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 The monitoring of traffic signal systems can be of great importance for identifying 

problems, self-assessment, budgeting, creating the strategy for future steps, etc. Monitoring 

procedure was developed through a set of dashboards with relevant signal performance and 

reliability measures. The dashboards were created to reflect performance and reliability of 

a specific signal system on a weekly or monthly level. The author used data from 

ATMS.now signal system central software to illustrate how similar dashboards could be 

developed from any central software to enable operators to promptly and efficiently 

monitor various parameters of traffic signals. The main outcome of the study is a pair of 

Excel dashboards accompanied with appropriate user manual. The dashboards represent 

the tool for monitoring which can be helpful in the process of evaluation for traffic signal 

systems. 
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CHAPTER 1 INTRODUCTION 

The major requirements to successfully perform monitoring of a traffic signal system are 

available data and defined performance measures. In a perfect situation, all of the data 

would be fully collectable and available, and the performance measures would be clearly 

defined. However, in the real world, this is usually not the case. Lack of the available data 

is a major limitation factor, and it consequentially impacts generation of the performance 

measures, which should be based only on the available data.   

 Public agencies responsible for operations and maintenance of traffic signal 

systems spend significant funds each year for maintenance and operations of physical 

infrastructure and improvement of signals' operational performance. However, the driving 

factors which guide decision makers when allocating these resources are rarely based on 

measurable and quantifiable assessments. Instead, decisions are often based on varied 

opinions and experiences which do not always lead to unanimous solutions. Further, it is 

not uncommon to see that the priority with which signals are maintained is based on the 

amount of traffic on the corridor (e.g., corridors with higher traffic receive more attention), 

predefined intervals (e.g., 3-5 years, although sometimes it should be sooner or later), and 

a limited amount of data collected from the field. 

 Retiming and maintenance of traffic signals, and signal asset management, have 

received enough attention in the past years from various national institutions and forums. 

Literature review shows availability of some of the key industry reports on this subject. 

However, most of these studies lack level of details and practicality which are needed to 
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simplify resource allocation and asset management of signal-operating agencies. Most of 

these studies have been conducted on national level adopting a top-down highly 

aggregated and generalized approach, which cannot address needs of individual signal-

operating agencies with idiosyncratic problems and needs. Thus, there is clearly a need to 

adopt a different approach (bottom-up) to describe practices and needs of various signal-

operating agencies, before a generalized guide can be developed. 

1.1 RESEARCH MOTIVATION 

Monitoring and evaluation of traffic signal systems are inevitably important processes to 

be performed in any agency, however, those processes are not clearly defined. Many 

attempts were done in order to improve the state-of-practice regarding this topic.  

The motivation for this research is explained by the need to create a way to assess 

the quality of operations and maintenance of traffic signals and ultimately come up with a 

tool for monitoring of traffic signal systems performance and reliability, inspired by the 

opportunities for using the data from agency’s signal system central software.  The created 

dashboards add a significant value because they utilize, in innovative way, the data that are 

already available. The Traffic Signal System Performance Dashboard (TSSPD) focuses on 

operational characteristic of traffic signals, while the Traffic Signal System Reliability 

Dashboard (TSSRD) shows the number and the percentage of alarm activations, total 

number of alarms, etc. Both dashboards introduce some new ways to observe signal 

operations. Both dashboards allow user to filter out, spatially and temporally, intersections 

and time periods which are important.  The general idea is to make both dashboards fully 

functional for field implementation and testing in the real Traffic Management Center 

(TMC) environments for the agencies which utilize ATMS.now signal system central 

software. 
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1.2 RESEARCH OBJECTIVES AND GOALS 

The purpose of this research is to document practices of using performance measures to 

monitor the quality of operations and maintenance of traffic signal systems, for various 

signal-operating agencies (in Florida). The proposed dashboards represent a simple 

practical tools which will allow users to track performance of their systems and base their 

resource investment decision on a set of measurable and quantitative assessments. 

 The goal of this research study is to develop a methodology, the actual MS Excel 

tools and manuals for monitoring of traffic signal systems based on the appropriate 

performance measures and the available data. The methodology needs to be comprehensive 

and detailed enough to be adequate for monitoring of traffic signal operations and 

maintenance for various agencies. 
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CHAPTER 2 LITERATURE REVIEW 

A literature review has been made to understand and describe how previous relevant 

national and state research efforts treated this subject and where they failed to provide 

enough technical details and clear methods to create practical manual/tool for traffic signal 

control agencies (to track performance of their signals and prioritize needs). Existing state 

of practice is summarized. 

Sabra et al., 2003 developed a report that discusses five procedures associated with 

the entire signal timing process: optimization, deployment, evaluation, data management 

and documentation (Sabra, Wang & Associates, 2003). The report discusses interfaces 

between these procedures and opportunities to improve the overall signal timing process. 

Along with the signal timing performance evaluations (observed by engineers in field) the 

report discusses two other alternative ways of evaluation: simulation and "controller in the 

loop". However, it is noted that different simulation models might output different values 

for the same measures of effectiveness since the models use different assumptions and 

different algorithms to derive the estimates. Controller in the loop simulation is identified 

as an approach that helps to bridge the gap between the real-time world and the simulation 

world. 
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The South Dakota Department of Transportation (SDDOT) initiated a project that 

enabled the development of a reliable, systematic and qualitative monitoring of all the 

works that are performed on traffic signal systems (Schwinger and Sapkota, 2004). The 

monitoring includes verification, tracking, reviewing and recording an inventory of traffic 

signal maintenance along state routes, as well as the description of improved signal 

maintenance and management procedures. SDDOT, through its Office of Research, 

formulated new policies, agreements, and procedural standards for effective management 

and maintenance of state highway traffic signals. The research project involved a workshop 

to provide local and national insight and surveys of maintenance and management 

practices, as well as computer system needs at other state departments of transportation 

with similar operational needs to South Dakota. Fourteen issues were identified and seven 

specific recommendations were formulated including the development of a maintenance 

inspection checklist, a final acceptance checklist, revised maintenance agreements, a 

comprehensive policy and procedures for traffic signals on state highways, a traffic signal 

inventory and maintenance database, and updates to the existing standard specifications.  

Two reports by Sunkari in 2004 and 2005 explained what is signal retiming and 

describe the resulting benefits (Sunkari, 2004 & 2005). Also, Sunkari listed the steps 

required for conducting signal retiming and the responsible parties if a failure occurs. The 

papers also discuss frequency and the cost of signal retiming. Finally, the descriptions of 

several successful retiming projects are provided. 

Balke and Herrick documented the first year of research project during which the 

performance of traffic signal systems was measured using existing detector technology 

(Balke and Herrick, 2004). Several measures of reliability, efficacy and safety were 

proposed to be used to assess the performance of traffic signal timing at isolated 
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intersections. The best-identified measures in terms of reliability were average number of 

phase activations, average number of vehicles served per cycle, average number of vehicles 

stopped per cycle, proportion of vehicles having to stop on an approach and percentage of 

overloaded cycles. The best measures in terms of efficacy were found to be average cycle 

time, average phase duration, average time to service and average proportion of green used 

to service queue. The best measures in terms of safety are average number of vehicles 

entering on yellow clearance per cycle, average number of vehicles entering on red 

clearance interval per cycle and percentage of cycle experience a red-clearance violation. 

The conclusions and recommendations are based on series of interviews that are conducted, 

analyzed and summarized which determined what measures the Texas Department of 

Transportation (TxDOT) is currently using when assessing the performance of their traffic 

signals and how data for these performance measures are collected.  

 The second year of research project during which the performance of traffic signal 

systems was measured using existing detector technology provided the definitions of the 

final measures for assessment of traffic signal timing performance (Balke et al., 2005). 

Based on the needs assessment and the limitations of the existing detection systems, a series 

of innovative performance measures to assess traffic operations and the effectiveness of 

the signal timing at intersections, were developed. The performance measures proposed 

and discussed in the report are: cycle time, time to service, queue service time, interval 

duration, number of vehicles entering per interval, yellow and all-red violation rates, phase 

failure rate. It was found that some of the traditionally used measures, such as intersection 

control delay, are difficult to measure accurately in the field since the individual vehicle 

tracking was not available. The system, called the Traffic Signal Performance Monitoring 

System (TSPMS) was developed to obtain information from the existing traffic signal and 
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detection system to generate performance measures in real time. To enable automatic 

collection of the proposed performance measures, a prototype system was developed. The 

prototype system was installed in two different locations that exhibited different operating 

characteristics and assessed the ability of the system to collect meaningful and appropriate 

performance measures. 

 The Traffic Control Systems Handbook serves as a basic reference in planning, 

designing and implementing traffic control systems (Gordon, R.L. and Tighe, W., 2005). 

That document includes a chapter focused on traffic control systems management. It is 

pointed out that a set-it-and-forget-it policy does not prove sufficient and that managing of 

these systems should include four basic functional responsibilities: teamwork, operation, 

maintenance and evaluation. The discussion about the measures of effectiveness, including 

their graphical representation, used to analyze operational effectiveness of a system is 

included. To prevent system failure, each of the traffic control system maintenance 

activities, classified as functional, hardware and software, should be done on a regular 

basis. It is noted that volume is a common measure used to evaluate a traffic control system. 

Additionally, it is suggested that using measures such as delay, number of stops and speed 

has to be done with caution since these MOE may contain estimation errors or may not 

truly represent conditions somewhat distant from the detector. 

 The conventional approach to signal timing optimization and field deployment 

requires current traffic flow data, experience with optimization models, familiarity with the 

signal controller hardware, and knowledge of field operations including signal timing fine-

tuning. To avoid this time-consuming and expensive process, the FHWA publication 

examined the informal traffic signal timing and retiming process at the lowest possible cost 

(Signal Timing on a Shoestring, 2005). Various cost-effective techniques that can be used 
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to generate good signal timing plans that can be employed when there are insufficient 

financial resources to generate the plans using conventional techniques were examined. 

The eight steps leading to new signal plans are defined to identify system intersections, 

collect and organize existing data, conduct a site survey, obtain turning movement data, 

calculate local timing parameters, identify signal groupings, calculate coordination 

parameters, and install and evaluate new plans. Each of these steps is discussed and the 

procedures that can be used to minimize costs in each of them are identified. Since it was 

noted that the highest cost for traffic signal retiming is for data collection, a 7-step “short 

count” method is given and discussed. Finally, the document presents the “signal timing 

tool box” of procedures to be used for various levels (moderate, modest, and minimum) of 

signal timing budget. 

 A team of signal operations engineers from the FHWA investigated traffic 

operation program assessments in the Puget Sound region on Washington State (US DOT, 

2006). The review team found and recommended mechanisms to improve the operation of 

region-wide traffic signals, but they pointed out that there is no regional leadership for 

operation of traffic signals. The main recommended step in this regional operating program 

is to identify a regional champion who would focus on the regional operations. Besides the 

absence of regional leadership, the inadequate funding is mentioned as a problem since the 

funds are usually invested in construction projects without supporting the active operation 

and management of the infrastructure install 

ed by those projects. The document also includes Puget Sound Regional Traffic Operations 

Self-Assessment Scoring Summary. The summary incorporates the results from the six 

agencies, the city, the county, the state and covers the national level data.  
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 National Transportation Operations Coalition (NTOC) developed in 2007 National 

Traffic Signal Report Card, based on the questionnaires sent (from 2004 to 2006) to 

municipalities throughout the United States to obtain a self-assessment of traffic signal 

operations (NTOC, 2007). The report summarizes the results of the National Traffic Signal 

Report Card and gives suggestions on how to use the results. Compared to the 2005 

National Traffic Signal Report Card, it was not possible to notice major improvements on 

the national basis. However, some agencies applied the suggestions from the earlier report 

card and reported significant improvements. The document includes the self-assessment 

survey, used to collect and assess traffic signal management and operations practices based 

on 417 agencies that collectively account for ownership of 45 percent of the nation’s traffic 

signals. The assessment was divided into six topic sections: management, signal operations 

at individual intersections, signal operations in coordinated systems, signal timing 

practices, traffic monitoring and data collection, and maintenance. Each section contains a 

number of questions concerning traffic signal operation policies and practices. 

Respondents are asked to score each question from one to six, based on its program’s 

progress in each area. Overall, findings indicated that traffic signal operation in the United 

States has improved a very small amount since 2005, from a grade D- to a D. 

 Wolfe described methods for quantifying arterial performance using data from 

signal system loop detectors (Wolfe et al., 2007). Performance measures selected to 

evaluate arterial performance included traffic density, total delay, predicted travel time, 

and signal coordination effectiveness. The paper investigates potential methods to generate 

meaningful real-time information about arterial performance for traveler information. To 

assess them, methods are employed to analyze archived data for a segment of Barbur Blvd. 

in Portland, Oregon. Suggestions for future research are also included. 
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 Day et al. investigated various performance measures that could be used to evaluate 

the performance of a signal (Day et al., 2008). The focus is primarily on the measures that 

can be extracted in real time on a cycle-by-cycle basis with an automatic traffic signal 

controller by logging detector actuations and phase information. The conversions of raw 

data, collected by a controller, into more meaningful information such as performance 

measures are discussed in the document. All of the calculations and analysis in this work 

is carried out in Excel using Visual Basic macros. Three groups of measures were derived 

to be used for three types of performance evaluations. To analyze the state of intersection, 

Day et al. used cycle length, green duration and volumes. Further, the performance 

measures identified as the best to analyze the intersection capacity are service flow rate, 

estimated capacity, observed capacity, volume-to-capacity (v/c) ratio, number of split 

failures and critical v/c ratio. Finally, to investigate the intersection’s performance in 

coordination with vehicle progression along an arterial corridor, three derived measures 

were used: percent of arrivals on green, arrival type (defined by the Highway Capacity 

Manual) and platoon profile. Two comparative case studies demonstrated the effectiveness 

of the selected performance measures in evaluating operation at a traffic signal. The studies 

evaluated the impacts caused by actuating a portion of the coordinated phases and by 

retiming the signal timings on a coordinated arterial. 

Koonce et al. developed Signal Timing Manual, a comprehensive report that, 

among other signal timing topics, reviewed issues related to maintenance and operations 

of traffic signals (Koonce et al, 2008). The report included description of the development 

of signal timing to provide safe and efficient intersection operations. In addition, the report 

emphasizes a concept of coordinating traffic signals with the examples from research and 

practice. Further, the summary of common techniques to assess the operational and safety 
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performance of signal timing, as well as the various steps necessary to maintain effective 

traffic signal timing plans, are provided. The maintenance activities discussed in the 

document include signal retiming, traffic signal inventory, staff training and responding to 

public comments. The document also includes the highlight issues raised during the ITE 

traffic signal self-assessment.  In general, the report is a comprehensive guide to traffic 

signal timing and focuses on traffic signal control principles, practices, and procedures.  

 In a doctorate dissertation, Ma discussed a real-time performance measurement 

system for arterial traffic signals. He noted that the main reason for insufficient signal 

retiming, to adjust to the new traffic patterns, is expensive manual data collection and 

performance measurements (Mak, 2008). The goal of his project was to develop a real-

time arterial performance measurement system, which can automatically collect and 

archive high-resolution traffic signal data, and build a rich list of performance measures. 

The performance measures include queue length, delay and level of service (LOS) for 

individual intersections and travel time and number of stops for an arterial corridor. The 

SMART-SIGNAL (Systematic Monitoring of Arterial Road Traffic and Signals) system is 

developed to simultaneously collect "event-based" high-resolution traffic data from 

multiple intersections and generates arterial performance measures in real time. The field 

tests for an 11-intersections arterial in Hennepin County, Minnesota show that the proposed 

mathematical model can generate accurate-dependent queue lengths, travel times, numbers 

of stops, and other performance measures under various traffic conditions. 

 A collaborative effort between Denver Regional Council of Governments 

(DRCOG) staff, local agencies representatives, the FHWA and consultant staff 

documented the use of performance measures to evaluate how well a traffic signal system 

is working, information that may help in the decision-making process (Felsburg Holt & 
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Ullevig, 2008). The objective was to demonstrate what performance-related information 

local traffic system operators need in order to assist in the management of their traffic 

systems. The document also discusses the methods required to collect accurately the 

appropriate data. Based on the state-of-the-practice review, two conclusions are presented. 

First, the commonly used performance measures, that are useful to traveling public and 

transportation professionals, are travel time and travel speeds. Second, the monitoring of 

arterial performance has been relying on advance detectors, stop bar detectors or AVI data 

from probe vehicles. Further, three performance measures were identified as the most 

important to start with: volume and occupancy, travel time and multi-modal data. In 

addition, three groups for which collected data and performance measure results should be 

tailored are signal system operators, public and elected officials. Finally, the document 

includes the summary of interviews with several local government agencies that shows the 

types of data that are currently being collected, the locations of collection devices, the 

frequency of collection, system requirements, and how the data is being used. 

  

In 2009, Denney provided a guide for achieving a basic service model for traffic 

signal management and operations (Denney, 2009).  The basic service model is based on 

simply stated and defensible operational objectives that consider the staffing level, 

expertise and priorities of the responsible agency. It was noted that so far the agencies have 

tended to demonstrate that they are doing all they can to alleviate congestion by 

undertaking prescribed activities. However, this report has adopted different approach, the 

one that rather focuses on results than activities as a measure of effectiveness. The report 

includes a literature review, which provides a review of the National Traffic Signal Report 

Card and self-assessment procedure. In addition, few case studies show how agencies 
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deliver traffic signal management services based on their resources. Additionally, this 

report outlines key strategies that can help the agencies to articulate and maintain focus of 

their resources on their most important objectives. An explanation on how to incorporate 

those strategies into Traffic Signal Management Plan is also provided. Finally, the study 

suggests a better-than-the-traditional approach for signal retiming. The recommended 

approach, defined through seven steps, is claimed to be more versatile and more sensitive 

to available resources. 

 Gordon and Braud provided a guideline to estimate the staffing and resource needs 

required to effectively operate and maintain traffic signal systems (Gordon, R. and Braud, 

C., 2009). It was concluded that agencies achieving a high level of signal system 

performance do so under a wide variety of conditions such as agency size, geography, 

system complexity and traffic conditions that do not adhere to the typical level of 

documented resource requirements. Accordingly, a set of performance-based criteria were 

developed to define requirements. The performance-based criteria are focused on 

establishing realistic and concise operations objectives and performance measures. Key 

management criteria included staff qualifications and periodic updating of management 

plans, periodic revision and retiming of signals, periodic review of functional changes in 

requirements and maintenance i.e. the recommendations for the up-time for detectors are 

provided. 

