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Executive Summary

Investments in traffic signal equipment and staff can bring significant benefits to signal-operating
agencies. However, such investments cannot easily be justified without a clear process of recording
and documenting benefits of such investments. Such a process requires an evaluation methodology
which should be based on quantifiable metrics that can reflect the true effects of the executed
investments. Even in the cases where the annual expenditures, service areas (e.g., humber of
signals), and available staff are similar, operational and maintenance outcomes can vary
considerably between different agencies. Therefore, if upper management of a city, county, or any
other signal-operating agency wants to evaluate performance of its signal operations and the quality
of service provided to citizens, it would need to have a clear procedure to evaluate strengths,
weaknesses, and efficiency and reliability levels of its signal system. This need is further amplified
if responsibility for operating and maintaining the traffic signals is awarded to private consultants.
In such a case, a clear grading system becomes a mandatory component of any evaluation and
compensation process.

The major requirements for successful evaluation of a traffic signal system’s performance are
available data and clearly defined performance measures. In a perfect situation, all of the data are
fully available, and the performance measures can be clearly defined and based on quantitative
inputs. However, in the real world, this is usually not the case. Lack of the available data is a major
limiting factor, and it consequentially affects generation of the performance measures, which have
to be based on the available data, some of which may be qualitative.

The objective of this research was to develop an evaluation methodology which would help
agencies in Florida and across the country to consistently and comprehensively evaluate
performance and reliability of the traffic signal systems under their jurisdictions. Evaluation of the
traffic signal system’s performance and reliability is a process that can be done in various (more or
less frequent) time intervals. Depending on the frequency of the evaluation, the methodology for
executing such an evaluation will vary. In other words, metrics which are appropriate for weekly
monitoring of traffic signals may lose their significances if aggregated over the entire year and vice
versa. This problem was recognized in the first half of this research project, and the scope of the
work was modified to tackle both long-term (annual) and short-term (weekly/monthly) evaluations
of traffic signal performance. Thus, the study consists of two major and quite distinctive
components: annual evaluation of traffic signal assets (intended mostly for upper management of
an agency as well as for external stakeholders (e.g., DOT)) and weekly/monthly evaluations of
signals’ performance and reliability, which are mostly duties of operators in Traffic Management
Centers (TMCs).

Similarly, a spatial aggregation of the evaluation is dependent on the temporal aggregation of the
system’s outcomes. In other words, while it make sense to report annual evaluation for the
performance of the entire signaling agency, the weekly/monthly evaluations have to be constrained
to specific subnetworks or corridors. Thus, the latter options are best executed through performance
(and reliability) dashboards, where TMC operators can observe historical data and derived
performance measures and decide what actions (if any) to take to improve operations and
maintenance of the system. Therefore, the final outcome of this research has two components:
methodologies for both annual and weekly/monthly evaluations of traffic signals. Both
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methodologies are practically executed through MS Excel tools/spreadsheets and accompanied with
manuals which explain their use and logical flow of information.

For the annual evaluations, MS Excel spreadsheets prompt users to answer a set of predefined
questions. Such inputs prohibit users from entering ambiguous answers, and enable head-to-head
comparisons with the other users. A grading system for the annual evaluation is divided into five
distinct categories (Management, Traffic signal operations, Signal timing practices, Traffic
monitoring and data collection, and Maintenance), thus mimicking the grading system of the 2012
National Traffic Signal Report Card 2012. The annual evaluation methodology was tested on two
pilot agencies which volunteered to provide data and answers in the relevant spreadsheets. The
findings from these experiments show that it is possible to achieve unbiased grading by using more
quantitative (versus qualitative) grades in the process. However, some limitations were observed,
e.g., many entries cannot easily be quantified because they require large amounts of various data,
which may not be easy to acquire. To overcome a problem with missing data, the FAU researchers
introduced the concept of evaluation confidence, which assigns a level of confidence to the
evaluation outcome based on how many entries were based on quantifiable data.

The proposed annual evaluation methodology can have a significant impact on the way traffic
agencies evaluate their signal systems. However, it is necessary to: (1) standardize the types of the
data that are collected and (2) calibrate the grading scale (e.g., by applying this methodology to a
larger number of participating agencies). In the pilot studies, the participants were graded by
comparing their entries to the virtual examples of the best and worst agencies. Inclusion of a higher
number of agencies will make comparisons more realistic, which will lead to the development of a
more accurate and meaningful grading scale. Another direction for improvement is development of
a framework to connect weekly/monthly evaluations with annual evaluations, where data collected
in shorter intervals would be aggregated and summarized by the end of a year.

Weekly/monthly evaluations do not rely on the tedious process of collecting vast amounts of data
from agency staff, but they use (when available) data that might be already collected and stored by
signal system central software. In such cases, a TMC (Traffic Management Center) operator can
use custom-built macros (provided as deliverables of this project) to transfer the data from signal
system central software (in this case, ATMS.now) into spreadsheets used to create Traffic Signal
System Performance Dashboard and Traffic Signal System Reliability Dashboards (also provided
as deliverables of this project). The abovementioned macros enable users to seamlessly, in few
steps, prepare new databases for the dashboards and visualize some of the key performance
measures based on the data from ATMS.now’s reports.

The dashboards add a significant value to the entire project because they utilize, in an innovative
way, the data that are already available. The Performance dashboard focuses on operational
characteristics of traffic signals. Cycle lengths, numbers and percentages of phase activations,
minimal, average, and maximal values of phases, green time distribution, and phase terminations
are all displayed in one place, which allows the user to easily observe most of the important facts
about signal operations. On the other hand, the Reliability dashboard shows the number and the
percentage of alarm activations, total number of alarms, etc. Both dashboards introduce some new
ways to observe signal operations. For example, the Reliability dashboard shows the top five
intersections with the highest numbers of alarm activations and the top five alarm types for the
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selected system. Both dashboards allow user to filter out, spatially and temporally, intersections
and periods that are important. Both dashboards are fully ready for field implementation and testing

in the real TMC environments at the agencies that utilize the ATMS.now signal system central
software.
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1 Introduction

1.1 Background Statement

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 usually 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. Utilizing this
approach of maintaining the signals does not always provide a clear picture of how conditions
have changed since the last time the signal was maintained or retimed. This study examined
existing practices, document current priorities, objectives, and needs and proposed a methodology
(Excel spreadsheet and an accompanying manual) flexible enough to meet needs of various
signal-operating agencies in Florida.

Signal asset management the retiming and maintenance of traffic signals have received enough
attention in the past years from various national institutions and forums. The literature review
shows availability of some of the key industry reports on this subject. However, most of these
studies lack the level of detail and practicality, which are needed to simplify resource allocation
and asset management of signal-operating agencies. Most of these studies have been conducted
on a national level by adopting a top-down, highly aggregated, and generalized approach, which
cannot address the needs of individual signal-operating agencies with idiosyncratic problems and
needs. Thus, there was 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. The objective of this research is to develop a methodology, tool, and manual for
monitoring (but also documenting and summarizing) operations and maintenance of various
traffic signal agencies in Florida.

The purpose of the manual is to document a performance-based methodology for quantifying the
level of physical and technological deterioration of traffic signals. In doing so, the outcomes of
the methodology can help decision makers to prioritize the use of resources for operations and
maintenance of traffic signals. In the case of signal retiming, the methodology should enable an
agency to track performance of the signals from the last retiming date based on monitoring of
certain performance measures (PMs) (answer of question "Which PMs?" should be based on
literature review, agency's preference, availability of data, etc.). If a PM consistently exceeds a
threshold (where the threshold is set by agency, mandated by FDOT, or taken from the national
standards (if any), this will indicate a new retiming process is needed. The process of defining
thresholds is a challenging endeavor as there is no federal or state document which defines such
thresholds. When defining a set of thresholds, our team (in coordination with a panel consisting of
several signal-operating practitioners from around FL) had to consider various external factors
which create relevant circumstances for each specific system. For example, before judging the
potential for improvement of a signalized system on a suburban arterial, one must take into
consideration the level of traffic demand (signals are only effective up to a certain level of traffic
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demand), state of infrastructure (does the system fail often because infrastructure is obsolete),
character of operations (e.g., multimodal streets/signals will have much harder time to address
objectives of private traffic than those streets/signals which hardly have any pedestrians and
transit vehicles) and other factors. After defining the maximum possible levels of operations and
maintenance achievable (considering existing external factors), one should try to assess how close
existing levels of operations and maintenance are to the maximum levels.

1.2 Objectives

The purpose of the manual 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 manual will also enable users to document their operational and
maintenance profiles and practices in a manner that corresponds to the state/national standards
and practices. The manual will be accompanied by a simple practical spreadsheet 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.

1.3 Research Approach

The research approach is defined by the steps or tasks from the scope of the project. After the
project kickoff teleconference and forming a technical review panel, the following group of tasks
were designated to be performed:

1. Creating literature review and the questionnaire

Face-to-face interviews with selected agencies in Florida

Developing a methodology to track performance of traffic signal systems
Designing analytical spreadsheet tools and manuals

Summarizing all results and finds into report

okrown

The literature review documents and describes how other relevant national and state reports
treated this subject and where the gaps exist to improve the practice in order to develop a tool and
manual, which traffic signal agencies can use to track performance of their signals and define
priorities in their needs.

The FAU team developed a questionnaire based on similar surveys done by others and knowledge
acquired through the literature review. The questionnaire was modified and improved after
receiving the remarks from technical review panel. After the modifications, the questionnaire is
considered to be in accordance of the technical review panel and that it includes the question that
panelists find relevant.

After preparing the final version of the questionnaire, the FAU team interviewed two selected
agencies in Florida (The City of Boca Raton and Palm Beach County). Those meetings provided
valuable knowledge about agency’s operations, maintenance and practices related to asset
management of the traffic signals. Also, during the meetings, the FAU team members provided
help for answering the defined questions in the questionnaire, collected the data and extracted the
relevant reports from signal system central software and other available platforms. Technologies
for traffic related data collection that agency possess and use were examined.



When the answers to the questionnaire were received and all relevant data that could be collected
were obtained, the FAU research team proceeded with the development of a methodology to
evaluate agencies’ traffic signal systems. After the meeting and the consultations with the FDOT,
it was decided that the development of the methodology will advance in two directions. One is an
annual evaluation of the entire agency, and the other is a weekly or monthly evaluation on the
corridor level.

The annual evaluation examines the operations and the maintenance by using the same sections
like Traffic Signal Report Card (TSRC) from 2012: Management, Traffic signal operations,
Signal timing practices, Traffic monitoring and data collection, and Maintenance. The proposed
methodology should provide more quantitative and less qualitative evaluation, compared to
aforementioned TSRC. The spreadsheet tool introduces weight factors, evaluation confidence,
provides grades. Level of service as an output is created, and will be elaborated later in this report.

The monthly evaluation concentrated on tracking the performance and reliability indicators by
using the newly developed dashboards. The dashboards use the data from signal system central
software, process them in order to display various performance measures, considering both
reliability and the performance.

Both tools for annual and monthly evaluation were created in MS Excel and are followed by
corresponding user manuals whose purpose is to help the operators to understand and use the
developed tools. In such a way, operators could perform both types of evaluation confidently and
independently.

1.4 Research Goals

The goal of this research study is to develop a methodology and the actual MS Excel tools and
manuals for annual or monthly evaluation of traffic signal systems based on the appropriate
performance measures. The methodology needs to be comprehensive and detailed enough to be
adequate for evaluation of traffic signal operations and maintenance for agencies in Florida. The
tools need to enable the operator to efficiently and effectively perform the assessment process
regardless the evaluation type.

1.5 Technical Review Panel Members

After a short discussion between FDOT Project Managers and the Principal Investigator, it was
concluded that the technical review panel should consist of seven (7) representatives from various
FDOT districts. Following FDOT districts’ representatives were recommended to serve on the
technical review panel for this project:
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District 1: Donald Cashdollar (Donald.cashdollar@dot.state.fl.us) (an alternative is Renjan
Joseph (Renjan.joseph@dot.state.fl.us))

District 2: Tony Falotico (Tony.falotico@dot.state.fl.us)

District 3: Cliff Johnson (Cliff.johnson@dot.state.fl.us)

District 4: Melissa Ackert (Melissa.ackert@dot.state.fl.us)

District 5: Jim Stroz (Jim.stroz@dot. state.fl.us)

District 6: Evelin Legcevic (Evelin.legcevic@dot. state.fl.us)

District 7: Elizabeth Wehle (Elizabeth.wehle@dot. state.fl.us) (alternatives are:
Mark.hall@dot. state.fl.us and Sandra.gonzalzez@dot.state.fl.us)
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2 Literature Review, Performance Metrics, and Data Collection Survey

2.1 Literature Review

A literature review has been made to understand and describe how other relevant national and
state reports 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.

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/white papers 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 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
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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 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, and Tighe, 1996). The 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 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, 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 (Henry, 2009). Various cost-
effective techniques that can be used 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 installed 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.

National Transportation Operations Coalition (NTOC) developed 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). This
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.



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 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 (Ma, 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 & 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 evaluation of arterial
performance has been relying on advance detectors, stop bar detectors or AV 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 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 and Braud, 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 investigate the feasibility of using
video data for determining control delay on the 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., 2009A). This report
includes the state-of-the-practice evaluations, TXDOT district interviews, 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 (TXxDOT) 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., 2009B). 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.
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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 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 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
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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 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 (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.
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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
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 project 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. 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

13



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.

The Table 2.1-1 and Table 2.1-2 summarize the performance measures, which were covered in
the reviewed studies. They have been categorized based on major topics of the NTSRC
(Management, Operations, Signal Timing Practices, Traffic Monitoring and Data Collection, and
Maintenance). Based on reviewed studies one can note that traffic signal operations is the
prevalently and comprehensively discussed NTSRC topic area. To evaluate signal operations the
researchers mostly used performance measures such as cycle length, delay, travel time, stops,
phase duration and capacity-related measures. Regarding the signal-timing, most common
performance measures were number of phase activations, number of vehicles served per cycle etc.
Performance measures to evaluate management, maintenance, and traffic monitoring and data
collection have been much less emphasized in the previous research work although some of the
most notable ones were provided in the aforementioned tables.
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Table 2.1-1.

Investigated performance measures

NTSRC Topic

Area Performance Measure Required Technology Publication
Incident clearance time, TMC records, Road-ranger crew
information dissemination time records, etc.
Review process to consider
Management | Data for planning and evaluation traffic signal operations and Robert L. Gordon, 2010
maintenance
Staffing qualifications and levels HR _rgcor'ds, training
certifications
Central Traffic Signal System Balke and Herrick, 2004; Balke et al.,
Cycle length (connected to the field 2005; Day et al., 2008; Grossman and
controllers) Bullock, 2013;
Central Traffic Signal System .
. : Balke and Herrick, 2004; Day et al.,
Phase duration (connected to the field 2008: Gettman et al., 2013:
controllers)
o HCM method, GPS data, Virtual
Traffic Signal probe trajectories, High- Wolfe et al., 2007; Ma, 2008; Felsburg
Operations Delay, travel time resolution data logging system, | Holt & Ullevig, 2008; Day et al., 2010;
Point-to-point travel time PennDOT, 2010; Gettman et al., 2013;
measurements
Stops HCM method, GPS data, Virtual | 1. 540g: pennDOT, 2010;
probe trajectories
Estlmgted capacity, obser\{ed High-resolution data logging Day et al., 2008; Grossman and Bullock,
capacity, volume-to-capacity (v/c) ,
ratio system 2013;
Number of pha}se activations, Eagle EPAC300 Actuated
number of vehicles served per
Signal Timing | cycle, number of vehicles stopped Controller .
i : . . Autoscope Solo® system Balke and Herrick, 2004
Practices per cycle, proportion of vehicles

having to stop on an approach,

percentage of overloaded cycles

ORACLE /2 dual channel
inductive loop system
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Table 2.1-1 Investigated performance measures - continued

Phase failure rate

High-resolution data logging
system

Balke et al., 2005

Number of signals retimed,
frequency of a signal/corridor
retiming

Agency records

Koonce et al, 2009

Traffic
Monitoring &
Data
Collection

Quality and amount of collected
data

High-resolution data logging
system

Day et al., 2014

Maintenance

Annual # of emergency calls per
intersection, # of burnout/non-
functioning lights replaced per year,
response time for emergency calls,
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.

Various databases and agency
records (asset management
systems, systems for recording
emergency calls, central traffic
signal system, system for
maintenance records, etc.)

PennDOT, 2010
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2.2 Performance Metrics from Various Signal Management Platforms

2.2.1 Introduction

In order to present and summarize the current state-of-practice in monitoring operations and
maintenance of traffic signal systems, first part of this document 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. In the following chapter, the
technologies and processes for monitoring and data collection (BlueTOAD, Sensys, Acyclica)
are described.

FAU research team conducted the interviews and survey 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. A set of questions was prepared for all defined
sections in the evaluation methodology and handed over to the agencies in order to obtain as
much data as possible so that the evaluation is as comprehensive and realistic as possible.

The example of reports from external systems for data collection using different technologies
(Wi-Fi, Bluetooth, magnetic sensors...), were displayed in the following chapter. Finally, the
future steps for this research project were explained by using the examples of two types of
reports from ATMS.now signal system central software. Both reports were displayed in their
original state, along with the necessary transformations and macros to execute such
transformations. The document is concluded by introducing preliminary performance measures
that FAU research team selected to use in annual or weekly/monthly evaluations. After
investigating possibilities for using those performance measures, the FAU team and FDOT will
decide what measures will be part of the final methodology.

2.2.2 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 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.

17



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:

Camera and CCTV modules

VMS (Variable Message Signs) module
Inventory module

Transit signal priority

Backup module

Modules for the external detection systems
Uninterrupted Power Supplies modules
Adaptive System modules

High Resolution data modules

10 Connected vehicles modules

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

=
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Not all SSCS’s have the same capabilities or modules, and detailed explanations on that topic are
given in the following chapters.

2.2.3 ACTRA

ACTRA is not just a transportation management system, it is also a robust, adaptable,
configurable and modular 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. [1]

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: [2]

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 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.
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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. Can be modified to display functional status of the
intersection operation.
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

e Critical alarm

e Master alarm

e On-line / Off-line

e Communications alarm

e Traffic responsive pattern change

e Group pattern change

e System detector — Volume and Occupancy

e Traffic responsive — Volume and Occupancy

b. Local Historical Reports
e Local alarm
e Measures of Effectiveness (MOE)
e Communications alarm
e Detector alarm
e System detector
e Speed trap
e Detector volume
e Cycle Measures of Effectiveness
e TS/1 Conflict monitor
e TS/2 MMU (Malfunction Monitor Unit)

The reports can be predefined with user selected reporting intervals and 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:

No g~ wnE

Vehicle Volume

Vehicle Detector Occupancy

Speed

Delay

Split Usage Monitoring

Time Space Diagram (Corridor Performance Measure)
Green Splits
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8. Awverage 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.

2.2.3.1 Vehicle Volume, Vehicle Detector Occupancy, and Speed

Figure 2.2-1 and Figure 2.2-2 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 2.2-1. ACTRA detector log file report (raw volume and raw occupancy)
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Figure 2.2-2. ACTRA presentation of average volume and average occupancy
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ACTRA can generate a series of historical system reports at master and local level for a user
selected interval of time (Event log files).

2.2.3.2 Phase Utilization

Report of the cycle phase utilization (Intersection Cycle MOE Report) — reported in seconds in
which the correspondence of negative value to actual phase usage time is less than the
programmed usage time. In cycle MOE report list shown below (Figure 2.2-3), 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 frequencies may
be identified from this report by comparing the different values of programmed phase usage time
and the actual split time.

11/26M 588 Cycle Measurement of Effectiveness Report 12:46:23PM
Local Name: 6th Street & 1st Ave
it = Q =
MODE:  DBASE = Datsbase TIME: #- = Used < Spiit Repart Starl. 10/0171399124300
CORR-ICORR+ = Carrecting 4F = Fored Report End: 1152911999 12:4500
TRALNS = Traneibon C'yrle #f' = Ueged < Spht & Forced
DateTime: 1172271999 5:58:1 180 DialiSp ki/ Offset: 1/ 1/ 1 Mode: COORD
Phase 1 2 3 4 5 ] 7 8 9 10 11 12 13 14 ] 16
Forced I'd by Y e i'd L'
Utikization 0 ] i} i} ] i 0 o i} ] o 1] ] 0 0 i}

Figure 2.2-3. Cycle MOE report in ACTRA

2.2.3.3 Intersection Delay, Number of Stops, and Green Time Utilization

MOE Report in ACTRA displays the intersection delay calculated as a product of 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 2.2-4.

Measure of Effectiveness Report
Local Hame: 6th Stieet & 1st Love 11281999 12:53 44PN

Wolurme = total cars

S1ope = number of cars wailting

Delay = manber of cars waiting * fme in seconds
Utlizaton= green 1sed tane insecords

Start Time: 10201993 12:0EFTW Dial/Sp i/ O fiset: 17171
Phase il 2 3 4 5 4] 7 g e 10 11 12 13 14 15 16
Vohme 0 0 n 0 ] 0 1] (1 0 0 1] 0 ] 0 1] 0
Stops u] a 0 0 ] a] o 0 ] 1] 1] o 1] 0 o 1]
Delay * 10 34 24 34 29 34 28 34 29 o 0 u] o ] 0 u] 0
Utilization 71 130 72 121 72 130 T2 121 o 0 0 u] ] 0 a 0

Figure 2.2-4. MOE report in ACTRA
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2.2.3.4 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 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 2.2-5).

Al Nkt Manileing Dala Fiapay - Lol I

lF‘lm Ao Vo)

Figure 2.2-5. 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.

2.2.3.5 SCOOT

Split Cycle Offset Optimization Technique (SCOQOT) adaptive traffic control system is not a part
of ACTRA system by default, but can be installed as an optional module. It can be 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.

22



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 2.2-6).

- [ viGa N20141C (===
File Options Help |
Link Type: NORMAL Detectors: 201410
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540
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Figure 2.2-6. SCOOT Vega profiles for traffic demand and queue profiles representation

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 2.2-7.
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Figure 2.2-7. 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 2.2-8 and Figure 2.2-9). 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 2.2-9. SCOOT-ASTRID estimated vehicle delay
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2.2.4 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 2.2-1, 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 2.2-10.

Table 2.2-1. 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

ConflictY MMU Report

A report of controllers conflict/ymmu 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
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Table 2.2-1. List of all reports in ATMS.now with brief explanations - Continued

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.

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
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Table 2.2-1. List of all reports in ATMS.now with brief explanations - Continued

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

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 VVolume/Occupancy
Graphic

Graphic of turning movements
volume/occupancy per controller.

Turning Movement Volume/Occupancy
Report

Report of turning movement
volume/occupancy per controller.

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.

28




Table 2.2-1. List of all reports in ATMS.now with brief explanations - Continued

Volume/Occupancy per Lane Report Report of volume/occupancy per lane.

Volume/Occupancy per Multiple Days Graph of volume/occupancy over multiple
Graph days.

Volume/Occupancy Report Report showing either volume or occupancy
per controller.
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Figure 2.2-10. Navigation through ATMS.now reports
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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
connection.

ATMS.now has the possibility to extract, produce or to report various Measures of
Effectiveness (MOE’s) listed below:

Vehicle Volume

Vehicle Detector Occupancy

Vehicle Speed

Effective Cycle length

Green Time Distribution

Green-to-Cycle Ratio
VVolume-to-Capacity Ratio and Level of Service (LOS)
Green Time Utilization (in Free mode)

. 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

©CoNo~WNE

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

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
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2.2.4.1 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 2.2-11 and Figure 2.2-12), the
same information per multiple days (Figure 2.2-13) 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 2.2-14).

VolumelO<cupancy per L ane Graphic

L EUES
v
Volume Lane Graphic w
Okeechobes and Military Tr u
TINI6

Intersaction: 1690 - I" oY

J““ i (I

01/ 19/ 2006 0000 00
oLrr 2008 A
I-Im-n alaa

oxcos §

W1t

—‘m it} f

ozxcos -

B

ﬂﬂ IIIHI rrrr

'om nul E rau.t

J

Figure 2.2-11. Volume/Occupancy per lane graphic
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Figure 2.2-14. Wavetronix radar counter report

2.2.4.2 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 2.2-15).
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 2.2-15. Split history report
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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 using LOS values (Figure
2.2-16, Figure 2.2-17 to Figure 2.2-18). For each approach of the intersection, two congestion
level thresholds (medium and high) 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 that represents sum of the occupancy detectors actuations for
the collection period. 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.
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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.

Intersection LOS Average RS (S
Time Perfod : V12006 12:00:00PM - 3.00:00PM Y 00
3 1500
i 1450
— R LoS YiCRato Total Criticol Volyme __CY Mo
1865  Okeechobee and FI Turnpike D 0,903 1309 1450
1670 okeechobes and Meridian F > 1.00 1802 1450
1680 Century Comers and Haverhsdl Rd Mo Moverments
1685  Okeschobes and Haverhill F > 1.00 1810 1450
1690  Okeschobeoe and Military Trad F & 1.00 3219 1500
1695  Okeschobes and Biscayne F = 1.00 1781 1450
1705  phkeschobes and Palm Beach Lakes A 0449 651 1450
1710 pkeachobee and Spencer Drive F » 1.00 3676 1450
1715 Okeechobee and Loxahatches Dr. F > 1.00 155 1450
1720 Okeechobes and Congress Ave. A 4] o 1450
1725 okeechobes and Church Street F > 1.00 3749 1450
1730 okeechobee and 1-95 West c 0,732 1098 1500
1735  oOkeechobee and 1-95 East F > 1.00 H0G6 1500

Figure 2.2-16. Intersection average level of service report
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Figure 2.2-17. Intersection average level of service per day graph
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Figure 2.2-18. Real-time congestion data report
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2.2.4.4 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.

