in the corridor. The simplest 

way to identify the AM, PM and off-peak time periods is to observe its graphical 

representation.
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6.1 WEEKDAY HOURLY VOLUME PROFILES 

 

 

According to Koonce et al. (2008) weekly traffic volumes and their corresponding traffic 

patterns are the most important element used to identify:  

 Directional distribution of traffic along the corridor,  

 The number of timing plans used during the weekdays and weekend, 

 When to transition from one timing plan to the next (Koonce et al., 2008). 

Weekly traffic volumes using system detectors, in this study, Intelligent Transportation 

Systems devices reduced the time and cost of the data collection effort. 

Typical weekday 24-hour traffic flow pattern (MVDS detector counts) illustrates where 

timing plan changes may be appropriate and, in addition, indicates that active signal 

timing plans might not be optimal any longer. The figure below depicts traffic volume 

distribution during the month of November 2014. 

Traffic demand variations infer that it is necessary to test the optimality of current 

signal timing plans for new field-collected traffic volumes. With the decrease or increase 

in traffic flows, delay, was expected to increase or remain unchanged, at best. Increased 

delay meant deterioration in performance. Therefore, in order to evaluate the 

effectiveness of current signal timing plans (operated in the field), actual modifications in 

signal timing plans and variations in traffic volumes were examined. 

Majority of traffic signal systems today employ multiple time-of-day (TOD) 

timing plans to meet traffic demand changes over the course of a day. This usually means 

that the plans developed for the morning peak are different from the one operated during 

off peak periods. This, in turn, implies that different cycle lengths, therefore, splits, and 
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offsets might be in place depending on the time of day period to provide better 

progression along major arterials in coordinated signal systems. One thing should be kept 

in mind the greater the differences in signal timing patterns the greater the traffic flow 

progression disruption. This is why traffic system engineers carefully examine and 

consider transitions which minimize disruption to normal traffic operations. Practically, 

when considering different TOD signal timing plans traffic engineers prefer to select the 

ones with the same cycle lengths, but different offsets and splits.   

The figures below represent the relationship between the design volumes and 

current field-collected volumes. Each MVDS diurnal traffic distribution is compared to 

the corresponding Florida Online Traffic counts devices on Broward Blvd.  Current TOD 

breakpoints for zone 1 are 6:00, 9:00, 16:00 and 18:15h. There are no changes in cycle 

length duration, the reason for plans to operate on a same cycle length was minimization 

of corridor progression disruption i.e. transition adjustments when switching from one 

plan to the other throughout the day.  
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Figure 12. Relationship between current MVDS volumes and cycle lengths – Zone1 

 

Current TOD breakpoints for zone 2 are 6:00, 15:00 and 20:00 h. there are no changes in 

cycle length when changing timing plans during the day, again possibly to avoid corridor 

progression disruption due to transition. 
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Figure 13. Relationship between current MVDS volumes and cycle lengths – Zone2 

 

6.2 CLUSTER ANALYSIS 

 

The cluster analysis is a statistical technique of classifying data of previously unknown 

structure into meaningful groupings. In this study the purpose of cluster analysis is to find 

clusters to represent TOD based on traffic volume for signal control. The collected 

volume data from MVDS were used to create clusters which are similar to each other in 

sense of travel demand.  

Cluster analysis considers different grouping methods according to the type of variables 

(qualitative, quantitative, binary or mixed). In this study the hierarchical method was 

used in SPSS (Green, S. B., & Salkind, N. J., 2010). Hierarchical clustering algorithms 
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are methods to divide a set of n observations into g groups so that the members of the 

same groups are more alike than members of different groups (Ripley, 1999). 