 Jones et al. investigated new concepts, new tools and emerging technologies that 

enhance traffic operations and safety on signalized urban arterials that operate under 

saturated conditions (Jones et al., 2009). Although not being researched widely, one of the 

most efficient and cost-effective way to determine the LOS of an intersection is the use of 

video surveillance for delay measurements. One of the objectives of this project was to 
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investigate the feasibility of using video data for determining control delay on an approach 

to signalized intersections, where control delay is defined as the measure of delay a vehicle 

experiences due to the signalized intersection control. To capture the control delay 

experienced by vehicles, as they approach a traffic signal and stop at a red signal, the 

authors developed a technique that utilizes recorded video images of the investigated 

corridor. They also investigated use of VISTA as a simulation model for saturated arterial 

traffic flow analysis. In addition, various methods to optimize traffic flow at saturated 

intersections were examined through enhanced simulation models. 

 Koonce et al. documented a framework for a whole region to collectively face 

challenges of improving the traffic signal systems (Koonce et al, 2009). The framework 

shows agencies how to manage the signal system performance efficiently and consistently 

while cooperating on the efforts. In addition, an overview of practices related to developing 

and sustaining a Regional Traffic Signal Operations Program was developed. The main 

benefit of a regional program is the development of projects that can be included in a 

regional or state transportation improvement program (TIP). The traffic signal operations 

performance measures discussed in the document include number of signals retimed, 

frequency of a signal/corridor retiming, average corridor travel time, and average delay. 

However, it was noted that many agencies are in a reactive mode addressing public 

complaints instead of being proactive. Although the number of complaint phone calls 

represents valuable information, it should not be used as a sole indication of traffic signal 

performance. 

 Bonneson et al. documented the research conducted and the conclusions reached 

during the development of a Traffic Signal Operations Handbook (Bonneson et al., 2009 

(1)). This report includes the state-of-the-practice evaluations, TxDOT district interviews, 
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the outline and the research plan for the final Handbook, and the description of the 

conducted research. One of the main findings is that, although the Texas Department of 

Transportation (TxDOT) has been operating thousands of traffic signals, some operational 

inconsistencies and, possibly sub-optimal performance, is created due to regional 

differences in signal timing and the fact that detection design practices have evolved. The 

goal was to document a range of effective settings and designs to allow traffic engineers to 

identify the "best" solution for his/her district conditions. It was concluded that a 

comprehensive signal timing resource guide would promote uniform and effective signal 

operations on a statewide basis. 

Bonneson et al. provided guidelines for timing traffic control signals at both 

isolated and coordinated intersections (Bonneson et al., 2009 (2)). The guidelines describe 

the best practices, as identified through interviews with TxDOT engineers and technicians. 

In addition, they identify conditions where alternative practices are equally workable. In 

summary, the Traffic Signal Operations Handbook provides quick-response cost-effective 

methods for maintaining or improving the operation of existing signalized intersections. 

The recommended methods ensure more consistent signal timing on an area-wide basis. 

 The case study from the City of Boston shows the magnitude of the benefits 

produced by the proposed signal improvements (Boston Transportation Department (BTD) 

and Howard/Stein-Hudson Associates, Inc., 2010). The Boston Transportation Department 

(BTD) collaborated with Howard/Stein-Hudson Associates (HSH) to assess the analysis 

results for each work order, to develop a methodology for quantifying the benefits and 

costs, and to calculate the associated benefit-cost ratio. Performance measures associated 

with delay, safety, emissions, and energy were evaluated for 60 study intersections in the 

Back Bay under existing and improved conditions. The conclusion was that the monetary 
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investment in signal improvements can be recaptured many times over in terms of 

economic and social benefits. 

 Gordon provided the synthesis of the practices that operating agencies currently use 

to revise traffic signal timing including the steps necessary to develop, install, verify, fine-

tune and evaluate the plans (Gordon, 2010). For various topics related to signal retiming, 

the corresponding literature reviews and the surveys of transit agencies are provided. 

Additionally, a series of project case studies is provided along with the in-depth 

questionnaire to solicit detailed information not addressed in the prior survey and to 

understand better the reasons for the choice of practices. Furthermore, the functions and 

the methods for obtaining the performance measures commonly used, i.e. user delay and 

safety, are discussed. The discussion about the measures usually used to evaluate the 

specific benefit associated with the signal retiming is included. Finally, one of the main 

conclusions was that the expensive system performance evaluation would be more cost-

effective if a more automated process is implemented. Archived Data User Service 

(ADUS) coupled with Archived Data Management Systems (ADMS) technology is an 

emerging approach that may reduce the labor-intensive characteristics of evaluations and 

provide a basis for identifying retiming needs. However, relatively few implementations 

have been developed for signal systems, and these are not marketed in a convenient form 

for agencies to use. Another approach to automate signal system evaluation processes 

includes incorporation of software, which provides more useful measures such as delay, 

into controllers. 

 Day et al. quantified and presented the user benefits resulting from signal retiming 

activities (Day et al., 2010). Two tools performed these quantifications: high-resolution 

signal event data and travel time measurement using Bluetooth device MAC address 
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matching. In the first case study, the impact that offsets optimization had on vehicle 

demand was measured. In the second study, the impact that the implementation of an 

exclusive pedestrian phase had on demand for pedestrian service was assessed. Finally, the 

third case study demonstrated the use of travel time data in quantifying changes in user 

costs and environmental impact (tons of carbon). A method of describing changes in travel 

time reliability was also presented. 

 Pennsylvania DOT (PennDOT) published the guidance for activities that are 

required to maintain traffic signals and improve current signalized operations (PennDOT, 

2010). Traffic signal maintenance and operations responsibilities are classified as 

responsive (emergency) maintenance, preventive (routine) maintenance, operational 

maintenance and design maintenance. To evaluate the overall quality of the traffic signal 

operation with respect to current traffic volumes, two measures of effectiveness (MOEs) 

are identified: average delay per vehicle per intersection and average number of stops per 

day per intersection. The document points out that a good preventive maintenance program 

will almost eliminate the need for emergency maintenance. It also identifies eight possible 

MOEs to be used: annual number of emergency calls per intersection, number of 

burnout/non-functioning lights replaced per year, average response time for emergency 

calls, average time to complete an emergency repair, percent of response calls that were 

fixed with all new parts from inventory, percent of loop detectors online, maintenance 

records showing all maintenance performed at each signal, including the technician and the 

date and number of traffic signal operational improvements to existing traffic signals. 

Besides maintenance of traffic signals, the document discusses the need for signal retiming 

and/or upgrade every three to five years. This reexamination would improve traffic flow 

and safety while providing timings adjusted to the new traffic volumes and to the new 
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technologies developed. Since many municipalities are not equipped to perform the 

necessary maintenance, they obtain the services of a traffic signal contractor to maintain 

their traffic signals. This document provides municipal guidance on items that should be 

considered when selecting a contractor, and includes a sample maintenance contract.  

 2012 National Traffic Signal Report Card provided summary of the results of the 

national survey on traffic signal management and operations (NTOC, 2012). The results 

are based on the 2011 Traffic Signal Operations Self Assessment survey from 241 local 

and state agencies in the United States and Canada (NTOC, 2011). The 2012 grade of D+ 

is a slight improvement over grades of a D- in 2005 and a D in 2007. The continuing slow 

improvement in the national score is meaningful in showing the ongoing progress by 

agencies that operate the majority of traffic signals in the United States. However, the low 

scores show that traffic signal management and operations still require the continued 

attention and additional resources. The new self-assessment consisted of one topic area less 

than the previous self-assessment survey since the sections for signal operations for both 

individual intersections and coordinated systems were merged. Thus, the new self-

assessment survey had five sections: management, traffic signal operations, signal timing 

practices, traffic monitoring and data collection, and maintenance. Respondents were asked 

to rate the extent to which a particular policy or practice had been adopted by their agency 

(on a scale from one to five) based on their program’s progress through the end of 2011. It 

is noted that it was not anticipated that any agency would have a perfect score, but rather 

that the results will provide an agency with a potential target for improving their own traffic 

signal operations.  

 Gettman et al. presented generic measures of effectiveness and validation tools that 

were developed for agencies to validate that selected Adaptive Signal Control Technology 
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(ASCT) meet their performance objectives (Gettman et al., 2013). The identified measures 

and tools can be also used to evaluate the traditional coordinated-actuated signal timings. 

For each measure of effectiveness, its source and the corresponding operational objectives 

are given. To demonstrate the application of these validation measures and methodology 

to a real world implementation of ASCT, the presented approach was tested at a field site 

in Mesa, Arizona where an ASCT system has been deployed for over one year. The test 

phase included 30 days during which the ASCT was turned off and background 

coordination patterns were used instead. Tube counters and Bluetooth detectors were used 

for volume and travel time data collection. In addition, GPS probe data and phase timing 

and detector status data were collected during the test period. The derived measures used 

in the validation analysis were green occupancy ratio, percent arrivals on green, platoon 

ratio, and route travel times and reliability metrics. The main operational objectives were 

to smooth flow, maximize throughput, manage queues, and provide access equity. 

 Grossman and Bullock designed and developed a sustainable framework for 

implementing traffic signal performance measures to facilitate the assessment if signal 

changes will make a positive impact (Grossman and Bullock, 2013). The new framework 

should stop anecdotal and observational assessments that have been common practice due 

to the expensive and time-consuming processes to gather the data and perform the 

evaluation analysis. The performance measures discussed in the document (and 

subsequently deployed in Elkhart County and Lafayette, IN) were results of the first 

commercial deployment of real-time traffic signal performance measures recommended by 

NCHRP 3-79a. It was suggested that these performance measures are used (by local 

agencies): cycle length, equivalent hourly flow rate, green time plot, volume-to-capacity 

ratio, split failures, Purdue coordination diagram and percentage of phases with 
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pedestrians. Three main elements are required to allow implementation of the suggested 

performance measures in a local agency system. First, the local signal controllers have to 

be capable of collecting high-resolution event data. Second, the system will need to have 

an Ethernet based communication system to allow data from the controllers to be uploaded 

to the central system. Finally, the central system has to be capable to use the collected and 

stored data to produce the performance measure graphics. In addition to the investigation 

of performance measures, this project evaluated the emerging thermal and video 

technologies for assessment of vehicle detection performance measures. It was determined 

that the state of practice of video detection has improved in the previous decade. For origin-

destination and travel time data collection the Bluetooth technique was used. Additionally, 

this research examined the feasibility of deploying adaptive traffic signal control in the 

near term (next 12-18 months). The given recommendation is to pursue a hybrid approach 

of scheduled review of traffic signal performance measures to identify performance 

improvement opportunities and the use of the link-pivot algorithm developed by Purdue. 

 The National Highway Institute (NHI) developed and organized a course on 

Successful Traffic Signal Management: The Basic Service Approach. This two-day course 

aimed at helping professionals involved in traffic signal programs develop objectives with 

a management approach that focuses on outcomes and is prioritized to be consistent with 

capabilities and resources (FHWA, 2013). A document used in this course was participant 

workbook that serves multiple roles. First, the workbook provided background and 

contemporary case studies on the traffic management issues that the signal agencies have 

been facing. Further, the workbook discussed the need to understand maintenance 

resources and their proper utilization. In addition, the workbook helped professionals to 

define clearly unique operational objectives that are ideally suited for a specific agency. 
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The description of high-level requirements and strategies to achieve operational objectives 

were also included. Finally, hands-on development of a Traffic Signal Management Plan 

was provided. 

 Day et al. compiled a set of performance measures to be used for analyzing the 

actual operation of any traffic signal system for all types of operations (Day et al., 2014). 

The document also provides an overview of signal operations and the methodology for 

recording and collecting data required to analyze and evaluate performance of a traffic 

signal system. The description of the infrastructure required to make such an analysis 

possible, is included. Various types of performance measures that can be used for such 

analysis are presented and discussed. The mentioned performance measures are based on 

high-resolution discreet controller event data such as changes in detector and signal phase 

states. These performance measures are classified depending on a type of traffic signal 

system performance intended to be evaluated: capacity, progression, multi-modal or 

maintenance performance. Measures listed for vehicle capacity allocation and vehicle 

progression evaluate signal operations. Measures related to maintenance can be used to 

evaluate system maintenance and asset management. Multi-modal measures cover the non-

vehicle modes, including pedestrians, and modes that require signal preemption and 

priority features. The document also demonstrates the use of travel time as a measure to 

evaluate system operations and to assess the impact of signal retiming activities. 
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CHAPTER  3 PERFORMANCE METRICS FROM VARIOUS SIGNAL 

MANAGEMENT PLATFORMS 

In order to present and summarize the current state-of-practice in monitoring operations 

and maintenance of traffic signal systems, this chapter investigates the signal system 

central software and other tools that can provide data related to traffic flows. For each 

signal system central software, the possibilities for reporting the useful performance 

metrics were examined and documented. Every defined performance measure was 

explained by using text and figures and other outputs from the signal system central 

software.  

The author conducted the interviews with two selected agencies under the 

jurisdiction of Florida Department of Transportation, District 4: The City of Boca Raton 

and the Palm Beach County. The goal was to acquire better understanding about agency’s 

operations, maintenance, data collection capabilities, technologies used and other practices 

related to asset management of the traffic signal systems. The goal was to obtain as much 

data as possible so that the monitoring could be as comprehensive and efficient as possible.  

3.1 SIGNAL SYSTEM CENTRAL SOFTWARE 

The need for central signal system platform was identified due to complexity of the signal 

systems and challenges that various agencies have while operating, monitoring and 

maintaining signals. Development of signal system central software (SSCS), enabled the 
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rising of the management and the control of traffic signals on a new level, also enabled the 

improvement of the performance of the operators and the entire agencies.  

Many different companies developed their own products in order to offer the 

comprehensive platform for dealing with traffic signals. Each of those platforms have their 

own options, capabilities and different characteristics. Although various teams tried to 

create systems with different characteristics, the major functionalities of SSCSs are more 

or less similar. Most of them have the possibility to collect, aggregate, process and report 

various performance measures. Performance measures are crucial in determining the traffic 

flow status and efficiency on the intersection, corridor or the entire network.  

The SSCS’s have the ability of adding different specialized modules which 

increases the usefulness and introduces new options in terms of traffic signal control, 

monitoring, data collection and reporting. Some of those additional module types are listed 

below: 

1. Camera and CCTV modules 

2. VMS (Variable Message Signs) module  

3. Inventory module 

4. Transit signal priority 

5. Backup module 

6. Modules for the external detection systems 

7. Uninterrupted Power Supplies modules 

8. Adaptive System modules 

9. High Resolution data modules 

10. Connected vehicles modules 

11. Module for wireless access to the controllers on the field 



 

24 

Not all SSCS’s have the same capabilities or modules, and detailed explanations 

on that topic are given in the following subchapters. 

3.2 ACTRA 

ACTRA is not just a traffic management system, it is also a robust, adaptable, configurable 

and modular Advanced Traffic Management System (ATMS) platform developed by 

Eagle/Siemens. It is an MS Windows-based software for monitoring and traffic control 

from a control center. It allows the user to enter, monitor and maintain information for 

intersections and groups of intersections from a central computer workstation. ACTRA has 

modular design which enables it to handle simple or large complex systems. This system 

has many options like preemption (priority for emergency vehicles, public transport 

vehicles and trains), interface with other traffic systems, for example dynamic traffic signs, 

video cameras, highway advisory radio or telephone system, ramp metering controllers, 

adaptive traffic control systems (SCOOT) or third party systems like parking guidance and 

incident detection functions.  

(http://w3.siemens.com/topics/global/en/references/oti/pages/information.aspx) 

ACTRA can be deployed as a closed-loop system, where ACTRA communicates 

with local controllers via master controllers, or as a central system for traffic management 

where such communication is being conducted directly.  System has the capacity for 8,192 

controllers (256 master controllers per computer and 32 controllers per master). The system 

operates over a Local Area Network capable of supporting multiple client workstations. 

Main interface components of the system are 

(http://controlspecialists.com/eagle_software.htm):  

 

http://w3.siemens.com/topics/global/en/references/oti/pages/information.aspx
http://controlspecialists.com/eagle_software.htm
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1. Intersection lists – where every intersection is listed to monitor phase data, unit, 

coordination, preemption, access, system detector data, reports, graphics, status and 

configuration. 

2. Masters list – every master controller can be listed to monitor intersection lists, 

Time-of-Day schedules, groups, users, unit data and coordination data. 

3. Graphic user interface maps – it is possible to pick the intersection on the map 

and access the intersection map. Maps can be imported from other map programs, 

aerial photos or CAD maps. 

4. Intersection graphics – displaying the real time information about one or more 

intersections. Maps can be imported from different CAD or drawing programs or 

from ACTRA library of intersections. It can be modified to display functional status 

of the intersection operation. 

5. System reports – a collection of reports. Customized reports can be created using 

Crystal reports wizard. ACTRA can generate various historical system reports at 

Master Group level and Local level for a user selected time range: 

a. Master Historical Reports 

• Critical alarm 

• Master alarm 

• On-line / Off-line 

• Communications alarm 

• Traffic responsive pattern change 

• Group pattern change 

• System detector – Volume and Occupancy 
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• Traffic responsive – Volume and Occupancy 

 

b. Local Historical Reports 

• Local alarm 

• Measures of Effectiveness (MOE) 

• Communications alarm 

• Detector alarm 

• System detector 

• Speed trap 

• Detector volume 

• Cycle Measures of Effectiveness 

• TS/1 Conflict monitor 

• TS/2 MMU (Malfunction Monitor Unit) 

The reports can be predefined, with user selected reporting intervals, and they can 

be scheduled to run automatically. They can be displayed on-screen, printed or saved to a 

file. Reports can be made using only database values or including the data from the 

controller. Reports can be presented in table or plot format. 