2.2.4.5 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 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.

2.2.4.6 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.

2.2.4.7 Vehicle Detector Failures

The number of vehicle detector failures is available through Controller Detector Failure Report
displayed in the Figure 2.2-19. This information, alongside with the duration of the vehicle
detector failure can also be extracted from Field Alarm Report (Figure 2.2-20) 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 2.2-19. Controller detector failure report
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Figure 2.2-20. Field alarms report
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2.2.4.8 Travel Time

If the Trip Comparison Report (Figure 2.2-21) 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.
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2.2.4.9 Traffic Signal Operations Performance Indicators
Following traffic signal operations indicators can be derived from Split History report by

Figure 2.2-21. Comparison report

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

individual events:

e Number of cycle failures
e Number of cycle faults

e Number of cycle fault/failure-to—total number of cycles batio
e Number of max-outs

Number of gap-outs
Number of force-offs
Max-out/gap-out/force-off-to-total number of cycles ratio

e Number of phase activations
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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 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.

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.

2.2.4.10 The Field Alarm Report Performance Indicators
The following performance indicators can be extracted from Field Alarm report:

e Number and the duration of pedestrian detector malfunctions

e Number and the duration of communication failures

e Number and the duration of congestion incidents

e Number of controller faults

e Number and duration of the coordination faults

e Number and duration of the coordination failures

e Number and duration of preemptions

e Number and duration of the service interventions in terms of opening the cabinet doors

The Field Alarm report shows a large number of events noted by ATMS.now. After filtering,
counting, and comparison of the moments between 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.

2.2.5 KITS

The Kimley-Horn Integrated Transportation System (KITS) is a traffic control system developed
by Kimley-Horn and Associates. KITS enables continuous monitoring of traffic signal operations
and traffic conditions on a second-by-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. The 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:

1. Vehicle Volume

2. Vehicle Detector Occupancy
3. Vehicle Speed

4. Malfunctioning Detectors

5. Pedestrian Volume
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Number of Stops
Queue Lengths

Delays

Effective Cycle Length

. Green-to-Cycle Ratio

. Green Time Distribution

. Volume to Capacity Ratio
. Level of Service

14.

Time-Space Diagram

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

Status Events Occurrence (System Status Report)

Incident Management (Event Log Report and Communications Statistics Report)
Equipment Maintenance

Communication Failures

Alarms when turning movement count change exceeds preset threshold.

TRSP Improvement Factor - shows the minimum improvement percentage (between 1
and 100) between the current timing plan and the optimal traffic responsive selected
timing plan. This improvement factor must be met prior to implementing a new plan.
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%.

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%

2.2.5.1 Vehicle Volume Speed and Detector Occupancy

Link Detector Reports and System Detector Reports (Figure 2.2-22 and Figure 2.2-23), 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 2.2-24.
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Figure 2.2-22. Link detector report
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System Detector Report

09/14,2004 0:04 AM
DateTime Location D Occupancy Speed  Status
9114504 08:52:49 AM ALEN-MNRO NBL1 0 0.0 0.0 Mo Data Received
914704 08:52:49 AM ALEN-MNRO NBLZ 0 0.0 0.0 No Data Received
914104 08:52:49 AM ALEN-MNRO sBL1 0 0.0 0.0 Mo Data Received
4 | L |2

Figure 2.2-23. System detector report
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9/14/2004

D ate/Time Location D etector Speed Status

51772004 11:57.03P HERM-TVIL MBI 43.00 Valid

51772004 11:57:.03P HERM-TVIL NB2 46.00 Valid

51772004 11:42.03P HERM-TVIL NB1 4000 Valid o
4 | v

Figure 2.2-24. Speed trap history report

2.2.5.2 Pedestrian VVolume

Number of activations of pedestrian detectors can be obtained (example in Figure 2.2-25),
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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091452004 0:12 AM
D ate/Time Location Detector Yolume Status
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91472004 8:07:52AM TMC-TST2 ned caun a b

Mo Data RECEii‘

Figure 2.2-25. Count detector report

2.2.5.3 Time-Space Diagram

One of the corridor performance measures that KITS is able to show is Time-space diagram
(Figure 2.2-26) presented by Real-time coordination logic display. That enables the monitoring
and controlling of the progression.

ETime Space Diagram for ElSeqg:West-Yerm =] E3

File Configuration Help

40 <=Spd=> 40 35 ¢

Upstream Green Downstream Green

Band Time = 22 g y g Band Time = 17

ElSegundEwestern ElSeqund@Mommandi il EIS egund@Budiong E IS egqund@Vermont

Figure 2.2-26. Time-space diagram in KITS
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2.2.5.4 Green Time Distribution

By using a KITS Cycle Summary Report (Figure 2.2-27) 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.

IS ==

a] Cycle Summary Report

Intersection: IMPERIAL@BUDLONG

Plar; |Plan j' @

Cycle length: 120
Offset: 115

B arriers: 5.0 330
Force offs:

Phase:
Green

Weh Intervals:

Ped Intervals

Phase:
Green:

Yeh Intervals: 10 5.0

Ped Intervals . B

Force offs: ]
Barriers:

Database  Estimated
Ped Adjust  N/A 1}

Becalculate

Figure 2.2-27. KITS cycle summary report

2.2.5.5 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 2.2-28).
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Figure 2.2-28. KITS LOS data report selection

2.2.5.6 Measures of Effectiveness (MOE) Cycle Data

Measures of Effectiveness (MOE) Cycle Data report 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.

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 2.2-29).
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MOE Plan Report
Report Generated on: 271452004 Q51 A0
Location: ADAN BLOX
From: 501052004 to: 91002004

Timing Plan:  (01) Inbound_ AT
Ave. Cycle Length Phase Ave Green % Forceoff % Ped PB Ave Wait Ave Queue Ave Delay

200.00 1 10.00 100,00 000 0.00 0.00 0.00

Figure 2.2-29. MOE plan report

2.2.5.7 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
2.2-30).

[ System Status

Filters
, Location Status %
Condition Count -

W alley=Fullerton Preempt
[ Eoaifad 0 4 e

Alameda@Manchester Dnline
v Cab Flash 0

Artesia@ayviation Dnline
v Conflict Flash 0

Artesia@Aviatw/ ay Orline
[T Comm Fail 36

Artesia@Felton Oriline
v Preempt 1

Artesial@Ford Oriline
I~ Free 9

Artesia(®@Green Oniline
[~ Transition 119

Antesial@lnglewood Online
v Online 301

Antesia@kingsdale Online
Update Close Artesial@Mackay Online a

Figure 2.2-30. Real-time system status report

2.2.5.8 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
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Report and Communications Statistics Report that are shown in the following figures (Figure
2.2-31, Figure 2.2-32 and Figure 2.2-33). 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.

Event Log Report Selection L 5[

Etent | Date/Time | Thresholds |

~Type Search Key:

[

(" System

4TH-OBAN il
" Section ATH-P=NG

ETH-TVIL

7TH-TVIL

......................... ADAM-BLOX

............................. ADAM-COLL ‘:]

A AR ZATK

a | None

Preview Close | Help |

Figure 2.2-31. Event log report selection
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b om | & [0 =]|  Towkts  100%

Event Log Report
0412712007
Date\Time Location Equip Type Event Type Event Action DSC1

04/27/2007 08:31:31AM  TMC-TC#2 LACO4E Plan Start

04/27/2007 08:3001AM  TMC-TC#2 LACO4E Transition Star

04/27/2007 068:33.01 AM TMC-TC#2 LACO4E Plan Start

04/27/2007 06:31:31AM  TMC-TCw2 LACO4E Transition Start

04/27/2007 06:3032 AM  TMC-TC#2 LACO4E Plan Start

04/27/2007 06:30:01AM  TMC-TC#2 LACO4E Transition Start -

04/27/2007 055106 AM  test1-test2 LACO4E Checksum Misma Start TOD table 0-3
04/27/2007 05.51.06 AM test1-test2 LACO4E Checksum Misma Start TOD JAnnuall
04/27/2007 055105AM  TMC-TC#4 LACO4E Checksum Misma Start Phase Timing
04/27/2007 05:51:05 AM TMC-TC#4 LACO4E Checksum Misma Start Detectors
04/27/2007 05:51:05AM  TMC-TC#4 LACO4E Checksum Misma Start Preemption/Ove
04/27/2007 0551.05AM TMC-TC#4 LACO4E Checksum Misma Start Stanaard Coord
04/27/2007 05:51.05AM  TMC-TC#4 LACO4E Checksum Misma Start Coord Attributes
04/27/2007 055105AM  TMC-TC#4 LACO4E Checksum Misma Start TOD table 0-3
04/27/2007 12:05:07 AM LACOTest LACO4E TRSP Sec Fail Start -

04/27/2007 120007 AM  LACOTest LACO4E TRSP Sec Fail Start -

Figure 2.2-32. Event log report

Tof1+ > M o= | & [ox ]| Toaioz  100% 108 of 108

Communication Statistics Report
03/18i2010 9:01 AM

DateTime Location C hannel Drop  Polls No Response  Bad Response  Guality
INB2010 85171 3AM 223rd -Grace 223RD-GRACE 130 130 0 0o

311872010 8:51:13AM 223rd -Moneta 223RD-MONETA 130 130 0 0o
IMNBIZ0100 8:51:13AM Alameda -Manchester ALAM-MANCH 01 a 1} 100.0
3718/2010 8:36:124M 223rd -Grace 223R0-GRACE 130 130 0.0
3118/2010 8:36:128M 223rd -Moneta 223RD-MONETA 130 0.0
INBZ0T0 8361 28M Alameda -Manchester ALAM-MAMNCH 0
31812010 B:21:11AM 223rd -Grace 223RD-GRACE 124
382010 2:21:11AM 223rd -Moneta 223RD-MOMETA 124
382010 2:21:11AM Alameda -Manchester ALAM-MAMNCH a

32010 8061 04M 223rd -Grace 223RD-GRACE 130

3182010 8:06:10AM 223rd -Moneta 223RD-MONETA 130

IMBZ010 8:06:104M Alameda -Manchester ALAM-MANCH 0

IMB2010 7:51-084M 223rd - Grace 223RD-GRACE 130

I19/2010 7:51:094M 22%rd -Moneata 223RD-MONETA 130

IMNBIZ0100 T:51:09AM Alameda -Manchester ALAM-MANCH 0

IM82010 7:I6.08AM 223rd -Qrace 223RD-GRACE 125

Figure 2.2-33. Communications statistic report
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2.2.5.9 Equipment Maintenance

Equipment malfunction and other important events can be monitored via KITS Alert Viewer
shown in Figure 2.2-34. In that way, operators can be alerted about activities that require their
attention.

I KITS Alert Viewer =
Options  Actions
Agency | L& County TMC ;I I
Priority | Date/Time Location Event Type | Achon DSC1 DSC2| =

2 4/26/2007 1:03:56 PM  IMPERIAL-DEN... Plan Start 1

2 4/26/2007 1:03:56 PM  INGLEWODO-13... Plan Start 1 =

2 4/26/2007 1:03:56 PM  INGLEWOO-13... Plan Start 1

2 4/26/2007 1:03:56 PM  WESTERN-111... Plan Start 1

2 4726/2007 1:0356 PM  IMPERIALAWIL. .. Plan Start 1

2 472672007 1:03:56 PM  ELSEGUMD-IN... Plan Start 1

2 4/26/2007 1:03:56 PM  IMPERIAL-WVAN. . Plan Start 1

2 4/26/2007 1:03:56 PM  INGLEWODD-13... Plan Start 1

2 4/26/2007 1:03:56 P IMPERIAL-BUD... Plan Start 1

2 4/26/2007 1:03:33PM  IMPERIAL-WES... Plan Start 1

2 4/26/2007 1:03:16 PM  ELSEGUND-OC... Plan Start 1

2 4/26/2007 1:0256 PM  ELSEGUNDVE... Plan Start 1

2 4/26/2007 1:0256 PM  NORMAMDI-385T Plan Start 1

2 4/26/2007 1:0256 PM  ROSECRAN-OC... Flan Start 1

2 472672007 1:0256 PM  ELSEGUND-NO... Plan Start 1

2 4/26/2007 1:.0256 PM  MORMANDI-10... Plan Start 1

2 472672007 1:0256 PM  NORMANDI-895T Plan Start 1

2 4/26/2007 1:02:56 PM  ELSEGUMND-w... Flan Start 1

2 4/26/2007 1:02.56 PM  ELSEGUND-BU... Plan Start 1 i

mﬂ A FAE ITOTTT A0 C0 Mk d kIR d & RIMT 44 M. [t P} 4

There are 100 unacknowledged alerts

Figure 2.2-34. KITS alert viewer

2.2.5.10 Communication Failures

The Communication Statistics Report summarizes the statistics for communications in 15
minutes intervals (Figure 2.2-35). 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 2.2-35. KITS communication statistics report
All the reports can be periodically generated by using the Scheduled reports option in KITS
(Figure 2.2-36). 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.
x
Descrption Frequency
Preemption Log Report | 05:00 Daily (Mo - Sun) - Preemption
Monthly Conflict Summary 0515 Monthly (S pecify Date) 1 MonthiyConflict
Checksum Mismatch 0550 Day [Man - Sun) - Checksumbismatch
Daily Keyboard Report 0555 Daiy [Mon - Sun) # Dailyk eyboard Delete |
Weekly Link - &M Peal 0&:00 ‘Weekly [Specify Day) Sunday WeeklyLinkaM
Daily Comm Repart 06:05 Daily (Mon - Sun) - D ailyComm —
Test Detector History 1415 Daily (Mon - Sun) . TestDetHistory Ll
LClose
Help
=

Figure 2.2-36. KITS scheduled reports

2.2.6 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
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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:

Vehicle Volume

Vehicle Detector Occupancy

Speed

Cycle lengths

Green splits

Time-space diagram (Corridor performance measure)

SourwNdE

2.2.6.1 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 2.2-37. MIST user interface
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2.2.6.2 Green Splits, Cycle Lengths, and Volume

Green or Phase splits are available to obtain trough Green Split Report in MIST. Site Activity
Reports from OPAC 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.

2.2.6.3 Time-Space Diagram

Considering the corridor performance measures, a time-space diagram (Figure 2.2-38) 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.

45 mph Bex Specd= 55 mph =

Figure 2.2-38. Time-space diagram

2.2.7 External Systems for Data Collection and Performance Measure Calculation

Even though the SSCSs regularly have a vast variety of possibilities, options, indicators, and
reports available, additional tools are used to complement those systems and to bring new data
not available from the SSCS. The data can be used in real-time or later by using historical values
for the decision making, trend analysis, and performance evaluation. Most often, those systems
are used for collecting the travel time or speed data, but other indicators can be measured and
reported depending on the system configuration and technology used.

The technologies that those packages use to collect specific data about traffic flows are different.
The most frequent types of detectors used are:

Bluetooth

Wi-Fi

Automatic License Plate Recognition (ALPR)
Toll tag readers and similar
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What all these systems have in common, apart from the technology used, is that the part of the
total number of vehicles in the traffic flow gets identified at starting point when the timestamp is
assigned to that event, and then on the ending point vehicles are identified again and given a
second timestamp. In such a way, by comparing the locations and the timestamps, it is possible
to calculate travel times, average speeds and other measures. The number and the precision of
the tools depends mostly on the detection type used and that is the reason why some of the
systems can provide more categories of the data, in higher resolution and in more detail.

For this report only tools using Bluetooth and Wi-Fi technology were used. Acyclica,
Trafficcast’s BlueToad (and BlueARGUS), and Sensys networks package of tools were selected
as valid representatives of that group of systems, and because pilot agencies selected for this
research use them

Systems using tag readers are more frequently used on the freeways because of the possibility to
pay the tolls with the tag inside the vehicle. On urban network Bluetooth or Wi-Fi technology is
more popular due to higher penetration rates. Each system will be explained in more detail in the
following chapters. ALPR systems were not investigated as part of this research project.

2.2.8 Acyclica

There are many Bluetooth and WiFi-enabled devices out there including mobile phones,
cameras, laptops — even vehicles with their GPS navigation systems — all of which

meet protocols for the wireless transmission of data. Each device transmits a unique identifier
called a MAC (Media Access Control) address.

Acyclica Go is a package created for traffic data collection. Depending on the detection devices
used, the features and the functions of the systems differ. Three devices currently are available:

1. BlueCompass — using only Bluetooth data
2. BlackCompass — using WiFi data
3. CrossCompass — dual Bluetooth and WiFi data

The Compass sensors anonymously scan and collect MAC addresses, matching them from point
to point, providing stable, accurate, and reliable travel times, along with the ability to analyze
traffic flows at a high level of detail.

The Acyclica software enables the users not only to view real-time data but also to

download .csv files of the records in form of a report or .xml data feed. The hardware has the
capability to encrypt the data in the device so that anonymity is guaranteed. Considering the
signal strength profile, the web interface provides a way to monitor the signal strength
transferred along with Wi-Fi MAC address detections. In that way the user can check if the
device is set up optimally. Signal strength readings are presented on a logarithmic scale and
higher negative values represent weaker signal whereas lower negative values represent stronger
signal strength (Figure 2.2-39). Use of these charts is useful to determine if antennas are oriented
and connected in a proper way, and if the location of the devices is too far from the site that is
being analyzed.
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Figure 2.2-39. Signal strength profile chart

Performance metrics available through Acyclica software and valuable for signal timing analysis
and traffic flow status analysis are:

=

Vehicle Volume

Speed

Travel Times by segment
Queue lengths

Route and Segment Delay
Intersection Delay by Approach
Congestion Index

Idle emission

Progression diagram

10 Purdue Coordination Diagram
11. LA Route Intersection Coordination Metrics

©WooNO WD

BlackCompass device is created to optimize the data collection process. It can collect over
240,000 records per one hour. By collecting only Wi-Fi data, the device passively collects MAC
addresses which allows calculation of the vehicle distances from the measuring device and
enables measuring the queues in the intersections. The BlackCompass capabilities enable
congestion measurements beside the travel times. With the Wi-Fi, the ability to detect
intersection delay is introduced. That is possible by using one sensor on a distances of maximum
1/8 miles from the intersections. By using the Acyclica Analyzer Software, the delay can be
analyzed for each phase. Bluetooth technology for data collection relies on the interrogation and
response in order to collect data. On the other hand, using Wi-Fi is different in terms that the
sensor only listens, which means that it is the passive data collection. That type of data collection
removes the possibility of interference with other 2.4 GHz equipment.
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Figure 2.2-40. Acyclica Go User interface

CrossCompass combines the Bluetooth and WiFi data collection. Higher sample rates obtained
in this way cause more accurate origin-destination, travel times and higher quality of the data
overall. The data can be downloaded in form of graphs or raw data in Microsoft Excel files.

2.2.8.1 Vehicle Volume

Acyclica Go Software can provide vehicle volume counts and display in form of a graphic
(Figure 2.2-41 and Figure 2.2-42). This option can be used as primary or additional source of
that type of data.
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Figure 2.2-41. Vehicle volumes bar chart
Glades Rd & 13TH St
14k
12k
10k

- Total Records - Distinct Records
2015/05/28 08:00 to 2015/07/01 07:00

Figure 2.2-42. Vehicle volume graph
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2.2.8.2 Travel Times per Segment

The basic purpose of the Acyclica Go software are travel time measurements. A user can monitor
and compare the travel times as an indicator of traffic flow status. By utilizing various types of
graphics (Figure 2.2-43 and Figure 2.2-44) and a table (Table 2.2-2), it is possible to observe
travel times for the first vehicle, last vehicle, minimal, maximal and total travel times for the
particular segment.

St. Andrews Blvd and Butts Rd

320
n
“n
s
g | |
@ 230
E |
= l
[
|I% ‘ | l I i
| | “") "h'\ ,‘MM'
0:50 )
L{_kT_-l-‘v T Y o T—
000
20 Apr 30 Apr 01 May
Time of Day
- Strength - Minimum - Maximum
2016/04/28 11:05 to 2016/05/01 07:00
Figure 2.2-43. Strength, minimum and maximum travel times by segment chart
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Time of Day
- Total Route TT
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Figure 2.2-44. Total route travel times chart
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Table 2.2-2. Travel times table

Time Strength  Firsts  Lasts Minimum  Maximum
Thu Apr

28

11:00:00

EDT 2016 1:24 1:41 1:16 1:03 1:53
Thu Apr

28

12:00:00

EDT 2016 1:12 1:40 1:03 0:56 1:55
Thu Apr

28

13:00:00

EDT 2016 1:23 1:39 1:09 1:02 1:53
Thu Apr

28

14:00:00

EDT 2016 1:33 1:46 1:16 1:02 1:57
Thu Apr

28

15:00:00

EDT 2016 1:46 2:03 1:42 1:29 2:15
Thu Apr

28

16:00:00

EDT 2016 1:42 1:49 1:35 1:22 2:15
Thu Apr

28

17:00:00

EDT 2016 1:48 1:57 1:41 1:30 2:19

2.2.8.3 Speed

Similar to the travel time, speed is also being calculated and presented in form of a chart (Figure
2.2-45) or a table (Table 2.2-3). Speed of the first vehicle, last vehicle, minimal and maximal
speed can be shown.
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Figure 2.2-45. Speed chart for one segment

Table 2.2-3. Speed table

Strength

77.06

77.6

78.2

79.67

79.92

81.44

81.7

Firsts

78.7

79.42

79.88

81.7

81.7

81.7

81.7
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Lasts

80.01

81.33

81.67

82.08

81.99

82.27

82.27

Minimum

Maximum

65.3

65.3

67.07

71.57

71.68

71.87

71.87



2.2.8.4 Delay

The delay per intersection is presented on the graph below (Figure 2.2-46). Dwell values for
vehicles are noted in the form of dots, and the averages of all dwell times are represented with a
blue line.

Glades Rd & 13TH St

Delay (MM:55)

Time of Day
- Dwell Time - Avg. Delay

2015/06/01 00:00 to 2015/06/30 23:20

Figure 2.2-46. Delay chart for one intersection

2.2.9 BlueTOAD

BlueTOAD is the traffic-monitoring system which directly and accurately measures travel times
using cost-effective and non-intrusive roadside technology. Bluetooth is well-known technology
to the general public, and nowadays, it is being used for travel time data collection. BlueTOAD
(Bluetooth Travel-time Origination And Destination) searches for the signals emanating from
Bluetooth-enabled devices in a vehicle by using sensor boxes mounted on light poles. Those
sensors get the media access control (MAC) addresses from different types of Bluetooth-capable
devices like cell phones, navigation systems, laptops inside vehicles, and finally, from the
Bluetooth enabled vehicles. The procedure for calculating travel times is conducted when the
devices detect the Bluetooth signal; a time stamp is generated, and the same Bluetooth signal
gets picked up on the next checkpoint downstream and also timestamped. With that information,
the computation of the travel time and the speed can be performed. The system calculates travel
time through analysis of subsequent detections. BlueTOADSs can be positioned to provide travel
times on entire routes, not only segments, as each device can be paired with multiple devices;
device-detector pairs can create routes together.

The BlueTOAD technology platform securely processes collected data to calculate travel times
and speeds in real time, providing route management capabilities through a private Web interface
and direct data feeds. The data is also archived, including travel times, road speeds, and MAC
address detection counts, to enable a range of robust planning efforts, including Origin-
Destination Studies, Trip Length Analysis, Travel Demand Modeling and Signal Timing
Optimization.
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The TrafficCast processes the data collected by BlueTOAD devices. Data can be viewed in real-
time or analyzed historically through a BlueTOAD Web interface, which provides travel times,
road speeds, and MAC address detection counts.

The privacy of the users of Bluetooth devices is guaranteed, because all MAC addresses are
being deleted shortly after a short time and only travel time data is saved. BlueTOAD Spectra
detector increases the number of detections and matches, and also improves the privacy by using
only 6 characters of the MAC addresses and not the usual 12 characters. The data can be viewed
in real-time or analyzed historically using the BlueTOAD Web interface.

BlueTOAD has more than 2000 users and it is active on about 6000 locations. By its
functionalities, the system enables many Traffic engineers, ITS engineers or Planners to have an
accurate overview of the several indicators of the traffic flow listed below.

The Performance measures that can be collected using BlueTOAD are:

1. Travel times
2. Speed
3. Detection counts

BlueARGUS is data manipulation software optimized for travel time data and dashboard styled
visualizations. Multiple views of travel time data, and derived measures of travel time reliability
like travel time index can be calculated. Users have the possibility to create a pair or route report
about speed or travel times in 5 or 15 minute increments. These reports can be saved in

HTMS, .csv or graph format (Figure 2.2-47).

A Historical Trends for Jiles to Barrett Pkwy (5B)

/ 'lll — Mormal Timing
o II|I = Speed Limit
£ / I"-\ = Stretch Bias
= . Min Phase

_ _— — g

Figure 2.2-47. Travel time graph

Option of creating an overlay of the two sets of the data for direct comparison also exists. The
operator can compare two or multiple pairs or routes between themselves or the same pair/route
for the different dates by utilizing the comparison report (Figure 2.2-48).
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= Route Barrett Plowy Eastbound - (2013-11-29 - 2013-11-29)

Figure 2.2-48. Comparison report

Travel time reliability is an indicator to show a driver’s experience by quantifying variability and
providing the average travel time. By using the travel time report, the users have the ability to
analyze network performance in terms of volatility, reoccurring congestion and non-reoccurring
congestion. Travel time reliability is an index based on three factors: Travel Time Index (TTI),
Buffer Time Index (BTI), and Planning Time Index (PTI). The results can be displayed in form
of a table (Table 2.2-4) or a chart (Figure 2.2-49).