Hierarchical clustering is considered an unsupervised clustering method. Unsupervised 

clustering does not take any of the experimental variables into account while clustering, 

whereas supervised clusters does consider experimental variables when clustering. In the 

beginning, each observation is assigned to its own cluster. Then, the two most similar 

clusters are combined and continue to combine until only g clusters are left. Clusters are 

merged based on a proximity measure. Several measures have been proposed to 

determine the proximity between points on the plane (Anderberg, 1973; Gower, 1985), 

however the most common for quantitative data is the Euclidean metric that determines 

the proximity between the points  and  as: 

 

. 

 

In this study the centroid method is considered as between groups’ measure of proximity. 

The centroid (gravity center) of each group is an important element of the cluster which 

for group A is defined as: 

 

 

 

Analysis performed assumes one dimensional Euclidean measure of distance i.e. an 

absolute difference between two traffic volume values.  
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The clustering analysis in this study was conducted in various scenarios: 1) entire 

corridor, 2) east-bound, 3) west-bound, 4) zone 1, zone 2. Difference in TOD breakpoint 

intervals for different scenarios exist due to the various MVDS traffic data used in 

clustering. For instance, the Entire corridor scenario used the traffic data from all MVDS 

along the corridor in both east and westbound direction, and Zone 1 scenario used the 

traffic data from MVDS detectors which are located in zone 1. Zone 1 and zone 2 are 

categorized based on the current field conditions.   

In this study, in order to decrease the delay induced by transition period, the 

minimum number of observation in each clusters is considered to be 4 to ensure transition 

cannot occur at intervals less than 1 hour.    

The following two figures demonstrate the relationship between the TOD 

breakpoints identified through volumes vs. time of day plots and TOD breakpoints 

generated as the result of hierarchal cluster analysis. Red lines represent current zone 1 

time of day when periods signal plans switch.  
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Figure 14. TOD breakpoints – Zone 1  
 

Cluster  TOD interval 

1 23:00-6:30 

2 6:30-9:15 

3 9:15-16:30&18:45-19:45 

4 16:30-18:45 

5 19:45-23:00 

Table 9.  Zone 1 TOD breakpoints based on cluster analysis 
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Figure 15. TOD breakpoints – Zone 2 

  

Cluster  TOD interval 

1 23:30-6:30 

2 7:30-9:15 

3 9:15-15:45 

4 15:45-19:00 

5 6:30-7:30 & 19:00-23:30 
Table 10. Zone 2 TOD breakpoints based on cluster analysis
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CHAPTER 7 RESULTS AND DISCUSSION 

 

The figures below show the amount of delay savings when performance of optimized 

signal timing plans is compared to the performance of current signal timing plans. Each 

of the figures represents average delay reduction per intersection approach for specific 

TOD interval. Red bars represent eastbound optimized signal timing plan achieved 

reduction in delay and blue colored bars each intersection westbound approach percent of 

delay difference for optimized scenarios.  Analysis in this study was based on two main 

approaches delay change. Everything on the left side represents the actual delay reduction 

realized once the plans have been optimized. Approach delays in each of the figures are 

calculated as a relative difference between the Synchro “current” plans generated delay 

and “optimized” delay. Average vehicle delays are summarized and averaged over an 

entire analysis period (64 days in total) for each of the demand scenarios. The charts are 

created to provide a straightforward visualization of delay reduction at every intersection 

approach and corridor as a whole.  

Bars on the right side of the graph demonstrate that there were several 

intersections (approaches) where improvement in performance wasn’t achieved, and 

where, in fact, optimized plans performed worse than current plans.  Intersection 

approaches on the right fall short of the do nothing scenario established delay, degrading 

the performance of signal for given demand.                                                 
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7.1 AM PLANS 

Particularly, optimized AM plans produced significant delay savings along the 

corridor as a whole, however, I-95 SB/NB ramp optimized signal timing plans 

underperformed. Bearing in mind that this intersection was optimized as part of zone 2, 

due to the constraints imposed by the authority and the fact that morning peak volumes 

were significantly higher at this location than anywhere else along the corridor, this 

finding doesn’t seem unexpected. The table below demonstrates the relative difference in 

volumes along the corridor (average of 4 months aggregated data). Higher traffic 

volumes along the I-95 interchange at Broward Blvd. of 24% eastbound and 26% 

westbound degraded the performance of these signals and this could not be compensated 

through optimization.  