Considering the Measures of Effectiveness (MOE) ACTRA’s reporting capabilities 

are limited to: 

1. Vehicle Volume 

2. Vehicle Detector Occupancy 

3. Speed 

4. Delay 
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5. Split Usage Monitoring 

6. Time Space Diagram (Corridor Performance Measure) 

7. Green Splits 

8. Average Green Time Utilization 

9. Gap out/Force out/Max out (Split Failures) 

It is important to note that ACTRA does not have the possibility to report some 

MOEs such as queue length, travel time or number of stops. Regarding the function of each 

controller software, ACTRA can log and plot detector data (Volume, raw occupancy and 

speed). It is possible to setup cycle data logging or raw data file. Some of the MOEs 

reporting and presenting are shown below. 

3.2.1 VEHICLE VOLUME, VEHICLE DETECTOR OCCUPANCY AND SPEED 

Figure 1 and Figure 2 show the summary of the vehicle volume, raw occupancy (the 

amount of time when the detector is on), speed, average volume and average occupancy 

(the percentage of detector occupancy time divided by time interval) on each detector for 

a specified period of time are provided by Detector log files from Intersection System 

Detector Report. The data are collected by local detectors and the report is presented in 

plot format. 
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Figure 1 ACTRA Detector Log File Report (raw volume and raw occupancy) 

 
Figure 2 ACTRA Presentation of Average Volume and Average Occupancy 

 

ACTRA can generate a series of historical system reports at master and local level 

for a user selected interval of time (Event log files).  

3.2.2 PHASE UTILIZATION 

Report of the cycle phase utilization (Intersection Cycle MOE Report) – reported in 

seconds where negative value corresponds to the actual phase usage time is less than the 

programmed usage time. In cycle MOE report list shown below (Figure 3), different 

symbols were used to present the phase utilization status (#: means that phase split time is 

greater than the used time and #F: that the phase was forced off). Max out and Gap out 
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frequencies may be identified from this report by comparing the different values of 

programed phase usage time and the actual split time.  

 

Figure 3 Cycle MOE Report in ACTRA 

3.2.3 INTERSECTION DELAY, NUMBER OF STOPS AND GREEN TIME 

UTILIZATION 

MOE Report in ACTRA displays the intersection delay calculated as a product off number 

of cars waiting and the waiting time in seconds. Also volume, number of stops and green 

time utilization are MOEs provided by this report. Volume, number of stops, delay and 

green time utilization per phase are shown on the Figure 4. 

 

Figure 4 MOE Report in ACTRA 

3.2.4 GREEN SPLIT USAGE, FORCE OFF, MAX OUT AND GAP OUT 

Split monitoring report shows actual split usage for each controller. That data can be 

obtained from multiple intersections at the same time. Bar graphs are used to compare 
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programed and actual splits, local time zero points, phases in dual ring configuration and 

utilization percentage of each phase. 

Split monitoring compares actual and programmed split times for an intersection 

for a certain time period. The average split data for the cycle and the phases with detailed 

phase timing data (min green, gap outs, max outs, etc.) are displayed graphically and 

statistically (Figure 5). 

 

 

Figure 5 ACTRA Split Monitor Report 

The ACTRA allows integration of traffic analysis optimization tools like Passer, Transyt 

and Synchro, and can provide visualization of progression by using time-space diagrams.  

3.2.5 SCOOT 

Split Cycle Offset Optimization Technique (SCOOT) adaptive traffic control system is not 

a part of ACTRA system by default, but can be installed as an optional module. It can be 
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used with other signal system central software (for example Siemens Tactics) but in Florida 

it is used only with ACTRA. If SCOOT is installed, some additional performance measures 

can be recorded.  

On a network level, SCOOT can report the congestion levels for the entire network, 

congestion levels inside a certain region and the controller statuses. For the intersection 

level, it is possible to extract various measures that will be mentioned below.  

Traffic demand and queue can be showed in LPUs (Link Profile Units) which are 

SCCOTs internal measure and is a hybrid of flow and occupancy. LPUs can be related to 

traffic flow by using certain conversion factors. Demand and queue profiles are available 

through Vega profiles (Figure 6). 
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Figure 6 SCOOT Vega Profiles for Traffic Demand and Queue Profiles 

The traffic flow can be displayed in a form of a report that can provide information 

about the traffic volumes for every hour of every day which is clearly visible in the Figure 

7. 

 

Figure 7 SCOOT Traffic Flow Report 

The estimated percent of saturation and delay, derived by using Automatic SCOOT 

Traffic Information Database (ASTRID), are also available MOEs (Figure 8 and Figure 9). 

By using these MOEs, a user can keep track of the degree of congestion on specific portions 

or the entire network, changes during the time, interrelations with some special events 

occurring in the vicinity of the subject network etc. Also, level of service can be monitored 

in real time (but also historically), and appropriate actions can be taken if necessary.  
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Figure 8 SCOOT-ASTRID Estimated Percentage of Saturation 

 

Figure 9 SCOOT-ASTRID Estimated Vehicle Delay  
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3.3 ATMS.NOW 

ATMS.now is an Advanced Traffic Management System developed by Trafficware. It is a 

modular, fully integrated platform for continuous real-time system monitoring, traffic and 

data management that can use TCP/IP or NTCIP protocols. The system has an ability to 

create various reports considering various categories given in the Table 1, shown below 

(taken from the ATMS.now User Manual). 

By choosing Auto Reports user may schedule that the report is generated at the time 

scheduled and at the same time it will be e-mailed in .pdf format. Graphical interface for 

selection of the reports is presented by Figure 10.  

Table 1 List of All Reports in ATMS.now with Brief Explanations 

Report Type Description 

Alpha UPS Alarm/Fault Report A report of the Alpha UPS Alarms and 

Faults 

Detected  Speed A report of vehicle speed as detected in the 

field. 

Vehicle Classification A report of vehicle classification. 

Vehicle Travel Time Report A report of vehicle travel time between 

fences 

Vehicle Trigger Status Report A report of vehicle trigger status 

Daktronics CMS Sign Report A report of the messages downloaded to the 

CMS 

Compare Controllers Database 

Configurations 

A report to compare controllers database 

configurations 
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Conflict/MMU Report A report of controllers conflict/mmu upload 

reports 

Controller Communication 

Errors 

A report of the controller communication 

errors. (On and Off) 

Controller Pattern A report of controller pattern changes. 

Controller Pattern Graph A Graph of controller pattern changes. 

Database Comparison Results of compared databases with the 

server. 

***Requires Upload/Compare Database 

Report 

Detector Failure Report A report of controller detector failure 

Detector Failure Report 

Threshold 

A report of controller Detector Failure 

Field Alarms A history of alarms generated by a 

controller. 

Flex Group Participation A list of each flex groups and their 

assignment. 

Incident Trigger Report A report of Incidents triggers. 

Inventory by Drop A list of controllers assigned to each drop. 

Inventory by Group A list of controllers assigned to each group. 

Inventory by IP Address A list of Controller and their associate IP 

Address. 
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Inventory by Master A list of Controllers assigned to each Field 

Master. 

Inventory by Type A list of Controllers and their associated 

device type. 

Logins A history of user logins to a controller. 

Opticom(TM) Report A history of controllers Opticom(TM) log 

Ped Failure Report A report of controller ped  failure 

Preemption Preempts activated by the controller. 

Real-Time Status The current real-time status of controllers. 

RealTime Congestion Data A report of Realtime Congestion Data 

Split History A report of controller Split History 

**Reports only the GREEN time of the Split 

Temperature Probe Report A report of controller temperature probe 

TR Master Pattern Change A report of TR Master Pattern change 

Transit Priority Report Transit Priority Report 

Weekly Road Tube Detector 

Output 

A report of controller Weekly Road Tube 

Detector Output 

Timing Sheet – Chronomax A chronomax timing sheet layout 

Timing Sheet - Condensed 

Layout 

A timing sheet layout with only essential 

information 

Timing Sheet - Field Operator 

Layout 

A timing sheet layout organized for 

controller data entry 
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Timing Sheet - Field Operator 

Layout 2 

A timing sheet layout organized for 

controller data entry 

Incident Report A report of Accident/Construction 

Incidents. 

Trip Comparison Report A report of the Trip Comparison 

Logins A history of user logins to the server. 

Transactions A history of user downloads to the 

controller. 

AVL Location A history of vehicle locations based on GPS 

data. 

AVL Speed A history of vehicle speeds based on GPS 

data. 

External Detector Report External Detector Report--- A 

Vol/Occ/Speed Report from External 

Detectors (Wavetronix) 

LOS Average by Day A report of controllers LOS average by day 

LOS Hourly  Day Graph A report of controller LOS hourly day 

Graph 

LOS Multi Day Graph A report of controller LOS Multi day Graph 

Turning Movement 

Volume/Occupancy Graphic 

Graphic of turning movements 

volume/occupancy per controller. 

Turning Movement 

Volume/Occupancy Report 

Report of turning movement 

volume/occupancy per controller. 
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Volume In/Out per Day Chart that plots intersection throughput 

within a 24-hour period 

Volume In/Out per Multiple Days Chart that plots intersection throughput 

during a multi-day period 

Volume/Occupancy per Day 

Graph 

Graph of volume/occupancy per day. 

Volume/Occupancy per Lane 

Graphic 

Graphic of volume/occupancy per lane. 

Volume/Occupancy per Lane 

Report 

Report of volume/occupancy per lane. 

Volume/Occupancy per Multiple 

Days Graph 

Graph of volume/occupancy over multiple 

days. 

Volume/Occupancy Report Report showing either volume or occupancy 

per controller. 
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Figure 10 Navigation Through ATMS.now Reports 

 

Not all the ATMS.now reports are available in every agency due to various versions 

of ATMS.now, which facilitate different additional modules installed (Adaptive - 

SynchroGreen, BlueToad, Alpha Battery Backup – UPS, TSP.now – Transit vehicles 

Signal Priority, Wavetronix, High resolution Data, Fleet.now and others), different external 

equipment setup and connections.  

ATMS.now has the possibility to extract, produce or to report various Measures of 

Effectiveness (MOE’s) listed below: 

1. Vehicle Volume 

2. Vehicle Detector Occupancy 

3. Vehicle Speed 

4. Effective Cycle length 

5. Green Time Distribution 
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6. Green-to-Cycle Ratio 

7. Volume-to-Capacity Ratio and Level of Service (LOS) 

8. Green Time Utilization (in Free mode) 

9. Delay (caused by traffic signals only) 

10. Time-Space Diagram 

11. High resolution Flow and Phase Diagrams 

a. Purdue Coordination Diagrams 

b. Purdue Phase Termination Charts 

Other measures available from ATMS.now are: 

1. Vehicle Detector Failures 

2. Travel Times 

3. Number of Cycle Failures,  

4. The Number of Cycle Faults  

5. Number of Cycle Fault/failure-to–total Number of Cycles Ratio 

6. The number of Max-outs 

7. The number of Gap-outs 

8. The number of Force-offs  

9. Max-out/Gap-out/Force-off-to-total Number of Cycles Ratio 

10. The Number of Phase Activations 

11. The Number and the Duration of Pedestrian Detector Malfunctions 

12. The Number and the Duration of Communication Failures 

13. The Number and the Duration of Congestion Incidents 

14. The Number of Controller Faults 
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15. The Number and Duration of the Coordination faults 

16. The Number and the Duration of the Coordination Failures 

17. The Number and the Duration of the Preemptions 

3.3.1 VEHICLE VOLUME, VEHICLE DETECTOR OCCUPANCY AND VEHICLE 

SPEED 

Data for vehicle volumes, detector occupancies and vehicle speed are available through 

several reports created by the ATMS.now. Those reports can use tables or graphs to show 

the relevant information about the aforementioned values. It is possible to show vehicle 

volumes and vehicle detector occupancies per lane (using graphic or the tables – Figure 11 

and Figure 12), the same information per multiple days (Figure 13) and the same set of 

information (vehicle volumes, detector occupancies) with the addition of speed is possible 

to report using external detectors, for example Wavetronix (Figure 14).  

 

Figure 11 Volume/Occupancy Per Lane Graphic 
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Figure 12 Volume Per Lane Report 

 

Figure 13 Volume/Occupancy Per Multiple Days Graph 
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Figure 14 Wavetronix Radar Counter Report 

 

3.3.2 EFFECTIVE CYCLE LENGTH, GREEN TIME DISTRIBUTION AND GREEN-

TO-CYCLE RATIO 

One of the most frequently used reports from ATMS.now is Split History Report (Figure 

15). This report enables the operator to get information about active pattern, cycle length 

and the duration of every signal phase per cycle per intersection. By using this report, it is 

possible to calculate the indirect measures like green time distribution, by comparing the 

green times for every signal phase and green-to-cycle ratio by comparing the green times 

with cycle lengths. Comparison between programmed and actual green times per phase can 

also be performed by using the Split History Report. 
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Figure 15 Split History Report 

3.3.3 VOLUME TO CAPACITY RATIO AND LEVEL OF SERVICE 

In the report module of ATMS.now, the Level of Service (LOS) reports can be created. 

Namely, those are Real-time Congestion Data, or reports for congestion levels uses LOS 

values (Figure 16, Figure 17 to Figure 18). For each approach of the intersection, two 

congestion (Medium and High) level thresholds can be assigned. Values below the Medium 

threshold gets classified as Low, the values between Medium and High threshold are 

classified as Medium, and values higher than High threshold will be classified as high 

congestion. The operator can specify Volume, Occupancy or Speed to measure congestion, 

and it is assumed that one detector per each lane will be installed.   

If the congestion is being calculated by Occupancy, the values for Medium and 

High will be a percent value between 1 and 100 for the collection period that sum of the 
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occupancy detectors actuations. If the congestion level is being calculated by using 

Volume, the crucial values will be a number of vehicles for each threshold for the entire 

collection period.  If calculation of the congestion is being realized by using Speed, the 

congestion will report based on the most recently reported speed value for that direction. 

ATMS.now allows the user to complete values for all three aforementioned methods even 

though it will only utilize one selected method for each approach.  This is useful for 

minimizing the effort and time required to change from one method to another. 

The reports show Volume-to-Capacity ratio (V/C) in numerical values between 0 

and 1. If the intersection is oversaturated the value of the V/C would be presented as > 1.00 

and the exact value will not be shown.  

 

Figure 16 Intersection Average Level of Service Report 
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Figure 17 Intersection Average Level of Service Per Day Graph 
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Figure 18 Real-Time Congestion Data Report 

3.3.4 GREEN TIME UTILIZATION 

As of ATMS.now version 1.5.4., the Split Monitor has the possibility to track the green 

time utilization only while the FREE mode is active.  

3.3.5 TIME-SPACE DIAGRAM AND DELAY 

ATMS.now has the possibility of creating the Time-Space Diagrams which allow the user 

to plot real-time signal data for multiple intersections that are in coordination. Such 

diagrams can be used to improve traffic signal coordination. The Time Space utility 

provides a bi-directional Green Band calculation and Delay-Flow calculations. The Delay-

Flow band is created to illustrate the delay time of the vehicles in the platoon that did not 
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stay within the Green Band, instead they were stopped or delayed in the coordination 

operation.  All calculations are automatically updated in real-time at a user-defined rate of 

15, 30, 45, and 60 seconds intervals, or can be previously set to calculate from historical 

values that have been saved on the server. 

3.3.6 HIGH RESOLUTION FLOW AND PHASE DIAGRAMS 

ATMS.now has multiple additional modules that enable new functions inside this system, 

and one particularly important from a performance measures standpoint is High Resolution 

Data module. Those modules enable logging of the traffic data from the high resolution 

traffic controllers in 0.1 second frequency. Some of the logged data are detector actuations, 

phase states, split changes and others. The module has the capability of creating several, 

user-customized, reports like Purdue Coordination Diagrams, Phase Termination Charts, 

etc. 

3.3.7 VEHICLE DETECTOR FAILURES 

The number of vehicle detector failures is available through Controller Detector Failure 

Report displayed in the Figure 19. This information, alongside with the duration of the 

vehicle detector failure can also be extracted from Field Alarm Report (Figure 20) by 

counting the number of occurrences for detector failure and calculation of the duration by 

subtracting the time when the failure was no longer present from the time when the detector 

failure was noted.  
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Figure 19 Controller Detector Failure Report 

 

 

Figure 20 Field Alarms Report 
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3.3.8 TRAVEL TIME 

If the Trip Comparison Report (Figure 21) shows the data, it is possible to use it to extract 

travel times and speed on covered road section. Comparison of travel times and speeds on 

the same sections during the operation of signals can give valuable insight into the quality 

of signal timings used. 

 

Figure 21 Trip Comparison Report 

3.3.9 TRAFFIC SIGNAL OPERATIONS PERFORMANCE INDICATORS 

Following traffic signal operations indicators can be derived from reports by counting the 

number of occurrences of different events and calculation of the duration of the individual 

events: 

• Number of Cycle Failures 
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• Number of Cycle Faults 

• Number of Cycle Fault/Failure-To–Total Number of Cycles Ratio 

• Number of Max-Outs 

• Number of Gap-Outs 

• Number of Force-Offs 

• Max-Out/Gap-Out/Force-Off-To-Total Number of Cycles Ratio 

• Number of Phase Activations 

By using these indicators, a selected corridor or zone can be monitored more 

effectively. It is very important to explain the meaning of cycle failures and faults as 

defined in ATMS.now. The cycle fault is an event which indicates that a serviceable call 

has not been serviced in approximately two cycle times and that coordination was active at 

that time. The cycle failure represents the same event as the cycle fault but with the 

difference that coordination was not active at the time (ATMS.now Operations Manual, 

Naztec, 2012.).  

The number of Max-outs, Gap-outs and Force-offs is given at the end of the Split 

History report. The values of those indicators can as well be compared to total number of 

cycles in an observing period. 

3.3.10 THE FIELD ALARM REPORT PERFORMANCE INDICATORS 

Following performance indicators can be extracted from Field Alarm Report: 

• Number and the Duration of Pedestrian Detector Malfunctions 

• Number and the Duration of Communication Failures 

• Number and the Duration of Congestion Incidents 

• Number of Controller Faults 
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• Number and Duration of the Coordination Faults 

• Number and Duration of the Coordination Failures 

• Number and Duration of Preemptions 

• Number and Duration of the Service Interventions in Terms of Opening the Cabinet 

Doors 

Field Alarm Report shows large number of events noted by ATMS.now. After 

filtering, counting and comparison of the moments when an event started and finished, the 

number and the duration of the events can be defined. That way it is possible to track 

reliability, performance and frequency of certain events of interest. 