Repon Paramates

Route
9130 (Wairat Growe (Farms Area) - WB

Travel Time Reliability Study
Study Fangs

From 06-01-2015 to 08-11-2015
Study Dayis)Teme

Weekdays 06 00 1o 12 00 every month

i | I LY [ Ty WE
201506
{ Fiee Flow Trawel Time 4 min sec |
- ] L PR e ____,——'—_
= BT |4 man e | e

Figure 2.2-49. Travel time reliability diagram
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Table 2.2-4. Travel time reliability table

From 06.01.2015 to 08.31.2015 (Weekdays 06:00 to 12:00 every month)

Day/Time TTI [BT1 PTI
06-2015 1.14 (5.15) 0.38 (1:58) 1.56 (7:14)
07-2015 1.14 (5:16) 0.49 (2:36) 1.7(7:569)
08-2015 1.33 (6:08) 0.9 (5:31) 252 (11:38)

When a link is selected on the speed map, the color of the link, changes into purple and on the
right side, real-time information are shown. That information can include historical speed
(average for last 12 weeks, last 48 hours...). The graphical part can show travel times or speed
(the display mode), and on the right side it is possible to see summary with information about
pair ID, current speed, speed limit, historical speed and travel time, and the real-time status of
each device displayed in the heartbeat (HB), MAC address inputs, lag and the voltage (Figure
2.2-50). If any of the status indicators fall below the acceptable threshold, the indication shows
the red dot, otherwise the dot will be green. The information can also be shown in form of a

chart (Figure 2.2-51).
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Figure 2.2-50. Real-time speed map
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Figure 2.2-51. Speed diagram

The BlueARGUS Dashboard enables the user to see pairs and routes in a single table (Figure
2.2-52). In that table, information about type (pair or route), ID number, entry measuring point,
exit measuring point, speed, time and the date/time of the last match are obtained.

Dashboard - City of Memphis

¥ shaw Pairs  ¥| Show Routes
Type 1D Fram Ta * Name Speed Time LastMatch
Pair 18868 1879 1935 @ Airways al Ketchum (Bypass) (58) 30 mph T:41 1007 Q757
Pair 18868 18§35 1878 @ Airwaeys at Ketchum (Bypass) NB) 34 mph 6:52 10-07 0T-52
Pair 12846 1535 1880 @ Airways Bhd-Winchester Bd o E Powy-Ketchum Rd 41 mph 245 10-07 0800
Pair 12864 1635 1956 @ Arways Bhd-Winchester Rd to Lamar Ave-Winchesier Bd 3% mph G:45 10-07 0752
Fair 12846 1835 1834 @ Airways Bhvd-Winchaster Rd io Sheiby Dr-Alrways Bid 38 mph 28 10-07 0751
Fair 14403 1835 1966 @ Airways Bhd-Winchaster Rd fo Sheiby Dr-Boeingshire Or - Bypass for w1534 31 mph 453 10-07 07:50
Pair 23063 18G5 5072 @ Airways Bhd-Winchester Rd o Winchestar & Elvia Presley [uS0TZ) 31 mph 354 10-07 0757
Route 18647 1534 1888 @ Airways/E Parkway NB 35 mph 1808 10-07 075
FAoute 19648 1888 1934 W Airways/E Parkway 58 IEmph 1758 10-07 OT:H1
Route 13468 1941 1825 W American Way (EB) 35 mph 844 10-07 075
Pair 13083 1899 1895 W American Way (Getwel o Mt Moriah) (Bypass) (EB) 36 mph 443 10-07 OT:E=
Pair 16245 1895 1853 @ American Way (M3 Moriah to Getwedl) (Bypass) (W} 33 mph 505 10-07 OT:55
Route 13467 1885 1540 & Americon Way (WE) 32 mph T 10-07 OT:5
Fair 12970 1885 1857 ¥ Amercon Way-Mount Borinh Rd fo Mount Moriah Ré-Hickpry Hil Rd 30 mph 10 10-07 0757
Pair 13406 1895 1943 @ American Way-Mount Yorinh Rd to Perbins Road-Amenican Way 25 mph 229 10-07 075
Fair 12647 1883 1886 @ E Piwy-Cenbral Ave to Central Ave-Goodwym 35 mph 200 10-07 0T:54
Fair 12513 1883 1881 @ E Pkwy-Central Ave fo E Powy-Poplar Ave 47 mph 218 10-07 0758
Fair 12542 1883 1882 @ E Pkwy-Central Ave io Spoltswood-Arways 12 mph ¥54 10-07 0728
Pair 12944 18800 1935 @ E Powy-Ketchum Rd to Airways Blvd-Winchester Rd 35 mph ¥13  10-07 08:00
Pair 18280 1880 9853 @ E Powy-Keichum Rd to Lamar Ave @ Arwaeys Bivd 28 mph 349 10-07 0300
Palr 12507 1880 1878 @ E Phwy-Kelchum A i Park Ave-Alrways Bhd 27 mph 427 10-07 O7:58
Pair 18288 1891 955 @ E Phwy-Popiar Ave io £ Phwy @@ Norlh Powy Z0mph 208 10-07 0758
Pair 12514 18891 1833 W E. Piwy-Popiar e io E Powy-Ceniral Ave 54 mph Z01 1007 oa:01
Pair 15_21’ 1881 1885 @ E Plwy-Paplar Ave io High h_.nd_-Puph_.r .ﬁ_:.'e 28 mph 4 55 10-07 02:00
] (1] ¥
*Black == no data Colors == speed relabive to f speed imil % kiglorical &g custam | sstlings | | -E;p_n;._'r-mm---

Figure 2.2-52. Dashboard table

The alarms in BlueARGUS enable notifications about certain events via text message or email,
usually when a pair or route speed drops below a user-defined level constituted on a percentage
of the historical speed or absolute number (Figure 2.2-53). All alarms are saved and reports can
be generated to review the when and on what locations the alarms were triggered. Also, alarms
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can be based on the lack of Heartbeat of the system, no MAC addresses discovered, Low Voltage
or latency issue.

Alarms
Active Alarms  Enabled Alarms  Add Pair/Route Alarm__ Add Device Alarm  Alarm Recipients

Change Alarm Settings Recipients
| Enable Alarm
Active From [ 0[] [ 00[ | Until | 23[+] [ 58 [+]

@ Default ! Custom

Minutes to wait before sending initial alarm

Notification Method 10 ]

¥ Send Email ¥ Send SMS

Send Alarm when speed drops Minutes between repeating unacknowledged alarm
below|2§ % historical -OR- mph 8 [x]

Figure 2.2-53. Field hardware and route threshold alarm

2.2.10 Sensys Networks

For a long period of time, floating car studies were the primary tool for assessing the traffic flow
conditions. A major drawback of this type of data collection are it expensiveness, tediousness
and unpracticality. That is the reason why with the development of new technologies, several
products for traffic data collection emerged. Kwong et al. (2009) addressed the difficult task of
estimating of the probability distribution of travel time across segment with several intersections.
On the bases of vehicle re-identification using wireless sensors, many tools were created with the
goal of collecting the traffic data.

Sensys Networks has designated its own wireless sensor protocol to meet the demanding system
level requirements for vehicle detection and traffic monitoring. Sensys Networks offer a variety
of products which enable collecting and representation of various traffic flow data. Cloud-based
application makes the deployment very easy, and software wise the user does not have to put
significant effort in maintenance or upgrades. The system uses Bluetooth or WiFi technology to
identify vehicles and their positions in the network. The comparison between match rates for
those two technologies showed that Wi-Fi has better match rate up to ten times, which allows
real-time updates of the vehicle positions. Additional advantage of using Wi-Fi technology is
that higher signal strength enables generation of the reports about the delay at the intersection.

Performance measures available when using some of the Sensys tools are listed below:

=

Vehicle Volumes

Bicycle Volumes

Vehicle Detector occupancy

Speed

Travel times

Intersection delay (available only if WiFi technology is used, not with Bluetooth)
Volume-to-Capacity Ratio

Avrrivals on Green

. Purdue Coordination Diagrams

10. Red Light Violations
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2.2.10.1 SenslID

SenslID is an application based on the Sensys Networks wireless platform. The wireless devices
are installed to match Bluetooth or Wi-Fi data, more precisely they perform the re-identification
of Media Access Control (MAC) addresses to determine the position of the vehicle containing
the device with BlueTooth or Wi-Fi turned on. This tool is capable of creating reports for travel
time, speed reports, intersection delay analysis and origin/destination patterns for the time
intervals and the routes selected by the user. Congestion sports can be mapped so the operator
can focus on that zones.

2.2.10.2 SensFlow

SensFlow is the tool created for arterial and freeway traffic data collection. It provides Volume,
Occupancy and Speed reports. Thereby, the user can have the overview of the traffic flow status
on the subject arterial.

2.2.10.3 SensMetrics

SensMetrics is a high resolution data analysis platform which based on wireless technology for
vehicle detection. It continuously collects and reports the traffic data from the intersection or the
entire corridor. SensMetrics is able to accurately note turning movement counts and other
important data, for example, volumes, V/C ratio, percentage of arrivals on green or create Purdue
Coordination diagrams. Additional safety measures like red light violations can also be collected.

The collected vehicle volume data can be displayed in form of a graph (Figure 2.2-54) so
operators can easily track changes and take appropriate actions, if necessary. Beside the daily
changes, also changes by week, month or year can easily be observed.
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Figure 2.2-54. Performance comparison report

Purdue Coordination Diagrams offer a graphical view of signal coordination. Percentage of
arrivals on green in addition to waiting time by approach are also summarized and displayed to
the user. Thus, high resolution traffic data can be collected by using external equipment where
hi-resolution controllers are not available.
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Figure 2.2-55. Purdue coordination diagram

The tool is capable of measuring congestion levels by comparing the measured volumes with the
capacity per each lane on an approach per 60 minutes. Indication of the protected and permissive
movements is also given on the graph below (Figure 2.2-56).
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Figure 2.2-56. Volume-to-capacity (\V/C) ratio by phase per hour per approach per lane
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The average number of red light violations per 15 minutes per approach can also be reported
(Figure 2.2-57). Thereby, the operators have a possibility to keep track about red light violations
as an indicator of safety at the intersections. Red light violations are being documented separately
for each approach and later being displayed on the graph using different colors. In that case,
isolation of the most problematic location, approach or time interval can be easily monitored.

Average Red Light Violations per 15min interval over selected months, days
1 color for each Approach
Note: Red Light Violations do not include Right Turns on Red

Average red light violations

00 a400 _sen 600 ~ 700 Jego 1o

Figure 2.2-57. Red light violations graph

Beside volume, occupancy and speed, the Sensys has the capability to calculate and report travel times
(Figure 2.2-59). The available data are median travel time, 80" percentile, 90" percentile, length of
segment, number of detections in the segment and level of service. All those measures enable
comprehensive overview of the traffic flow status on the subject segment.
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2.3 Data Collection Survey — Two Agencies

After reviewing the possibilities for the data collection of SSCSs and external systems, the next
step was to interview the agencies that operate traffic signals in the local counties or cities. This
was done to determine what data and performance measures are actually available onsite. The
agencies might have only some of the performance measures available due to differences in
system types, versions, equipment used or modules installed even within the same type of SSCS.

Two agencies that were selected to participate in this interview are Traffic Divisions from Palm
Beach County and City of Boca Raton. A difference in agency’s jurisdiction size can cause
variances in procedures, number of personnel, level of equipment etc. They are provided as
inputs in the spreadsheet tool (used to assess agency operations).

Variability in the characteristics of traffic signal agencies can help to test practicality and
feasibility of the evaluation methodology in the real-world environment. Data availability, ease
of extraction, data aggregation, interfacing, etc., are the types of issues that are addressed in the
following part of the report.

After the FAU research team defined the questions for the survey (upon an extensive literature
review), those questions were given to the agencies to provide their inputs. The agencies did not
have answers to all of the questions — in some cases, the data were not available whereas, in
some cases, the data existed but required significant effort from the agency staff to extract and
process in order to answer the survey questions. In the latter case, the representative of the FAU
research team visited agency’s office and performed all the necessary actions regarding the data
extraction.

The agency inputs are provided in five different sections (see below) following the format from
the National Traffic Signal Report Card (NTSRC):

1. Management

Traffic Signal Operations

Signal Timing Practices

Traffic Monitoring and Data Collection
Maintenance

arwN

The additional “General and Contact information” section was added, and the data availability
and the results can be shown separately per section for both “pilot” agencies. This addition
makes comparison between the grades, acquired by NTSRC’s qualitative methodology, more
reasonable. Weekly/monthly evaluation using various performance measures was also developed
for two selected corridors operated by these two agencies.

Finally, FAU research team would like to express its gratitude to staff of both City of Boca
Raton and Palm Beach County agencies for their collaboration, cooperation and help during the
data collection process. By using their experience in Traffic Management Center operations and
signal systems in general, their insights, suggestions and explanations contributed to the quality
of this task of the research project.
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2.3.1 General and Contact Information

The survey spreadsheet starts with General and contact information section. In the first part,
name and address of the agency as well as name, title and the email address of a contact person
are required. That information should be always available, and the reason for the collecting this
information is to enable potential communication with the person in charge. General information
section consists of the questions about county population (available on the web site
www.census.gov), number of the registered vehicles, number of neighboring signal control
agencies, number of streets with shared signal jurisdiction, estimated annual funding for signal
operations and management, estimated annual funding for signal related capital investments and
number of signals that agency has under its jurisdiction. Some of the required information may
seem of low relevance but their true importance is revealed later in calculations and
comparisons. If some of the necessary information were not available, the values were
approximated by agency staff, where possible, and those fields were marked in yellow. If
approximation was performed by someone outside of the agency staff, those cases are separately
explained in the text of this deliverable. Where the values could not be approximated, impossible
to collect without creating a new method for data extraction or processing, or do not exist at all,
those fields are marked in red. Data sources are given in the tables or additionally explained in
the text (Table 2.3-1 and Table 2.3-2).

Number of the registered vehicles is available for all counties in Florida on the website
www.flhsmv.gov. However, considering the number of registered vehicles in the cities, neither
the agency staff nor FAU research team were able to acquire that information. That is the reason
why approximation was performed by using proportion ratio between population values for both
Palm Beach County and City of Boca Raton, to approximate the number of registered vehicles in
Boca Raton by using the number of registered vehicles in the Palm Beach County.

Table 2.3-1. General and contact information - Boca Raton

Contact information Data Source
0.1 | Name of the contact person Rasem Awwad/Tracy Phelps
0.2 _ Traffic Ops _

Title of the contact person Eng/Transportation Eng
0.3 | Agency City of Boca Raton

201 W. Palmetto Park Rd,

04 | Address Boca Raton, FL 33432
0.5 | Email address rawwad@myboca.us

General information
0.6 | County population 91,332 WWW.Census.gov
0.7 | Number of registered vehicles 72,600 www.flhsmv.gov
0.8 Numb_er of neighboring signal control 2

agencies

Number of streets with shared signal
0.9 jurisdiction 0
0.10 | Total length of road by the jurisdiction 220

(miles)
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Table 2.3 1. General and contact information - Boca Raton - continued

0.11

Estimated annual funding for signal
operations and $150,000
management

0.12

Estimated annual funding for signal
related capital $80,000
investments

0.13

Number of signalized intersections (full

signals) 136

For Palm Beach County, all the data were available except estimated annual funding for signal
operations and management, and estimated annual funding for signal related capital investments.

Table 2.3-2. General and contact information - Palm Beach County

General and contact information - Palm Beach County

Contact information Data Source
Giri Jeedigunta, PE,
0.1 | Name of the contact person PTOE
0.2 | Title of the contact person Signal .SySt.e’.“? Manager
- Traffic Division
0.3 | Agency Palm Beach County
2300 N. Jog Road, 3rd
floor East,
0.4 | Address West Palm Beach, FL
33411
0.5 | Email address gjeedigu@pbcgov.org
General information
0.6 | County population 1,422,789 WWW.CENSUS.gov
. http://mww.flhsmv.gov/html/reports_
0.7 \')Ieuhrirgigg of registered 1,135,116 and_statistics/cvr/15-
16/cvr_04_2016.pdf
Number of neighboring
0.8 . . 5
signal control agencies
Number of streets with
0.9 . S 25
shared signal jurisdiction
01 Total length of roads by the 1549 http://www.dot.state.fl.us/planning/st
" | jurisdiction atistics/gis/road.shtm
Estimated annual funding
0.11 | for signal operations and Not available at this time.
management
Estimated annual funding
0.12 | for signal related capital Not available at this time.
investments
013 Number of signalized 1,047 ATMS.now

intersections (full signals)
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2.3.2 Management

The following section in the evaluation methodology is the Management, and the answers for
both agencies are given in the Table 2.3-3. The questions are divided into subgroups addressing
relevant topics regarding the management section. First four questions (1.1 to 1.4) are related to
the number and expertise of the staff, in-house and outsourced, staff training and their
involvement in monitoring of the traffic flows and signals. These questions help to get a better
idea about size of the agency in terms of personnel and quantifying the efforts to improve skills
and abilities of the staff.

In the next step, the data considering public relations were collected including publicized
telephone number or website which public can use to report malfunctions, and quantifying the
complaints per year. An average time from receiving a memo or a call to answering the call is
investigated. Furthermore, some of the questions addressed were about types of information and
means of communication to the public to determine the level of interaction between the agency
and public.

The level of cooperation with the neighboring agencies is determined by number of agencies
with whom the data or information are being exchanged to total number of neighboring agencies,
and by determining the number of streets with traffic signals that are inter-coordinated. On the
other hand, the number and the extent of the work zones were not available for either agency
involved in this research project. Those data are not being collected or documented, the staff
members from both agencies were unable to make an expert estimation, and hence there is a
possibility for removal the question 1.10 from the methodology (Table 2.3-3).

Number of accidents near traffic signals was selected as a safety measure. For collecting that
data, Signal Four Analytics Software was installed with the help of Florida Department of
Transportation (FDOT). In order to exclude some of the accidents that happen throughout the
city or county network, some additional conditions were added. After selecting a city or county
of interest, the network extent should be set to Intersection, intersection offset distance to 150
feet, road circumstances to None, Other and Unknown, and Road System Identifier to U.S.,
State, County and Local. In this way only accidents which occurred near intersection (within the
zone of 150 feet) were considered. Also, road circumstances conditions setup exclude the
conditions that can cause the accidents and are not related to the traffic signals. Finally, Road
System Identifier setup excludes interstate highways, and private roads where should be no
traffic signals. As an additional measure, accidents involving the running of the red lights were
separately displayed as a value in the brackets.

Before finally reaching the questions addressing the existence, type, extent, functionality, alarms
and other characteristics of signal system central software (ATMS.now for both agencies), two
sets of questions considering inventory and intervention vehicles are prepared. First, it is
important to check if the agency has an updated inventory about all traffic signal related
equipment with spares, which gives a slightly better insight about level of organization of the
agency. Second, number of intervention vehicles and the amount of using them in terms of time,
mileage and coverage. The coverage can be explained as the area in which all traffic signals will
be assigned to one vehicle/team for maintenance or similar.
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Table 2.3-3. Section 1 - Management

# Number and expertise of staff Clt)égIOE;oca PaCI:TuE:ﬁzCh
1.1 Number of FTE for regular staff per expertise 10 27
(Engineer, Technician, Administrative...)
1.1.1 Manager 0 1
112 Engineer 2
113 Technician 6 22
1.1.4 Administrative staff 2 1
1.2 Number of FTE for outsourced staff per expertise 0 4
(Engineer, Technician, Administrative...)
1.2.1 Manager 0 1
122 Engineer 0 2
123 Technician 0 1
124 Administrative staff 0 0
Staff training
13 Number_of training hours in the last year for (hours x 176
persons):
131 Basic Signal Timing 0
132 Advanced Signal Timing 32
133 ITS Courses 64
134 Hardware and Communications 64
135 Other (what) 16
1.4 Monitoring
1.4.1 | Number of staff designated to monitoring 1 3
142 mm?frri r?gf] hours per week they are designated to 10 20
1.4.4 | Average number of work hours per week for that personnel 40 40
15 | Quantified goals
1.5.1 | Number of complaints per year 248 Approx. 900
Is there a publicized call-in telephone number and web site
1.5.2 | that the public can use to report malfunctions, ask questions YES YES
and suggest operational improvements?
Public relations
16 | Average time from receiving of memo or call until ash _
answering
1.7 | Information being made available to public:
1.7.1 Traffic lights failures NO NO
1.7.2 Congestion NO YES
173 Incidents on signalized intersections NO YES
174 Lane closures at signalized intersections YES YES
175 Reaction time for reparations of traffic signals NO NO
176 Frequency of malfunctions NO NO
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Table 2.3 3. Section 1 — Management - continued

# City of Boca Palm Beach
Raton County
17.7 Goals of the agency (write the goals in the comment) NO NO
1.7.8 Other (what) NO NO
1.8 | Means of communication with the public:
18.1 PR person YES NO
182 Head of department YES NO
183 Memos or letters YES NO
184 Television NO NO
185 Radio NO NO
1.8.6 Web site YES NO
1.8.7 Telephone YES YES
1.8.8 Other NO 511
1.9 | Cooperation with adjacent agencies
Number of neighboring county agencies with whom the
191 |. . . 1 5
information and data are being exchanged
1.92 Numb_er of streets With signals bei_ng shared with 0 Approx .25
the neighboring agencies that are inter-coordinated
1.10
Work zones
1101 Number of work zones on signalized intersections
T per year
1102 Number of lane-mile-hours closed due to work
7" | zones per year
Safety and accidents
Number of accidents on streets with traffic signals
111 (number of running the red light incidents in brackets) 2960 (98) 29964 (921)
Inventory
112 Is there an up-to (_Jate inventory about all signal YES YES
equipment including spares?
1.13 . . A
Service vehicles number and activation
1.13.1 | Number of vehicles in operation by shift 6 15
1.13.2 | Miles travelled per vehicle (in thousands) 15
1.13.3 | Hours in service per vehicle 5.33
1.13.4 | Miles of coverage per vehicle (in thousands)
1.14 | From Signal System Central Software (ATMS.now)
1141 | po you have a SSCS software? YES YES
1.14.2 | How many intersections are connected to SSCS? 136 817
1.15 | Type of SSCS software:
1.15.1 ACTRA
1.15.2 ATMS.now YES YES
1153 Centracs
1.154 KITS
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Table 2.3 3. Section 1 — Management - continued

# City of Boca Palm Beach
Raton County

1.155 MIST
1156 QuicNet
1.15.7 Sitraffic Concert
1.15.8 Sitraffic Tactics
1.15.9 Other

1.16 | Functionality of SSCS:
116.1 Video monitoring YES YES
1.16.2 Functionality monitoring YES YES
1.16.3 Signal plans changing YES YES
1.16.4 Special events management YES YES
1.16.5 | Corridor management/traffic signal coordination or control YES YES
1.16.6 Disaster management and traffic coordination YES YES
1.16.7 Emergency services traffic control coordination YES YES
1.16.8 Ramp management and control NO NO
1.16.9 | Network performance monitoring, evaluation and reporting YES YES
1.16.1

0 Other (what)
1.17 | Number of staff that actively use SSCS software 2 12
1.19 | The existing mediums that are used for informing
persons in charge about events causing alarms:

1191 On SSCS software interface YES YES
1192 SMS message NO NO
1193 E-mail YES YES
1.19.4 Pager NO NO
1195 Other (what)

The data collected from the questionnaires will be imported into spreadsheet tool, Management
section sheet, and further used for calculation of the section score. For the questions and sets of
questions user will have the possibility to select the level of importance, and therefore increase or
decrease the influence of certain questions based on priorities set or local conditions. The five
section scores will at the end be used to calculate the final score explaining the level of quality
the agency reached in terms of traffic signal operations and maintenance.
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2.3.3 Traffic Signal Operations

In the second section of the manual/methodology, the traffic signal operations are addressed (Table
2.3-4). The questions in this section are separated in two groups, general questions and those
questions whose answers can be obtained using SSCS. The questions include use of responsive or
adaptive traffic control, frequency of signal retiming, number of coordinated signals, etc. For all
of the questions, the agencies provided the answers although the answers for questions 2.6, 2.7 and
2.8 were estimated.

As far as data from SSCS is concerned, number of special signal timings and total number of signal
timings were estimated by agency’s staff. The total number of signal timings for Palm Beach
County was hard to estimate, having in mind that there are 1047 signalized intersections under
jurisdiction of that agency. The inventory of signal timings is not kept and updated in electronic
form. The exact number of signal timings could be counted if every of the 1047 intersections were
accessed via ATMS.now and then counted, but that would be long and tedious process and thus
not suitable to become regular practice by the agency staff.

Giving priority to public transit vehicles on signalized intersections does not exist in neither of the
agencies that were subject to the survey. By comparing the number of school zone flashers with
the number of schools, it is possible to calculate the percent of coverage. Although there is a Real-
time congestion report in ATMS.now, both agencies failed to provide this information in the
ATMS.now reports (they were blank).