On the other hand, one important observation can be made, by looking at the rest 

of the corridor, volumes did not change considerably since the last retiming of signals 

was conducted. 
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Figure 16. Optimized AM plans generated delay reduction  
 

 

RECORDNAME INTID EBL EBT EBR WBL WBT WBR

NW 31st 2013 -0.17 -0.17 -0.17 0.25 0.25 0.25

NW 34th 2015 -0.17 -0.17 0.25 0.25

Kentucky (35th) 2016 -0.17 -0.17 -0.17 0.25 0.25 0.25

US 1 2023 0.02 0.02 0.02 0.01 0.01 0.01

3rd 2043 0.02 0.02 0.02 0.01 0.01 0.01

Andrews 2054 0.02 0.02 0.02 0.01 0.01

7th 2071 0.01 0.01 0.01 0.01 0.01 0.01

11th 2082 0.04 0.04 0.04 0.03 0.03 0.03

Powerline 2130 0.04 0.04 0.04 0.01 0.01 0.01

W 1st 2133 0.02 0.02 0.02 0.01 0.01 0.01

27th 2153 0.03 0.03 0.03 0.26 0.26 0.26

38th 2176 -0.17 -0.17 -0.17 -0.17 -0.17 -0.17

SR 7 2177 -0.17 -0.17 -0.17 -0.17 -0.17 -0.17

15th 2185 0.04 0.04 0.03 0.03

24th 2187 0.26 0.26 0.26 0.26 0.26 0.26

I-95 SB on/off 2232 0.24 0.24 0.26 0.26

I-95 NB 2233 0.24 0.26 0.26

18th 2270 0.24 0.24 0.24 0.03 0.03 0.03

5th 2288 0.02 0.02 0.02 0.01 0.01

14th 2399 0.04 0.04 0.03 0.03

Relative difference in volumes  (% change)

 
Table 11. Relative difference in volumes - AM peak hour 
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Reason for this might be the fact that I-95 was already operating at capacity during AM 

peak and optimizing zone 2 timing plans didn’t lead to any improvements at I-95 

interchange.  

7.2 MIDDAY PLANS 

 

Performance of midday plans was improved for the most part of the corridor, 

particularly westbound direction. However, overall midday volumes are significantly 

higher than those used to design original signal timing plans. Last 4 months of (2014) 

MVDS data shows there is, on average, around 50% more traffic along Broward Blvd. 

during the midday TOD intervals, Table 11. This change is significant and affects traffic 

signal operation adversely. When intersection approaches’ volumes were higher (both 

directions), the optimization process generated plans which produced higher intersection 

delays. Depending on the amount of traffic and intersection position, more significant 

degradation of performance was realized on a more heavily burdened approach. For 

example, W 5th Ave both approaches volumes were significantly higher and even though 

eastbound approach delay decreased by 60% on average, westbound approach delay was 

twice as much higher. Optimized plans perform better overall, however, a more 

comprehensive data collection (intersection approach) is necessary to adequately capture 

the demand and no design restrictions to achieve greater optimization benefits. Limited 

benefits realized after optimization are primarily due to significant difference in volumes, 

and optimization constraints were too restrictive. 
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Figure 17. Optimized Midday plans generated delay reduction 
 

 