 

3.4 KITS 

The Kimley-Horn Integrated Transportation System (KITS) is traffic control system 

developed by Kimley-Horn and Associates. KITS enables continuous monitoring of traffic 

signal operations and traffic conditions on a second per second basis. KITS allows the 

operators and traffic engineers the use of modern technology during the development, 

implementation, selection of signal timing plans and monitoring. Besides the operations 

segment, the maintenance aspect is improved by immediate notification of the responsible 

staff in case of signal malfunction. The system enables the editing of signal controller 

databases with download, upload and import functions. History reports menu allows the 

operator to view, filter, and print historical data about system events, user activities, system 

detector data, count detector data, link data, controller communications statistics and 

preemption logs.  

Performance measures and their components registered by KITS: 
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1. Vehicle Volume 

2. Vehicle Detector Occupancy 

3. Vehicle Speed 

4. Malfunctioning Detectors 

5. Pedestrian Volume 

6. Number of Stops 

7. Queue Lengths 

8. Delays 

9. Effective Cycle Length 

10. Green-to-Cycle Ratio 

11. Green Time Distribution 

12. Volume to Capacity Ratio 

13. Level of Service 

14. Time-Space Diagram 

In terms of maintenance and reliability, the following measures can be collected: 

1. Status Events Occurrence (System Status Report) 

2. Incident Management (Event Log Report and Communications Statistics Report) 

3. Equipment Maintenance 

4. Communication Failures 

Other: 

1. Alarms when turning movement count change exceeds preset threshold. 

2. TRSP (Traffic Responsive Selected Timing Plan) Improvement Factor - shows the 

minimum improvement percentage (between 1 and 100) between the current timing 
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plan and the optimal traffic responsive selected timing plan. This improvement 

factor must be met prior to implementing a new plan.  

3. Scheduling Failure Threshold defines the percentage (between 1 and 100) of non-

responding intersections that will cause a section’s scheduled plan to be overridden 

by standby. The default value is 30%. 

4. Scheduling Failure Threshold defines the percentage (between 1 and 100) of non-

responding intersections that will cause a section’s scheduled signal plan to be 

overridden by a standby signal plan. Default 25% 

3.4.1 VEHICLE VOLUME SPEED AND DETECTOR OCCUPANCY 

Link Detector Reports and System Detector Reports (Figure 22 and Figure 23), can show 

the date, time when the data was generated and intersection that contains that detector, 

failed detectors or their status, smoothed traffic volume, detector occupancy (percentage 

of the time detector was occupied by the vehicles) and smoothed speed (average vehicle 

speed over the detector). The average vehicle speed over the detector can be also obtained 

by using Speed Trap History Report shown in the Figure 24.  

 

Figure 22 Link Detector Report 
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Figure 23 System Detector Report 

 

Figure 24 Speed Trap History Report 

3.4.2 PEDESTRIAN VOLUME 

Number of activations of pedestrian detectors can be obtained (example in Figure 25), 

however pedestrian volume cannot be measured exactly due to the fact that during the 

single detector activation, more than one person can cross the crosswalk. 
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Figure 25 Count Detector Report 

3.4.3 TIME-SPACE DIAGRAM 

One of the corridor performance measures that KITS is able to show is Time-space diagram 

(Figure 26) presented by Real-time coordination logic display. That enables the monitoring 

and controlling of the progression. 

 

Figure 26 Time-space Diagram in KITS 
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3.4.4 GREEN TIME DISTRIBUTION 

By using a KITS Cycle Summary Report (Figure 27) it is possible to monitor the durations 

of all splits sorted by phases. In that way, the history of green time distributions can be 

checked for each intersection throughout the system.  

 

Figure 27 KITS Cycle Summary Report 

3.4.5 VOLUME-TO-CAPACITY RATIO AND LEVEL OF SERVICE 

The Level of Service (LOS) Report displays the overview of the following data: date and 

time when the data were collected, name of the intersection, LOS for all four intersection 

approaches and the Volume over Capacity ratio. Extent of the area that should be 

considered in the report can be changed, so instead of the single intersection, a user can 

select either a certain subnetwork of intersections or the entire system (Figure 28). 
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Figure 28 KITS LOS Data Report Selection 

3.4.6 MEASURES OF EFFECTIVENESS (MOE) CYCLE DATA  

Measures of Effectiveness (MOE) Cycle Data report (Figure 29) include Cycle Length, 

Force Offs, Wait Time, Average Queue, Green Time on Approach and the Delay Time on 

Approach. These reports can display various types of the data at the interval specified in 

the System Parameters form. These reports can present: the name of the intersection where 

MOE data were collected, date, time, the intersection phase and the current timing plan 

when the data were collected, phase cycle length, information if the phase was forced off, 

whether the pedestrian button was pushed, the wait time, the average queue, green time on 

approach and the delay time on approach. 
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Figure 29 MOE Cycle Data Report 

MOE Plan Data Report Selection is used to generate the report where the data can be 

viewed or printed after filtering the MOEs. In this type of report, similar MOEs are 

presented except that it is possible to show the percentages of force-offs, the percentage of 

how many times the pedestrian detectors were pushed, the average wait time, the average 

green time and the average delay time (Figure 30).  

 

Figure 30 MOE Plan Data Report 

3.4.7 STATUS EVENTS OCCURRENCE 

Real-time system status report enables the operators to select which types of conditions 

will be reported. Conditions that can be reported are Coordination failures, Cabinet flash, 

Conflict Flash, Communications Flash, Preemption, Transition and if the controller is 

online or not (Figure 31). 
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Figure 31 Real-time System Status Report 

3.4.8 INCIDENT MANAGEMENT 

KITS has a comprehensive capability for recording and tracking the incidents in the 

network over time. Broad range of information about incidents (events, not crashes) can be 

stored or edited by the operators. Two different Report types can be used for that purpose: 

Event Log Report and Communications Statistics Report that are shown in the following 

figures (Figure 32, Figure 33 and Figure 34). For example, the first enables the data 

collection about when and where the event occurred, the type of event and the equipment 

that generated the event, the actions taken for the event and optionally the event 

descriptions. In the Communications Statistics Reports it is possible to extract the 

information about the percentage of time when communications were functional.  
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Figure 32 Event Log Report Selection 

 

Figure 33 Event Log Report 
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Figure 34 Communications Statistic Report 

3.4.9 EQUIPMENT MAINTENANCE 

Equipment malfunction and other important events can be monitored via KITS Alert 

Viewer shown in Figure 35. In that way, operators can be alerted about activities that 

require their attention. 
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Figure 35 KITS Alert Viewer 

3.4.10 COMMUNICATION FAILURES 

The Communication Statistics Report summarizes the statistics for communications in 15 

minutes intervals (Figure 36). Those reports show the number of poll messages, number of 

bad responses, number of no responses, percent of correct poll message responses for the 

intersection during the summary period alongside with the general data (date and time 

when the summary was generated, intersection, channel and drop address of the 

intersection).  
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Figure 36 KITS Communication Statistics Report  

All the reports can be periodically generated by using the Scheduled reports option in KITS 

(Figure 37). There it is possible to find name of the report and the description used to 

identify the scheduled report entry, but also the frequency or the exact days for the report 

generation. 

 

Figure 37 KITS Scheduled Reports 
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3.5 MIST 

The Management Information System for Transportation (MIST) is a traffic management 

software created by Telvent. This system enables management of the urban traffic and the 

traffic on expressways by using a centralized platform. MIST provides the operators with 

the possibility to monitor and control traffic and other assets with the goal of alleviating 

congestion, air pollution or increase mobility. The operators have a real-time insight in 

traffic operations, and can react in a fast and coordinated manner to traffic conditions in 

the network. The integration of applications for air quality evaluation (TRACE) and 

adaptive traffic control systems (OPAC and ITACA) into MIST platform is enabled. MIST 

uses NTCIP communication protocols.  

Traffic signal MOEs available from MIST: 

1. Vehicle Volume 

2. Vehicle Detector Occupancy 

3. Speed 

4. Cycle lengths 

5. Green splits 

6. Time-space diagram (Corridor performance measure) 

3.5.1 VEHICLE VOLUME, OCCUPANCY AND SPEED 

MIST has the possibility to collect, process and display the volume, occupancy and the 

speed information provided by detectors in the field. Each detector is providing the 

measurements, and MIST enables seamless presentation and further usage of that data.  
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Figure 38 MIST User Interface 

 

3.5.2 GREEN SPLITS, CYCLE LENGTHS AND VOLUME 

Green or Phase splits are available to be obtained through Green Split Report in MIST 

(Figure 39). Site Activity Reports (Figure 40) from Optimized Policies for Adaptive 

Control (OPAC) traffic control system via MIST, also provide traffic volumes. In this way, 

it is possible to track if the changing of the split durations follows changes in traffic 

volumes. 
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Figure 39 Green Split Report 

 

Figure 40 Changing Cycles, Splits and Counts Over Time – Site Activity Report 
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3.5.3 TIME-SPACE DIAGRAM 

Considering the corridor performance measures, time-space diagram (Figure 41) is 

available for operators to track the progression. If the signals were synchronized correctly, 

the virtual vehicular trajectories in MIST would maximally utilize available green bands.    

 

Figure 41 Time-space Diagram 
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CHAPTER  4 METHODS DEVELOPED FOR ANALYTICAL SIGNAL 

OPERATIONS AND MAINTENANCE MONITORING TOOL 

The performance and reliability monitoring of traffic signal systems of an agency can help 

to identify signal-related issues, define future strategies, etc. Tracking performance of 

traffic signal systems, in terms of reliability and performance, is not an easy task. The goal 

of this study is to identify and propose the appropriate performance measures to accurately 

and appropriately assess performance of the traffic signal system for a public agency on a 

weekly or monthly basis. Those performance measures have to be obtainable, but also have 

to provide an overview of the agency’s performance. The methodology is intended to be 

universal enough to be applicable for the multiple agencies across the state of Florida or 

across the country that use the appropriate signal system central software. On the other 

hand, the methodology needs to have sufficient level of detail to adequately represent the 

performance and the condition of the traffic signals’ operations and maintenance and to 

evaluate the main weaknesses, strengths and opportunities.  

In order to provide more proactive monitoring of traffic signals, it is necessary to 

increase the resolution of the monitoring and not track signal performance only once or 

few times per year.  

The main goal of this part of the study is to determine adequate performance 

measures to monitor and report the performance and the reliability of traffic signal systems 

for the agencies that use ATMS.now signal system central software. 
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For the purpose of developing two different methods, the author visited several 

times the City of Boca Raton and Palm Beach County Traffic Management Centers in order 

to investigate their infrastructural and technological levels, current practices for 

monitoring, which signal system central software are used in agencies, what monitoring 

and data collection technologies are available in both agencies, and in cooperation with 

agencies’ staff, the corridors of interest were defined. The external systems for data 

collection could be used to feed data into spreadsheet tools for performance and reliability 

monitoring, but primary sources will be SSCS reports and outputs.  

Considering that monitoring requires manipulation of large amounts of data (e.g. 

duration of signal phases and other traffic signal parameters), it is not feasible to develop 

a tool for of the entire agency’s network in terms of the spatial scope. Therefore, a scope 

for weekly or monthly evaluation of signal operations needs to be focused on certain 

corridors or zones with signalized intersections. However, not all of the corridors or zones 

have the same data collecting and reporting capabilities. Such data collection capabilities 

will depend on the existing ITS technologies installed along the subject corridor. Usually, 

all the important corridors are connected with SSCSs and that is the reason why this 

approach will concentrate on the data available from those systems. 

The selected corridor for the City of Boca Raton agency consists of 9 signalized 

intersections along the Military Trail from Yamato road in the north to the West Palmetto 

Park Road in the south. For the Palm Beach County, the selected corridor consists of 13 

intersections on Northlake Boulevard from A1A on the east to the intersection with 

Military Trail on the west side. Both corridors are selected after careful consideration and 

consultation with staff from both agencies.  
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4.1 INPUT DATA 

The data for inputs in the MS Excel tool, were be provided as feeds from the existing 

infrastructure and technologies. Both City of Boca Raton and Palm Beach County use 

ATMS.now as their SSCS, which will represent the main source of the input data. The data 

will come from two report types in ATMS.now - Split History Report and Field Alarms 

Report (available in .pdf and .xls formats). The .xls format will be used for manipulation 

into the MS excel spreadsheets. Due to large amounts of data and specific layouts of the 

reports it was necessary to develop MS Excel macros which would transform the original 

.xls reports from ATMS.now into databases that will be used later. Following sections 

describe development of those macros. 

 Split History reports from ATMS.now signal system central software contains the 

active pattern, cycle lengths, and the durations of all signal phases per each cycle on one 

intersection. Those reports are not possible to be used easily for an analysis because the 

data are segmented into pages where each page have headers that appears on the top, each 

other row in the report is blank so even the simplest actions with the data like filtering is 

not possible to be performed.  
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Figure 42 Data flow for TSSPD and TSSRD 

 Field Alarms reports show the alarm type that was activated (number and the 

description of the alarm), status of the alarm (on or off), intersection ID number and time 

and the date of the event. Using the reports in the original form is tedious job because the 

data are separated per intersection for the selected periods and also have headers for each 

intersection. 

4.2 REPORTS MANIPULATION AND DATA PROCESSING 

Due to limitations of the ATMS.now reports in maximum number of rows per report, it is 

possible that more than one report needs to be made for each month. In some cases, number 

of events (and consequently rows containing data) can be higher or lower for the same time 

interval and the same number of intersections. If the selected time interval is too long the 

report will show a notification that there are too many rows that needs to be displayed (for 

the Field Alarm Report) or in case of Split History Report, only termination counts will be 

displayed. When such an outcome occurs the user needs to decrease the time interval and 
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initiate extraction of the report again. After creating all of the report files, and transforming 

them by using the macros mentioned in the previous section, the resulting files will serve 

as a database for the MS Excel dashboards. Since manual compilation of all files is a very 

time-consuming job, a set of macros for automatic transforming and compiling of all the 

report files were developed. These macros include:  

1. “FAU Split History Report Analyzer.xlsm” - Macro for transforming the Split 

History Reports into database for Traffic Signal System Performance Dashboard,  

2. “FAU Phase Termination Analyzer.xlsm” - Macro for transforming the Split 

History Reports into Terminations database  

3. “FAU Field Alarms Report Analyzer.xlsm” - Macro for transforming Field Alarm 

Reports  

All of the macros above are provided in the Appendices of this document. 

FAU Split History Report Analyzer.xlsm introduces an additional column in the records. 

The column is named “Period” and it indicates actual period of the records by checking 

the current time. The boundaries for the time periods are given in the Table 2 below.  
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Table 2 Periods for Traffic Signal Operation 

Period Start time End time 

AM Peak 07:00 AM 08:59 AM 

Midday 09:00 AM 03:59 PM 

PM Peak 04:00 PM 06:59 PM 

Evening 07:00 PM 09:59 PM 

Night 10:00 PM 06:59 AM 

 

Also, all columns for 16 splits are duplicated in the same file with the difference 

that all of the zero values are excluded. This part of the spreadsheet will be used to count 

number of activations of splits over time because the Excel considers zero values provided 

by Split history report as a legitimate events even though they indicate that the subject split 

was not activated in that cycle. There is a possibility to later introduce an additional column 

that will enable filtering the data by the day.  

In addition to split durations, cycle lengths, active patterns and the time when the 

subject cycle has started, the Split History Report also provides the data about termination 

counts. Therefore, the termination types for all phases, in all of the cycles are being 

collected, classified and summed. These records enable tracking of the number of Force-

off, Gap-out and Max-out phase terminations in the observed period. 

The termination counts tables at the end of the Split History Reports can be copied 

into a file to summarize termination types per phase. The author has developed a macro to 

automatize this task and reduce amount of manual labor required. The name of that macro 

is FAU Phase Termination Analyzer.xlsm.  
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The following sections describe the major performance and reliability indicators 

and measures that will be used in the Excel dashboard for weekly/monthly monitoring. 

Having in mind that ATMS.now is very powerful SSCS, all the measures are calculated 

from the reports created by this SSCS. 

4.3 PERFORMANCE INDICATORS 

Multiple measures can be used for representing the performance of the traffic signal system 

on the selected corridor. Based on the available technology and data, the following 

indicators were selected for describing the performance of signal systems. 

Cycle Length 

Shows the cycle length changes in the selected time interval. Depending on the 

selected interval, the user can track the planned and unplanned changes in the cycle lengths, 

deviations and make adequate inferences. 

 

Figure 43 Cycle Length Diagram 
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Average, minimal and maximal duration of splits  

Average, minimal and maximal duration of splits per signal timing pattern can be 

extracted and compared with the programmed splits. This can be a useful indicator to 

determine if signal timing needs to be refined. 

 

Figure 44 Minimal, Maximal and Average Duration of Phases 

Number of phase activations  

The number of phase activations per pattern can be compared to the maximal 

number of times that phase could be activated (number of cycles). If the result shows that 

some phases are omitted many times this could help operators to review existing 

phasing/timing arrangements and make some necessary changes. Such data can be filtered 

for date, intersection, and period. 
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Figure 45 Number of Phase Activations 

Phase duration distribution 

This performance measure can show the most and the least frequent durations of 

phases. This information can be used to decide if the minimal or maximal duration of each 

phase need to be revised.  The durations have to be compared only within a single period, 

because durations in different periods (and for different signal timing patterns) can vary 

significantly. 
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Figure 46 Phase Duration Distribution 

Green to cycle ratio (phase splits) 

This measure indicates the percentage of time that a certain movement utilized for 

green time from the entire cycle length. This value can imply what level of priority certain 

movements have, and help to decide if there is a need for making changes. 

 

Figure 47 Phase Splits Diagram 
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Phase Duration Over Time 

The set of graphs shows the changes in minimal, average and maximal durations of 

signal phases over time. Besides the fact that a user can observe how durations of the phases 

change over time, one can also keep track of variability of phases over time (the difference 

between minimal and maximal duration, with the current position of the average duration 

between those two values). 

 

Figure 48 Phase Duration Over Time 

Phase terminations per type 

Number and percentage of each phase termination type (Force-offs, Max-outs and 

Gap-outs) can be a powerful measure for understanding actions which can be taken to 

improve the traffic signal operations. For example, if Max-out is predominant type of phase 

terminations this may indicate that the observed phase deserves the increase of the maximal 

green time. Also it can indicate that the signal operation cannot serve all the traffic demand 

etc. 
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Figure 49 Phase Terminations Per Type 

4.4 RELIABILITY INDICATORS 

The second group of indicators for signal system monitoring are the reliability 

indicators. Unlike the performance indicators where the majority of the data comes from 

the Split History Report, the reliability indicators rely on Field Alarm Reports from 

ATMS.now SSCS. In this type of report, information about the intersection (date, time, 

event code, status (on or off) and the description of the event) is available. Those data need 

to be preprocessed and used for deriving the following indicators. 