Considering the cycle failures, it is important to emphasize that in ATMS.now cycle failure is an
alarm that indicates that a serviceable call has not been serviced in approximately two cycle times
and that coordination was not active at the time. In general, as a cycle failure is considered a case
when after finishing the green time queue formed in front of the intersection has not discharged
completely. Cycle fault in ATMS.now is similar to cycle failure with the difference that the
coordination was active at the time. The cycle faults, failures and coordination failures are the
events that are being noted in the ATMS.now and can be reported by Field Alarms. One of the
future efforts of this research project will be creating a semi-automatized macro in Excel that can
calculate frequency and durations of those events. After finishing that step, some of the fields
currently marked red will be cleared and the exact values could be used.
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Table 2.3-4. Section 2 - Traffic signal operations

City of Boca
2 General Raton Palm Beach County
2.1 | Do you use responsive or adaptive traffic control? YES YES
2.2 | Frequency of signal operations reviews? Twice a year On as needed basis
23 Are ad_-hoc changes triggered complaint calls performed for YES YES
all legitimate requests?
24 Rew_ew!ng thfe sights _dlstances to intersections with new YES YES
traffic signal installations
25 Are adv_an_ced warning |nd|cat|pns installed YES YES
where limited site distances exist?
26 !\lum_ber of signalized intersections adjusted for visually 13 Approx. 70 -100
impaired persons
27 AcFuaI time to |mp_Iements, gvaluate and 4 weeks Approx. 4 -8 weeks
calibrate the new timing settings or strategy
28 Expected time to |mp_lement,_ evaluate and 4 weeks Approx. 4 - 8 weeks
calibrate the new timing settings or strategy
2.9 | What is the frequency of signal retiming in your agency?
2.9.1 Less than 1 year YES
2.9.2 1-2 years For Critical Corridors
293 2-3 years All other c_oordlnated
corridors
2.9.4 3-5 years Isolated signals
2.9.5 More than 5 years
2.10 | Number of coordinated traffic signals 103 61% (639)
From Signal System Central Software
211 Number of specu_ﬂ events, disasters, VIP routes 48 375
and emergency signal timings
2.12 | Total number of signal timings 589 _
2.13 | Number of school zone manual flash signals 39 Approx. 200
2.14 | Number of schools 17 168
2.15 | Number of intersections with preemption capability 64 100%
Number of intersections with Public transit prioritization
2.16 L 0 0
capability
2.17 | Total number of signalized intersections along PT routes. 0 0
518 Av_erage number of hours per day when adaptive system is 12 2AXTX365
active
2.19 | Number of hours with congestion (per day, week, month)
220 Total number of hours per observed period (in days, weeks,
' months)
2.21 | Number of cycle failures
2.22 | Total number of cycles per observed period
2.23 | Number of cycle faults (AM, PM, Midday, Night)
2.24 | Time that coordination has been in transition
2.25 | Time the coordination is active (per day)
2.26 | Coordination failure
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2.3.4 Signal Timing Practices

In the third section, Signal Timing Practices, the intention is to investigate what types of input data,
procedures or software are used when creating new signal timing plans or strategies. Are records
of vehicle conflicts on intersections taken into consideration before creating a new signal plan?
What performance measures and what signal timing parameters do the agencies use when creating
new signal plans? The set of general questions is finalized after examining if the staff uses some
of the signal timing optimization software to develop new signal timings. All of the necessary data
were available and collected by both agencies (Table 2.3-5).

From SSCS, the necessary data are duration of splits in different time periods, duration of
programmed splits, the number of times a certain phase was activated during an evaluation period
and what is the maximum number of times that phase could be activated. Those data can be
retrieved from Split History reports in ATMS.now, but due to nature and the quantity of the data
(split history logs data per cycle and per intersection), it is possible to perform the collection and
calculation only for certain selected intersections, corridors or small zones. That is the reason why
it is suggested that answers from questions 3.5 to 3.8 (Table 2.3-5) should be used for
weekly/monthly evaluation only.

Table 2.3-5. Section 3 - Signal timing practices

General City of Boca Palm Beach
Raton County
Are records of vehicle conflict situations collected and
3.1 - NO
available? NO
3.2 | What performance measures your agency collects?
321 Number of vehicles served NO YES
322 Delay per vehicle YES YES
323 Total delay YES YES
3.2.4 Travel time YES YES
325 Number of stops YES YES
3.2.6 V/C NO YES
3.2.7 Other NO NO

Do you use signal timing optimization software
3.3 (Synchro, PASSES, TRANSYT, etc.) to develop new YES YES
signal timings?

What parameters do you use to develop new signal

3.4

timings?
3.4.1 Cycle lengths YES YES
34.2 Offsets YES YES
3.4.3 Splits YES YES
34.4 Phasing sequence YES YES
3.4.5 Discharge time YES YES
3.4.6 Two-way progression YES YES
3.4.7 Turning movements YES YES
3.4.8 Time space diagrams YES YES
3.4.9 Other YES
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Table 2.3 5. Section 3 - Signal timing practices - continued

From Signal System Central Software Clté;)g‘oioca P%r:u?‘isch
3.5 | Average duration of splits per AM, Midday and PM period YES
36 Fl?eurzggon of programmed splits per AM, Midday and PM YES
37 The nur_nber of times a phase was activated in a given YES
evaluation period
3.8 | Maximum number of times that phase could be activated YES

2.3.5 Traffic Monitoring and Data Collection

The traffic monitoring and data collection are very important especially nowadays when Intelligent
Transportation Systems are widely present and detection, data collection and storage capacities are
easily available. The entire section is divided into several sets of questions (Table 2.3-6). From 4.1
to 4.7 are questions related to the detection. That is the most problematic set in this section, because
of the answers on the questions related to the detection inventory. Neither of the agencies has exact
inventory of all of the detection components. Admittedly, The City of Boca Raton has the
inventory list about number of cameras for video detection and pedestrian detectors, but not the
number of inductive loops installed. The City of Boca Raton was an easier case because of a
smaller number of signals and corresponding detectors. After reviewing majority of the
intersection as built drawings and using Google map street view, the approximate number of
detectors per type was determined. Palm Beach County agency does not keep that kind of updated
information. For larger agencies, inventory that would be updated regularly would make that
process very easy. Currently, the inventory about detectors was not available so only rough
approximations can be made. For the question 4.1, Palm Beach County responded with YES but
provided an additional explanation that they have detectors on all signalized intersections with
either video detection or loop detectors (typically 4 cameras per intersection, or 1 loop in each
lane). Still, the exact number of the detectors is not known. Other questions were much easier to
answer for both agencies.

Questions from 4.8 to 4.11 address the data collection and storage. Archiving methods, data types,
sharing of the data and the technologies used for data collection are the fields covered by this set
of questions, and they all were answered.

Questions 4.12 to 4.15 are referring to data quality and investigate correctness, consistency and
the resolution of the data collection. That is very important because misleading information can
sometimes be even worse case compared to the total lack of the data.

Number of requests for data by media or other agencies, number of weather stations and number
of actions taken based on information from those stations, and turning movement counts in terms
of frequency and number of locations represent the set from question numbers 4.16 to 4.21.
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Table 2.3-6. Section 4 - Traffic monitoring and data collection

4 _ City of Boca Palm Beach
Detection Raton County
4.1 | Total number of detectors 1167 Approx. 7545
4.2 | Detection distribution by type of detector
421 Inductive loop 928 Approx. 6700
422 Video 239 Approx. 838
423 Microwave 0 7
424 Infrared 0 0
43 Choose system detectors that are being used in
your agency:
43.1 Midblock 0 0
4.3.2 Near upstream intersections 0 0
4.3.3 Other 0 Stop-bar
4.4 | What data do those system detectors collect?
4.4.1 Speed NO YES
442 Volume NO YES
4.4.3 Occupancy NO YES
4.4.4 Progression speed NO
445 Other
4.5 | Does your agency use queue detectors? NO YES
If video detectors are used, is their operation
4.6 | calibrated for
real conditions on the field
4.6.1 Lighting YES NO
46.2 Weather YES YES
4.6.3 wind YES YES
46.4 Occlusion YES YES
4.6.5 Lense cleaning YES YES
4.6.6 Zone adjustments YES YES
4.6.7 Other
4.7 | How often video detectors are being calibrated?
4.7.1 More often than once per month
4.7.2 Every month
4.7.3 Every three months YES
4.7.4 Every six months YES
475 Once per year
4.7.6 Less often than once per year
Data Collection and storage
4.8 | Choose the used archiving methods for the data:
48.1 Paper copy database YES YES
482 Electronic database YES YES
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Table 2.3 6. Section 4 - Traffic monitoring and data collection - continued

4 City of Boca Palm Beach
Raton County

4.8.3 GIS YES YES
484 Other NO YES
4.8.5 Not at all NO NO

49 _Select the data types that are.z saved in the signal

inventory system (database):

49.1 Volume NO YES
49.2 Occupancy NO

4.9.3 Travel time YES YES
494 Queue lengths NO

495 Work zones NO YES
4.9.6 Events YES YES
49.7 Weather YES

4.9.8 Location YES YES
499 Hardware YES YES
49.10 Controller YES YES
4.9.11 Timing plans YES YES
4.9.12 Time space diagrams YES YES
4.9.13 Travel time intervals YES YES
4.9.14 Maintenance activity NO YES
4.9.15 Other

4.10 | With who are those reports shared?
4.10.1 Limited group inside the agency YES YES
4.10.2 All agency personnel YES YES
4.10.3 Public NO
4,104 Universities YES YES
4.10.5 Research institutes YES YES
4.10.6 Agencies at the same state NO YES
4.10.7 Agencies in other states NO
4.10.8 Other FHWA

411 Select t_he technologies used to collect vehicle

travel times:

411.1 Field runs - manually with probe vehicle NO
4.11.2 Field runs - with GPS YES YES
4.11.3 (AutomaticVIIi?:ggs(e:zapr)r;:ure(:’j1 Srgg:)tgn'?tli_gf) NO NO
4.11.4 Tag readers (E-Z Pass) NO NO
4115 Bluetooth/Wi-Fi (MAC address matching) YES YES
4.11.6 Other NO YES
4.11.7 Travel time not collected NO
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Table 2.3 6. Section 4 - Traffic monitoring and data collection - continued

Data qualit City of Boca Palm Beach
a / Raton County
4.12 | Are the collected data checked for quality, YES VES

consistency and correctness?
The resolution of collected data regarding travel

5min, 15 min and

4.13 times As needed 1h intervals

414 The resolution of collected data regarding vehicle NO NO
delay

4.15 T_he res_olqtion of collected data regarding actual Cycle by cycle Cycle by cycle
signal timings
Other

116 Number of requests for data by other agencies per 5 NA
year

4.17 | Number of requests for data by media 0 NA

4.18 | Number of weaf[he_r st_ati_ons located on the territory 0 NA
under agency's jurisdiction

419 Numb_er of actions or responses due to weather 0 NA
detection

4.20 On how many locations, the turning movement Where needed Where needed
counts are being collected?

4.21 | Frequency of turning movement counts collection 4 years once in 1.5 years

2.3.6 Maintenance

Final section for annual evaluation methodology is maintenance, with the answers for both
agencies shown in the Table 2.3-7. Although the majority of the questions were answered without
significant issues, there are few groups of the questions whose answers were not easy to develop.
In the set of questions regarding equipment, the data about number and the duration of the detector
failures is not readily available. Rough estimation could be made, but other options could be to
analyze the Detector failure report (did not provide any data for either of the agencies) or to analyze
the Field Alarm reports from ATMS.now. More about this issue will be explained in the final
chapter of the report.

Total cost of all reparations per year was not available either. Approximation by using the yearly
budget is one option for answering, but the exact value is not available. Number of all malfunctions
for Palm Beach County was approximated by their staff, and for City of Boca Raton it was taken
from Signal shop tables where they keep track about number of activations for intervention. Total
number of lightbulbs was unknown because there is no detailed inventory, and regarding the
number of changed lightbulbs only rough approximation could be made.

In the set of questions about inventory, City of Boca Raton keeps also the detailed information
about every intervention that their signal technicians or engineers performed in the field. The
downside is that data is stored in paper reports filled and returned by teams involved after every
shift. Going through every hard copy report and transcription of all data for the entire network and

83



entire year would not be feasible for the staff to perform even if it was once per year. If that kind
of information was stored in digital database, this process could be properly integrated in the
agency assessment methodology. On the other hand, Palm Beach County agency stores the data
about some of the daily field alarms, data changes report, locations and type of work performed
because those data are part of the work orders they create for field teams. Other data such as about
equipment, spare parts, duration of the interventions, and number of workers are not stored.

The value of lane-mile-hours near signalized intersections which were closed due to routine
maintenance and non-routine maintenance of traffic signals is not available in either of the agencies,
and it is not possible to make expert estimation based on the available data. This set of questions
might be excluded from the evaluation methodology if data about these activities will not be
updated and stored.

Considering the last set of questions, answers on questions from 5.26 to 5.30 do exist and those
data are available indirectly after significant post-processing of the reports available from
ATMS.now. FAU research team will try to create a tool for automatization of that process.
Question from 5.31 to 5.35 are either currently not available in the electronic form, or not available
at all.

Table 2.3-7. Section 5 - Maintenance
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Performance City of Boca Palm Beach
Raton County
51 Does maintenance agreement require performance YES YES
monitoring and report?
59 Does agency uses performance measures to evaluate its YES YES
signal system maintenance?
Equipment
5.3 | Number of detectors out of function per year. .500 15 7.00
intersections
5.4 | Duration of detectors failure per year.
55 | Are adjustmgnt_made to reflect changes required due to YES YES
the characteristics of the new equipment?
56 F_requency of chec_klng alignment and position of all Yearly 2 PMS a year
signal heads and signs.
5.7 | Frequency of checking operability of signal controllers. Daily Daily
538 Frequency of checking operability of communication Daily Daily
infrastructure.
59 Frequency of checking operability of Signal System Daily Continuously
Central Software.
. - . During PM
5.10 | Frequency of checking operability of signal heads. Monthly activities
511 Frequency'of implement methods for synchronizing Hourly Daily
controllers' clocks.
5.12 | Total cost of all reparations per year. 150000
5.13 | Number of all malfunctions per year. 1581 Approx. 12,000
5.14 | Number of changed lightbulbs. Approx. 2,000
9.15 | Total number of lightbulbs.




Table 2.3 7. Section 5 — Maintenance -

continued

Reaction i City of Boca Palm Beach
eaction time
Raton County
The average response time (time from problem 2 Hours for
516 | Occurrence to beginning-of solving) to cri-tical fa}ilures 12 hours Critical
(e.g. controller malfunction, communications failure, 24 Hours for Non
physical damage of equipment on site...). critical
The average time to complete the intervention (time to
517 resolving_ the problem) to _critical_ failures (g.g. controller Less than 3
malfunction, communications failure, physical damage or day
equipment on site...).
5.18 | The average response time to all reported failures: Lesz;r;an 3 NA
5.19 | The average response time regarding user complaints: NA within a day
Inventory and report
5.2 | Is there a record of maintenance activity available? _—
591 Does your agency creates maintenance reports about the
following:
5.21.1 Communication failures NO YES
5.21.2 Vehicle detector failures YES YES
5.21.3 Pedestrian detector failures YES YES
5.21.4 UPS device failures NO NA
5.21.5 Controller device failures NO YES
5.21.6 Signal system central software NO YES
5.21.7 Signal system central hardware NO YES
599 How frequent the maintenance reports are being made in
your agency?
5.22.1 Hourly
5.22.2 Daily YES YES
5.22.3 Weekly
5.22.4 Monthly
5.22.5 Annually
5.22.6 Never
5.22.7 Other
5.23 | Does your agency keep record of the following specifics
of each maintenance task and work order about:
5.23.1 Locations (where was maintenance performed)
Equipment (hardware and software which was affected
5.23.2 by work order)
5.23.3 Type of work defined by work order
5.23.4 Type of work not defined by work order
5.23.5 Duration of work
5.23.6 Used parts for reparations
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Table 2.3 7. Section 5 — Maintenance - continued

5.23.7 Number of workers active on that specific reparation

Other City of Boca Palm Beach

Raton Count
Lane-mile-hours near signalized intersections closed due
to routine maintenance
Lane-mile-hours near signalized intersections closed due
to non-routine maintenance

From Signal System Central Software

5.26 | Duration of coordination failure

5.27 | Total time while signals should be coordinated

528 Time while communications errors were present (per
year)

5.29 | Number of vehicle detector malfunctions

5.30 | Number of pedestrian detector malfunctions

5.31 | Total number of pedestrian detectors

5.32 | Duration of all reparations per year

5.33 | Total duration of routine and non-routine reparations
5.34 | Number of routine and non-routine reparations

5.35 | Average duration of routine and non-routine reparations

5.24

5.25

2.4 Reports from External Systems for Data Collection — Examples

In one of the previous chapters, external systems for data collection and performance measures
calculation were presented and explained. In this chapter, the real example reports extracted by
FAU team member in City of Boca Raton are presented and analyzed for all three selected
systems. Their possibilities and options differ from those explained in the earlier chapters.

2.4.1 Acyclica Go

In one pilot agency Acyclica reports are able to display data about travel times (Table 2.4-1) and
speed (Table 2.4-2) for different segments and for different time intervals. That gives the
opportunity to keep track how changes in signal operations and traffic flows affect those
parameters as well as to optimize the signal timings for better performance.
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Table 2.4-1. An excerpt from Acyclica travel times — St. Andrews Blvd to Butts Rd

Time Strength  Firsts Lasts Minimum Maximum
Thu Apr 28 11:00:00 EDT 2016 1:24 1:41 1:16  1:03 1:53
Thu Apr 28 12:00:00 EDT 2016 1:12 1:40 1:03 0:56 1:55
Thu Apr 28 13:00:00 EDT 2016 1:23 1:39 1:09 1:02 1:53
Thu Apr 28 14:00:00 EDT 2016 1:33 1:46 1116  1:02 1:57
Thu Apr 28 15:00:00 EDT 2016 1:46 2:03 1:42  1:29 2:15
Thu Apr 28 16:00:00 EDT 2016 1:42 1:49 1:35 1:22 2:15
Thu Apr 28 17:00:00 EDT 2016 1:48 1:57 1141  1:30 2:19
Thu Apr 28 18:00:00 EDT 2016 1:56 1:59 1:53  1:37 2:11
Thu Apr 28 19:00:00 EDT 2016 1:14 1:27 1:09 1:02 1:39
Thu Apr 28 20:00:00 EDT 2016 1:06 1:14 1:03 0:58 1:22
Thu Apr 28 21:00:00 EDT 2016 1:14 1:18 1:03 0:59 1:34
Thu Apr 28 22:00:00 EDT 2016 1:16 1:24 1:08 1:00 1:34
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Table 2.4-2. An excerpt from Acyclica speeds - St Andrews Blvd to Butts Rd

Time Strength Firsts Lasts Minimum Maximum
Thu Apr 28

11:00:00 EDT 2016 1:24 1:41 1:16 1.03 1.53
Thu Apr 28

12:00:00 EDT 2016 1:12 1:40 1.03 0:56 1.55
Thu Apr 28

13:00:00 EDT 2016 1:23 1:39 1.09 1.02 1.53
Thu Apr 28

14:00:00 EDT 2016 1:33 1:46 1:16 1:02 1:57
Thu Apr 28

15:00:00 EDT 2016 1:46 2:03 1:42 1:29 2:15
Thu Apr 28

16:00:00 EDT 2016 1:42 1:49 1:35 1:22 2:15
Thu Apr 28

17:00:00 EDT 2016 1:48 1:57 1:41 1:30 2:19
Thu Apr 28

18:00:00 EDT 2016 1:56 1.59 1.53 1.37 2:11
Thu Apr 28

19:00:00 EDT 2016 1:14 1.27 1.09 1.02 1:39
Thu Apr 28

20:00:00 EDT 2016 1:06 1.14 1.03 0:58 1.22
Thu Apr 28

21:00:00 EDT 2016 1:14 1:18 1.03 0:59 1.34
Thu Apr 28

22:00:00 EDT 2016 1:16 1:24 1:08 1:00 1:34
Thu Apr 28

23:00:00 EDT 2016 1:06 1:10 1:04 0:54 1:20
Fri Apr 29 00:00:00

EDT 2016 1:03 1:06 1:03 0:52 1:18

It is possible to take data from these reports, process them, and draw certain conclusions about
performance measures. Hence, it is possible to compare the changes of the signal timings or
historical results and the current values.
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2.4.2 BlueTOAD

The City of Boca Raton also has BlueTOAD installed and it is used to collect, summarize and
report data about travel times and speeds on segments of the route or the entire route. The
examples of the available reports are given below in the Table 2.4-3. In Data Comparison Report
information about observed pairs or routes, start time and end time of the observed interval, type
of data provided, date and time for each measurement, travel times for pairs or routes and the
difference between travel times for two pairs/routes expressed in percents.

Table 2.4-3. BlueTOAD data comparison report

BlueTOAD Data Comparison Report

Pairs/Routes
1. Military Trl_SB: Banyan to Verde - 2016-04-24 - 2016-05-24
2. Military Trl_NB: Verde to Banyan - 2016-04-24 - 2016-05-24

Start

Time 0:00:00
End

Time 23:55:00

Type Smoothed Speed (15-min)

Pair 1 Pair 1 Travel Time Pair 2 Pair 2 Travel Time % Diff 1 -

Day Time Date (sec) Date (sec) 2
1 0:00 4/24/2016 161 4/24/2016 153 -5
1 0:15 4/24/2016 161 4/24/2016 153 -5
1 0:30 4/24/2016 161 4/24/2016 Not enough matches -100
1 0:45 4/24/2016 161 4/24/2016 Not enough matches -100
1 1:00 4/24/2016 161 4/24/2016 Not enough matches -100
1 1:15 4/24/2016 161 4/24/2016 153 -5
1 1:30 4/24/2016 Notenough matches  4/24/2016 Not enough matches
1 1:45 4/24/2016 160 4/24/2016 Not enough matches -100
1 2:00 4/24/2016 160 4/24/2016 Not enough matches -100
1 2:15 4/24/2016 Not enough matches  4/24/2016 Not enough matches
1 2:30 4/24/2016 158 4/24/2016 Not enough matches -100
1 2:45 4/24/2016 156 4/24/2016 152 -2.6
1 3:00 4/24/2016 156 4/24/2016 150 -3.8
1 3:15 4/24/2016 157 4/24/2016 148 -5.7

89



BlueTOAD Historical report (example given in the Table 2.4-4) is used to compare changes in
measurements (speed or travel time) in function of time. That allows the analysis of performance
measures changes due to special events, accidents, traffic signal control changes and other, if
their start and end times are known.

Table 2.4-4. BlueTOAD historical report

BlueTOAD Historical Report

Pair/Route 13692: (Military Trl_NB: Verde to Banyan)

Speed Limit 45mph

Comparison Index

#1 Historical Avg of all days: From 2015-05-24 to 2016-05-24

Comparison Index #1

Time (speed) Comeparison Index #1 (time)
0:00 36.9 150
0:15 37 150
0:30 37 150
0:45 37.1 149
1:00 37.2 149
1:15 37.3 149
1:30 37.3 149
1:45 374 148
2:00 37.5 148
2:15 374 148
2:30 37.5 148
2:45 37.6 147
3:00 37.7 147
3:15 37.7 147
3:30 37.9 146
3:45 38 146
4:00 38.2 145
4:15 38.3 145
4:30 38.4 144
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2.4.3 Sensys

The City of Boca Raton has Sensys system installed as well. That system has the ability to show
data about travel times, but it was not in operation at the time when FAU team member was

collecting data due to technical issues. Nevertheless, the examples of Sensys interface are given
on the Figure 2.4-1 and Figure 2.4-2 below.
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Figure 2.4-1. Sensys interface — system status
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3 Methods Developed for Analytical Signal Operations and Maintenance Assessment Tool

The assessment of traffic signal systems of an agency can help to identify signal-related issues,
perform self-evaluation, 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 annual performance of the traffic signal system for a public agency. Those performance
measures have to be obtainable, but also have to provide an overview of the agency’s
performance. The methodology needs to be universal enough to be applicable for the multiple
agencies across the state of Florida. 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.

The evaluation was originally intended to be performed only on annual basis, but later the focus
of the study included also weekly/monthly evaluations. Also, the number of the participating
agencies was adjusted to make the data collection more manageable than originally intended.
Two of the local agencies which were selected to be investigated under this project are: the City
of Boca Raton and Palm Beach County.

Therefore, in this deliverable we present framework for annual evaluation methodology that was
originally developed and the performance measures that can be used for weekly/monthly
evaluation. The MS Excel tool, that can be used to perform annual evaluations, is also attached
populated with the data from two agencies and two hypothetical cases. Similar MS Excel
spreadsheets for weekly/monthly evaluations are being developed as well and will be provided in
the next deliverable.

3.1 Annual Evaluation Framework

The main reasoning behind decision to create a method for annual evaluation of signal
performance and maintenance was to make previous evaluation efforts more quantitative than
they are right now. Until now, the best known methodology in this area is the National Traffic
Signal Report Card (NTSRC), but there is a feeling that it relies mostly on qualitative
assessments. It is possible that subjective opinions of the respondents impact the final grade,
which is placed between 1 and 5. The estimation of the difference between the ideal case (which
deserves a grade 5) and the existing state of practice/repaid is the critical for a fair evaluation as
potential bias of the respondents can lead to different grades for the same agency.

The FAU research team proposes here a methodology which may not be fully quantitative, but a
lot of efforts was applied to decrease the level of subjective assessments and make the
methodology as quantitative as possible, under the constraints of this project. Instead of using the
subjective assessments of agency staff, the proposed methodology for the annual evaluation
relies on numerical and logical (true/not true or yes/no) values as answers to the sets of
predefined questions. However, the sections defined in the NTSRC are kept in the proposed
methodology to provide compatibility with the NTSRC grades. The first section where contact
and general information are obtained is followed by the same five sections which are defined in
2012 NTSRC: Management, Traffic Signal Operations, Signal timing Practices, Traffic
Monitoring and Data Collection, and Maintenance.
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All six sections of the methodology are presented graphically in this chapter by using different
colors for fields containing the questions for agency staff. In this way, the flow of the annual
evaluation methodology can be conveniently visualized and information from the other sections
is easy to spot. The boxes with black borders do not belong to any section but are known facts,
values or explanations. All aforementioned sections are divided into subsections that represent
sets of questions related to various topics of interest.