RECORDNAME INTID EBL EBT EBR WBL WBT WBR

NW 31st 2013 0.32 0.32 0.32 0.14 0.14 0.14

NW 34th 2015 0.32 0.32 0.14 0.14

Kentucky (35th) 2016 0.32 0.32 0.32 0.14 0.14 0.14

US 1 2023 0.33 0.33 0.33 0.38 0.38 0.38

3rd 2043 0.33 0.33 0.33 0.38 0.38 0.38

Andrews 2054 0.33 0.33 0.33 0.38 0.38

7th 2071 0.38 0.38 0.38 0.38 0.38 0.38

11th 2082 0.41 0.41 0.41 0.28 0.28 0.28

Powerline 2130 0.41 0.41 0.41 0.38 0.38 0.38

W 1st 2133 0.33 0.33 0.33 0.38 0.38 0.38

27th 2153 0.28 0.28 0.28 0.33 0.33 0.33

38th 2176 0.32 0.32 0.32 0.07 0.07 0.07

SR 7 2177 0.32 0.32 0.32 0.07 0.07 0.07

15th 2185 0.41 0.41 0.28 0.28

24th 2187 0.33 0.33 0.33 0.33 0.33 0.33

I-95 SB on/off 2232 0.66 0.66 0.33 0.33

I-95 NB 2233 0.66 0.33 0.33

18th 2270 0.66 0.66 0.66 0.28 0.28 0.28

5th 2288 0.33 0.33 0.33 0.38 0.38

14th 2399 0.41 0.41 0.28 0.28

Relative difference in volumes  (% change)

 
Table 12. Relative difference in volumes - Midday 
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7.3 PM PLANS 

 

Figures below show the amount of delay reduction achieved per intersection approach 

when PM plans are optimized for current demand.  

Afternoon peak traffic flow patterns evidently deviate from the ones implemented 

during the last retiming effort. Specifically, westbound demand increased at particular 

locations west of I-95, at the same time there was significant change in demand at the 

most east part of the corridor (west of US1).  These traffic pattern variations 

(intersections of Broward and E 3rd, W 7th, W 14th) affected intersection approach delays 

negatively; there were no improvements in performance once optimized, in fact the 

delays increased significantly.  

 

 
Figure 18. Optimized PM plans generated delay reduction 
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RECORDNAME INTID EBL EBT EBR WBL WBT WBR

NW 31st 2013 -0.11 -0.11 -0.11 0.35 0.35 0.35

NW 34th 2015 -0.11 -0.11 0.35 0.35

Kentucky (35th) 2016 -0.11 -0.11 -0.11 0.35 0.35 0.35

US 1 2023 -0.29 -0.29 -0.29 0.39 0.39 0.39

3rd 2043 -0.29 -0.29 -0.29 0.39 0.39 0.39

Andrews 2054 -0.29 -0.29 -0.29 0.39 0.39

7th 2071 0.39 0.39 0.39 0.39 0.39 0.39

11th 2082 0.30 0.30 0.30 -0.22 -0.22 -0.22

Powerline 2130 0.30 0.30 0.30 0.39 0.39 0.39

W 1st 2133 -0.29 -0.29 -0.29 0.39 0.39 0.39

27th 2153 -0.12 -0.12 -0.12 0.00 0.00 0.00

38th 2176 -0.11 -0.11 -0.11 -0.05 -0.05 -0.05

SR 7 2177 -0.11 -0.11 -0.11 -0.05 -0.05 -0.05

15th 2185 0.30 0.30 -0.22 -0.22

24th 2187 0.00 0.00 0.00 0.00 0.00 0.00

I-95 SB on/off 2232 0.63 0.63 0.00 0.00

I-95 NB 2233 0.63 0.00 0.00

18th 2270 0.63 0.63 0.63 -0.22 -0.22 -0.22

5th 2288 -0.29 -0.29 -0.29 0.39 0.39

14th 2399 0.30 0.30 -0.22 -0.22

Relative difference in volumes  (% change)

 
Table 13. Relative difference in volumes - PM peak  

 

 

 7.4 NIGHT TIME PLANS 

 

Compared to the performance of three other TOD signal timing plans after optimization, 

night plans indicated several inconsistencies. It seemed that minor variations in demand 

caused significant degradation of performance for several signals. Specifically, W 34th 

Ave (zone 1) and W 14th (zone 2) didn’t experience any considerable fluctuation in 

demand, nor did any of the surrounding intersections however, due to the adjacent 

intersection timing plans adjustments, their westbound approaches underwent a 

significant (up to 100%) decline in performance, steadily. Also, volumes at I-95 SB and 

NB ramp on average showed an increase of up to 17%, but optimized plans generated 

delays that were on average 50% higher compared to un-optimized state.  