Analysis of Field Alarm Reports can be performed on a weekly, monthly or an 

annual basis, on various levels from the single intersection, a corridor, or the entire agency. 

Investigating all of the agency’s signals, annually, is possible but this would require that 

very large number of reports are created. On the other hand, analysis of the Split History 

Reports cannot be used for monitoring on an annual level for the entire agency because 

each report would be too large due to high frequency of data collection (each report shows 

data for only one intersection and the information is collected per cycle for 24 hours every 

day), and therefore, the longest interval for the monitoring suggested by this document is 

one month.  
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Cabinet door opened 

The total number of time when the cabinet doors were opened, during the 

observation period, can be useful indicator of maintenance efforts taken for intervening on 

specific signal controllers. Unless the maintenance is preventive, this is also a measure that 

shows the reliability of system. More frequent cases when the cabinet doors were open 

indicates frequent interventions and lower reliability of the signal system. 

Number of communication failures 

This reliability measure can show how many times the communications were not 

functional. If the number is smaller, the reliability of the system is better. It should be noted 

that sometimes the fake alarms are recorded. In some cases, Field Alarm Reports show that 

communications have failed, or have been restored, multiple times in a row. Those cases 

need to be filtered out.  
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Number and the distribution of controller faults 

The number of the controller faults can show the reliability of that component of 

traffic signal system. More faults mean less reliable operations and more time spent on 

troubleshooting. 

Number and the distribution of cycle failures and cycle faults 

The higher number of cycle failures indicates more problems with the traffic 

signals. The distribution of these events can help in identifying the signals which need most 

of the attention from the operators.  

Detector failures (vehicle and pedestrian) 

Detector failures are supposed to be collected by investigating the Ped failure 

alarms, detector diagnostic failures, detector failures from SDLC and the detector SDLC 

failures alarms, their frequency, and spatial distribution. That enables the user to identify 

the problematic detectors in the network and plan maintenance activities that can increase 

the reliability of the system. 

Number of situation when manual control was enabled and its duration 

This measure shows how often and how long the traffic signal was switched to 

manual control (Police Push Button). This indicator shows how often the system was 

overridden and when it stopped being in that state. 
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Number of times when the controller lost the power and/or was rebooted 

These indicators can display the reliability of power supply system by number of 

times when the controller have lost the power and could not be functional. If the frequency 

of these events gets higher, the reliability of the system deteriorates. 

Number and spatial distribution of the preemptions (per type) 

These measures can show frequency of the preemption events and thus level of 

disruptions of the regular operation of the traffic signals. Their average duration, and 

duration distribution can help to understand predominant time periods when signals work 

differently than defined by designated signal plan for that period of the day. Spatial 

distribution can be useful to check parts of the subject network are mostly affected by 

various preemptions. For all aforementioned indicators, the type of the preemption is 

known so the prevalent cause for disruptions can be identified. 

The number of the congestion incidents 

ATMS.now generates a report that can indicate level of congestion in the network. 

Congestion status is defined by set of thresholds defined in the ATMS.now platform.  
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CHAPTER  5 PERFORMANCE AND RELIABILITY MONITORING DASHBOARDS 

To address the issue of performance and reliability monitoring of traffic signal systems, 

two dashboards were created. The first one addresses the performance (Traffic Signal 

System Performance Dashboard - TSSPD), and the second deals with the reliability 

measures of a traffic signal system (Traffic Signal System Reliability Dashboard - 

TSSRD). The dashboards are developed with the intention to minimize the effort that 

signal-controlling agencies need to put into data collection, processing and presentation of 

the results.  

The TSSPD dashboard is related to the performance of the traffic signal system, 

and keeps track about the operation of traffic signals. The input data about cycle lengths, 

active patterns, duration of each phase per each cycle and phase terminations are being 

processed in order to derive several measures that will be presented graphically so the 

signal timing engineers or other users can interpret them without a need to spend large 

amounts of time on data processing and calculations. All the signal parameter changes are 

being stored by Split History reports in ATMS.now and they are used as inputs for the 

TSSPD. 

The TSSRD dashboard is created to help the engineers or other users to analyze the 

reliability of the traffic signal system. That analysis is performed by observing the 

graphical and numerical output that TSSRD dashboard creates after processing the data 

about alarm activations stored by ATMS.now Field Alarm reports. 
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In order to keep track about the performance and the reliability of the traffic signal 

system in a timely manner, more frequent checks are necessary. The agency’s staff should 

have the predefined methods and tools that can be used to assess the operations of the traffic 

signals. In such a way, trends, issues, or possibilities for improvement can be identified 

and appropriate actions can be taken.  

Previously, the monitoring has been performed by conducting field studies or by 

using the signal system central software and its existing capabilities. Field studies are time 

consuming and costly, while the usage of signal system central software is much easier and 

faster, but has limitations depending on the type of a system that is used. Users get 

notifications in real time about changes that happen in the traffic signal system of an 

agency, or they can create various reports with relevant historical data. The data provided 

in real time about the events in the traffic signal system are useful for immediate reacting 

to certain events, but not so much when the evaluation is concerned. For that use, historical 

data provides the user with much better possibilities for assessment.  

If the historical data is concerned, the reports that can be created from signal system 

central software contain large number of important data, but interpreting them in that 

format is challenging and tedious process. Visual representation of the data and the 

measures derived from it provides the condensed view of relevant parameters and 

activities. That is the reason why two dashboard tools (performance and the reliability 

dashboard) are created with an emphasis on visual presentation of the data that can be 

easier to interpret and can show at a glance large number of different types of data 

concentrated in several measures. The purpose of the dashboards is to help the operators 

and the decision makers in identifying problems, isolating the causes and addressing them, 
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and at the same tame provides very useful tool for traffic signal system’s performance and 

reliability monitoring.  

For developing the dashboards, it was necessary to acquire the knowledge about 

what capabilities (hardware, software, data types, etc.) do traffic agencies possess and how 

they can be used for creating the tools for monitoring of traffic signal operations. During 

the visits, the agency’s current hardware, software current practices for monitoring, signal 

system central software, available technologies for data collection were investigated and 

the corridors of interest were selected, which will be used as a testbed for the proposed 

methodology.  That is the reason why two agencies were selected as part of a pilot project. 

During the investigation of the possibilities for the data collection in both City of 

Boca Raton and Palm Beach County agency, the Signal System Central Software (in both 

cases ATMS.now) was shown to be a good source of information for necessary signal 

performance measures. The ATMS.now is able to collect and store large number of various 

data types, and those data can be accessed through various types of reports available in the 

software. The Split History Reports is needed for TSSPD whereas the reliability dashboard 

uses the data from Field Alarms Reports. In such a way, the user does not need to deal with 

the multiple report types to collect the data from ATMS.now.  

Because of the large number of intersections per agency and abundance of the data 

for each intersection (especially the Split History Reports who represent the data per each 

cycle), it is decided to develop a tool for assessing two corridors, one per each agency, for 

evaluating the performance of traffic signal system. In this document, as an example, the 

Military Trail in City of Boca Raton is selected as a corridor of interest and 9 intersections 

were selected for further investigation. The streets that intersect with Military Trail and 

belong to the subject corridor, are provided below: 
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1. Spanish River Boulevard 

2. Lynn University 

3. Potomac Road 

4. Banyan Boulevard 

5. Butts Road 

6. 19th Street 

7. Town Center Drive 

8. Lennox Drive 

9. South Verde Trail 

The dashboards are created using the data collected from ATMS.now in City of Boca 

Raton Traffic Management Center, and all examples in this document are created by using 

that data.  

The aforementioned corridor is used for performance monitoring while in case of 

reliability dashboard, due to the smaller amount of data that Field Alarms Reports creates 

compared to the Split History Reports, not only the subject corridor but the entire network 

of 136 signalized intersections in jurisdiction of City of Boca Raton was used.  

In the following chapters, the entire procedure how to use both dashboards is explained 

step-by-step. 
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5.1 TRAFFIC SIGNAL SYSTEM PERFORMANCE DASHBOARD (TSSPD) 

TSSPD is a tool in form of a dashboard that displays the vital information about the 

operation of traffic signals. With the help of appropriate macros, the TSSPD processes the 

information retrieved from ATMS.now signal system central software and derives the 

various measures of traffic signal performance. By defining the spatial and temporal 

selection, the user can investigate the aforementioned measures.  

In order to enable the operators to use the dashboard, the clear and complete 

instructions of how to use the TSSPD are provided in the following part of this document. 

In general, the major steps for using the Dashboards are provided below, while their details 

are given in the following subchapters.  

Steps for using the Traffic Signal System Performance Dashboard: 

1. Data collection - Create the Split History Reports for all intersections of a corridor 

and put them in one folder. Copy that folder twice and add suffixes Copy 1 and 

Copy 2 to their names. 

2. Reports transformation - Execute “FAU Split History Report Analyzer.xslm” file 

that will transform the data and compile all report files into one spreadsheet. Select 

the folder with the Copy 1 suffix that contains the Split history reports from step 1. 

After executing, the macro will show the data to be copied to the Traffic Signal 

System Performance Dashboard. 

3. Copy the data to Database –Open the Traffic Signal System Performance 

Dashboard, go to the sheet Database, delete all data that already exist there, go back 

to the “FAU Split History Report Analyzer.xslm” copy the data created by the 

macro in the previous step, and paste the data that you have copied in the Database 

sheet of the Traffic Signal System Performance Dashboard. 
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4. Refresh the data – Go to Dashboard Pg1 sheet, click on Refresh button. 

5. Reports transformation (Phase terminations) - Execute “FAU Phase 

Termination Analyzer.xslm” file that will transform the data and compile all report 

files into one spreadsheet with Phase termination data. Select the copied folder with 

the Copy 2 suffix that also contains Split history reports from step 1. After 

executing, the macro will show the data to be copied to the Traffic Signal System 

Performance Dashboard. 

6. Copy the data to Termination Database –Open the Traffic Signal System 

Performance Dashboard, go to the sheet Termination Database, delete all data that 

already exist there, go back to the “FAU Phase Termination Analyzer.xslm,” copy 

all data created by the macro in the previous step, and paste the data you have 

copied in the Termination Database sheet of the Traffic Signal System Performance 

Dashboard. 

7. Refresh the data – Go to Dashboard Pg1 sheet, click on Refresh button. 

8. Use the Dashboard - Save the file under appropriate name (as macro-enabled 

worksheet) and the Traffic Signal System Performance Dashboard is ready for use. 

Change your selections in time and spatial data slicers/filters to select what will be 

displayed. Please make sure that the selected date or range is inside the range 

defined by Begin and End dates which are displayed above slicers on the Dashboard 

Pg1 worksheet. If the selected date(s) are outside of the range, all the graphs will 

be empty. 

All the steps listed above will be explained in detail in the following sub-chapters. 
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5.1.1 DATA COLLECTION 

The first step in the performance monitoring process is data collection. As previously 

mentioned, all data is collected from ATMS.now signal system central software. For this 

dashboard, the user first needs to create the Split History Reports for all intersections of 

the selected corridor and all days in the observed period. The maximal recommended 

period for the traffic signal monitoring (size of the spreadsheet file) for the 9-intersection 

subject corridor is one month because of the quantity of the data produced by Split History 

Report. Longer periods are possible to be accommodated in the TSSPD, however 

increasing of the monitoring period causes slower operations of the TSSPD. All Reports 

should be created as .xls files from ATMS.now, and not as .pdf files or others.  

It is recommended to set up a scheduler in ATMS.now to generate Split History 

Reports automatically at 12:00 AM for the previous 24 hours, so the users do not have to 

spend time on creating the reports on a daily basis. (Termination of the phases are summed 

at the end of every Split History Report, so limiting the Split History Report to a full day 

will enable users to report phase terminations on a daily basis, which is a useful feature. 

If the Split History Reports are created for a period longer than a day then the terminations 

of the phases will be aggregated for the entire period (e.g. of few days) which will prevent 

agency staff to filter those terminations on daily basis, For this Dashboard, the Split 

History Reports were collected for intervals of several days, so filtering per day is not 

possible - only filtering per intersections and for the entire observed period is possible) 

In Figure 50 the Termination counts for all phases are provided on the right side, 

with three types of the phase terminations framed with the red ellipse. On the left side, 

framed with the red rectangle, one can observe search and navigation bar where type of the 
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report, intersection, begin and end date and time can be selected as parts of the filtering 

process to create the Split History Reports.  

 
Figure 50 ATMS.now Report Setup with the Example of Phase Termination Counts 

After Split History Reports (for all intersections and all days) are created, and stored in one 

folder, a user should copy that folder twice and add a suffix, e.g. Copy 1 and Copy 2, in its 

name. Both folders need to have only Split History reports for the period that will be 

investigated and other files are not allowed in those folders (for example, “April 2016 Split 

History Reports Copy 1” folder and “April 2016 Split History Report – Copy 2” folder). 

The reason for making two copies beside the original folder where all Split History Reports 

are placed is that after running the macro, the files become irreversibly changed. If user 

wants to go back to original reports they will be lost and should be created again from 

ATMS.now.  

5.1.2 REPORTS TRANSFORMATION 

The data from the reports need to be reformatted in order to be processed further. One can 

see from Figure 51 below, that the Split History Report is created in a specific format in 

Excel. After every 75 rows, the header is placed again where it is considered to be the next 
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page. Also, the data are given per each cycle, but every second row is empty (one row has 

the data, and the next one is empty), which causes difficulties in further data processing.  

 

Figure 51 Split History Report in Excel 

Therefore, to transform the Split History Reports into a new format and compile 

multiple reports into a single spreadsheet (that will be used as a Database in TSSPD) the 

author created a macro in the “FAU Split History Report Analyzer.xslm”. Steps which 

illustrate how to use such a macro are provided below: 



 

93 

1. Open the “FAU Split History Report Analyzer.xslm”, click Enable content (or 

Enable Macro depending of the Excel version) to enable the macro executions.  

2. In the top left corner (in Quick Access Toolbar) click the circular icon (when you 

put a mouse cursor over it, “FAU_Split_History_Report_Analyzer” will appear) to 

run a macro. 

 

Figure 52 FAU Split History Report Analyzer Activation 

3. In the dialog window that will appear, find and select the folder and select it with 

one click (do not double click) where you have saved Split History Reports (for 

example “April 2016 Split History Reports Copy 1”). Press OK.  
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Figure 53 Selection of Folder with Split History Reports 

4. A message will appear with the address of the folder you have selected. Press OK. 

 

Figure 54 Selection Confirmation Screen in FAU Split History Reports Analyzer  

5. Wait until the macro is executed and the data appears. This process can last up to 

25-30 minutes depending on the speed of the computer which is used, as well as 

number and size of the files - reports that are being processed. If the Excel freezes 

and acts non-responsive for more than 30-minute time interval, do not turn off the 

program, because such an outcome is quite normal.  

In certain cases, Split History Reports from ATMS.now can contain data that 

cannot be possible. The example is the case when a certain phase duration has negative 
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value. The FAU Split History Reports Analyzer automatically searches for the events when 

any of the signal phases had negative value, and it will delete all data associated with that 

cycle. In such a way, the tool eliminates the illogical values caused by system errors. For 

the pilot corridor in the City of Boca Raton and period of one month, 192 cycles contained 

at negative values for at least one of the phases compared to total number of 333,982 cycles 

of collected data. The number of erroneous cycles is small, and their elimination will not 

impact significantly the total amount of collected data, but instead will increase the 

precision and the fidelity of the displayed data. 

5.1.3 COPY THE NEW DATA TO THE DATABASE SHEET OF TSSPD 

1. When the transformed data show up, open the Traffic Signal System Performance 

Dashboard (TSSPD), select the Database sheet and delete all the existing data 

(this can be done by pressing Ctrl + A and then Delete key). 

Copy the data that the FAU Split History Analyzer macro has previously created. 

 

Figure 55 Replacing the Database in the TSSPD Tool 
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2. Open the TSSPD again, open the Database sheet, select the cell A1 and paste the 

data copied in the step 2. 

If the macro cannot finish the execution after a long time (over 1 hour) or creates 

the database with the disrupted columns (for example, date and time ends up in the Pattern 

column), it means that one of the original reports from ATMS.now is corrupted. In that 

case, the user should open the folder where all the original ATMS.now reports are stored 

(not Copy 1 or Copy 2) and try to open each report file in the folder. If, after opening the 

file, a notification that the file is protected appear, the user should remove protection by 

clicking on the message bar on the top, click “Edit anyway” and click Save. In case that 

some file cannot be opened, that file needs to be deleted because the macros cannot read 

the data and consequently that causes disruption in other files as well. Alternatively, user 

can try to again manually create in ATMS.now the report file that could not be opened, and 

put it in the folder. Finally, in that case one more time two copies of subject folder need to 

be created (old folders Copy1 and Copy 2 should be deleted). This procedure should be 

followed in case problems appear for each of the macro files (FAU Field Alarms Report 

Analyzer, FAU Phase Termination Analyzer and FAU Split History Analyzer). 

5.1.4 REFRESH THE DATA 

1. Go to the Dashboard Pg1 sheet, click on Refresh button. Every time the Refresh 

button is activated, the subroutine will check the Corridor name, Begin and End 

dates for the data inserted in the Database and update all the charts and values. 

2. The procedure is repeated one more time, however this time the Phase termination 

data will be inserted into the TSSPD Dashboard. 
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Figure 56 Refreshing the Data 

5.1.5 REPORTS TRANSFORMATION – PHASE TERMINATIONS 

The data from the reports need to be truncated and changed into a different format 

which will make the data more useful. For transforming the Split History Reports into a 

new format and compiling them into one spreadsheet (which is used as a Terminations 

Database in TSSPD), the author created a macro in the “FAU Phase Termination 

Analyzer.xslm” file. The steps to use such a macro are provided below: 

1. Open the “FAU Phase Termination Analyzer.xslm”, click Enable content (or Enable 

Macro depending of the Excel version) to enable the macro executions.  