The grading is conducted by calculating partial grades for each of the subsections in all of the
five defined sections from NTSRC, and those partial grades are used to obtain the final grade for
the subject section. The mean value of the partial grades multiplied with weight factors is used to
get the final grade for the subject section.

Weight factors are introduced to determine the importance of the different answer options on
lower level, the subsections, or the entire sections in the process of calculating the final sectional
grade on a higher level. By introducing the weight factors, the agencies get more flexibility to
accentuate sections, topics or questions that are more important to them. On the other hand, if the
weight factors are different, the comparison between different agencies becomes more difficult.
On the example of two agencies, given below, all weight factors were the same for all of the
subsection or section grades. The reason for adopting this approach is that because it was not
possible to determine reliable values for weight factors due to small sample size (only two
agencies).

The grading scale for this assessment was developed by virtually creating the worst and the best
agencies by inserting all of the worst and the best answers in the evaluation spreadsheet. In this
way, minimal and maximal values for each subsection are obtained. After the actual answers
from two sampled agencies were entered, the resulting values are normalized and translated into
the scale from 0 to 100 in order to make the grading process uniform and easy. Considering that
not all topics/questions are answered, it was necessary to introduce another measure which
evaluates quality of the assessment. It is called “Evaluation confidence”, and it was calculated as
a percentage/ratio of the number of answered questions over the total number of questions. The
“Evaluation confidence” shows how reliable the assessment is. Also, the questions where the
input data are the result of an approximation or assumption can be considered less reliable and
the Evaluation confidence for those questions can be decreased.

The practicality and the feasibility of the methodology were tested by conducting a pilot study on
two agencies that are different in terms of size, level of equipment, technologies used, number of
staff etc. The data were collected mostly by agency staff providing answers on previously
prepared questions for each of the defined sections. The data from two agencies are distinctively
visualized by using brown color for The City of Boca Raton and pink color for Palm Beach
County. If some of the necessary data were not available, the agency staff approximated or
estimated the data, where possible. The approximated data has the =~ symbol before the value, to
acknowledge that it was only an approximation/estimation as no real data was available. On the
other hand, the existing data that could not be used ‘as is’ but required data significant effort and
time for the extraction, was labeled with an “*’ symbol to annotate that a more quantitative
answer is available but only if a large amount of data is processed.
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A significant portion of the data entered in the spreadsheets below are collected by the FAU
research team in the agencies’ offices. The FAU team recognized that the methodology needs to
be as simple and quick to enter the data as possible. If the procedure for data collection and/or
processing is too demanding (in terms of time and/or effort), the agencies may be reluctant to
adopt this annual evaluation methodology. Therefore, when the methodology was developed the
FAU research team has tried to make the methodology as practical as possible.

3.1.1 Contact and General Information

The evaluation starts with Contact and General Information section (Figure 3.1-1). The
information necessary for identifying and contacting the person in charge as well as the
information about the agency’s address are provided in this first part.

General information is important for describing the agency subject to evaluation and some parts
are used in calculations afterwards. Data sources are explained in the previous Deliverable 2. These
data will be used later in the calculation of grades for the five aforementioned remaining sections.
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Contactinformation

Name
Title
Agency
Address
City/Town
State/County
Zip code

Email address

General information

County population

Number of registered
vehicles

Number of neighboring
signal control agencies

Number of streets with
shared signal jurisdiction

Total length of road
network by the
jurisdiction (in miles)

Estimated annual funding
for signal operations and
management

Estimated annual funding
for signal related capital
investments

Number of signalized
intersections

R. Awwad/T. Phelps

Traffic Ops Eng/Transportation Eng

City of Boca Raton

201 W. Palmeto Park Rd
Boca Raton

Florida
33432

rawwad@myboca.us

91,332 1,422,789

72,600 1,135,116

2 5
=25
220 1,549

$150,000 NA

$80,000 NA

136 1,047

GiriJeedigunta, PE, PTOE
Signal Systems manager

Palm Beach County

2300 N. Jog Road, 3" floor East
West Palm Beach

Florida

33411

gjeedigu@pbcgov.org

Figure 3.1-1. General and contact information section

3.1.2 Management
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The detailed methodology for management section, with the flowcharts explaining the evaluation
process, is given in Figure 3.1-2, Figure 3.1-3 and Figure 3.1-4. Numerical and logical values are
multiplied with the weight factors immediately or after previous calculations by using the
derived values or item values from another sections. In this way, partial grades for all
subsections are calculated and summed for the final result of the subject section. The same
principle is used in the other sections of the annual evaluation methodology. In some cases, the
methodology uses the data from other sections and those cases are obvious in the flowcharts



because the fields are marked with the color of the section from where the data was originally
taken. For example, total number of complaints is divided by number of signalized intersections
(orange field) from the Contact and General Information section (see Figure 3.1-2).

The Management section contains nine subsections addressing various important issues:
Number, expertise and training of regular and outsourced staff

Monitoring

User satisfaction

Public relations

Cooperation with adjacent agencies

Safety and traffic accidents

Inventory

Service vehicles number and activation

Signal System Central Software (SSCS)

©COoNoarLdE

The first subsection is dedicated to the number, expertise and training of regular and
outsourced staff. The respondent needs to enter number of persons per their job types in Full
time equivalents (it is possible that some of the personnel works less than full-time). Weight
factors are possible to use for emphasizing the higher or lower importance for certain answers in
this but in other questions, subsections and sections as well. In this example, all weight factors
had the same values except for the question where it is necessary to pick one answer from
several offered. Staff training is divided into several categories (Basic Signal Timing, Advanced
Signal Timing, ITS courses, Hardware and communications and other), and the respondents need
to insert total number of staff and hours spent on the training (the number inserted should be
number of people x number of hours of training). That gives the equivalent number of training
hours that is divided by total equivalent number of staff which finally represents the measure of
how much the agency invests in staff training compared to the number of staff.

Next subsection addresses the monitoring. Number of staff designated to monitoring is
multiplied by number of hours in one week that they are designated to monitor the traffic and
that is compared with the total number of engineering and technician staff (both regular and
outsourced). Then, their average number of work hours per week is calculated. This value
quantifies how much of human resources the agency designates for the monitoring of the
network-wide traffic conditions and provide necessary responses.

The user satisfaction is measured by comparing the number of complaints to population of the
county or city (agency’s jurisdiction) on one hand and the number of signalized intersections on
the other hand. Also, the existence of telephone number and/or web site where public can report
malfunctions ask questions and make suggestions increases the willingness of the agency to meet
the needs of the citizens.

How much attention an agency gives to relations with the public is tested by three indicators.
The first one is the average time from receiving of memo or a call until responding to it. Shorter
response time indicates better responsiveness and more points in the evaluation process. The next
factor is the number of information types available for the public. Larger number of information
types suggests higher level of transparency and the agency’s effort to keep the citizens updated
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about the relevant traffic information. Finally, all means used for communication with the public
have to be selected. Larger number denotes that the agency puts more effort in providing more
ways for communication between the citizens and the agency officials.

The grade for subsection number 5 (cooperation with adjacent agencies) is calculated by dividing
the number of neighboring agencies, with whom the data are being exchanged, with the total
number of neighboring agencies. The grade also includes ratios of: 1. The number of inter-
coordinated streets with traffic signals with the neighboring agencies, and 2. The total number of
shared signalized streets with number of the neighboring agencies. Higher values for these ratios
bring more points in the evaluation process, because such values mean that the agency strongly
cooperates with the adjacent agencies.

The safety aspect is evaluated by using simple formulas for comparing number of accidents in
the zones of 150 feet from the signals compared to total number of signalized intersections. The
additional factor are accidents caused due to running red light compared to number of signalized
intersections. The data about the number of accidents can be obtained using Signal Four
Analytics that is available to any public agency or organization in Florida. Total number of
accidents and accidents caused by running the red light are collected after applying some filters
in Signal Four Analytics. Geographic extent was set to City, Network extent as Intersection,
Intersection offset distance — 150 feet, Road circumstances to None, Other, Unknown (to
eliminate impact of weather and other non-recurring events). For Road System Identifier the
selected options are US, State, County and Local.

Organizational level of the agency is defined by observing presence of the inventory system for
the signal equipment including the spare parts. A grade for the number and activation of the
service vehicles is calculated as a ratio between the number of vehicles in operation by shift and
the number of signalized intersections. The coverage of the network per vehicle is calculated by
dividing the number of vehicles in operation by shift with total length of the street network under
jurisdiction of the subject agency. Finally, the number of miles that every service vehicle runs
during one year could also be a useful indicator. The optimal number of miles per year has to be
determined in such a way that significant deviations from the optimal value bring fewer points.
This factor was not used in this example for two agencies, due to lack of relevant data.
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Figure 3.1-2. Flowchart for evaluation of Management (part 1)
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Figure 3.1-3. Flowchart for evaluation of Management (part 2)

The last subsection in four out of six sections is dedicated to signal system central software, in
case that the agency uses one. After checking presence of the signal system central software
(SSCS) (having such software brings more points), the respondents provide the number of
signalized intersections connected to SSCS. The ratio between number of connected signals to
the SSCS and the total number of signal is a measure of SSCS’s coverage. The result 1 (when all
signals are connected to the SSCS) gives the maximal number of points. The third question asks
for a type of the SSCS. The type of SSCS significantly affects questions in the following sections
because different systems will have different characteristics and capabilities. Both agencies
involved in the pilot project have ATMS.now signal system central software, and the questions
in this methodology are tailored considering that fact. Type of the SSCS is not per se used to
calculate any grades but further questions are defined based on the capabilities of the system. So,
type of SSCS is a key point to determine set of questions (developed for appropriate SSCS’s) to
be used further in the evaluation. This project considers only ATMS.now platform but this step
can be useful if this framework is to be extended for the other SSCS.
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Next question investigates the functionalities of the existing SSCS. More functionalities indicate
that an agency is better equipped and brings the higher grade. Number of staff that actively use
SSCS is divided by number of signalized intersections in the jurisdiction to show the coverage of
the network. A lower ratio gives a lower grade because fewer number of operators may have
trouble to efficiently cover a large number of signals. The last two questions check the existence
of the alarms for malfunctions and the existing mediums for communicating those alarms to
persons in charge. The existence of those types of alarms, and higher number of mediums for
communicating those alarms, provide higher grades in the evaluation process.
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Figure 3.1-4. Flowchart for evaluation of Management (part 3)
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3.1.3 Traffic Signal Operations

The Traffic Signal Operations section contains two subsections - one general and the other based
on the data available from signal system central software. In the latter subsection, answers to
multiple questions are labeled with *. For example, coordination failure duration is possible to
calculate from ATMS.now reports but after extensive processing of relevant data, which has not
been established yet.

The general subsection starts with the question if the agency uses traffic responsive or traffic
adaptive control. Usage of those signal control types indicates that the agency is on a higher level
of technological development, has more flexibility in operations, which provides more points in
the evaluation process.

The next question checks the frequency of signal operations reviews. More frequent reviews get
higher grades. If the agency adjusts traffic signals based on the legitimate requests from public,
this will increase the sectional grade for an agency. Also the score can be improved if an agency
performs the review the sight distances to intersections for all new signal installations. The
existence of advanced warning indications (flashers) or additional signal heads, poles and other
equipment where limited site distances exist shows that the agency takes care about timely
communicating the signal control symbols on critical sites. That implies that the agency is taking
care about the fact that their hardware components send the timely and useful information to the
drivers which also has the positive effect on safety.

The number of traffic signals adjusted for visually impaired persons compared to total number of
signalized intersections states how strong the agency makes effort to make operations of signals
in their jurisdiction available to sensitive groups of infrastructure users, in this case, blind or
visually impaired persons.

The ratio between expected and actual time to implement, evaluate and calibrate the new signal
timing settings shows agency’s ability to efficiently and punctually execute signal operations
projects. Frequency of retiming the signals is also very good measure of signal agency
performance, operations wise. More frequently an agency retimes traffic signals the higher grade
it will get for its operational section. Finally, a ratio between number of coordinated traffic
signals and the total number of signalized intersections shows agency’s effort to provide better
signal progression for its public. It is important to note that agencies do not need to have the ratio
of 1 to be considered successful as there could be many isolated intersections which do not
warrant signal coordination.

Second partial grade for this subsection mostly relies on the data from SSCS. To begin with, the
ratios between the number of: special events, disasters, VIP routes and emergency signal timings
and the total number of signal timings, denote the preparedness of the agency for the non-
recurrent and special situations where manual changes in signal timings could be helpful but
sometimes cannot be executed fast enough to deliver desired outcomes.

The next measure is the ratio between number of school zone signals and the total number of
schools in the jurisdiction area of the subject agency. A higher ratio shows that an agency has
more complex operations to deal with as such signals are required to improve safety of the
students near the schools. The ratio between number of signalized intersections with the
preemption capability and the total number of signalized intersections indicates a technological
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level of an agency and its ability to provide priority to special types of vehicles (trains,
ambulance or firefighter vehicles...). Ratio between the number of intersections with Public
transit (PT) prioritization capability and the total number of signalized intersections along PT
vehicle routes shows the current coverage of network with the PT prioritization capabilities.

Percentage of time when the adaptive system is active (if the agency has one) shows the level of
readiness of an agency to use that technology for signal operation. It is important to stress that
agencies sometimes turn off the adaptive operations during peak (or off-peak) periods. The ratio
between number of hours with congestion and total number of hours in an observed period (AM
peak, PM, peak, Midday) or signal pattern can be helpful indicator for the efficiency of the
traffic signals. Even well optimized traffic signals cannot remove traffic congestion but can delay
or reduce duration of congested conditions.

The ATMS.now has the Real Time Congestion Data report that can provide information about
congestion in the subject network, but in both interviewed agencies that type of report did not
contain any data. For creating that kind of report, the data about volume, occupancy and
direction from the detectors are taken into account. At the moment of data collection for two
subject corridors in the two pilot agencies, the detectors were not set to collect and forward these
data to ATMS.now. In the same periods, the number of cycle failures and faults can be observed
as well. Cycle failure in ATMS.now is defined as the situation when a serviceable call has not
been serviced in approximately two cycle times while coordination was not active. The cycle
fault represents similar situation but with the difference that in this case coordination was active.
Number of those events per period, when a signal timing pattern is active, divided by total
number of cycles in the same period represents a good measure of traffic signal level of service.
On the other hand, the phase failures can be approximately determined by observing the phase
termination events (max-out and force-off versus gap-outs). That measure will be part of the
weekly/monthly evaluation. For accurate measures of phase failures, the queue detection and
signal indication data need to be provided by automated technology because manual observation
is not feasible since it would be too time consuming. High-resolution logging about signal
statuses and detectors actuations can be useful to measure the frequency and the ratio of phase
failures compared to number of cycles.

If an agency has coordinated corridors or zones, the ratio between number of coordination
failures and the duration of the period while the coordination is active indicates the robustness of
the coordinated signal operations. Also, total time while the coordination has been in transition
compared to the period while the coordination is active shows if there were too many changes
between signal plans, which can cause transient effects on the traffic.
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Figure 3.1-5. Flowchart for evaluation of Traffic Signal Operations
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3.1.4 Signal Timing Practices

The goal of Signal Timing Practices section is to determine which performance measures, data
types, and signal timing software are used by the agency’s staff when creating new signal timing
plans. It is assumed that if the input is better, the output will have the higher quality.

The first subsection starts with the question if records of conflict situations are used to identify
signalized intersections where safety could be improved by revised signal operations. If an
agency applies such a practice, it gets more points in the evaluation process. This input indicates
that an agency takes into consideration available data when creating signal timings. In the next
question, the number of performance measures that an agency collects, is being investigated.
More performance measures an agency collects, more measures can be used to retime traffic
signals. The third question examines if the agency uses some of the signal timing optimization
software (Synchro, PASSER, TRANSYT...) to develop new signal timings. If software tools are
used, that ensures the adequate quality of signal timings and decreases the dependence solely on
engineers’ experience. However, the fine tuning of the output results from those software tools
is often necessary. This subsection is concluded by investigating the number of parameters that
the agency staff uses to create signal timings. The quality of signal timings increases with the
number of parameters that are used so better grades are assigned to those agencies that utilize
more parameters.

The next subsection considers the data from SSCS, where the first indicator is the ratio between
average duration of splits per period (pattern) and the programmed duration of splits. It is
intended to calculate deviation of splits from programmed values. If the deviations are too large,
maybe there is a need to refine signal timings in the field. Also, the number of times a phase was
activated in some period (or pattern) compared to the maximal number of times that phase could
be activated (total number of cycles in that period) can be a valuable indicator. If some of phases
are activated too often or too rarely, this may also indicate need to refine signal timings. Such
data are difficult to collect for all intersections and all periods, so an agency may want to define
some sampling procedures or representative signal sections for the annual evaluation. For weekly
or monthly evaluation, these two indicators can be used when and where needed.
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Figure 3.1-6. Flowchart for evaluation of Signal Timing Practices
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3.1.5 Traffic Monitoring and Data Collection

The Traffic Monitoring and Data Collection is a very important aspect for any modern traffic
signal agency in nowadays data-rich environment. Existence of detection (number, types and
practices), their data collection and storage, the quality/accuracy of collected data and other
relevant questions are grouped into four subsections shown in the Figure 3.1-7 and Figure 3.1-8
below.

The first subsection is dedicated to investigating general questions about available detection. It
starts with the ratio between the total number of detectors and the total length of road network.
The number of signalized intersections is not used for the denominator because the various
intersections require different detection levels. Also, sometimes detectors can be placed far from
intersections and not affect the signal operation (for example microwave vehicle detection
system detectors for collecting the volume data).

The next question examines what other detector types, by position, are used far ahead of the
stop-bars and near stop-bar detectors (midblock or near upstream intersection system detectors).
Higher number of detectors may indicate better agency’s capability to be aware of the traffic
conditions. The number of data types collected by those detectors also affects the evaluation
grade. The following step checks if an agency uses the advantage of queue detectors. If an
agency uses video detection, the last two questions in this subsection refer to video detectors:
quality and frequency of the calibration of video detectors.

In the following subsection, the data collection and storage procedures are examined. First of all,
a respondent needs to provide all the data archiving methods used by the staff in the agency
(paper, electronic database, GIS or no data storing). Various archiving methods, along with the
availability of the collection and storage procedures, can indicate the quality and level of details
of the agency’s database. The willingness to share the collected data with the public and other
organizations is investigated in the following question. More positive answers ensure the higher
score in the evaluation. In the end of this subsection, the technologies used to collect travel
times, are examined. A variety of technologies and travel time data sources brings more points
because it shows that the agency has a reliable source of major congestion indicator — travel
time. However, various technologies to collect travel times have different precisions, costs, etc.
which warrants further answers.

Scrutiny of the collected data quality starts with the question if the collected data is checked for
quality, consistency and correctness. Purpose of this question is to check if the arriving data are
validated against the real-world conditions observed through other sources. The resolution of the
collected travel times, delays and actual signal timings, shows how often the agency’s staff can
extract the data from the field sources. Higher resolution means that the data is less aggregated,
more precise and therefore guarantees the better score.

Additional measures, which include: frequency of turning movement counts data collection, and

ratio between number of weather stations and the total length of road network, are part of the
final subsection of Traffic Monitoring and Data Collection section.
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Figure 3.1-7. Flowchart for evaluation of Traffic Monitoring and Data Collection (part 1)
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Data collection and storage - continued
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Figure 3.1-8. Flowchart for evaluation of Traffic Monitoring and Data Collection (part 2)
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3.1.6 Maintenance

The Maintenance section of the proposed methodology is one of the most extensive. This section
is designed in such a way that most of the questions require yes/no answers. Numerical values
are required for the last two questions. In some cases numerical values are not available at all
while in the others they may be very difficult to extract from an abundance of data. For example,
the data about maintenance activities are kept as hard copies and although available they would
be very difficult to process to provide numerical values for some of the evaluation questions.
Some of the entries, like coordination failures or communication errors, are too numerous to be
collected and processed for the entire agency and for the entire year, especially if the agency has
a lot of traffic signals. The solution is to select the representative sections or time periods and
extrapolate the value for the entire agency and the entire year.

The evaluation of maintenance starts with the strategic questions about maintenance agreement
and required performance monitoring and reporting. Positive answers indicate better practices for
an agency.

The following section is dedicated to maintenance of the equipment. Number of detectors out of
function multiplied with the average duration of the detector failures and divided by total number
of detectors can be used as a measure of reliability of the system’s detection (can be separated to
vehicle and pedestrian detectors if necessary). The following question checks if the agency’s
staff make adjustments to reflect changes due to potentially different characteristics of the new
equipment. This question addresses agency’s diligence to maintain the equipment and keep
operations in the optimal state. The ratio of the number of changed bulbs (LED modules) to total
number of bulbs (or modules) indicates number of bulb replacements. Fewer reparations means
higher reliability and therefore higher score in the evaluation. Remaining questions in this
subsection investigate how often the operability of different elements and parameters of the
traffic signal system are being checked (alignment and position of signal heads, operability of
signal controllers, communication infrastructure, SSCS, signal heads and synchronizing
controllers’ clocks). This group of questions investigate the frequency of equipment validity
inspections for different components of the signal system. Higher frequency provides higher
evaluation score.

In the subsection concerning the reaction time, all four questions examine the average time
required to respond to reported failures, user complaints, etc. The respondents are supposed to
choose frequency of the responses which is nearest to their agency’s field practice. Shorter
response times bring more points in the scoring process.

Inventory and reporting is also the important part of the maintenance procedures. The assessment
starts with the question if the inventory includes a record of maintenance activity. Affirmative
answer indicate good reporting and inventory practices. The next question asks the respondents
to select type of failures for which the agency creates maintenance reports. More types of failures
covered by the reports means better track of the performed works and a higher score.

The following question checks how frequently the maintenance reports are being generated. A
greater frequency implies that the data are regularly updated and the grade will be higher.
Finally, the number of specifics found in the maintenance task and work orders points out how
well an agency organizes maintenance inventory and reporting processes.
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Figure 3.1-9. Flowchart for evaluation of Maintenance (part 1)
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solving) to critical failures (e.g. | _| NO  NONCRITICAL Weight
controller malfunction, ( <3 days ) NO NO factors
communications failure, ( < one week ] NO NO
physical damage of equipment
on site...)? ( 2.0ne week ) NO NO
f What is the avgrage timfe to \ ( <1 hour 1 NO NA
complete the intervention
(time to resolving the problem) <halfada NO NA
to critical failures (e.g. _ NO  NA [ X Weight
controller malfunction, ( <3 days ) YES NA factors
cc?mmunications failyre, ( < one week ] NO NA
physical damage of equipment
on site...)? { 2.one week ) NO NA
- SN S— T e R :
< half a da NO NA
What is the average response | _| NO  NA [ Weight
time to all reported failures? ( <3 days ) YES NA factors
\ y | < one week /' NO NA
( > one week J NO NA
e = | le——sthour _| NA NO
. < half a da NA NO
What is the average response -
time regarding user 2ca NA YES X Weight
complaints? | <3 days | NA NO factors
\_ ) | < one week ! NA NO
| > one week I NA NO
Inventory and report
* *
Does the inventory include a record of YES YES Weight
maintenance activity? factors
( {___Communication failures__| ~ NO  VES
Select the = o
: Vehicle detector failures YES  YES
maintenance
reports that Pedestrian detector failures YES  YES
are being 1 UPS device failures ] NO NA = x \fNelght
. t
made in your | Controller device failures | NO YES actors
agency abf)ut |_Signal system central software || NO YES
the following:
Signal system central hardware NO YES
L Hourly | NO NO .
4 How ) | Daily | YES YES
frequently are | | NO NO | [ weight
maintenance ( Monthy ) NO NO factors
reports made
in your L Annually ! NO NO
\ agency? ) | Never J NO NO

agency keep
record of the
following
specifics of —
each
maintenance
task and work

.
( Does your \ | Locations (where was maintenance performed) |

Equipment (hardware and software which was affected by work order

Type of work defined by work order

pe of work not defined by work order

| Duration of work

Used parts for reparations

Figure 3.1-10. Flowchart for evaluation of Maintenance (part 2)
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111

YES
YES
YES
YES
YES
YES
YES

YES |
NA
YES
YES
NA
NA
NA

Weight
factors

}_



The final subsection, in the Maintenance section, refers to the data available through SSCS. The
first indicator is the ratio between the duration of coordination failures and the total time when
signals should be coordinated. With a longer duration of the coordination failures, the lower
grade is achieved. Another indicator is a duration of the communication errors (expressed in
hours per year) which is divided by total number of hours in one year. The measure for reliability
of vehicle or pedestrian detectors is calculated when total number of detectors (pedestrian or
vehicle) is divided by number of detector malfunctions (pedestrian or vehicle).

A ratio between duration of all reparations of an average maintenance crew team (in hours) and
total number of hours in one year (2086) is subtracted from 1 to get an indicator of the
effectiveness of the average reparations. In order to collect this ratio, the maintenance inventory
needs to contain all maintenance actions (sorted per team) which needs to be compared to the
total duration of the time when controller doors were open (per year).