Night plans were not developed in Synchro, they were deployed in the field based 

on BC TMC engineering judgement and estimates of night demand. Midday Synchro 
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model was adjusted according to the midblock detector demand to replicate night time 

demand and signal timing settings deployed in the field.  

 
Figure 19. Optimized Night plans generated delay reduction 

 

RECORDNAME INTID EBL EBT EBR WBL WBT WBR

NW 31st 2013 -0.08 -0.08 -0.08 0.03 0.03 0.03

NW 34th 2015 -0.08 -0.08 0.03 0.03

Kentucky (35th) 2016 -0.08 -0.08 -0.08 0.03 0.03 0.03

US 1 2023 -0.15 -0.15 -0.15 0.17 0.17 0.17

3rd 2043 -0.15 -0.15 -0.15 0.17 0.17 0.17

Andrews 2054 -0.15 -0.15 -0.15 0.17 0.17

7th 2071 0.17 0.17 0.17 0.17 0.17 0.17

11th 2082 -0.12 -0.12 -0.12 0.07 0.07 0.07

Powerline 2130 -0.12 -0.12 -0.12 0.17 0.17 0.17

W 1st 2133 -0.15 -0.15 -0.15 0.17 0.17 0.17

27th 2153 -0.12 -0.12 -0.12 0.17 0.17 0.17

38th 2176 -0.08 -0.08 -0.08 -0.07 -0.07 -0.07

SR 7 2177 -0.08 -0.08 -0.08 -0.07 -0.07 -0.07

15th 2185 -0.12 -0.12 0.07 0.07

24th 2187 0.17 0.17 0.17 0.17 0.17 0.17

I-95 SB on/off 2232 0.15 0.15 0.17 0.17

I-95 NB 2233 0.15 0.17 0.17

18th 2270 0.15 0.15 0.15 0.07 0.07 0.07

5th 2288 -0.15 -0.15 -0.15 0.17 0.17

14th 2399 -0.12 -0.12 0.07 0.07

Relative difference in volumes  (% change)

 
Table 14. Relative difference in volumes - Night time 
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7.5 HYPOTHESIS TESTING 

 

In order to determine the statistical significance of the obtained results from experiments 

in this research and because the population variance is known, z-test has been used for 

statistical analysis. More precisely, to determine the improvements in the relative 

difference in delay statistical, one sample, lower tailed z-test was performed.  

To test the location of a sample mean in respect to a determined threshold value 

of relative delay for current traffic signal timings, and the optimized signal timings one-

sample case statistics is used. For that kind of statistics, the test statistic is based on the 

difference between two mean values. It is necessary to set a null hypothesis which will be 

accepted or rejected for every particular case. In this analysis, null hypothesis states that 

relative difference in average vehicle delay is smaller than threshold set relative 

difference delay of 0.05 (threshold was changed for sensitivity analysis in increments of 

0.05 to 0.25). The alternative hypothesis states that relative difference in vehicle delay is 

equal or greater of defined 0.05 (0.25). The difference is tested to 95% significance, 

which means that alpha value must be equal or less than 0.05.  