2. In the top left corner (in Quick Access Toolbar) click the icon in the shape of three 

triangular flags (when you put a mouse cursor over it 

FAU_Phase_Termination_Analyzer” will appear) to run a macro. 
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Figure 57 FAU Phase Termination Analyzer Macro Activation 

3. In the dialog window that will appear, find and select the folder you have copied 

with the Split History Reports (“April 2016 Split History Reports – Copy 2”) by 

clicking once (do not double-click). Press OK.  

 

Figure 58 Selection of Folder with Split History Reports for Phase Terminations 

4. A message will appear with the address of the folder you have selected. Press OK. 
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Figure 59 Selection Confirmation Screen in FAU Split History Reports Analyzer 

5. Wait until the macro is executed and the data appears. This process can last up to 

25-30 minutes depending on the speed of the computer which is used, as well as 

number and size of the files - reports that are being processed. If the Excel freezes 

and acts non-responsive within this 25-30-minute time interval, do not turn off the 

program, because such an outcome is quite normal.  

5.1.6 COPY THE NEW DATA TO TERMINATION DATABASE SHEET OF TSSPD 

1. When the transformed data appear, open the Performance Dashboard (TSSPD), 

select the Termination Database sheet and delete all the existing data (this can be 

done by pressing Ctrl + A and Delete). 

2. Copy the data that FAU Phase Terminations Analyzer macro has previously 

created. 
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Figure 60 Replacing the Termination Database in the TSSPD Tool 

3. Open the TSSPD again, select Termination Database worksheet, select cell A1 and 

paste the data copied in the step 2. 

5.1.7 REFRESH THE DATA 

1. Go to Dashboard Pg1 sheet, click on Refresh button. Every time the Refresh button 

is activated, the subroutine will check the Corridor name, Begin and End dates for 

the data inserted in the Database and update all the charts and values. 

 

2. After inserting the new data in Database, the user can delete the folder with copies 

of the original Field Alarm Reports (in this example they had names April – May 

2016 Split History Reports – Copy 1 and Copy 2) if those files will not be used for 

some sort of numerical analysis later. 
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Figure 61 Refreshing the Data for Phase Terminations 

3. You are ready to start using the Traffic Signal System Performance Dashboard. 

5.1.8 USING THE TSSPD DASHBOARD 

Now when the data are entered in the TSSPD tool, one can start using it. First, it is needed 

to read the Slicer/Filter warning in the upper right box where it is explained that all slicers 

on the Dashboard Pg1 affect all the charts on the same page (sheet), and also the Phase 

Durations Over Time charts on the Dashboard Pg2 sheet. The Phase Terminations chart is 

not affected by these slicers, but it is affected by the two slicers on the Dashboard Pg2 that 

are integrated in the chart itself. The reason for this arrangement is that Phase Terminations 

are calculated from different database than the rest of the charts.  

By changing the selections on the Date, Intersection #, Side-Street, Pattern and 

Period slicers a user can make numerous combinations of spatial and temporal selections. 
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The Date slicer enables the user to select any interval from a single day to all days in one 

month. For one day the user just needs to click on the rectangle assigned to the desired 

date, and for longer intervals a user needs to click and drag the left and right edge of the 

rectangle while it dynamically selects the desired range of dates. Even intervals larger than 

a month can be selected, but it is recommended that the data copied in the Database do not 

exceed a period of one month due to potential computation problems with larger data sets.   

The spatial extent of the analysis is defined with two slicers, Intersection # and 

Side-street. Those slicers actually have the same role, to select one intersection, multiple 

intersections or all intersections. In the Intersection # slicer, the intersections can be 

selected by their assigned IDs (by the agency). The Side-Street slicer enables selection of 

the intersection by the side-street that intersects the main street of subject corridor. Those 

two slicers are connected and a selection made in one automatically affects the selection of 

the other. The selection of one field is done by clicking on it, while the selection of multiple 

fields can be performed by holding the Ctrl key and clicking on multiple choices. It is not 

recommended to select more than one intersection at a time because the data from different 

intersections will overlap on the charts, and the displayed data is not useful. Selection of 

multiple choices can be useful in Day, Period, Pattern or Time slicers. Resetting of the 

selections and inclusion of all the possible choices is done by clicking on the Clear Filter 

button in the top right corner of all the slicers. 

The remaining slicers enable a user to further specify conditions under which the 

data are investigated. Therefore, for example, by making a selection in Period slicer, a user 

can set if the Dashboard will show information about AM Peak period, Midday, PM Peak, 

Evening, Night period or their combinations. The periods are defined in the Table 3 below: 
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Table 3 The Definition of Periods in One Day 

Period Activity interval 

AM Peak 7:00 AM – 8:59 AM 

Midday 9:00 AM – 3:59 PM 

PM Peak 4:00 PM – 6:59 PM 

Evening 7:00 PM – 9:59 PM 

Night 10:00 PM – 6:59 AM 

 

The Patterns numeration represent the different signal timings that are in use during 

one day. Each pattern represents the separate signal timing plan and they are used to 

accommodate the prevalent traffic flows in certain time periods. 
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Figure 62 Graphical user interface of TSSPD - Page 1 
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Figure 63  Graphical user interface of TSSPD - Page 2 
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5.1.9 DASHBOARD OUTPUTS 

The TSSPD Dashboard shows 7 different chart types that display the most relevant data 

about traffic signal activities. All the charts are explained in the paragraphs below. 

1 Cycle Length 

This chart shows the cycle length changes in the selected time interval. Depending 

on the selected interval, the user can track the planned and unplanned changes in the cycle 

lengths, deviations and make adequate inferences. 

 

2 Number of Phase Activations 

This graph shows graphically and numerically (in percents) how many times each 

phase was activated out of total number of times it could be activated (number of cycles) 

for the defined selection. The numerical presentation is given on the bottom part of every 

bar that represents the phase and the green color displays graphically the ratio of how many 

times each of the phases was activated, while the red indicates the situations when the phase 

was not activated. The tool currently examines up to 8 phases. 

3 Min, Max & Average Phase duration 

This chart calculates the minimal, maximal and the average value of each phase for 

the defined selection. By observing the relation between those values for carefully selected 

locations, pattern or specific time interval, a user can make inferences about the traffic 

signals operations.  
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4 Phase Splits 

The average splits for each phase are presented in the Phase Splits charts. Duration 

of the green versus the red is presented in percentages and graphically in the pie charts for 

each phase (up to 8 phases).   

5 Phase Duration Distributions 

The number of times the different durations of phases occurred are shown in this 

group of charts. By observing these charts a user can keep track about how many times a 

phase of certain duration is repeated, for the selection made in slicers, or how many times 

certain durations of phases are repeated compared to some other durations of the same 

phase.  

 

6 Phase Duration Over Time 

The set of graphs shows the changes in minimal, average and maximal durations of 

signal phases over time. Besides the fact that a user can observe how durations of the phases 

change over time, one can also keep track of variability of phases over time (the difference 

between minimal and maximal duration, with the current position of the average duration 

between those two values). 

7 Phase Terminations 

The Phase Terminations charts show which type of phase termination were 

executed, accompanied with their frequency and the overall percentage in the total number 

of phase terminations. The three observed termination types are Force-off, Gap-out and 

Max-out. The proportions of each of these termination types can help operators to 

determine if certain phases (at certain locations and daily peaks) have appropriate minimal 
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time, maximal time or passage time. If the data collected in Split History Reports cover 

several days (per one report), the only criteria for filtering is location (intersection). If the 

Split History Reports are collected for every day separately, then a Date filter/slicer can be 

introduced. The data in the charts represent the number of phase terminations per type, for 

selected intersection and for the entire time period inserted in the Database. 

5.1.10 EXAMPLES 

In order to better explain the usability of the tools, the author provide few brief examples 

how the TSSPD could be used, how to identify significant information from performance 

measures graphs etc. The number of possible combinations of what could be investigated 

by using the developed dashboards is very large. Therefore, the focus will be only on few 

useful cases. 

Example 1: Unexpected/Irregular Cycle Lengths 

Multiple graphs on both pages of TSSPD show various performance measures. After 

defining the timespan, and the intersection of interest (April 27th and the intersection 

Military Trail and Spanish River Boulevard), the cycle length graph shows the changes in 

cycle lengths for the entire day. During the night time (from 10 PM until 7 AM) the signals 

usually work in “Free” mode so their cycle length varies. However, during the day, specific 

traffic signal plans are developed to address various demand during the day, but in order 

to maintain coordination, the signal timing plans for actuated-coordinated type of signal 

control have common and non-changeable cycle length as long as that pattern is active. On 

the example from the Figure 64 it can be seen that during the AM peak the cycle length is 

fairly stable at 160s, and 130s for the Midday period. During the PM peak, for some reason 

the cycle length is not stable and the controller goes into “Free” mode instead of trying to 

maintain coordination. That helps engineer to determine how many times, and for how long 
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the signal was not working as expected.  When compared with the data from some other 

day, April 30th for example, the graph on the Figure 65 shows that during the PM peak, the 

cycle was constant on 130s. That might be done on purpose, but also can indicate some 

malfunction in the system. 
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Figure 64 TSSPD Example 1, Step 1 



 

 
  

111 

 

Figure 65  TSSPD Example 1, Step 2 
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Example 2:  Indication that increasing of Max time for certain phases should be 

considered 

In case if phase duration Distributions graphs show that for some phases the majority of 

the phase durations was at the upper part of the allowed range and at the maximum allowed 

time, the signal timing engineer might consider to increase the maximum time for the 

subject phases. The important is to keep in mind that the conflicting phases should not have 

their durations grouped in the right side of the graph too, because that would mean that 

those phases are congested as well. In that case redistribution of time would not be possible. 

The graphical examples of this situation are provided on Figure 66.  
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Figure 66 TSSPD example 2 
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5.2 TRAFFIC SIGNAL SYSTEM RELIABILITY DASHBOARD 

In order to help the users to use this type of dashboard, the clear and complete instructions 

of how to use the Traffic Signal System Reliability Dashboard (TSSRD) are provided in 

the following part of this document. In general, the major steps for using the TSSRD are 

provided below, while their details are explained in the following subchapters.  

Steps for using the Traffic Signal System Reliability Dashboard: 

1. Data collection - Create the Field Alarm reports for all intersections in an agency’s 

jurisdiction and put them in one folder. Copy that folder, add the suffix Copy, and 

you have prepared the folder which will be used by the macro in the next step. The 

pilot dashboard uses the data for 136 intersections in period of three months, but 

larger quantities of data can be used as well. 

2. Reports transformation - Execute “FAU Field Alarms Report Analyzer.xslm” file 

that will transform the data and compile all report files into one spreadsheet. Select 

the folder with the suffix Copy that contains the Field Alarm reports from step 1. 

After executing, the macro will show the data to be copied to the Traffic Signal 

System Reliability Dashboard. 

3. Copy the data to Database –Open the Traffic Signal System Reliability 

Dashboard, go to the sheet Database, delete all data that already exist there, go back 

to the “FAU Field Alarms Report Analyzer.xslm”, and copy all the data created by 

the macro in previous step. Go back to the Database sheet of TSSRD and paste the 

data you have copied in cell A1. 

4. Refresh the data – Go to Dashboard sheet, click on Refresh button. 

5. Use the Dashboard – Save the file under appropriate name (as macro-enabled 

worksheet), and the Traffic Signal System Reliability Dashboard is ready for use. 
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A user should change selections in filters/slicers to select the data that will be 

displayed. Please make sure that the selected date or range is inside the range 

defined by Begin and End dates which are displayed above slicers on the Dashboard 

worksheet. If the selected date(s) are outside of the range, all the graphs will be 

empty. 

5.2.1 DATA COLLECTION 

The first step in the traffic signal system reliability monitoring process is the data 

collection. As already mentioned, all data is collected from ATMS.now signal system 

central software. For this dashboard, the user first needs to create the Field Alarms Reports 

for all intersections of the agency, and all days in the observed period (the pilot database 

contains the data for 136 intersections for a period of two months). The TSSRD can 

accommodate longer periods, however excessive increasing of the observation period may 

cause slower computing operations. All Reports should be created as .xls files, and not as 

.pdf or other files.  
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Figure 67 Field Alarms Report in Excel 

Contrary to Split History Reports, this type of report does not need to be created 

every day, but still there is a limitation about maximal number of rows that can be displayed 

in the report exist. This means that an agency with a smaller number of alarm activation 

can create reports less frequently compared to the agency with a higher number of alarm 

activations. It is possible to set up a scheduler in ATMS.now to generate the Field Alarm 

Reports automatically (e.g. at 12:00 AM for the previous 24 hours. However, this type of 

report can be created for multiple days as that, most likely, would not negatively affect the 

operation of the TSSRD dashboard.  

A user should put Field Alarms Reports, for all intersections of a subject agency 

and all days to be monitored, in one folder. The folder should have only Field Alarms 

Reports for the period that will be investigated and should contain no other files. That 
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folder needs to be copied and named for example, “April - May 2016 Field Alarms Reports 

- Copy”.  

5.2.2 REPORTS TRANSFORMATION 

The data from the reports need to be transferred into a different format for easy post-

processing in the TSSRD. From the Figure 67 above, it is possible to observe that the Field 

Alarms Reports are created in a specific format of Excel files.  

For transforming the Field Alarms Reports into a new format and compiling them 

into a single spreadsheet (that will be used as a Database in TSSRD) the author developed 

a macro within the “FAU Field Alarms Report Analyzer.xslm”. Steps to use such a macro 

are provided below: 

1. Open the “FAU Field Alarms Report Analyzer.xslm”, click Enable content (or 

Enable Macro depending of the Excel version) to enable the macro execution.  

2. In the top left corner (Quick Access Toolbar) click the bell icon (when you put a 

mouse cursor over it “FAU_Field_Alarms_Report_Analyzer” will appear) to run 

a macro. 
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Figure 68 FAU Field Alarms Report Analyzer Macro Activation 

3. In the dialog window that will appear, find and select the folder where you have 

saved Field Alarms Reports (“April - May 2016 Field Alarm Reports”) by clicking 

once (do not double click). Press OK.  

 

Figure 69 Selection of Folder with Field Alarms Reports  

4. A message will appear with the address of the folder you have selected. Press OK. 
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Figure 70 Selection Confirmation Screen in FAU Field Alarms Reports Analyzer  

5. Wait until the macro is executed and the data appears. This process can last up to 

25-30 minutes depending on the speed of the computer which is used, as well as 

number and size of the files - reports that are being processed. If the Excel freezes 

and acts non-responsive within this 25-30-minute time interval, do not turn off the 

program, because such an outcome is quite normal.  

5.2.3 COPY THE NEW DATA TO THE DATABASE SHEET OF TSSPD 

1. When the transformed data show up, open the Traffic Signal System Reliability 

Dashboard, select the Database sheet and delete all the existing data (you can do 

that by pressing Ctrl + A and Delete). 

2. Copy the data that FAU Field Alarms Report Analyzer macro has previously 

created. 
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Figure 71 Replacing the Database in the TSSRD Tool 

3. Open the TSSRD again, and in cell A1 of Database worksheet paste the data copied 

in the step 2. 

5.2.4 REFRESH THE DATA 

1. Go to Dashboard sheet, click on Refresh button. Every time the Refresh button is 

activated, the subroutine will check the Begin and End dates for the data inserted 

in the Database and update all the charts and values. 

2. Save the file as macro-enabled workbook, under an appropriate name (for example, 

TSSRD – April - May 2016) and you are ready to start using the Traffic Signal 

System Reliability Dashboard. 

3.  After inserting the new data in Database, the user can delete the folder with copies 

of the original Field Alarm Reports (in this example they had names April – May 

2016 Field Alarms Reports – Copy) if the numerical analysis of those files will not 

be conducted. 
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Figure 72 Refreshing the Data before Using the TSSRD 

5.2.5 USING THE TSSRD DASHBOARD 

Once the data are inserted into the TSSRD tool, one can start using it. The first thing is to 

read the Slicer/Filter warning in the upper right box where it is explained which graphs are 

not affected by which slicers. The Description Slicer only affects the graph “Top 5 

Intersections Affected by Alarms”, while the Intersection # slicer is the only one that does 

not affect that graph. 

By changing the selections on the Date, Intersection #, Day, Period and Description 

slicers, a user can make numerous combinations of spatial and temporal selections to be 

displayed. The Date slicer enables the user to select any interval from a single day to all 

days of the investigation period. For one day, a user just needs to click on the rectangle 

assigned to the desired date, whereas for longer date ranges it is necessary to click and/or 

drag the left and right edge of the rectangle and dynamically select the desired interval.  
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The Day slicer can filter the database and isolate only days of interest. In such a 

way, a user can check, for example, how many of the alarms occurred during the weekend 

(e.g. Saturday and Sunday need to be selected). The Period slicer enables the user to select 

the certain period or periods of one day. The available periods are: AM peak, Midday, PM 

peak, Evening and Night. 

The spatial extent of the analysis is defined with Intersection # slicer. That slicer 

can be used to select an intersection, multiple intersections or all intersections. The 

intersections can be selected by their assigned ID numbers. The selection of one field can 

be done by clicking on it, whereas selection of multiple fields can be performed by holding 

the Ctrl key and clicking on multiple fields. Resetting of the selections and inclusion of all 

possible choices is done by clicking the Clear Filter in the top right corner of all the slicers. 

The Description slicer enables the user to select the alarm types that will be shown 

on the “Top 5 Intersection Affected by Alarms”. In such a way, a user can select the alarms 

of interest and the information about the top 5 signals where those alarms have occurred 

will be provided. 
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Figure 73 Graphical user interface of TSSRD 
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5.2.6 DASHBOARD OUTPUTS 

The TSSRD Dashboard shows 7 different chart types that display the most relevant data 

about traffic signal activities. All the charts are explained in the paragraphs below. 

8 Top 5 Most Frequent Alarm Types 

This chart displays which 5 alarms are the most frequent in the data bounded by the 

selections a user has made by using the slicers. By changing the selections in Date, Day 

and Intersection # slicers, the graph will be automatically updated to show the relevant 

information. 

 

Figure 74  Top 5 Most Frequent Alarms 

9 Top 5 Intersections Affected by Alarms 

After examining the data defined by the selection made in slicers, the graph shows 

top 5 intersections with the highest number of alarms that comply with such a selection. 