The utilization of reparation staff is assessed by dividing the total duration of routine and non-
routine reparations with total number of staff and the number of routine and non-routine
reparations per year. The number of signalized intersections is divided by number of routine and
non-routine reparations and such a measure indicates how many maintenance efforts, per
intersection, agency’s staff needs to perform in a year. Lower numbers indicate more
maintenance needed and a less reliable system.

SSCS - ATMS.now

Duration of coordination YES*  YES*/ Total time while signals YES*  YES* x Weight factor

failure should be coordinated
Time while .
communication errors YES*  YES* / 2086 work hours per YES* YES* X Weight
. year factor
were present in hours
Total number of vehicle . . Number of vehicle .
detectors YES* YES* / detector malfunctions X | Weight factor
Total‘number of YES*  YES* / Number of pedestrian NA NA X Weight factor
pedestrian detectors detector malfunctions
Duration of all
X
reparations performed NA NA [/ 2086 work hours per NA NA Weight
by average maintenance year factor
crew
Total duration of routine [ Number of routine Weight
and non-routine YES* NA /| Total number of staff / and non-routine YES* NA x faf:ltgor | |
reparations \ reparations
. . Number of routine and .
Number of S|gnal|zed / non-routine YES* NA X Weight
intersections . factor
reparations
Average duration of
routine and non-routine | YES* NA Weight factors

reparations

Figure 3.1-11. Flowchart for evaluation of Maintenance (part 3)

Some of the records that can be used to derive values for the maintenance section (e.g.
coordination failures or communication errors), are too numerous to be collected and processed
for the entire year, especially if the agency has a large number of traffic signals. A solution to
this issue could be to select the representative parts of network or time periods and extrapolate
the values for the entire year.
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3.1.7 Grading

After all of the data have been collected, and the evaluation process is done, all of the sub-
sectional grades are combined into a unique grade for the subject section. After defining a
grading scale, the numerical result of the evaluation process indicates level of service letter, for
each section. Further, by combining grades for the five sections, the level of service letter can be
obtained for the overall assessment of signal agency. Figure 3.1-12 illustrates the grading
process.
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Figure 3.1-12. General flowchart for proposed evaluation methodology

After all of the data have been collected, and coded in a spreadsheet that represents a counterpart
of the evaluation processes shown in Figures 3.1.11 to 3.1-11, all of the sub-sectional grades can
be averaged into an overall section grade, and an Evaluation Confidence can be derived for the
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subject grade. By combining the grades and Evaluation Confidences for all of the five sections,
one can calculate the overall Level of Service (LOS) letter and Evaluation Confidence for the
entire agency, for a given year.

Summary of the grades and the evaluation processes are presented in Table 3.1-1. The numerical
values, obtained through the assessment process described in Figures 3.1-1 to 3.1-11, were used
to derive a LOS grade for each section. Minimal and maximal values for each question are not
identical. Such ranges depend on formulas used for calculation of the relevant indicators and can
vary significantly. In order to make the grading scales and procedures uniform, the results are
normalized, as displayed in Table 3.1-1. Weighted grading scores are obtained when the
normalized grades are multiplied with the weighting factors (all of which have been assigned a
value of 1, in this study). The Evaluation confidence is a measure that represents reliability of the
grades. If a subsection did not get at least 50% of the answers, it was not used in the calculation
of the sectional grade.

The yellow cells in Table 3.1-1 indicate fields where formulas need to be changed if some of the
missing data become available. Also, some of the fields are empty because data for evaluation is
missing and therefore formulas behind those cells were adjusted not to take in account the
missing data.

Table 3.1-1 and Table 3.1-2 show the evaluation calculations for traffic signal operations and
maintenance for two agencies: City of Boca Raton and Palm Beach County, respectively. The
overall scores and evaluation confidences for these two agencies are different. The results shown
indicate current status of signal system components but they should be taken with caution. Small
differences in the grade score can lead into significant difference in the overall letter grade if the
evaluation score is near the threshold values (e.g. if Palm Beach County’s score was just 0.1
lower it would not get the LOS letter B). Also, the Evaluation confidence needs to be high in
order to fully stand behind the scores which may be calculated based on partial inputs.
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Table 3.1-1. Grades and evaluation confidence factors for City of Boca Raton

Partial Weighted| Evaluation | Grade Weighted
. ) ) Grade |Weight e ) Weight g . Evaluation Final Level of Evaluation
Section grade | Partial Grade subsection Grade | confidence |Value Per Grade per | Level of Service ) ) )
Value | factors ) factors i confidence (%)| Grade | Service |confidence (%)
num Value (%) Section Section
1 |Staff Training 50.0 1.0 50.0 100
2 [Monitoring 33.3 1.0 33.3 100
3 |User satisfaction 70.5 1.0 70.5 100
4 |Publicrelations 50.4 1.0 50.4 100
Cooperation with
5 . . X 25.0 1.0 100 54.7 1.0 54.7 C 94.4
neighboring agencies 25.0
6 |Safety and accidents 51.9 1.0 51.9 100
7 |Inventory 100.0 1.0 100.0 100
8 |Vehicles forinterventions 45.4 1.0 45.4 50
9 |SSCS 65.5 1.0 65.5 100
1 |G | . 1. 3. 1
cnera 639 0 639 % 514 | 10 51.4 c 75.0
2 |SSCS 38.8 1.0 38.8 50
1 |G | 62.5 1.0 62.5 100
cnera 625 | 10 62.5 c 50.0 57.5 ¢ 773
2 [SSCS #DIV/0! 1.0/ #DIV/0! 0
1 |Detection 47.8 1.0 47.8 80
M:r:?:tfxlr‘i:n 2 Data Collection and Storage 628 10 62.8 100
- : g 486 | 1.0 486 D 95.0
and Data 3 |Data Quality 50.0 1.0 50.0 100
Collection Weather and turning
4 33.7 1.0 33.7 100
movements
1 |Strategy 100.0 1.0 100.0 100
2 |Maintenance of equipment 57.9 1.0 57.9 60
Maintenance 3 [Reaction time 44.4 1.0 44.4 100 70.4 1.0 70.4 B 72.0
4 |Inventory and reporting 79.1 1.0 79.1 100
5 [sscs #DIV/0! 1.0[ #DIV/0! 0
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Table 3.1-2. Grades and evaluation confidence factors for Palm Beach County

Partial Normalized | Evaluation | Grade . Weighted X X X
) ) ) ) Weight Level of | Evaluation Final |Level of | Evaluation
Section grade | Partial Grade subsection Grade confidence |Value Per Grade per ) ) ) )
i factors i Service [confidence (%)| Grade | Service |confidence (%)
num Value (%) Section Section
1 |Staff Training #VALUE! 0
2 [Monitoring 57.1 100
3 |User satisfaction 70.4 75
4 |Publicrelations 32.5 100
5 |Cooperationwith 1000 50 574 | 10 57.4 c 75.0
neighboring agencies
6 [Safety and accidents 26.8 100
7 |Inventory 100.0 100
8 |Vehicles forinterventions 14.1 50
9 |[SSCS 58.2 100
1 | 49, 4
Genera 93 9 495 | 10 49.5 D 47.0
2 |SSCS #DIV/0! 0
66.8 B 68.5
1 |G I 93.8 100
enera 38 | 10 93.8 A 50.0
2 |[SSCS H#VALUE! 0
- 1 [Detection 53.3 80
Traffi
Mor:?tol:i:ng 2 |Data Collection and Storage 70.9 100
i 62.0 1.0 62.0 C 95.0
and Data 3 5\7ta (r);uallt\::I . 64.5 100
Collection 4 eather and turning 595 100
movements
1 [Strategy 100.0 100
2 [Maintenance of equipment 56.8 78
Maintenance 3 [Reaction time 50.0 100 715 1.0 71.5 B 75.6
4 |Inventory and reporting 79.1 100
5 [SSCS #VALUE! 0

Legend

The cells where weight factors for sections can be changed.
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In addition to the final LOS letter grade and the sectional grades (boundaries given in Figure
3.1-13), the outputs of the evaluation process can be summarized in the form of Signal System
Facts (Figure 3.1-14). This format, designed after a similar label for nutritional facts, can provide
a summary of the most important information related to signal system performance of an
individual agency. The authors of this report find that such a summary provides, at a glance,
better information than the five-section-grade card from NTSRC, without overwhelming a reader
with redundant information. Such Signal System Facts cards can be customized to include
various fields and to satisfy the agency’s own needs. For example, the agency might want to
show the average cost of the reparation instead of one of the displayed measures.

Grade Lower | Higher
Value | Value

A 83.34| 100.00

B 66.67| 83.33

C 50.00| 66.66)

D 33.33] 49.99

E 16.67| 33.32

F 0.00| 16.66

Figure 3.1-13. Grade scale

Signal System Facts

Contact Information

Signal System Facts

Contact Information

Agency City of Boca Raton

Agency Palm Beach County

Contact Person Rasem Awwad/Tracy Phelps

Contact Person Giri Jeedigunta, PE, PTOE

Email Address rawad@myboca.us

Email Address gjeedigu@pbcgov.org

Grading Grading

Overall Grade C Overall Grade B
Overall Score 57.5 Overall Score 66.7
Evaluation confidence 77.3% Evaluation confidence 68.5%

General Information

General Information

Population 91,000 Population 1,422,789
Annual Funding for Signal O&M $150,000 Annual Funding for Signal O&M NA
Annual Capital Investments $80,000 Annual Capital Investments NA

Operational Information

Operational Information

FTEs 10 FTEs 31
Signalized Intersections 136 Signalized Intersections 1047
Coordinated Signals 103 Coordinated Signals 639
Aver. Freq. of Signal Retiming Less than 1year Aver. Freq. of Signal Retiming 2-3years
Central Signal System ATMS.now Central Signal System ATMS.now
Malfunctions per year 1,581 Malfunctions per year Approx. 12,000
Annual Reparation Cost $150,000 Annual Reparation Cost NA
Response Time 48h Response Time 72h

Figure 3.1-14. Signal system facts - examples




3.1.8 Conclusions

The signal system evaluation (either for the purposes of self-assessment and/or comparison with
the other similar agencies) is very important process for several reasons:

e |dentifying issues that an agency faces

e Understanding the efficiency of the changes made after previous evaluation

e Defining future plans and strategies

e Quantifying financial performance-based rewards

This study is a step towards the development of evaluation methodology that can fully rely on
the available data and quantitative approach. Several important conclusions can be made from
this research:

1. Impartial and unbiased evaluation and grading, based only on numerical and logical values,
but not on personal opinion, is the way to improve current assessment practices.

2. The data that are difficult to extract, or not collected at all, can be identified and new
procedures and tools for data collection and processing can be proposed.

3. The proposed methodology advocates the use of weight factors to enable assigning higher
or lower importance to certain answer options, subsections or the entire sections of the
methodology. Thereby, users could define which aspects of the signal system operations
and maintenance are more important than others. That approach is recommended for
conducting the self-evaluation. For comparison with the other agencies, the weight factors
should be uniform for all agencies. Those weight factors should be defined after collecting
the data and performing the evaluation of a higher number of agencies, so the grading scale
and the weight factors could be defined after investigating the larger group of data and the
survey results.

4. There is a need for a regularly updated inventory of assets and detailed maintenance
activities. In such a way, the agencies would be better prepared for this, similar evaluation
efforts and other uses.

5. Some questions, especially the ones that require numerical answers, could help in
identifying the need for signal retiming or assessing the reliability of the systems
components.

6. The introduction of signal controllers with high-resolution data logging capabilities would
enable the usage of additional performance measures that would increase the significance
and the accuracy of current methodology. If that type of controllers becomes prevalent in
many agencies’ inventory, that type of evaluation will be possible, moreover necessary.

The time required for conducting the annual evaluation process is very important. If that time is
too long, it is possible that the agency staff will not be able or motivated to perform the entire
process. It is challenging to precisely specify the time that would be necessary to complete the
entire evaluation from the experience during the development of the methodology due to the fact
that some time is spent for determining possible data sources in each agency. Time for
completion will also depend on the fact if the questions marked with asterisk will be included in
the final version of the evaluation. In the current form, the evaluation can be completely done in
couple of days, including the data collection. It is important to stress that that time probably can
be reduced later when agency’s staff gets familiar with the methodology and know in advance
from where to gather the necessary data or make preparations for that process in advance.
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During execution of this research it was realized that this new annual evaluation methodology
needs to interface short-term performance and monitoring of signalized intersections, which
resulted in development of weekly/monthly performance and reliability evaluation dashboards.
These dashboards, their use, input data and other details are explained in the following parts of
this study.

The future research should consider proposed methodology with more agency subjects and create
procedures and tools for processing data that are readily available but not used to assess
performance of the signal-operating agencies. When the larger database of inputs from many
agencies is obtained, it will be recommendable to define the proposed weight factors and the
grading scale with a very high Evaluation Confidence. Also, integrating high-resolution data, and
relevant performance metrics, in similar methodology is one of the future research directions for
further quantification of the signal evaluation process.

3.2 Weekly/Monthly Evaluation

In order to provide more proactive monitoring of traffic signals, it is necessary to increase the
resolution of the evaluation and not track signal performance only once per year. Comparing to
the annual evaluation that was oriented towards assessment of the entire agency and all aspects
of signal system, the weekly/monthly evaluation is oriented more to operations and reliability of
the traffic signals and corresponding components in shorter intervals but with higher level of
details.

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. Two different
methods (for two agencies: City of Boca Raton and Palm Beach County) will be developed to
reflect their infrastructural and technological levels. The external systems for data collection will
be used to feed data into spreadsheet tools for weekly/monthly evaluation, but primary sources
will be SSCS and adaptive traffic control system reports and outputs.

Considering that monthly/weekly evaluations require large amounts of data (e.g. duration of
signal phases and other traffic signal parameters), and because of the need to investigate
integration of the external travel time data collection systems (Wi-Fi or Bluetooth), it is not
feasible to develop an evaluation tool for the spatial scope of the entire agency’s network.
Therefore, a scope for weekly/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. After defining
the subject corridor for the evaluation, all available technologies on a specific corridor can be
used to maximize the amount and quality of available data.

The selected corridor for the City of Boca Raton agency is consisted of 10 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 AL1A 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. One of the main reason for selecting these corridors is a good coverage (of both
corridors) with the ITS technologies that can provide significant amount of traffic data.
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3.2.1 Input Data

The data for inputs in the MS Excel tool, which is under development, will 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 input data. Most
of those data will come from two report types in ATMS.now - Split History Report and Field
Alarms Report (available in .pdf and .xls formats). The .xIs 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 .xIs reports
from ATMS.now into databases that will be used later. Following sections describe development
of those macros.

3.2.2 Macros for 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 operator needs to decrease the time interval and 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. Due to the fact that manual compilation of all of the files is a very time-consuming
job, the FAU research team has developed a set of macros for automatic compiling of all the
report files. These macros include:

1. “FAU Split history Report Analyzer.xIsm” - Macro for transforming the Split History
Reports into database for Traffic Signal System Performance Dashboard,

2. “FAU Phase Termination Analyzer.xIsm” - Macro for transforming the Split History
Reports into Terminations database

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

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

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 Table 3.2-1 below.
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Table 3.2-1. 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 evaluation 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 FAU research team 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.

The revised scope defines that weekly/monthly evaluation process needs to focus on assessing
performance and reliability of the traffic signals on the selected corridors. The following sections
describe the major performance and reliability indicators and measures that will be used in the
Excel dashboard for weekly/monthly monitoring. Some of these measures can be also used in
annual evaluation methodology if the examined corridor is considered an adequate representative
of the entire system. Having in mind that ATMS.now is very powerful SSCS, majority of the
measures are provided from the reports created by this SSCS.

3.2.3 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.
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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.
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Figure 3.2-1. Cycle length diagram

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.

Min, Max & Average Phase Duration
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Figure 3.2-2. 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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Number of Phase Activations
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Figure 3.2-3. 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 3.2-4. Phase duration distribution

123



Green to cycle ratio (phase splits)

This measure indicates the percentage of time that a certain movement utilized for green time of
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.

Phase Splits
S5P1 sP2 SP3 SP4

) 96 6

SP5 SP6 SP7 SP8

) 90 6

Figure 3.2-5. Phase splits diagram

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).
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Figure 3.2-6. 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 3.2-7. Phase terminations per type

3.2.4 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 mostly 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
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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 multiple reports are created.
On the other hand, analysis of the Split History Reports cannot be used for annual evaluation of
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).

Cabinet door opened - duration

The total amount of time when the cabinet doors are open, 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.
Longer periods when the cabinet doors are 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.

Number 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, spatial distribution. That enables the operator 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
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.

3.2.5 Attachments

With this report, four Excel files are submitted as tool for the annual evaluation methodology and
part of the Deliverable 3. Those files are:

1. Annual Evaluation Spreadsheet filled with hypothetical data of the Best Agency (defines
the maximal scores and results that an agency can get by using this methodology)

2. Annual Evaluation Spreadsheet filled with hypothetical data of the Worst Agency
(defines the minimal scores and results that an agency can get by using this methodology)

3. Boca Raton Annual Evaluation Spreadsheet — current (the annual evaluation performed
for City of Boca Raton agency using recently collected data)

4. PBC Annual Evaluation Spreadsheet — current (the annual evaluation performed for Palm
Beach County agency using recently collected data)

5. FAU Traffic Signal System Annual Evaluation Spreadsheet Ver 2 — the universal
spreadsheet tool that should be created for performing the evaluation of traffic agencies
in the future.
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4 Annual Evaluation Spreadsheet Tool — User Manual

The investments in traffic signal assets and relevant staff can bring improvements to agencies
who operate traffic signals, but without quantifying operations and maintenance, the true effects
of the improvements remain unknown. Even in cases where the budgets, number of signals and
staff sizes are similar, the resulting operational and maintenance performances can vary
significantly. In order to assess the main strengths, weaknesses and efficiency of an agency, a
comprehensive evaluation is needed. This is especially important if operations and maintenance
of the traffic signals are assigned to private companies or contractors, in which case, evaluation
or grading is contractually mandatory between the public agencies and private
vendors/consultants. Thus, the satisfactory evaluation results of the contractors’ performance
may be a necessary prerequisite for receiving the financial reimbursement for the provided
services to operate and maintain traffic signals.

A difficult part of the evaluation process is to define the performance measures that should be
observed, can be collected, and provide a comprehensive overview of the agency’s operations
and maintenance performance. Until now, several attempts have been made to develop a
methodology for such a comprehensive evaluation. The best known is certainly the effort of
National Transportation Operations Coalition with the creation and issue of the National Traffic
Signal Report Card (NTSRC). That type of evaluation had been performed in 2005, 2007 and
2012. It provided a good insight into the current status of traffic signal systems in several
different categories. However, there is a feeling that the NTSRCs rely too much on qualitative
(and thus subjective) information from the surveyed agencies. The goal of this research is to
address this shortcoming and propose a methodology which evaluates traffic signal agency
performance in a more quantitative way, with inputs and factors which are based on data-driven
outputs from the signal-operating agencies. It should be noted that the proposed methodology is
not fully quantitative and without subjective assessments. However, a significant effort has been
made to limit subjective assessments wherever possible.

The evaluation framework presented in this study is inspired on the inputs from multiple sources,
mainly research reports, papers presented in the literature review section. Due to the significant
differences of various agencies, it is challenging to create a single methodology that can be
applicable to all agencies while remaining comprehensive enough to evaluate the adequate level
of details of traffic signal operations and management. The annual evaluation can be used by an
agency to determine the status of the traffic signal system in various aspects. The agency can use
the proposed methodology to perform a self-assessment, or to compare its results with other
agencies. Both way, strengths, weaknesses and the efficiency of the agency’s signal systems
components are investigated. This methodology is intended for being used once per year, and all
it options cannot be used in case of shorter intervals of examination.
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The spreadsheet tool for annual evaluation of traffic signal system performance and maintenance
is accompanied by a Manual that will help the respondents to answer questions and fill proper
fields in the spreadsheet. The Manual explains the evaluation procedure question by question, for
all of the sections of the evaluation methodology. The potential data sources, the logic behind the
selected methodology and the challenges faced during the completion of the pilot project are all
addressed in this manual. After reading the Manual, agency staff should be able to complete the
evaluation procedure and perform the assessment for the agency’s traffic signal system.

The aforementioned pilot project is actually process of defining the available sources, questions
developing the methodology and implementing that proposed methodology on two selected
traffic agencies in Florida. Two selected agencies are the City of Boca Raton and Palm Beach
County.

In the annual evaluation methodology importance factor represents a weight which can be given
to certain choices throughout the entire assessment to emphasize their significance in overall
assessment methodology. For example, one could argue that it is more important, in the overall
framework of maintaining traffic signals to maintain a healthy detection system than to pay
attention to signal retiming procedures. Such Importance Factors are given to provide agencies
with flexibility to assess their operations and maintenance of signals in a customized way.
However, in this study, all of these factors were kept the same, in order to normalize the results
and avoid any potential bias towards certain agency’s policies, strategy and priorities. It should
be noted that specifying importance factors should be used for agencies’ self-assessment efforts
whereas when the performances are compared between various agencies, all of the factors should
be kept at the same values, unless there is a strong justification for the opposite.

To increase or decrease the influence of one subsection’s grade on the overall section’s grade,
the subsection grade can be multiplied by a higher or lower weight factor (between 0 and 1). In
this research project, all the weight factors have the same value of one (1). Similar to the case of
Importance Factors, if an agency wants to compare its results with those from the other agencies,
it needs to set its weight factors to be equivalent with those from the other agency. Although an
agency can change the weight factors in a custom way (e.qg. for the purpose a self-evaluation),
such an action is not recommended without a strong justification (e.g. to reflect handling traffic
during special events or around special areas (e.g. schools, hospitals).

Overall, the methodology has three levels of factors that influence the results:

1. Importance factors for certain answer choices for all questions
2. Weight factors for Subsections
3. Weight factors for Sections

By changing the weight and importance factors, the user can accentuate certain parts of the
methodology, or on the other hand, decrease the importance and the impact of that part. For
example, the user can change the default value of a subsection weight factor from 1 to 1.20 and
thereby increase the impact of the subject subsection for the 20% on the sectional grade and
consequently on the final grade. The opposite effect will be created if the weight factor is
changed to a smaller number (between 0 and 1).

For omitting the subsection from the calculation process (in case when data are not available, the
Evaluation confidence is lower than 50% or if that is the desire of the user), one just needs to set
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the weight factor value to 0. Then the subject subsection will be disregarded in the calculation of
the grade for the entire section and the general grade. That means the value of zero will not be
used in the calculation of the average score.

4.1 Contact and General Information

In the first part of the evaluation methodology, it is needed to collect general and contact
information of the responding agency. The contact information is used to identify and potentially
contact the person in charge at the interviewed agency.

In the general information subsection, several relevant data are collected to describe the subject
agency and the signalized network under its jurisdiction. The population of the city or county,
number of registered vehicles in the zone under jurisdiction, etc. are data used in the various
calculations later in the spreadsheet/evaluation. Table 4.1-1 provides explanation for each entry
in this section.
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Table 4.1-1. Contact and general information user manual

Contact Information

0.1 Name

Enter the name of person responsible of conducting the evaluation process.

0.2  Title

Enter the Title of the person from above.

0.3 | Agency

Name of agency (usually the name of a city or county).

0.4 Address

The physical address of the agency.
0.5 | City/Town

Enter the city in which the agency is located.

0.6  State/County

Enter names of the State and the County.

0.7 | Zip code

Enter the Zip code.

0.8 | Telephone contact

Enter the telephone number of the person responsible from above.
0.9  Email address

Enter the email address of the person responsible from above.

Note: Information provided above is not used in the grading process but only to document basics about
the agency and person responsible for filling the survey and performing the evaluation process.

General Information

0.10 | County/City population

Enter the approximate population of the city or the county under agency’s jurisdiction. If not
available from other sources please use the United States Census Bureau (www.census.gov).

0.11  Number of registered vehicles

Enter the number of vehicles registered in the city or county under agency’s jurisdiction. If
such information is not readily available, it can be obtained from Florida Department of
Highway Safety and Motor Vehicles (FLHSMV) (www.flhsmv.gov). The FLHSMYV provides
data per county. If an agency is smaller than a county, it is necessary to approximate the
number of registered vehicles (e.g. use a proportional number based on population of the area
under agency’s jurisdiction).
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0.12

0.13

0.14

0.15

0.16

0.17

Number of neighboring signal control agencies

Enter a number of agencies whose areas of jurisdiction are bordering with the agency’s area of
jurisdiction.

Number of streets with shared signal jurisdiction

Enter a number of streets with traffic signals that extend from the area under control of the
agency to the area under control of another (bordering) agency.

Total length of road network by the jurisdiction (miles)

Enter the total length of the road network under agency’s jurisdiction. If the information is not
readily available, it can be obtained through Florida Department of Transportation’s web-site
with GIS files (http://www.dot.state.fl.us/planning/statistics/gis/road.shtm). It is possible to
select all public streets with traffic signals (freeways are excluded).

Estimated annual funding for signal operations and management

Enter the approved funding for traffic signal operations and management for the current or last
year. This information is very illustrative of the efforts done to operate and maintain signals
and is used for a number of calculations. Thus it is very important to enter a value even if it is
only the best approximation.

Estimated annual funding for signal related capital investments

Enter the approved funding for capital investments in traffic signal system for current or last
year. Importance of the entry is similar as above.

Number of signalized intersections

Insert the total number of signalized intersections (with full signals).

Note: This subsection contains no calculations, but the data presented here are used in many other
sections for the evaluation and grading processes.