For one-tailed z-test, and alpha equal to 0.05, zo value is defined at -1.65. That is the case 

because in one-tailed variant of the z-test instead of 2.5% at each end of the curve, 

observes 5% on the negative side for smaller desired values, or 5% on the positive side 

for larger desired values, and that implies that zo values for one-tailed and two-tailed 

tests will differ.  Therefore, if calculated z value is less than -1.65, null hypothesis will be 

rejected and the alternative hypothesis will be accepted. If that is the case, than it could 

be said that revised signal timings do deliver improvements above set threshold of 0.25.  
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Above-mentioned statistical analysis has been conducted for all defined periods. AM, 

Midday, PM and night period were analyzed for both Westbound and Eastbound traffic 

flows and entire corridor. Looking at the corridor as a whole, signficant delay reductions 

of at least 25 % can be observed for the following periods have been observed: AM peak 

68 % (43 days out of 64) and Night time 55% (34 days out of 64). Only for PM peak 

period there were no improvements greater than 25% in relative difference of vehicle 

delay for any day examined. Optimized Midday plans reduced delays up to 20% in 59% 

of the scenarios tested (38 out of 64 days).  

 

 
Figure 20. Percentage of plans that provide at least 5% reduction in delay 
 

 
Figure 21. Percentage of plans that provide at least 10% reduction in delay 
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Figure 22. Percentage of plans that provide at least 15% reduction in delay 

 

 
Figure 23. Percentage of plans that provide at least 20% reduction in delay 
 

 
Figure 24. Percentage of plans that provide at least 25% reduction in delay 

 

 



 

77 

Figures below show the percent of total number of plans that were improved relative to 

the percent of expected delay reduction. The most significant improvement was achieved 

for AM and Night plans on average. Midday plans performance was moderately 

improved, while optimization of PM plans generated minimal benefits.  

  

 
Figure 25. Percent of improvement vs percent of total number of plans improved overall 

 

The following figure demonstrates the advancement in performance achieved per 

approach. Results are reasonable when total difference in traffic volume along the 

corridor is taken into account. AM plans both direction reduction in delay follows a 

closely similar trend. Table 11 is showing significant increase in volume (eastbound 

direction) which in turn prevented higher performance benefits to be perceived after 

Midday plans optimization. Unlike eastbound direction which suffered a steady decline in 
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performance, westbound direction delay reduction was significant (25% of improvement 

in 50% of cases). A similar trend could be seen for Night plans, however there were no 

significant changes in traffic volume observed. Optimization of PM plans produced only 

minor upgrades in performance.  

 
Figure 26. Main approach percent of improvement vs percent of total number of plans 

improved. 

 

7.6 SPECIFIC CONTRIBUTION 

 

One practical application of this research could be realized through an implementation-

ready collection of signal timing plans (STPs).  

Essentially, by using this auto-spreadsheet, the operator is able to observe and 

evaluate the latest changes in daily demand and based on the historical hourly volumes, 
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identify the most appropriate signal timing plan for the corresponding demand. In fact, 

this excel-based tool can be perceived as some sort of TRPS timing plans library. When 

certain pre-determined traffic volume thresholds are reached, the best suited timing plan 

is selected.  Based on specific calculations’ outcome (essentially a threshold value 

consisting of volume and occupancy combined) retrieved from each available detector 

traffic count in the system (corridor, zone, intersection) which is a part of TRPS, one of 

the previously stored STPs is identified as the optimal. 

Simplified explanation behind the TRPS logic is that these systems work based on 

a predetermined “pattern recognition” scheme.  This tool uses a similar approach to 

selecting the best STP for specified traffic demand. It is created as an off-line tool, which 

uses historical traffic counts from a group of detectors to compare them with the most 

recent traffic volumes and then selects the best match out of the previously developed and 

stored library of STPs. Excel-based tool selects specific STP to be implemented by 

calculating the best match with the stored traffic volume. 

This tool could be considered as some sort of TRPS forerunner (Broward County is, as a 

matter of fact, currently considering the viability and the need to deploy such a system); it 

would help prove and/or evaluate actual necessity of establishing a traffic responsive 

system along the corridor. Future advancements might bring particular modifications to 

STP library created and therefore be operated as part of an actual TRPS.  