The Intersection # slicer does not affect this graph so the selection must be made by using 

other slicers (Date, Day and alarm type in the Description slicer). 
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Figure 75  Top 5 Intersections Affected by Alarms 

All alarms are divided into three groups:  

1. Signal timing and preemption alarms 

2. Congestion and detection alarms 

3. Communication, controller and cabinet alarms (3C alarms) 

10 Signal timing & Preemption alarms 

This group of alarms is presented on the first pie chart on the left side. It shows the 

following alarms: 

1. Coordination fault 

2. Coordination failure 

3. Cycle failure 

4. Cycle fault 

5. Preemption 1 

6. Preemption 2 

7. Preemption 3 

8. Preemption 4 
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9. Preemption 5 

The presence of those alarms is shown on a pie chart with a percentage that a 

specific alarm partakes within that group (for example Signal timing & Preemption group 

of alarms). The pie charts are automatically updated when the selections are changed in 

slicers. 

 

Figure 76 Signal Timing and Preemption Alarms 

11 Congestion and Detection Alarms 

The middle pie chart is reserved for the second group of alarms. This group 

contains the congestion and detection alarms which are listed below: 

1. Congestion incident: Northbound 

2. Congestion incident: Eastbound 

3. Congestion incident: Southbound 

4. Congestion incident: Westbound 

5. Detector Diagnostics failure 
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6. Detector failure from SDLC (Synchronous Data Link Control) 

7. Detector SDLC Failure 

8. Pedestrian detector failure 

All the alarms are represented by different colors in the chart and the percentage 

of each alarm in total number of alarms that belong to this group are shown on the chart 

itself.  

 

Figure 77 Congestion and Detection Alarms 

12 Communication, Controller & Cabinet (3C) alarms 

The remaining pie chart addresses the communication, controller and cabinet 

alarms. The list of those alarms is provided below: 

1. Cabinet door activation 

2. Communications failure 

3. Controller fault 

4. Coordination free switch input 
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5. Critical SDLC failure 

6. EEPROM CRC fault 

7. Local flash input 

8. Manual control enable 

9. MMU (Malfunction Monitoring Unit) Flash input 

10. MMU SDLC failure 

All alarms are represented numerically (percent from the total number of alarms 

that belong to this group of alarms) and graphically using different colors. The layout is set 

so that the first alarm gets the position of 12 o’clock if the analogy with the watch is used, 

and the other alarms are placed one after another in the direction of the movement of 

clock’s hands.  

 

Figure 78 Communications, Controller & Cabinet alarms 

13, 14 & 15 Alarm Counts and Percentage of Total Number of Alarms 
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The three tables, given below each of the pie charts, show the alarm types displayed 

on the chart above. The differences compared to the charts are reflected in the facts that the 

tables contain exact count of the alarm activations (marked by number 13 from the graph 

5.2-7). All counts are summed into total number of alarm activations per group, and all 

three groups are summed into Grand Total that holds the total number of all alarm 

activations for the defined selection (number 15 from the graph 5.2-7).  

Other measure that is provided is the percentage that a specific alarm has in the 

total number of all alarm activations (Grand Total) (this is different from percentages 

provided in the pie charts, where group totals are used instead of the Grand Total). This 

information is shown under number 14 on the graph 5.2-7).   

 

Figure 79  Number and Ratios of All Alarm Activations 
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5.2.7 EXAMPLES 

In order to better explain the usability of the tools, the author provide few brief examples 

how the TSSRD could be used, how to identify significant information from reliability 

measures graphs etc. The number of possible combinations of what could be investigated 

by using the developed dashboards is very large. Therefore, the focus will be only on few 

useful cases. 

Example 1: Weekend Alarms 

Examining the number and the locations affected by alarms in the entire agency during the 

weekend days. This can be useful to check how many alarms, of which type and where 

happened out of the workdays. In the Slicer Day, select SUN for Sunday, press and hold 

Ctrl button, and simultaneously click SAT – Saturday. 

Selection made in such a way (with no other changes) shows all the alarms, for the 

entire period for which the data are inserted, and all locations affected by alarms during the 

weekend. The graph on Figure 80 show that the majority of alarms are preemption alarms 

and communication failures, while the most affected intersections are those with IDs 122, 

105, 39, 5117 and 23. The exact numbers and the ratios are provided in the tables below 

the graphs.  

In case that the user wants to check on which locations specific type of serious 

alarms happen for the same selection, one most select the alarm type in Description Slicer 

(in this example MMU Flash Input). Figure 81, graph Top 5 intersections Affected by 

Alarms show that in three months, intersection number 99 had 30 alarms of that type, 

intersection with ID number 135 had 26, other intersections had fewer alarms of this type. 

Obviously  controllers on intersections 99 and 135 should be inspected.
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Figure 80 TSSRD example 1, step 1 (weekend alarms) 
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Figure 81  TSSRD example 1, step 2 (weekend alarms)
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Example 2: Searching for crucial alarms in a specific timeframe 

By using filter delete button at the top right corner of slicers, the user can discard the 

previous selection and select all possible options. First, to select a specific time period, user 

can click on rectangles in the Date timeline slicer. By dragging the left or right end, that 

selection can be expanded. For the purpose of this example, the entire month of March was 

selected. With only that selection active, the user can see the numbers and the ratios of all 

alarms in that period. For example, the Figure 82 shows that the number of Critical SDLC 

Failure alarms is 471 which is very high for such alarm type. In order to investigate, which 

locations are affected so that appropriate actions could be taken, the user needs to select 

that alarm type in the Description slicer.  

 After selecting only Critical SDLC Failure alarm type, it is possible to see that only 

three intersections were affected by this alarm in March (48, 65 and 252), where large 

majority or 452 alarm activations are recorded for the intersection 48, shown on Figure 83. 

This indicate that maintenance team should visit that site as soon as possible in order to 

repair the equipment malfunction. 
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Figure 82 TSSRD example 2, step 1 
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Figure 83 TSSRD Example 2, step 2
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Example 3: Searching for alarm activations in a group of intersections and specific 

period during the day 

Select the group of intersections that are to be investigated for alarm activations (a corridor 

of interest for example). By holding Ctrl button and clicking, select Intersection ID 

numbers 1 to 6 then select a period in a day you want to investigate (in this case Midday). 

The graphs on the Figure 84 and the tables show information relevant for the created 

selection. In case the user can go in more details, one by one intersection can be selected 

and checked separately. 

 It is obvious that beside the preemptions which are expected, large number of 

Pedestrian Detector Alarm activation is noted. By narrowing the search, the user can 

pinpoint the location and the time period when different events caused reliability issues.  

 All reports and data provided by this dashboard can be used for the purpose of 

reporting, statistical processing, realizing trends and making inferences about future 

actions required to improve the reliability of the traffic signal system. 
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Figure 84 TSSRD example 3 
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 CONCLUSIONS 

As stated in the previous parts of this document, the objectives and goals of this research 

were to document the practices of using performance measures to monitor the quality of 

operations and maintenance of traffic signal systems, as well as to develop a methodology, 

actual MS Excel tools and manuals for monitoring of traffic signal systems based on the 

appropriate performance measures and the available data.  

Multiple performance measures that do exist in various signal system central 

software, were defined and explained. ATMS.now, as the SSCS present in both pilot 

agencies, was further investigated to discover potential data sources which could make 

improvements when the monitoring of the traffic signal systems is concerned. Based on 

the two report types from ATMS.now, two dashboards were developed. The Traffic Signal 

System Performance Dashboard (TSSRD) and the Traffic Signal System Reliability 

Dashboard (TSSRD) represent the results of a research inspired by the need to develop 

certain tools for alleviating the monitoring of performance and reliability of the traffic 

signal systems. Both dashboards automatically process the data from ATMS.now signal 

system central software reports which greatly reduces the necessary time and effort that 

agency’s staff would have to invest to perform this type of monitoring. The upside of this 

approach is that the input data already exists, because it is automatically stored in 

ATMS.now database and reports can be created about historical events. Therefore, the time 

investments into data collection are minimal, while financial cost of the reports generation 

does not exist.
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TSSPD is a toll that introduces the following options into the agencies operation: 

• It processes and analyze the historical data 

• Can be used to track signal status changesProvide better insight about what is 

happening with traffic signals 

• Can be of help to signal timing engineers during the creation of new signal timing 

plans 

 On the other hand, the TSSRD has slightly different purpose. The TSSRD can be used for: 

• Tracking of the system’s reliability 

• Identification of the signals that are heavily affected by alarms 

• Identification of the most frequent alarm activations per type 

• Provide number of alarm activations and their ratios in total number of alarm 

activations 

• Be helpful for maintenance planning and resource allocation 

• Be helpful for funding requests and budget calculations. 

Both dashboards introduce the new possibilities for comprehensive overview of 

traffic signal operations. They can also help in identification and resolving of performance 

and reliability weaknesses. They can point out in which segments of system or procedures 

the improvements are needed, and they can be useful in the process of developing the new 

signal timing plans. 

The tools are created for ATMS.now version 2.2 and the reports which are available 

in that version. However, the newer version (2.5.6.0) is nowadays being implemented in 

multiple agencies. New version brings the new reporting possibilities, for example the 

Field Alarm reports have different structure than before, so Field Alarm Reports Analyzer 

macro would have to be written in a different way to operate with the new reports and 
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produce useful data for the database. From version 2.4 the ATMS.now introduces the new 

type of the report – Split History Report with Max/Gap/Force offs displayed per each cycle. 

That new type of report will enable filtering the phase termination data per day, period, 

pattern… like in case of other performance measures that already exist in the TSSPD. The 

future steps would include the development of new macros and the modification of the 

existing dashboards to be compatible with the new report types and formats. 
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APPENDICES
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APPENDIX A FAU SPLIT HISTORY REPORT ANALYZER MACRO 

FAU Split History Report Analyzer 
 
Option Explicit 

 

Sub FAU_Split_History_Report_Analyzer() 

 

Dim wbk As Workbook 

Dim Filename As String 

Dim Path As String 

Dim sItem As String 

Dim FolderSelected As String 

Dim myFolder As FileDialog 

Dim iRow As Double 

Dim iColumn As Double 

Dim LastRow As Double 

 

Application.ScreenUpdating = False 

Application.Calculation = xlAutomatic 

          

 

    Set myFolder = Application.FileDialog(msoFileDialogFolderPicker) 

    With myFolder 

    .Title = "Please select folder where the files for analysis are stored" 

    .AllowMultiSelect = False 

    If .Show <> -1 Then 
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   End If 

    FolderSelected = .SelectedItems(1) 

    End With 

     

    MsgBox "You Selected:" & FolderSelected 

           

Path = FolderSelected & "\" 

Filename = Dir(Path & "*.xls") 

'-------------------------------------------- 

'OPEN EXCEL FILES 

 Do While Len(Filename) > 0  'IF NEXT FILE EXISTS THEN 

    Set wbk = Workbooks.Open(Path & Filename) 

     

        Columns("A:E").UnMerge 

         

        Range("A4").EntireColumn.Insert 

        Range("A4").EntireColumn.Insert 

        Range("E5").Copy 

        Range("A13").PasteSpecial 

        Range("E7").Copy 

        Range("B13").PasteSpecial 

         

        LastRow = Range("C" & Rows.Count).End(xlUp).Row 

        For iRow = LastRow To 1 Step -1 

            If WorksheetFunction.Trim(Cells(iRow, 3).Value) = "DateTime" Then Cells(iRow, 

3).EntireRow.Delete 
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           Next iRow 

 

        On Error Resume Next 

        Columns("X").SpecialCells(xlCellTypeBlanks).EntireRow.Delete 

 

        Application.DisplayAlerts = False 

 

        Range("E1").EntireColumn.Insert 

        Range("E1").EntireColumn.Insert 

        Range("E1").EntireColumn.Insert 

         

        Columns("C:C").TextToColumns Destination:=Range("C1"), DataType:=xlDelimited, _ 

        TextQualifier:=xlDoubleQuote, ConsecutiveDelimiter:=True, Tab:=True, _ 

        Semicolon:=False, Comma:=False, Space:=True, Other:=True, OtherChar:= _ 

        "-", FieldInfo:=Array(Array(1, 1), Array(2, 1), Array(3, 1)), _ 

        TrailingMinusNumbers:=True 

 

             

        Range("F1").FormulaR1C1 = _ 

        "=TEXT(RC[-3],""mm/dd/yy "")&TEXT(RC[-2],""hh:mm:ss"")" 

     

        Range("F1").AutoFill Range("F1").Resize(Range("C2").End(xlDown).Row) 

        Range("F:F").NumberFormat = "[h]:mm:ss" 

         

        On Error Resume Next 

        Rows(1).SpecialCells(xlCellTypeBlanks).EntireColumn.Delete 
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        LastRow = Range("C" & Rows.Count).End(xlUp).Row 

        For iRow = LastRow To 1 Step -1 

            If WorksheetFunction.Trim(Cells(iRow, 3).Value) = "Average" Then Cells(iRow, 

3).EntireRow.Delete 

    

        Next iRow 

 

        For iRow = LastRow To 2 Step -1 

            If Cells(iRow, 7) <> 0 Then Cells(iRow, 1).Value = Cells(1, 1) 

            If Cells(iRow, 7) <> 0 Then Cells(iRow, 2).Value = Cells(1, 2) 

        Next iRow 

 

               

        Range("A1").EntireRow.Insert 

 

        Range("A1").Value = "Intersection #" 

        Range("B1").Value = "Side-Street" 

        Range("C1").Value = "Date" 

        Range("D1").Value = "Time" 

        Range("E1").Value = "AM-PM" 

        Range("F1").Value = "Formatted date" 

        Range("G1").Value = "Pattern" 

        Range("H1").Value = "Cycle" 

        Range("I1").Value = "SP1" 

        Range("J1").Value = "SP2" 
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        Range("K1").Value = "SP3" 

        Range("L1").Value = "SP4" 

        Range("M1").Value = "SP5" 

        Range("N1").Value = "SP6" 

        Range("O1").Value = "SP7" 

        Range("P1").Value = "SP8" 

        Range("Q1").Value = "SP9" 

        Range("R1").Value = "SP10" 

        Range("S1").Value = "SP11" 

        Range("T1").Value = "SP12" 

        Range("U1").Value = "SP13" 

        Range("V1").Value = "SP14" 

        Range("W1").Value = "SP15" 

        Range("X1").Value = "SP16" 

         

        If Not ActiveSheet.AutoFilterMode Then 

            ActiveSheet.Range("A1").AutoFilter 

        End If 

   

        Range("A1:X1").Font.Bold = True 

        Columns("A:X").Font.Name = "Verdana" 

        Columns("A:X").EntireColumn.AutoFit 

        Range("A2").NumberFormat = "0" 

        Range("A2").HorizontalAlignment = xlRight 
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        Range("A2").Select 

        Range(Selection, Selection.End(xlDown)).Select 

        Range(Selection, Selection.End(xlToRight)).Select 

        Selection.Copy 

        Windows("FAU Split History Report Analyzer.xlsm").Activate 

        Range("A" & Rows.Count).End(xlUp).Select 

        ActiveCell.Offset(1, 0).Select 

        Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 

            :=False, Transpose:=False 

        Application.CutCopyMode = False 

        ActiveWorkbook.Save     

 

    wbk.Close True 

    Filename = Dir 

Loop 

     

    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Clear 

    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range( _ 

        "A:A"), SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:= _ 

        xlSortNormal 

    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range( _ 

        "C:C"), SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:= _ 

        xlSortNormal 

    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range( _ 

        "D:D"), SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:= _ 

        xlSortNormal 
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    With ActiveWorkbook.Worksheets("Sheet1").Sort 

        .SetRange Range(Cells.Address) 

        .Header = xlYes 

        .MatchCase = False 

        .Orientation = xlTopToBottom 

        .SortMethod = xlPinYin 

        .Apply 

    End With 

  

LastRow = Range("A" & Rows.Count).End(xlUp).Row 

 

For iRow = LastRow To 1 Step -1 

    If Cells(iRow, 4).Value >= #12:00:00 AM# And Cells(iRow, 4).Value < #7:00:00 AM# Then 

Cells(iRow, 5).Value = "Night" 

    If Cells(iRow, 4).Value >= #10:00:00 PM# Then Cells(iRow, 5).Value = "Night" 

    If Cells(iRow, 4).Value >= #7:00:00 AM# And Cells(iRow, 4).Value < #9:00:00 AM# Then 

Cells(iRow, 5).Value = "AM Peak" 

    If Cells(iRow, 4).Value >= #9:00:00 AM# And Cells(iRow, 4).Value < #4:00:00 PM# Then 

Cells(iRow, 5).Value = "Midday" 

    If Cells(iRow, 4).Value >= #4:00:00 PM# And Cells(iRow, 4).Value < #7:00:00 PM# Then 

Cells(iRow, 5).Value = "PM Peak" 

    If Cells(iRow, 4).Value >= #7:00:00 PM# And Cells(iRow, 4).Value < #10:00:00 PM# Then 

Cells(iRow, 5).Value = "Evening" 

     

    If Cells(iRow, 9).Value > 0 Then Cells(iRow, 25).Value = Cells(iRow, 9).Value 

    If Cells(iRow, 10).Value > 0 Then Cells(iRow, 26).Value = Cells(iRow, 10).Value 
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    If Cells(iRow, 11).Value > 0 Then Cells(iRow, 27).Value = Cells(iRow, 11).Value 

    If Cells(iRow, 12).Value > 0 Then Cells(iRow, 28).Value = Cells(iRow, 12).Value 

    If Cells(iRow, 13).Value > 0 Then Cells(iRow, 29).Value = Cells(iRow, 13).Value 

    If Cells(iRow, 14).Value > 0 Then Cells(iRow, 30).Value = Cells(iRow, 14).Value 

    If Cells(iRow, 15).Value > 0 Then Cells(iRow, 31).Value = Cells(iRow, 15).Value 

    If Cells(iRow, 16).Value > 0 Then Cells(iRow, 32).Value = Cells(iRow, 16).Value 

    If Cells(iRow, 17).Value > 0 Then Cells(iRow, 33).Value = Cells(iRow, 17).Value 

    If Cells(iRow, 18).Value > 0 Then Cells(iRow, 34).Value = Cells(iRow, 18).Value 

    If Cells(iRow, 19).Value > 0 Then Cells(iRow, 35).Value = Cells(iRow, 19).Value 

    If Cells(iRow, 20).Value > 0 Then Cells(iRow, 36).Value = Cells(iRow, 20).Value 

    If Cells(iRow, 21).Value > 0 Then Cells(iRow, 37).Value = Cells(iRow, 21).Value 

    If Cells(iRow, 22).Value > 0 Then Cells(iRow, 38).Value = Cells(iRow, 22).Value 

    If Cells(iRow, 23).Value > 0 Then Cells(iRow, 39).Value = Cells(iRow, 23).Value 

    If Cells(iRow, 24).Value > 0 Then Cells(iRow, 40).Value = Cells(iRow, 24).Value 

     