In the following chapters, all five sections similar to those from the National Traffic Signal Report
Card, are addressed in such a way to avoid any ambiguity when responding to the questions.
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4.2 Management

The Management section contains nine subsections addressing various important issues:
Number, expertise and training of regular and outsourced staff

Monitoring

User satisfaction

Public relations

Cooperation with adjacent agencies

Safety and traffic accidents

Inventory

Service vehicles number and activation

Signal System Central Software (SSCS)

All gquestions relevant for this section are addressed in Table 4.3-1.

Table 4.2-1. Management section evaluation user manual

perl, expe € adlll a J O cgulal alrld O O 10 d

1.1 | Number and expertise of in-house staff
Please enter number of employees, per qualification type, expressed in Full Time
Equivalents (FTEs). This number does not have to be an integer because a person can
be engaged part-time (40 hours per week if considered a full-time workload). If a
person is engaged 40 hours per week this should be entered as “1” in the
corresponding field.

1.2 | Number and expertise of outsourced staff
The number of FTEs for outsourced staff is required, if the agency employs outside
staff members. The inputs should follow the same rules as in the previous entry, where
the staff is divided in several groups (Managers, Engineers, Technicians, Admin staff
and others).

1.3 | Staff training

Represents types and quantities of staff training efforts each year. Respondents need to
enter the total number of training hours per training type (Basic signal timing,
advanced signal timing, ITS courses, hardware and communications and other). The
number of training hours is a product of number of staff who received training and
number of training hours that each staff member has taken. For example, if two
persons had, each, 8 hours of advanced signal timing training, the correct number
should be 16 hours.

Note: The subsection grade is calculated by adding all of the training hours and dividing them
with the total equivalent number of staff and 100.
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14.1

Number of staff designated to monitoring signal/traffic operations

The number of people that are designated to monitor traffic flows using CCTV
cameras, various software platforms and other TMC tools.

1.4.2

Number of hours (per week) designated for monitoring signal/traffic operations

Considering that staff from 1.4.2 may have other responsibilities, it is necessary to
approximate and enter a number of hours per week that are specifically used to
monitor signal/traffic operations.

1.4.3

Total number of engineering and technician staff (regular and outsourced)

This number is calculated automatically from entries 1.1 and 1.2 and it represents the
sum of all engineers and technicians engaged both within the agency and out-sourced.

1.4.4

Average number of work hours per week (for the staff from entries 1.4.1/1.4.2)

If the staff is engaged full-time than enter 40 hours, otherwise enter the exact number
of hours per week.

Note: Product of 1.4.1 and 1.4.2 is divided by product of 1.4.3 and 1.4.4

e CA A .
1.5.1 | Number of complaints per year
Number of complaints on traffic signals per year over the telephone, mail, web site or
any other mean of communication.
15.2 Is there a publicized call-in telephone number and web site that the public can use to

report malfunctions, ask questions and suggest operational improvements?

The requested answer is 1 (Yes) or 0 (No).

Note: The User satisfaction partial grade represents a sum of values from entries 1.5.1 & 1.5.2.

PUD Relatlo

1.6 | Average time from receiving complaint until responding to it
Enter an average response time that an agency needs to address a reported issue. Select
one of the provided answers and enter “1” next to it.

1.7 | Information available to public
Select all of the types of information that the agency shares with public by entering
“1” in the corresponding fields.

1.8 | Means of communication with the public

Select all of the means of sharing information with the public by entering “1” in the
corresponding fields.

Note: Sums for answer groups are divided by maximum number of points (100) to calculate
grade for this section.
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Cooperation With the Neighboring Agencies

1.9.1 | Number of neighboring agencies for information and data exchange

Enter number of neighboring agencies with which information and data are shared

1.9.2 | Number of inter-coordinated signalized streets shared with the neighboring agencies

Enter number of signalized corridors which are coordinated in agreement/
communication with the other neighboring agencies

Note: Entries used to relate with the data from entries 2.3 and 2.4 from General Information.

Safety and Accidents

1.10.1 | Number of accidents on streets close to traffic signals

If an agency does not have its own database with traffic accidents, or cannot provide
these data from any other source, such data can be obtained from Signal Four
Analytics (https://s4.geoplan.ufl.edu/). To get the appropriate results, the respondent
needs to set appropriate filters in Signal Four Analytics:
e Geographic extent should be set to City or County jurisdictional boundaries
e Network extent should be set to Intersection.
o Intersection offset distance can be set to 150 feet.
e For road circumstances None, Other and Unknown should be selected to exclude any
special situations that can cause traffic accidents.
e For Road System Identifier filter, select U.S., State, County and Local roads and
streets. In such a way, the probability that the recorded accidents are related to all of
the traffic signals is maximized.

1.10.2 | Number of accidents involving red-light running

For accidents caused by running the red lights, the Common Violations filter in Signal
Four Analytics needs to be set to Run red lights, while the other settings should remain
the same as explained under entry 1.10.1.

1.11.1 | Is there an up-to date inventory of all of the signal equipment including spare parts?
If the answer is Yes insert 1; if No, insert O.

and A atllo

1.12.1 | Number of vehicles in operation by shift

Type in the number of vehicles used for interventions on traffic signals per work shift.
Include cars, pick-up trucks, vans, trucks and bucket-trucks.
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1.12.2 | Miles travelled per vehicle (in thousands)

Enter (an approximate) average number of miles that a vehicle used by the agency
travels per year (on signal operations and maintenance activities).

1.12.3 | The vehicle coverage ratio

Value in this filed is automatically calculated by dividing the number of utilized
vehicles (1.12.1) and the total length of road network (2.5).

Note:

Signal System Central Software (SSCS)

1.13.1 | Does the agency has SSCS software?
If Yesinsert 1, if No insert O.

1.13.2 | How many intersections are connected to SSCS?

Enter number of signals that can be accessed through the SSCS. This number is later
related to the total number of signals.
1.14 | Type of SSCS software

Select the type of SSCS software by entering “1” in the appropriate field. This answer
is not used to judge quality of operations but only to define some of further questions,
as various SSCSs may have different options and functionalities.

1.15 | Functionality of SSCS

Select all options that the subject SSCS contains by entering “1” in the appropriate
fields.

1.16 | Number of staff that actively use SSCS software

Enter number of agency personal who regularly and actively use the SSCS software.

1.17 | Has the agency set alarms to inform persons in charge about system malfunctions?

For Yes insert 1, for No insert 0.

1.18 | Select means used to inform persons in charge about events that trigger alarms

For all of the communication means that the agency use, enter “1” in corresponding
fields.

Note:

4.3 Traffic Signal Operations

The Traffic Signal Operations section addresses the questions related to the traffic signal’s
performance. By answering the carefully selected questions, the respondents provide the input
data for the evaluation process.
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2.1

Table 4.3-1 Traffic signal operations section evaluation user manual

General

Does agency utilize any traffic responsive or traffic adaptive control?

If yes, enter 1. Otherwise, enter 0.

2.2

Are field reviews of signal operations performed at least once a year?

If the reviews are performed at least once per year, enter 1. Otherwise, enter 0.

2.3

Are ad-hoc changes of signal timings performed for all legitimate complaint calls?

If yes, enter 1. Otherwise, enter 0.

2.4

Avre sights distances to intersections reviewed for all new traffic signal installations?

If the sights distances to intersections are reviewed before determining the positions and the
number of signals, then enter 1. Otherwise enter 0.

2.5

Are advanced warning indications installed where limited site distances exist?

If flashers or additional signal heads are installed where limited site distances exist, then enter 1.
Otherwise, enter 0.

2.6

Number of signalized intersections adjusted for visually impaired persons.

Enter the exact number of intersections adjusted for visually impaired persons. This number is
later related to the total number of signalized intersections.

2.7

Actual time to implement, evaluate and fine-tune new signal timings (in weeks).

Enter average actual time (in weeks) necessary for the agency to implement, evaluate and fine-
tune new signal timings.

2.8

Expected time to implement, evaluate and fine-tune new signal timings (in weeks).

Enter average expected time (in weeks) necessary for the agency to implement, evaluate and fine-
tune new signal timings.

2.9

Frequency of signal retiming

Select one of the offered options, which best represents frequency of the signal retiming of the
subject. Enter “1” in the corresponding field.

2.10

Number of coordinated traffic signals

Enter number of coordinated signals under jurisdiction of the subject agency.

Note: Grade for this subsection represents the sum of all of the scores for entries above.
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Signal System Central Software - SSCS

2.11 | Number of special events, disasters, VIP routes and emergency signal timings

Enter number of signal timings created for special events, natural disasters, emergency and VIP
routes for all signals.

2.12 | Total number of signal timing plans

Enter the total number of signal timing plans for all of the signals.

2.13 | Number of school zone manual flash signals

Enter the total number of manual flash signals in school zones inside the area of the agency's
jurisdiction.

2.14 | Number of schools

Enter number of schools in the jurisdiction area of the subject agency.

2.15 | Number of intersections with preemption capability

Enter number of signals with capability to activate preemption.

2.16 | Number of intersections with Public Transit prioritization capability

Enter number of signals that have capability to provide priority to Public Transit vehicles.

2.17 | Total number of signalized intersections along PT routes.

Enter total number of signals along all of the Public Transportation routes.

2.18 | Average number of hours per day when adaptive system is active

Enter an average number of hours when adaptive system is active (in case that agency uses one).

2.19 | Number of hours with congestion (per day, week, month)

Enter approximate number of hours with congestion on the most important corridors (or zones) in
the network (it can be per day, week or month depending of the available data).

2.20 | Total number of hours per observed period (in day, in week, in month...)

Enter the total number of hours during the period selected under 2.19 (e.g. number of hours in a
day, in a week, or in a month).

2.21 | Number of cycle failures

Enter number of cycle failures, as reported by the ATMS.now (for all signals). Additional data

processing needs to be performed to derive this information for the entire network. Macros and

Dashboard tools developed by the FAU research team can be used to obtain this information. A
value entered here needs to correspond to the period selected in the entry 2.22.
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2.22 | Total number of cycles per observed period
Enter number of cycles for all signals (or a selected representative zone) as reported by the
ATMS.now Split History Report. Additional preprocessing needs to be done to derive this
information from the ATMS.now data. The FAU research has developed macros and Dashboard
tools to retrieve this information. It is possible to use the data for a period shorter than a year.

2.23 | Number of cycle faults
Enter number of cycle faults for all signals as reported by the ATMS.now. Additional
preprocessing needs to be done to derive this information from the ATMS.now data. The FAU
research has developed macros and Dashboard tools to retrieve this information. A value entered
here needs to correspond to the period selected in the entry 2.22.

2.24 | Time that coordination has been in transition
Enter duration of events (in hours) when the coordination has been in the transition for the period
of your choice (the entire year, 6 months...)

2.25 | Time the coordination is active
Enter the entire time (in hours) when the coordination was active for the same period used under
entry 2.24 above.

2.26 | Coordination failure
Enter the number of coordination failures for the previously selected period (entries 2.24 and
2.25).

4.4 Signal Timing Practices

In Signal Timing Practices section, the goal is to determine which performance measures, data
types, and signal timing software are used by the agency’s staff when creating new signal timing
plans. It is assumed that if the input in the signal retiming process is better, the output will have a
higher quality. A guidance to correctly complete this part of the evaluation is provided in the
Table 4.4-1.

Table 4.4-1. Signal timing practices evaluation user manual

General

3.1

Records of conflict situations used to identify signalized intersections at which safety could be
improved by revising signal operations (e.g. protected turns...)

Does the subject agency use the data about conflicts at signalized intersections in the process of
creating new signal timings or signal strategies? If the answer is Yes enter 1, otherwise enter 0.

3.2

Performance measures that agency collects

From the provided list of performance measures, select those that are used by the subject agency
to create new signal timings. Enter “1” in the corresponding fields next to the performance
measure name.

3.3

Signal timing optimization software (Synchro, PASSER, TRANSYT, etc.) to develop new signal
timings?
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If staff from the subject agency uses signal timing optimization software in the process of
developing new signal timings enter 1, otherwise enter 0.

3.4 | Parameters used to develop new signal timings

Select the parameters which are used for development of new signal timings. In the provided list
enter “1” for all of the parameters which are used. The other fields should have zeros.

Note: The answers are summed into one subsection grade.

Signal System Central Software - SSCS

3.5 | Average duration of splits per AM, Midday and PM period

Enter average durations of phase green times per AM peak, Midday and PM peak periods.
Dashboard for weekly/monthly evaluation of signals, developed by the FAU Research team, can
be used for this task.

3.6 | Duration of programmed splits

Enter programmed durations of phase green times per AM peak, Midday and PM peak periods
from signal timing sheets.
3.7 | The number of times a phase was activated in a given evaluation period

Enter number of times a certain phase was activated (green) in an evaluation period. Dashboard
for weekly/monthly evaluation of signals, developed by the FAU Research team, can be used to
retrieve this information.

3.8 | Maximum number of times that phase could be activated

Enter the maximum number of times when a phase could be activated (equivalent to a number of
cycles for such period).

Note: The methodology in this subsection is suitable for investigation of one signal phase

4.5 Traffic Monitoring and Data Collection

The Traffic Monitoring and Data Collection is a very important aspect for any modern traffic signal
agency in nowadays data-rich environment. The detection (number, types and practices), data
collection and storage, checking the quality of collected data and other relevant data are grouped
into four subsections shown in Table 4.5-1.

Table 4.5-1. Traffic monitoring and data collection evaluation user manual

4.1 | Total number of detectors
Enter number of all vehicle detectors that the subject agency has.
4.2 | Detection distribution by type

Enter, in the corresponding cells, number of detectors of each type that the subject agency has.
This information is not used to derive grades but is used in the summary section (Signal System
Facts).

4.3 | System detectors
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Specify if the subject agency uses system detectors and their locations. Enter “1” in the
corresponding fields, or enter “0” if no system detectors are used.

4.4

Data collected by the system detectors

Select the data types that the subject agency collects by entering “1” next to the corresponding
fields. Types which are not supported should be given “0”.

4.5 | Use of queue detectors
Enter “1” if queue detectors are used, otherwise enter “0”.
4.6 | Calibration of video detectors

Select the factors for which the video detectors are calibrated by entering “1”, or “0” for those
which are not supported.

4.7

Frequency of calibration of video detectors

Specify frequency of video detection calibration by entering “1” (or “0”) in corresponding fields.

4.8

Data Collection and Storage

Data archiving methods.

Specify archiving methods of the subject agency practices by entering “1” in the corresponding
fields, or “0” if such methods are not used.

4.9

Data types stored in the signal system database.

Specify which of the data are stored in the signal system database by entering “1” in the
corresponding fields, otherwise enter “0”.

Sharing data reports

For every institution type with which the agency shares the data, either on regular or “per request’
basis, enter “1”. For those which are not applicable enter “0”.

Select the technologies used to collect vehicle travel times.

Enter “1” for each technology that the subject agency uses to collect vehicle travel times. For the
technologies that are not used enter “0”.

Data Quality
4.12

Data quality, consistency and correctness

If the data collected by the subject agency are checked for quality, consistency and correctness
enter “1” in the corresponding fields. Otherwise, enter “0”.

Frequency of collected travel times
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Specify which of the offered options best describes how often the subject agency collects the
travel time data, by entering “1” in the appropriate field. Other options should be “0”.

414

Frequency of collected vehicle delays

Specify which of the offered options best describes how often the subject agency collects the
vehicle delay data, by entering “1” in the appropriate field. Other options should be “0”.

4.15

Frequency of collected signal timings

Specify which of the offered options best describes how often the subject agency collects the
signal timing data, by entering “1” in the appropriate field. Other options should be “0”.

Weather and Turning Movements

4.16

Number of weather stations located on the territory under agency's jurisdiction

Enter the number of weather stations located on the territory under agency's jurisdiction.

4.17

Locations of turning movement counts

Enter number of locations at which the turning movement counts are collected in period of one
year.

4.18

Frequency of turning movement count data collection

From the provided options select one which best describes practice of the subject agency by
entering “1” in the corresponding field. The other cells should be filled with “0”.
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4.6 Maintenance
Detailed instructions for answering each question in this section are provided in Table 4.6-1.

Table 4.6-1. Maintenance section evaluation user manual

5.1 | Do maintenance agreements require performance monitoring and report?

If Yes enter 1, if No enter 0.

5.2 | Does agency use performance measures to evaluate its signal system maintenance?

If Yes enter 1, if No enter 0.

5.3 | Number of detectors out of function per year

Enter the number of detectors that experience malfunctions in a year.

5.4 | Duration of detectors failure per year

Enter the total duration (in hours) of detector failures per year.

5.5  Adjustments made to reflect deployment of new equipment

When new equipment is installed, does the staff of the subject agency make necessary
adjustments based on the characteristics of that equipment? If yes then enter 1, otherwise 0.

5.6 | Checking alignment and position of all signal heads and signs

Select an interval that most closely describes the frequency of checking the alignment and
position of the signal heads in the subject agency by entering 1 in the corresponding field. Other
answers should be filled with 0.

5.7 | Checking operability of signal controllers

Select the interval that most closely describes the frequency of checking the operability of the
signal controllers under the subject agency by entering 1 in the corresponding field. Other
answers should be filled with 0.

5.8 | Checking operability of communication infrastructure

Select the interval that most closely describes the frequency of checking the operability of the
communication infrastructure (router hubs, fiber optics, internet connection, wireless
connection...) under agency's jurisdiction by entering 1 in the corresponding fields. Other
answers should be filled with 0.

5.9  Checking operability of Signal System Central Software
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Select the interval that most closely describes the frequency of checking the Signal System
Central Software under agency's jurisdiction by entering 1 in the corresponding fields. Other
answers should be filled with 0.

5.10 | Checking operability of signal heads

Select the interval that most closely describes the frequency of checking the operability of the
signal heads under agency's jurisdiction by entering 1 in the corresponding fields. Other answers
should be filled with 0.

5.11 | Frequency of synchronizing controllers' clocks

Select the interval that most closely describes the frequency of synchronizing the clocks of
controllers under your agency's jurisdiction? Select the closest answer by entering 1. Other
options should have 0.

5.12  Total cost of all reparations per year

Enter the total amount of money spent for all reparations in a year.

5.13 | Number of all malfunctions per year

Enter the number of all malfunctions recorded in a year.

5.14 | Number of changed lightbulbs

Enter the total number of changed lightbulbs or LED modules in a year, all of the signal heads
under agency's jurisdiction.

5.15 | Total number of lightbulbs

Enter the total number of lightbulbs or LED modules that the subject agency has in all of the
installed signal heads.

Notes: The entries 5.12 and 5.13 are not included in the grading method but they can be used for
calculating the average cost per one maintenance intervention and/or can be presented in Signal System
Facts sheet.

Average response time for critical failures (e.g. controller malfunction, communications failure,

e physical damage of equipment on site...)
Select an average response time that most closely describes the average time the subject agency
needs to start addressing the critical failures, by entering 1 in the appropriate field. Other
responses should have 0.

517 Average time to complete an intervention (resolve a problem) of critical failures (e.g. controller

malfunction, communications failure, physical damage or equipment on site...)

Select the answer that best describes an average time the subject agency needs to complete the
intervention for critical failures, by entering 1 in the appropriate field. Other responses should
have 0.

5.18 Average response time to all reported failures
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Select the answer that best describes an average time the subject agency needs to complete the
intervention for all failures, by entering 1 in the appropriate field. Other responses should have
0.

5.19

Average response time regarding user complaints?

Select the answer that most closely describes average time the subject agency needs to respond
to user complaints, by entering 1 in the appropriate field. Other responses should have 0.

5.20

Inventory and Reporting

Record of maintenance activity

Enter 1 if the inventory kept by agency contains the records of maintenance activities. Otherwise
enter 0.

5.21

Maintenance reports

Select the failure types that are being reported by the subject agency. Enter 1 for all of the
options that apply. The other fields should have 0.

5.22

Frequency of the maintenance reports

Select the frequency of creating the maintenance reports by the subject agency. Enter 1 for the
best option; enter O for all others.

5.23

Keeping records of the specifics of maintenance tasks and work orders

For the offered options enter 1 for any information type, about maintenance tasks and work
orders, that apply; otherwise enter 0.

Signal System Central Software - SSCS

5.24  Duration of coordination failure
Enter the total duration (in hours) of the coordination failures in a year.
5.25  Total time when signals should be coordinated
Enter the total time (in hours) when signals should be coordinated. For example, if coordination
is supposed to be 16 hours per day, multiply this number with number of days per year.
5.26 = Time while communications errors were present in hours (per year)
Enter the total duration (in hours) of the communication errors, for all intersections, in a year.
5.27 ' Number of vehicle detector malfunctions
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5.28

5.29

5.30

5.31

5.32

5.33

Enter the total number of vehicle detector malfunctions in a year.
Number of pedestrian detector malfunctions
Enter the total number of pedestrian detector malfunctions in a year.

Total number of pedestrian detectors

Enter the total number of pedestrian detectors (pushbuttons) installed at all of the intersections
under agency’s jurisdiction.

Duration of all repairs made by an average maintenance crew per year

Enter duration (in hours) for all reparations that an average maintenance crew performed in a
year (excludes preventive maintenance).

Total duration of routine and non-routine reparations

Enter duration (in hours) for all routine and non-routine reparations that the maintenance staff
performed in a period of one year.

Number of routine and non-routine reparations

Enter the total number of all routine and non-routine reparations that the maintenance staff
performed in a period of one year.

Average duration of routine and non-routine reparations

This value will is calculated automatically based on the answers to previous entries.

4.7 Grading Procedure

After all of the entries are addressed all of the partial grades (for each subsection) are combined
into a single grade for the subject section. In each of the provided sheets a respondent can select
weight factors for each subsection. In this way a respondent (representative from the subject
agency) can alter individual impacts of the subject subsection on the total sectional grade. Such
modification of sub-sectional weights are recommended only in the case when the agency wants
to perform a self-evaluation. For inter-agency comparisons, all weight factors should be kept the
same, to have consistent results. Once the weighting of the partial grades is finished, they are
normalized and translated into values on a scale from 0 to 100. Figure 4.7-1 explains graphically
the grading process.

146



Partial
grade 1

Weight
factor

x

Partial
grade 2

Weight
factor

Partial
grade 3

Weight
factor

Partial
grade4

Weight
factor

x

Partial
grade5

Weight
factor

Partial
grade 1

Weight
factor

Partial
grade 6

Weight
factor

Partial
grade 1

Weight
factor

Partial
grade 2

Weight
factor

x

Partial
grade7

Partial
grade3

Weight Partial X Weight
factor grade 2 factor

X Weight Partial X Weight Partial X

factor grade1 factor grade 1
Partial X Weight Partial X Weight Partial X Weight
grade9 factor grade 2 factor grade 2 factor

|

Weight
factor

Partial
grade 8

Weight
factor

Partial
grade3

Partial
grade4

Weight
factor

Weight
factor

x

Partial
grade4

Weight
factor

Partial
grade5

Weight
factor

x

x

x

x x x x x
x x

x

<—

| | |

Traffic Signal Traffic Monitoring and

Management Section
Grade

Signal Timing Practices
Section Grade

Maintenance Section

(o) tions Secti
perations Section Grade

Grade
X
Traffic Signal

Data Collection Section
Grade

X
Traffic Monitoring and

XI
><l
><|

Management Weight
Factor

Signal Timing Practices
Weight Factor

! ,
[ Final LOS Grade ] [ Signal System ]
Facts

Maintenance Weight
Factor

Operations Weight
Factor

Data Collection Weight
Factor

Figure 4.7-1. General flowchart for proposed evaluation methodology

After all data have been entered in the evaluation spreadsheet, all sub-sectional grades can be
averaged into an overall sectional grade, and the Evaluation Confidence can be derived for the
subject grade. The Evaluation Confidence is a parameter calculated by dividing number of
addressed entries (answered questions) and the total number of entries. It is recommended that
the subsections with Evaluation Confidence lower than 50% are not used in further calculation of
the sectional grades. Evaluation Confidence for the entire section (or final grade) is calculated as
an average value of sub-sectional Evaluation confidences (or sectional for the final grade). By
combining the grades and Evaluation Confidences for all of the five sections, one can calculate
the final Level of Service (LOS) grade and Evaluation Confidence for the entire evaluation
process.
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Considering that all of the subsection grades are normalized, the grading overall scale is set with
a range between 0 and 100. This range is further divided in six equal parts where the highest
score of 100 equals to the grade A, and the lowest (from 0 to 16.66) equals grade F. The other
grades are assigned based on the appropriate values in between. Numerical results for each
section indicate which LOS grade the agency gets for a specific section. By combining the
grades for the five sections, the LOS grade for the evaluation is obtained.