On the other hand, it could be perceived as the first step in the transition process 

to help operators identify the most appropriate plan quickly and implement it based on 

the previous days’/weeks’/months’ expected traffic conditions. 
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The tool developed represents a streamlined approach to demand-based optimal traffic 

signal pattern selection. It is an experimental phase and the first step in a broader attempt 

to develop a more responsive traffic control system. 

 

7.6.1 MACRO-ENABLED EXCEL SPREADSHEET 

 

MVDS traffic counts are retrieved every 15 minutes, 24 hours a day 7 days a week. The 

user (operator/engineer etc.) can choose any 15minute interval to be evaluated. VBA 

macro was coded to use raw data in the format retrieved directly from the midblock 

detectors (Sunguide software). Traffic flow reports data format displays EB directions’ 

corresponding traffic parameters (speed, volume, occupancy, density) for every 

interval/day and then the same parameters in the same order for WB; for this purpose 

only traffic volumes are relevant. The user needs to select appropriate date and time 

(specific 15 minute interval) to be investigated. This is accomplished through the filtering 

option; when particular day and interval are selected, all corresponding MVDS values are 

displayed. By selecting them the macro is ready to run.  

VBA code for utilizing the STP library is fairly simple: based on the smallest root 

mean square error (RMSE) value the best match between sets of MVDS data is found and 

then the most suitable STP activated. RMSE is calculated between each of the 10 user 

selected MVDS values and each 10 MVDSs values in each set of data evaluated (in the 

previous evaluation) through Synchro.  

Since 4 specific TOD patterns are currently operated in the field (entire corridor 

observed), each of the TOD periods is separated into a dedicated subroutine AM pattern, 
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Midday, PM and Night. This was necessary since there were significant differences in 

STPs for these 4 periods. Each of them has its own corresponding MVDS sets of columns 

for comparison (previous MVDS traffic counts during the 4 months examination period). 

When button labeled AM is selected, the macro start running comparing the values with 

all the sets in the corresponding sheet and finds the closest match. The closest/best match 

is determined by calculating the minimum RMSE value.  

The values in the reference column and every other column in the sheet are 

compared. Each of the columns corresponds to a specific days’ TOD period and each 

consists of exactly 10 MVDS values collected for respective days/TOD periods.  

Reference column here represents the column which consists of user selected MVDS 

values for a specific time period during a specified day. 

Each cell in the reference column is compared to a matching cell in another (every other) 

column to search for the minimum RMSE (best match). RMSE is calculated for every 

pair of reference and date columns. Minimum RMSE represents the best match between 

the two columns. This means that MVDS values (specific column in the specific sheet) 

which differ the least from the reference MVDS values have been identified. As a result, 

the optimal STP, developed for these volumes specifically, becomes active i.e. visible to 

the user. The user is also able to observe major approaches expected delay per 

intersection if specific STP is to be implemented as well as some other characteristics. 

Important to mention here is the following: each of the columns in a set represents 

specific MVDS values collected for a specific day, which in turn, correspond to specific 

Synchro optimized STPs, which were derived for those specific traffic conditions 

observed on a given day. More precisely, for every weekday investigated during a 4-
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month period, there is a column which represents a specific days/weeks and months 

traffic counts and each of the columns, accordingly, has an associated Synchro optimized 

signal timing plan (OSTP) and most relevant performance metrics.  

Related measures represent approach delay experienced under current traffic conditions 

(traffic counts and field implemented STP) as well as the delay expected to encounter if 

the OSTP were to be deployed instead.    