    If Cells(iRow, 9).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 10).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 11).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 12).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 13).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 14).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 15).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 16).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 17).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 18).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 19).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 
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    If Cells(iRow, 20).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 21).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 22).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 23).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

    If Cells(iRow, 24).Value < 0 Then Cells(iRow, 1).EntireRow.Delete 

     

    If Cells(iRow, 2).Value <> 0 Then Cells(iRow, 41).Value = Cells(iRow, 2).Value 

     

   Next iRow 

    

   Range("C1").EntireColumn.Insert 

    

   For iRow = LastRow To 2 Step -1 

    If Cells(iRow, 2).Value <> 0 Then Cells(iRow, 3).FormulaR1C1 = "=RIGHT(RC[-

1],LEN(RC[-1])-16)" 

     If Cells(iRow, 2).Value <> 0 Then Cells(iRow, 2).Value = Cells(iRow, 3).Value 

     

    Next iRow 

      

    Range("C1").EntireColumn.Delete 

       

Range("A:A").NumberFormat = "0" 

Range("C:C").NumberFormat = "m/d/yyyy" 

Range("D:D").NumberFormat = "h:mm:ss" 

Range("F:F").NumberFormat = "[h]:mm:ss" 

Range("G:G").NumberFormat = "0" 
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Range("A1").Value = "Intersection #" 

Range("B1").Value = "Side-street" 

Range("C1").Value = "Date" 

Range("D1").Value = "Time" 

Range("E1").Value = "Period" 

Range("F1").Value = "Formatted date" 

Range("G1").Value = "Pattern" 

Range("H1").Value = "Cycle" 

Range("I1").Value = "SP1" 

Range("J1").Value = "SP2" 

Range("K1").Value = "SP3" 

Range("L1").Value = "SP4" 

Range("M1").Value = "SP5" 

Range("N1").Value = "SP6" 

Range("O1").Value = "SP7" 

Range("P1").Value = "SP8" 

Range("Q1").Value = "SP9" 

Range("R1").Value = "SP10" 

Range("S1").Value = "SP11" 

Range("T1").Value = "SP12" 

Range("U1").Value = "SP13" 

Range("V1").Value = "SP14" 

Range("W1").Value = "SP15" 

Range("X1").Value = "SP16" 

Range("Y1").Value = "SPC1" 

Range("Z1").Value = "SPC2" 
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Range("AA1").Value = "SPC3" 

Range("AB1").Value = "SPC4" 

Range("AC1").Value = "SPC5" 

Range("AD1").Value = "SPC6" 

Range("AE1").Value = "SPC7" 

Range("AF1").Value = "SPC8" 

Range("AG1").Value = "SPC9" 

Range("AH1").Value = "SPC10" 

Range("AI1").Value = "SPC11" 

Range("AJ1").Value = "SPC12" 

Range("AK1").Value = "SPC13" 

Range("AL1").Value = "SPC14" 

Range("AM1").Value = "SPC15" 

Range("AN1").Value = "SPC16" 

Range("AO1").Value = "Corridor Name" 

Range("A1:AP1").Font.Bold = True 

 

        Columns("AO:AO").TextToColumns Destination:=Range("AP1"), DataType:=xlDelimited, 

_ 

        TextQualifier:=xlDoubleQuote, ConsecutiveDelimiter:=True, Tab:=True, _ 

        Semicolon:=False, Comma:=False, Space:=True, Other:=True, OtherChar:= _ 

        "-", FieldInfo:=Array(Array(1, 1), Array(2, 1), Array(3, 1)), _ 

        TrailingMinusNumbers:=True 

         

 Range("AO1").EntireColumn.Delete 

 Range("AP1").EntireColumn.Delete 
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 Range("AP1").EntireColumn.Delete 

 Range("AP1").EntireColumn.Delete 

 Range("AP1").EntireColumn.Delete 

             

     If Not ActiveSheet.AutoFilterMode Then 

    ActiveSheet.Range("A1:AO1").AutoFilter 

  End If 

     

    Columns("A:AO").Font.Name = "Calibri" 

    Columns("A:AO").Font.Size = 11 

    Columns("A:AO").AutoFit 

            

Application.Calculation = xlAutomatic 

Application.ScreenUpdating = True 

 

End Sub 
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APPENDIX B FAU PHASE TERMINATION ANALYZER MACRO 

FAU Phase Termination Analyzer Macro 
Option Explicit 
 
Sub Phase_Termination_Analyzer() 
 
Dim wbk As Workbook 
Dim Filename As String 
Dim Path As String 
Dim sItem As String 
Dim FolderSelected As String 
Dim myFolder As FileDialog 
Dim iRow As Double 
Dim LastRow As Double 
 
 
Application.ScreenUpdating = False 
Application.Calculation = xlManual 
          
 
    Set myFolder = Application.FileDialog(msoFileDialogFolderPicker) 
    With myFolder 
    .Title = "Please select folder where the files for analysis are stored" 
    .AllowMultiSelect = False 
    If .Show <> -1 Then 
 
   End If 
    FolderSelected = .SelectedItems(1) 
    End With 
     
    MsgBox "You Selected:" & FolderSelected 
           
Path = FolderSelected & "\" 
Filename = Dir(Path & "*.xls") 
'-------------------------------------------- 
'OPEN EXCEL FILES 
 Do While Len(Filename) > 0  'IF NEXT FILE EXISTS THEN 
    Set wbk = Workbooks.Open(Path & Filename) 
     



 

155 

        Columns("A:X").UnMerge 
        Range("D1").EntireColumn.Insert 
        Range("D1").EntireColumn.Insert 
        Range("D1").EntireColumn.Insert 
        Range("D1").EntireColumn.Insert 
         
        On Error Resume Next 
        Columns("A").SpecialCells(xlCellTypeBlanks).EntireRow.Delete 
         
        LastRow = Range("A" & Rows.Count).End(xlUp).Row 
    For iRow = LastRow To 1 Step -1 
        If Cells(iRow, 1).Value = "Gap" Or Cells(iRow, 1).Value = "Max" Or Cells(iRow, 1).Value 
= "Force off" Then Cells(iRow, 2).Value = Cells(2, 3).Value 
        If Cells(iRow, 1).Value = "Gap" Or Cells(iRow, 1).Value = "Max" Or Cells(iRow, 1).Value 
= "Force off" Then Cells(iRow, 3).Value = Cells(3, 3).Value 
        If Cells(iRow, 1).Value = "Gap" Or Cells(iRow, 1).Value = "Max" Or Cells(iRow, 1).Value 
= "Force off" Then Cells(iRow, 4).Value = Cells(4, 8).Value 
        If Cells(iRow, 1).Value = "Gap" Or Cells(iRow, 1).Value = "Max" Or Cells(iRow, 1).Value 
= "Force off" Then Cells(iRow, 5).Value = Cells(4, 10).Value 
        If Cells(iRow, 1).Value = "Gap" Or Cells(iRow, 1).Value = "Max" Or Cells(iRow, 1).Value 
= "Force off" Then Cells(iRow, 6).Value = Cells(4, 17).Value 
        If Cells(iRow, 1).Value = "Gap" Or Cells(iRow, 1).Value = "Max" Or Cells(iRow, 1).Value 
= "Force off" Then Cells(iRow, 7).Value = Cells(4, 19).Value 
     
   Next iRow 
 
 
        For iRow = LastRow To 1 Step -1 
            If Cells(iRow, 1).Value = "Gap" Or (Cells(iRow, 1).Value) = "Max" Or (Cells(iRow, 
1).Value) = "Force off" Then 
         
            Else: Cells(iRow, 1).EntireRow.Delete 
         
            End If 
         
        Next iRow 
         
        Range("H1").EntireColumn.Delete 
        Range("H1").EntireColumn.Delete 
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        Range("A2").Select 
        Range(Selection, Selection.End(xlDown)).Select 
        Range(Selection, Selection.End(xlToRight)).Select 
        Selection.Copy 
        Windows("FAU Phase Termination Analyzer.xlsm").Activate 
        Range("A" & Rows.Count).End(xlUp).Select 
        ActiveCell.Offset(1, 0).Select 
        Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 
            :=False, Transpose:=False 
        Application.CutCopyMode = False 
        ActiveWorkbook.Save 
                
 
    wbk.Close True 
    Filename = Dir 
Loop 
 
Range("H:W").Select 
    With Selection 
        Selection.NumberFormat = "General" 
        .Value = .Value 
    End With 
     
Range("B:B").NumberFormat = "0" 
Range("D:D").NumberFormat = "m/d/yyyy" 
Range("E:E").NumberFormat = "h:mm:ss" 
Range("F:F").NumberFormat = "m/d/yyyy" 
Range("G:G").NumberFormat = "h:mm:ss" 
Range("H:W").NumberFormat = "0" 
 
     
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Clear 
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("B:B"), _ 
        SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:=xlSortNormal 
         
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("D:D"), _ 
        SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:=xlSortNormal 
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    With ActiveWorkbook.Worksheets("Sheet1").Sort 
        .SetRange Range(Cells.Address) 
        .Header = xlGuess 
        .MatchCase = False 
        .Orientation = xlTopToBottom 
        .SortMethod = xlPinYin 
        .Apply 
    End With 
     
LastRow = Range("A" & Rows.Count).End(xlUp).Row 
 
 Range("D1").EntireColumn.Insert 
    
   For iRow = LastRow To 1 Step -1 
    If Cells(iRow, 2).Value <> 0 Then Cells(iRow, 4).FormulaR1C1 = "=RIGHT(RC[-
1],LEN(RC[-1])-16)" 
     
    Next iRow 
     
    For iRow = LastRow To 1 Step -1 
    If Cells(iRow, 2).Value <> 0 Then Cells(iRow, 3).Value = Cells(iRow, 4).Value 
     
    Next iRow 
     
    Range("D1").EntireColumn.Delete 
     
Range("A1").EntireRow.Insert 
Range("A1").Value = "Termination Type" 
Range("B1").Value = "Intersection #" 
Range("C1").Value = "Side-Street" 
Range("D1").Value = "Date" 
Range("E1").Value = "Time" 
Range("F1").Value = "End Date" 
Range("G1").Value = "End Time" 
Range("H1").Value = "SP1" 
Range("I1").Value = "SP2" 
Range("J1").Value = "SP3" 
Range("K1").Value = "SP4" 
Range("L1").Value = "SP5" 
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Range("M1").Value = "SP6" 
Range("N1").Value = "SP7" 
Range("O1").Value = "SP8" 
Range("P1").Value = "SP9" 
Range("Q1").Value = "SP10" 
Range("R1").Value = "SP11" 
Range("S1").Value = "SP12" 
Range("T1").Value = "SP13" 
Range("U1").Value = "SP14" 
Range("V1").Value = "SP15" 
Range("W1").Value = "SP16" 
     
Range("A1:W1").Font.Bold = True 
 
     
     If Not ActiveSheet.AutoFilterMode Then 
    ActiveSheet.Range("A1:X1").AutoFilter 
  End If 
     
    Columns("A:G").AutoFit 
         
Application.Calculation = xlAutomatic 
Application.ScreenUpdating = True 
 
End Sub 



 

159 

APPENDIX C FAU FIELD ALARMS REPORT ANALYZER MACRO 

FAU Field Alarms Report Analyzer 
 
Option Explicit 
Sub Field_Alarm_Report_Analyzer() 
 
Dim wbk As Workbook 
Dim Filename As String 
Dim Path As String 
Dim sItem As String 
Dim FolderSelected As String 
Dim myFolder As FileDialog 
Dim iRow As Double 
Dim LastRow As Double 
 
Application.DisplayAlerts = False 
Application.ScreenUpdating = False 
Application.Calculation = xlAutomatic 
          
 
    Set myFolder = Application.FileDialog(msoFileDialogFolderPicker) 
    With myFolder 
    .Title = "Please select folder where the files for analysis are stored" 
    .AllowMultiSelect = False 
    If .Show <> -1 Then 
 
   End If 
    FolderSelected = .SelectedItems(1) 
    End With 
     
    MsgBox "You Selected:" & FolderSelected 
           
Path = FolderSelected & "\" 
Filename = Dir(Path & "*.xls") 
'-------------------------------------------- 
'OPEN EXCEL FILES 
 Do While Len(Filename) > 0  'IF NEXT FILE EXISTS THEN 
    Set wbk = Workbooks.Open(Path & Filename) 
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        On Error Resume Next 
        Columns("I").SpecialCells(xlCellTypeBlanks).EntireRow.Delete 
         
        Columns("A:A").UnMerge 
        Columns("C:C").UnMerge 
        Columns("L:L").UnMerge 
        Columns("C:C").TextToColumns Destination:=Range("C1"), DataType:=xlDelimited, _ 
        TextQualifier:=xlDoubleQuote, ConsecutiveDelimiter:=True, Tab:=True, _ 
        Semicolon:=False, Comma:=False, Space:=True, Other:=True, OtherChar:= _ 
        "-", FieldInfo:=Array(Array(1, 1), Array(2, 1), Array(3, 1)), _ 
        TrailingMinusNumbers:=True 
                            
    Columns("B").EntireColumn.Delete 
    Columns("E").EntireColumn.Delete 
    Columns("E").EntireColumn.Delete 
    Columns("G").EntireColumn.Delete 
 
         
        Range("A1").EntireRow.Insert 
 
        Range("A1").Value = "ID" 
        Range("B1").Value = "Date" 
        Range("C1").Value = "Day" 
        Range("D1").Value = "Time" 
        Range("E1").Value = "#" 
        Range("F1").Value = "State" 
        Range("G1").Value = "Data" 
        Range("H1").Value = "Description" 
 
        If Not ActiveSheet.AutoFilterMode Then 
            ActiveSheet.Range("A1").AutoFilter 
        End If 
     
        Columns("E:E").Insert Shift:=xlToRight, CopyOrigin:=xlFormatFromLeftOrAbove 
        Range("E1").Value = "Formatted date" 
        Range("E2").FormulaR1C1 = _ 
        "=TEXT(RC[-3],""mm/dd/yy "")&TEXT(RC[-1],""hh:mm:ss"")" 
        Columns("E:E").EntireColumn.AutoFit 
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        Range("E2").AutoFill Range("E2").Resize(Range("A2").End(xlDown).Row - 1) 
        Range("E:E").NumberFormat = "[h]:mm:ss" 
         
          
        Columns("A:I").EntireColumn.AutoFit 
        Range("A1:I1").Font.Bold = True 
         
        Range("A2").Select 
        Range(Selection, Selection.End(xlDown)).Select 
        Range(Selection, Selection.End(xlToRight)).Select 
        Selection.Copy 
        Windows("FAU Field Alarms Report Analyzer.xlsm").Activate 
        Range("A" & Rows.Count).End(xlUp).Select 
        ActiveCell.Offset(1, 0).Select 
        Selection.PasteSpecial Paste:=xlPasteValues, Operation:=xlNone, SkipBlanks _ 
            :=False, Transpose:=False 
        Application.CutCopyMode = False 
        ActiveWorkbook.Save 
               
    wbk.Close True 
    Filename = Dir 
Loop 
 
Range("B:B").NumberFormat = "m/d/yyyy" 
Range("D:D").NumberFormat = "h:mm:ss" 
Range("E:E").NumberFormat = "[h]:mm:ss" 
 
LastRow = Range("A" & Rows.Count).End(xlUp).Row 
For iRow = LastRow To 2 Step -1 
    If Cells(iRow, 4).Value >= #12:00:00 AM# And Cells(iRow, 4).Value < #7:00:00 AM# Then 
Cells(iRow, 10).Value = "Night" 
    If Cells(iRow, 4).Value >= #10:00:00 PM# Then Cells(iRow, 10).Value = "Night" 
    If Cells(iRow, 4).Value >= #7:00:00 AM# And Cells(iRow, 4).Value < #9:00:00 AM# Then 
Cells(iRow, 10).Value = "AM Peak" 
    If Cells(iRow, 4).Value >= #9:00:00 AM# And Cells(iRow, 4).Value < #4:00:00 PM# Then 
Cells(iRow, 10).Value = "Midday" 
    If Cells(iRow, 4).Value >= #4:00:00 PM# And Cells(iRow, 4).Value < #7:00:00 PM# Then 
Cells(iRow, 10).Value = "PM Peak" 
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    If Cells(iRow, 4).Value >= #7:00:00 PM# And Cells(iRow, 4).Value < #10:00:00 PM# Then 
Cells(iRow, 10).Value = "Evening" 
     
Next iRow 
 
     
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Clear 
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("A:A"), _ 
        SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:=xlSortNormal 
         
    ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("E:E"), _ 
        SortOn:=xlSortOnValues, Order:=xlAscending, DataOption:=xlSortNormal 
         
    With ActiveWorkbook.Worksheets("Sheet1").Sort 
        .SetRange Range(Cells.Address) 
        .Header = xlGuess 
        .MatchCase = False 
        .Orientation = xlTopToBottom 
        .SortMethod = xlPinYin 
        .Apply 
    End With 
     
Range("A1").EntireRow.Insert 
Range("A1").Value = "Intersection #" 
Range("B1").Value = "Date" 
Range("C1").Value = "Day" 
Range("D1").Value = "Time" 
Range("E1").Value = "Formatted date" 
Range("F1").Value = "Event #" 
Range("G1").Value = "State" 
Range("H1").Value = "Data" 
Range("I1").Value = "Description" 
Range("J1").Value = "Period" 
     
Range("A1:J1").Font.Bold = True 
 
     
     If Not ActiveSheet.AutoFilterMode Then 
    ActiveSheet.Range("A1:X1").AutoFilter 
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  End If 
     
    Columns("A:I").AutoFit 
         
Application.Calculation = xlAutomatic 
Application.ScreenUpdating = True 
 
Application.DisplayAlerts = True 
 
End Sub 
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