 

 

 
Figure 27. Auto-spreadsheet layout and attributes 

 

7.7 CONCLUSIONS 

 

Research effort described in this study was aimed at determining the level of inadequacy 

of TOD signal timing plans to respond to day to day variations in traffic demand. The 

second part of this study addressed the problem of identifying TOD breakpoints based on 
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diurnal volume distributions. The methodology proposed as well as the analysis 

performed were developed to handle specific traffic data formats and the lack of, in order 

to provide a practical and straightforward approach in determining operational  traffic 

control deficiencies and quick and easy fine-tuning of field solutions when traffic 

conditions are changed. The approach applied practically demonstrates how the system 

would perform if it were to deploy an adaptive/TRPS traffic control and by calculating 

the difference in performance between the current and each day TOD optimal plan 

quantifies the non-optimality of currently deployed plans.   

Specific contribution of this research refers to the refinement of signal timing 

plans libraries, developed based on the assessment of delay reduction. For specific 

demand, delay reduction determined whether a new “optimal” signal timing plan would 

be implemented instead of the current. Macro-enabled spreadsheet was developed to 

function as the signal timing plan library, which recognizes the best signal timing settings 

based on certain set of midblock detector counts values. This, in fact proved the test bed 

corridor might be a good candidate for an adaptive type of control or even more likely 

TRPS system deployment. 

Time of day signal timing plans mainly depend on the adequate data collection 

which best describes a specific set of traffic conditions. Designed plan is as optimal as the 

traffic related information is reliable. The problem, usually, arises due to the limited 

availability and low quality data. This study attempted to demonstrate the benefit of using 

a large set of sensor data to estimate actual day to day variations in demand and 

consequently examine current TOD plans optimality.  

Several major conclusions are specified in this chapter.  
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Percent of delay reduction in corridor traffic performance quantified the 

effectiveness of the optimal plans. The amount of benefits depended on the extent of 

volume change, confirming the assumption that the higher the difference between the 

design and current demand, the greater the optimization benefits. On the other hand, for 

certain TOD plans, current signal timing plans were able to compensate the effect of 

excessive demand on major approaches. This goes to prove that, potentially, original 

(PM) timing plans were flexible enough. In addition, at certain periods, even without any 

significant change in demand, STPs performance after optimization showed great 

benefits. The reason could be (AM) un-optimal original signal pattern’s settings i.e. 

original plans settings fine-tuned in the field were not appropriate for the demand at the 

time. Essentially, when field-deployed signal timing plans don’t serve well the demand 

they were designed to serve, less than optimal signal performance exists with any or even 

no variations in demand.  

There were several locations along the corridor (depending on TOD plan) where 

optimization degraded signal performance significantly. This primarily, was referred to 

the intersections where both main approaches underwent considerable traffic volume 

fluctuations.  

Optimized AM plan offered highest delay reduction on average. Potentially there 

could be two major reasons for this: few locations along the corridor, show considerable 

deviations compared to design volumes used to develop AM plans. Second, field-

deployed plans might not have been fine-tuned properly to the changes in traffic patterns. 
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Midday demand significantly deviates from the design volumes and when 

increase in volume was sizable for both directions, optimization produced inconsistent 

results. Eastbound direction performance decline affected the optimization results.  

Optimized PM peak plans at best offer around 15% delay reduction on average. 

The reason could be found in the fact that current plans service current demand well and 

that with constraints imposed (no phase sequence change, no lead/lag optimization, by 

zone optimization) more significant time savings weren’t possible.  

Optimized Night plans produced observable enhancement in signal performance, 

however these plans were designed based on BCTED rough estimates and practical 

experience, which proved to be less than optimal (55% of plans generated at least 25% of 

delay reduction).  

Clustering with time of day consideration was used to minimize the number of 

transitions between timing plans. Cluster analysis identified TOD breakpoints, both with 

and without time of day interval consideration, were comparable to TOD breakpoints 

developed based on MVDS diurnal traffic volume distributions. TOD period start/end 

intervals, comparing the two approaches, were negligible. Identified TOD breakpoints are 

different than the current, which demonstrates diurnal traffic patterns have changed over 

the last 4 years.  
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