Table 4.7-1. The grade scale

Lower Higher

Value Value Grade
0.00 16.66 F
16.67  33.32 E
33.33  49.99 D
50.00 66.66 C
66.67 83.33 B
83.34  100.00 A

Green cells in Table 4.7-2 indicate fields where a user can modify the value of weight to increase
or decrease the importance of that particular section when calculating the overall evaluation
grade.
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Table 4.7-2. The overview of calculation and grading process

Partial Normalized | Evaluation | Grade . Weighted X . .
) ) ) ) Weight Level of | Evaluation Final |Levelof | Evaluation
Section grade | Partial Grade subsection Grade confidence |Value Per Grade per i ) ) )
i factors . Service |confidence (%)| Grade | Service |confidence (%)
num Value (%) Section Section
1 |Staff Training #VALUE! 0
2 [Monitoring 57.1 100
3 |User satisfaction 70.4 75
4 |Publicrelations 32.5 100
5 |Cooperationwith 1000 50 574 | 10 57.4 C 75.0
neighboring agencies
6 [Safety and accidents 26.8 100
7 |lnventory 100.0 100
8 |Vehicles forinterventions 14.1 50
9 |[SSCS 58.2 100
1 | 49, 4
Genera 93 9 495 | 10 495 D 47.0
2 |SSCS #DIV/0! 0
66.8 B 68.5
1 |G I 93.8 100
enera %38 | 10 93.8 A 50.0
2 |SSCS H#VALUE! 0
- 1 [Detection 53.3 80
Traffi
Mor:?tolr(i:ng 2 |Data Collection and Storage 70.9 100
i 62.0 1.0 62.0 C 95.0
and Data 3 aita (;lluallt\:j : 64.5 100
Collection 4 eather and turning 595 100
movements
1 [Strategy 100.0 100
2 [Maintenance of equipment 56.8 78
Maintenance 3 [Reaction time 50.0 100 715 1.0 71.5 B 75.6
4 |Inventory and reporting 79.1 100
5 [SSCS #VALUE! 0

Legend

The cells where weight factors for sections can be changed.
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4.8 Evaluation Outputs

The evaluation methodology presented in the previous sections produces two major outputs:
e Summarized table with grades (overall and sectional)
e The Signal System Facts Card (SSFC)

The Summarized table (Table 4.8-1) with grades provides the scores and the grades for all five
sections and the final score and grade. Therefore, by this table a user is given an overview of the
evaluation results: sectional scores and weighting factors assigned to that section, weighted
scores, Evaluation Confidence and the Level of Service.

Table 4.8-1. Summarized grades

NTSRC Grades
Score factor Confidence (%) | Service
Management 54.6 54.6 94.4 C
2 Traffic Signal Operation 51.4 1 51.4 75.0 C
3 Signal Timing Practices 62.5 1 62.5 50.0 C
4 Tnzf:'zm:::g:"g 20¢ 48.6 1 48.6 95.0 D
5 Maintenance 70.4 1 70.4 72.0
Total: 57.5 77.3

The SSFC, designed after a similar label for nutritional facts, can provide a summary of the most
important information related to signal system performance of an individual agency. Such a
summary provides, at a glance, the most useful information without overwhelming a reader with
redundant information. Such Signal System Facts Cards can be customized to include various
fields of agency’s particular interest. An example of such information is provided below in
Figure 4.8-1. In another case, for example, an agency may want to show the average cost of the
reparation instead of one of the currently displayed measures.
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Signal System Facts

Contact Information

Signal System Facts

Contact Information

Agency City of Boca Raton

Agency Palm Beach County

Contact Person Rasem Awwad/Tracy Phelps

Contact Person Giri Jeedigunta, PE, PTOE

Email Address rawwad @myboca.us

Email Address jeedigu@pbcgov.or

l

Grading Grading

Overall Grade C Overall Grade B
Overall Score 57.5 Overall Score 66.8
Fvaluation confidence 64.1% Evaluation confidence 67.4%

General Information

General Information

Population 91,000 Population 1,422,789
Annual Funding for Signal O&M $150,000 Annual Funding for Signal O&M NA
Annual Capital Investments 580,000 Annual Capital Investments NA

Operational Information

Operational Information

FTEs 10 FTEs 31
Signalized Intersections 136 Signalized Intersections 1047
Coordinated Signals 103 Coordinated Signals 639

Frequency of Signal Retiming Less than 1year

Frequency of Signal Retiming Less than 1year

Central Signal System ATMS.now Central Signal System ATMS.now
Malfunctions per year 1,581 Malfunctions per year 12,000
Annual Reparation Cost 5150,000 Annual Reparation Cost NA
Response Time 48h Response Time 72h

Figure 4.8-1. Signal system facts card examples

The Table 4.8-2 below, provides the explanations about how to interpret the results of the
evaluation. The positive and the negative outcomes are elaborated, so the users can interpret
correctly the scores and grades created after conducting the evaluation process. By investigating
the scores for the specific section or subsection, the user can identify the existing issues and
timely address them.
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Table 4.8-2. The positive and the negative outcomes from the evaluation process

No. Section Description of Positive Outcomes Description of Negative Outcomes
The agency invests in the staff training, enough staff|The Signal System Central Software or some of its
members are involved in active monitoring, the existing functionalities are not used. The agency's
agency is opened for communication with the level of equipment is not adequate, the inventory
public and the users are satisfied with the service |about the equipment and the spare parts does not
1 ([Management . . . .
provided by the agency. The agency is well exist. The agency could cooperate better with other
equipped in terms of central software, hardware neighboring agencies or public and the agency could
related to traffic signals but also for support and put more effort in staff training and monitoring.
maintenance activities (e.g., vehicles) Large number of user complaints.
The agency uses advanced strategies for traffic Congestion appears often on parts of the network,
control (traffic responsive or traffic adaptive), the [not enough flash signals in the vicinity of schools,
frequency of the signals retiming is high, the lack of signal timings for special events, disasters,
2 Traffic Signal |percentage of the intersections that are VIP routes or other emergency situations. The
Operations |coordinated is high, the field reviews are agency does not use traffic adaptive or traffic
performed regularly. The percentage of responsive control, the field reports are not
intersections with the capability for preemption performed regularly and the percentage of the
and giving priority to PT vehicles is a plus. signals that are coordinated is low.
. o L The difference between average duration of actual
The agency uses signal timing optimization software| . . . . .
. splits and programmed splits for different periods is
and multiple performance measures and L , .
i . . ) . significant. The agency's staff does not use signal
Signal Timing [parameters for creating new signal timings. The . L .
3 . . . timing optimization softwares for developing new
Practices difference between average duration of actual . .
. - ] . . [signal timings. Very few performance measures or
splits and programmed splits for different periods is - . .
minimal parameters is used in the process of developing
’ new performance measures.
. . . The agency has small number of detectors and the
The agency is equipped with large number of .
> . . : detectors are not calibrated regularly. The agency
) detection devices, the functionality of those .
Traffic L . does not have data from the weather stations. The
. devices is regularly checked and the devices are .
Monitoring ) data collected from the detectors is not checked for
4 calibrated. The agency stores large number of data . .
and Data . quality, consistency and correctness. Also, the
X types, and checks the quality of the collected data. : o
Collection , ] ) resolution of data collection is not frequent
Data about turning movement counts is being )
. . enough. The turning movement counts are not
collected on many locations and on a regular basis.
collected or ther are collected rarely.
Coordination, communication, detector and other
The agency frequently checks the operability of all .
. malfunctions happen too frequent. The agency does
equipment, uses the performance measures to . .
) ) ] not keep the inventory about maintenance
evaluate the signal system maintenance. Time for L .
. . . . activities, or does not update that inventory
5 |Maintenance |reaction and resolving the problem is not too long.

The agency keeps thorough and comprehensive
inventory about the maintenance activities.
Percentage of faulty equipment is not too high.

frequently. Average time for reacting and finally
resolving the problem is not short, and the
equipment is not checked for operability frequent
enough.
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5 Weekly/Monthly Dashboard Tools

Due to the need for a frequent assessment of traffic signal system’s performance and reliability,
two weekly/monthly assessment 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 efficiency aspects of traffic signal system, and it reflects
operational traffic impacts of traffic signals. The input data (cycle lengths, active patterns,
duration of each phase per each cycle and phase terminations) are processed in order to derive
several measures that are presented graphically. In this way signal timing engineers, or other
users, can interpret signal performance without a need to spend a lot of time on data processing
and calculations. All of the signal parameter changes are being stored by Split History reports in
ATMS.now and the dashboard performance measures are processed from these records.

The TSSRD dashboard is created to help engineers and other users to analyze reliability of the
traffic signal systems. Such an analysis is aided by observations of the graphical and numerical
outputs that TSSRD dashboard creates after processing the alarm data from the ATMS.now Field
Alarm reports.

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 ready
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 evaluations have 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 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, and at the same tame provides very useful tool for self-evaluation.
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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 weekly or monthly evaluation of traffic signal operations. During
the visits, the agency’s current hardware, software current practices for monitoring and
evaluation, 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
evaluation 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. In order to simplify the
process of collecting the ATMS.now data, the FAU researchers used only one report type per
each dashboard. More specifically, 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:

=

Spanish River Boulevard
Lynn University
Potomac Road

Banyan Boulevard

Butts Road

19" Street

Town Center Drive
Lennox Drive

South Verde Trail

©OoN O WD

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 assessment 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 from them 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.

2.

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.
Reports transformation - Execute “FAU Split History Report Analyzer.xsIm” 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.

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.xsIm” 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.

Refresh the data — Go to Dashboard Pgl sheet, click on Refresh button.

Reports transformation (Phase terminations) - Execute “FAU Phase Termination
Analyzer.xsIm” 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.

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.xsIm,” 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.

Refresh the data — Go to Dashboard Pg1 sheet, click on Refresh button.

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 ensure that the selected date, or
range of dates, is inside the range defined by Begin and End dates displayed above the slicers on
the Dashboard Pgl worksheet. If the selected date(s) are outside of such range, all of 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 assessment 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 evaluation period. The maximal recommended period for the evaluation (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 evaluation 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 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 the Pilot 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 assessment period is possible)

In Figure 5.1-1 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 report, intersection, begin
and end date and time can be selected as parts of the filtering process to create the Split History
Reports.
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Figure 5.1-1. 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
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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 5.1-2 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 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 creates difficulties in further data processing.
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Figure 5.1-2. Split history report in Excel
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Therefore, in order 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 FAU
research team created a macro in the “FAU Split History Report Analyzer.xslm”. Steps which
illustrate how to use such a macro are provided below:

1. Open the “FAU Split History Report Analyzer.xsIm”, click Enable content (or Enable Macro
depending of the Excel version) to enable the macro executions.

2. Inthe 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.
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Figure 5.1-3. FAU Split history report analyzer activation

3. Inthe 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 5.1-4. Selection of folder with split history reports

158



4. A message will appear with the address of the folder you have selected. Press OK.

Microsoft Excel s

You Selected: ChUsersh\dradivojevic2015\Desktopt April 2016 Split History Reports -
Copyl

oK

L.

Figure 5.1-5. 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 erroneous data which do not
represent anything meaningful. An example of such case is when a certain phase duration has
negative value. The FAU Split History Reports Analyzer automatically searches for such
data/events and deletes all of the 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 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 does not impact significantly the total amount of collected
data, but instead it increases the precision and the fidelity of the procedures.

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).

2. Copy the data that the FAU Split History Analyzer macro has previously created.
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Figure 5.1-6. Replacing the database in the TSSPD tool

3. 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
cannot 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 Copyl 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. Gotothe Dashboard Pgl 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.

160



Page Layout ¢ Develnper

FAU Traffic Signal Syste|

Cyele Length [s]

Number of Phase Activations

Min, Max & Average Phase Duration

m Performance Dashboard - Page 1

Phase Duration Distributions

SP1 Frequency SP2 Frequency

___I____ | P! P

SP3 Frequency SP4 Fraquency

! this Doshboard.

|Comidor:  Miktaey

srmnm— 03/24/16

|End Date: 052816 :
Date

The Sticers bwiow canfroll all the groghs on this page and
the Piscsee Durations Over Time graphs on the page 2 of

) 1

m o o 150
500 150 T 1 o I 100 Patten Intersection 8 5= %
o 1009 ! + @ s0 1 sass
w W » —3 T e ! e ]lI.L. =i =
R s #wom o owowsom w» 5 SN IAT LR 3
WP Ammed  mRemarng Oreies G nstacve] = nverage s
()
Phase Splits SP5 Frequency SP6 Frequency =
SP1 sP2 sP3 5Py " s' | a
> A | ||||II|.,|.. e 2 Ml
i Ty a5 pinad iane
aalac s AM Peak ganyan
Evening Butts id
13 SPE 5p7 P8 5P7 Frequemcy 5P8 Frequency Midday Lennox
L % 3 Night Lynn Univers... B
' 1" M Paak Patomac
s
5 ank Spanish River
‘ 19th 51
et TewncenterDr
Dashboard Fgl Dashboard Pg2 Help Database Fhase Terminal hons Ter ... (%
oy [ i +
Figure 5.1-7. Refreshing the data

The procedure is repeated one more time, however this time the Phase termination data will be

inserted into the TSSPD Dashboard.

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
FAU research team created a macro in the “FAU Phase Termination Analyzer.xsIm” file. The

steps to use such a macro are provided below:

1. Open the “FAU Phase Termination Analyzer.xsIm”, click Enable content (or Enable Macro

depending of the Excel version) to enable

the macro executions.

2. Inthe 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 5.1-8. FAU Phase termination analyzer macro activation

3. Inthe 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.
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Figure 5.1-9. 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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You Selected: ChUsersh\dradivojevic2015\Desktopt April 2016 Split History Reports -
Copy 2
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Figure 5.1-10. 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.

Perfoamance Dashbosrd Ver 5.3 - Excel

& ] 3 0 £ G 5 H 1 3 K L ] N ) ¢ q R 5 T u u W
| [Termination Type Intersection # Side-Street  Date  Time  EndDate EndTime SP1_ 5P2 sP3 sea 5 P6 7 S8 59 SPI0 SPLL SPIZ  SP13 SPI4 P15 SPI6

2 |Gap 5052 SpanishRiver  4/1/2006 000:00 4/8/2016 23:3%:59 821 o 2583 o 138 C) (] 1 o o 0 o L) o o o
3 [max 5052 SpanishRiver  4/1/2016  0:00:00 4/8/2016 23:59:59 0 187 0 19 0 187 ] (] 0 o o 0 0 0 0 (]
4 |Gap 5056 Potomac 4/2/2016  0:00:00 &/B/2016 23:59:59 138 1317 481 A3 1362 153 ] 1 ] o o 0 [} o 0 (]
5 |Max 5056 Potomac 44202016 000:00 4/8/2016 wss o 7 o 3 o o o o a o 0 L 0 o a [
& |Gap 5064 15th 51 4/8/2016  0:00:00 4/22/2016 23:59:59 756 473 U BEIT  AmM7 35 0 BN ) o (] ° 0 o (] []
7 |max 5064 15th 5t 4/8/a006  0:00:00 4/22/2016 23:88:89 1B lsee 0 133 196 u: (3 a7 0 o 0 ) o o o 9|
& |Gap 5072 Lynn University  4/8/2006  0:00:00 4/23/2016 23:59:59 o 200 o a8 565 %00 o o ) o o 0 o o 0 [
9 |Max 5072 Lynn University  4/8/2006  0:00:00 4/23/2016  23:59:59 o (] o 5 a o o 0 o o 0 o o o 0 1
10 [Gap 5110 Varde Trail A/8/2016  0:00:00 4/22/2006 23:39:59 434 1 L] 39 3343 139 o TR o o [ o g L [ o
11| Max 5110 Verde Trail 4/8/2016  0:00:00 4/22/2016 23:59:59 o 7 ] 3 bt 2 (] 1] a o a o 0 o 0 [
12|Gap | 5052 SpanishRiver  4/9/2016  0:00:00 4f23/2016 23:59:59 5167 0 51§ L] 533 0 o 0 a o Q L] 0 o (1 (]
13 | Max 5052 SpanishRiver  4/9/2016  0:00:00 4/23/2016 23:59:59 s ;a3 457 am7 0 395 ] 0 ) o 0 ] 0 o g [
14|Gap 5055 Butts Rd 4/3/3016,  0-00:00 4/23/2016 21:59:59| m 174 012 A 0 TS 0 o o o o ] o o 0 [
15 [ Max 5055 Butts R 4/9/2016  0:00:00 4/23/2016  23:59:55 0 3 3 1 0 2 0 o 0 o 0 ) 0 o 0 0|
16 |Gap 5056 Potomac 4/9/2016  0:00:00 4f16/2016 21:59:50 105, 1567 42 4257 1276 1564 0 1 L] o o o 0 o o [
17 | Max 5056 Potomac 4/9/2006  0:00:00 4/16/2016 23:59:59. 4 o 1 5 o 4 (] o a o a L] 0. L o a|
18 |Gap 5063 Banyan 4/9/2016  0:00:00 3/23/2006  23:59:59 1397 2603 Ll Lred 564 e @ 8899 L} o [} L L) L [} o
19 | Max 5063 Banyan 4/9/2006 | 0:00:00 423/2006 23:39:59 182 52 0 1 53 b L] 13 [} o o 0 (] o (1] []
20 |eap | 5134 Lennox | 4/9/2016,  0:00:00 8/23/2016 2359559 501 1008 0 ass7 569 1015 0 4575 o o 1] LY [ o 0 L]
71| Max 5138 Lennox 4/9/2016  0:00:00 3/23/2016 23:59:59 1 1 L] L] 1 5 ] 19 ] o o ] [} o a ]
2 |6ap 5111 Towncenter Dr  4/11/2016  000:00 4/25/2016 23:59:59. 71 2823 7069 G0IS 4537 3031 ] o 0 [ 0 (] 0 [ 0 [
23 [Max 5111 Towncenter Dr  4/11/2016  0:00:00 4/25/2016 23:59:35 6 1 an 1 3 E] 0 ] 0 o o o o o o L
24 [Gap 5056 Potomac Al17/2016  000:00 4/24/2016  23:59:59 % ins 459, 4589 1456 e @ L) () o o L L) L a o
25 | Max 5056 Potomac 4/17/2016  (:00:00 4/24/2016 23:59:59 o o (] {3 o o (] o (] o (] o 0 o 0 [
26 |Gap 5064 15th St 4232016 0:00:00 S//2016 233359 70 1963 o B /0 173 o 8 ) (] o ] [} o ] ]
27 [ Max. 5064/ 19th 5t 4/232016  0:00:00 5{7/2016 23:59:55 1 1833 o 61 47 pati o 17 o (] o o [ o o 0|
28 |Gap 5110 Verde Trall 4/23/2016  0:00:00 5/7/2016 23:59:53 435 17 o BO0B3 4319 177 o B163 a o o o 0 o a 0|
29 (Max 5110 Verde Trall (4/23f2006 00000 5/T/2016 333559 o 16 L] B 2 ol e . o o o Ll L} L 0 L
20 |Gsp 5050 SpanishRiver 4/24/2016  0:00:00 5/B/2016 2%:53:59. 5604 ;| s 131 516 67 (] o 0 0 o ] o o o (]
31 | Max | 5052 SpanishRiver  4/24/3016  0:00:00 S/B/2016 23:59:59. B w08 506 3580 o 3858 o o ] o a (] o o g ]
32 [Gap 5055 Butts Rd 4/24/2016°  0:00:00 S/8/2016 23:59:59 88 1438 056 Taag 0 1429 o L} 0 ] a o 0 o [} o
33 [ Max 5055, Butts Rd 4)24/2016  000:00 5/B/2016 23:59:50 o [} o £ o 9 0 o L] o 0 o o o o Ll
34 |Gap 5063 Banyan 4/28/2016 00600 5/B/2016 235958 1313 874 LI 3 a1 L) L) o [ o o o a L
35 (Max. 5063 Banyan 4242016 0:00:00 S/B/2016 23:55:59. i) o L] o 2 o o 4 o o o o L} o [} o
36 |Gap 5072/ Lynn University 4/24/2016  0:00:00 5/B/2015 23:39:59 o 42 o a7 559 641 (] o a o 0 ] o o 0 (]
37 |Max 5072 LynnUniversity 4/24/2016  0:00:00 5/6/2016 235959 o o L} 2 Q 1 @ 0 o o [} Ll L) o [} o
22 [Gap 5134 Lennox 4/24/2016  0:00:00 5/8/2016 23:59:59 943 661 o 4520 598 676 L 4593 [} o o L] o o (1} L]
39| Max | 5134/ Lannox |8/24/3016  0:00:00 5/8{2016 23:58:59 o 1" o 3 1 o 0 12 0 o a 0 o o 0 (]
40 [Gap 5056 Fotomac 4[25/2016) 0:00:00 5/2/2016 23:59:59. 103 m2 535 5369 1805 w7 o 1 o o [ L o ) 0 o
a1 (Max 5056/ Poternar 4/25/2016  0:00:00 5/3/2016 23:59:50 o 5 0 5! 0 o L] 0 o o o (] L] o [ o
42|Gap 5111 TowncenterDr  4/26/2016 0:00:00 5/9/2016 23:59:59 1193 1779 6686 5692 4018 1507 ] o 0 ] 0 ) 0 o 0 (]
43 [Max. 5111 Dr  4/26/2016  0:00:00 S/9/2016 23:59:59 2 [ 42 kel o 7 o o o o o o L) o o o
as [=]
45 b
6

Dashboard Pgl | Dashboard Pg2 L‘:I:D.v.e ¥ i '

Figure 5.1-11. Replacing the termination database in the TSSPD tool
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3. Open the TSSPD again, select Termination Database worksheet, select cell Al and paste the data
copied in the step 2.

5.1.7 Refresh the Data

1. Go to Dashboard Pgl 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).
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Figure 5.1-12. 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 Tool

Once the necessary data inputs are made in the TSSPD tool, the tool is ready for use. 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 Pg1l 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
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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. 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. Resetting of the selections and inclusion of all of 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 5.1-1 below:

Table 5.1-1. 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.

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.
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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.

Number of Phase Activations

This graph shows graphically and numerically (in percent) 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.

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.

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).

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.

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).

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 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
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number of phase terminations per type, for selected intersection and for the entire period of
evaluation inserted in the Database.

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 a folder. Copy that folder, add the suffix Copy, and this will create a folder ready
to be used by a macro in the next step. The pilot dashboard uses the data for 136 intersections in
period of two months, but larger quantities of data can be used as well.

Reports transformation - Execute “FAU Field Alarms Report Analyzer.xsim” 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.

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 Al.

Refresh the data — Go to Dashboard sheet, click on Refresh button.

Use the Dashboard — Save the file under appropriate hame (as macro-enabled worksheet), and the
Traffic Signal System Reliability Dashboard is ready for use. A user should change selections in
filters/slicers to select the data that will be displayed. One should ensure that the selected date is
within the range defined by Begin and End dates which are displayed above the slicers on the
Dashboard worksheet. If the selected date(s) are outside of the range, all of the graphs will be
empty.

5.2.1 Data Collection

The first step in the assessment 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
evaluation 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
evaluation 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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, Field Alarms

4 |6/3/2016

5
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v

8 100-NW 13 ST & NW 9 CT (MMU)

a

10 ID Date/Time Occurred # State Data Description

11 100 5/25/2016-WED-17:12:07 257 ON 0 Communications Restorad
12 100 5/27/2016-FRI-05:14:50 257 ON 0 Communications Restorad
13 100 5/27/2016-FRI-08:19:38 257 ON 0 Communications Restorad
14 100 5/28/2016-SAT-18:24:23 10N 1 Power Up Alarm

15 100 5/28/2016-SAT-18:24:24 2 ON 0 Stop Timing

16 100 5/28/2016-SAT-18:24:24 15 ON 0 MMU Flash Input

17 100 5/28/2016-SAT-18:24:29 10N 1 Power Up Alarm

18 100 5/28/2016-SAT-18:24:30 2 0N 0 Stop Timing

19 100 5/28/2016-SAT-18:24:30 15 ON 0 MMU Flash Input

20 100 5/28/2016-SAT-18:24:32 2 OFF 0 Stop Timing

i) 100 5/28/2016-SAT-18:24:33 15 OFF 0 MMU Flash Input

22 100 5/28/2016-SAT-18:57:49 1 OFF 1 Power Up Alarm

23 100 5/28/2016-SAT-18:59:33 10N 1 Power Up Alarm

24 100 5/28/2016-SAT-18:59:33 20N 0 Stop Timing

25 100 5/28/2016-SAT-18:59:34 15 ON 0 MMU Flash Input

26 100 5/28/2016-SAT-18:59:36 2 OFF 0 Stop Timing

27 100 5/28/2016-SAT-18:59:37 15 OFF 0 MMU Flash Input

28 100 5/29/2016-SUN-19:47:57 257 ON 0 Communications Restored
29

o

101-PALMETTO PARK ROAD & NW 9 AVE

.......

33 ID Date/Time Occurred # State Data Description

34 101 5/25/2016-WED-09:05:56 49 ON 0 Preempt 1
35 101 5/25/2016-WED-09:06:45 49 OFF 0 Preempt 1
36 101 5/25/2016-WED-12:30:09 257 ON 0 Communications Restored
37 101 5/25/2016-WED-13:01:34 49 ON 0 Preempt 1
38 101 5/25/2016-WED-13:02:21 49 OFF 0 Preempt 1
39 101 5/25/2016- WED-17:46:05 49 ON 0 Preempt 1
40 101 5/25/2016-WED-17:46:49 49 OFF 0 Preempt 1
41 101 5/25/2016-WED-18:18:02 49 ON 0 Preempt 1
42 101 5/25/2016-WED-18:18:48 49 OFF 0 Preempt 1
43 101 5/25/2016-WED-19:43:02 49 ON 0 Preempt 1
44 101 5/25/2016-WED-19:43:49 49 OFF 0 Preempt 1

Sheetl (O]

Figure 5.2-1. 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 limit of 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
this will, most likely, 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 of
the evaluation, 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 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 5.2-1 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 FAU research team has developed a

168



macro within the “FAU Field Alarms Report Analyzer.xsim”. 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. Inthe 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.
Data Review View
AD & Cut Calibri -1~ A A == &- EWapTet Da
ER Copy ~ S
Pafte ~ Format Painter IRy | &2+ A‘ TEEE=E £3E E Merge & Center -~ $
Clipboard ra Font ] Alignment 7]
c11 v fe
A B c D E
1
2
3
4
5 -
6
7
8
Figure 5.2-2. FAU Field alarms report analyzer macro activation
3. Inthe 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.
P Please select folder where the files for analysis are stored l&r
@\J"- Desktop » - |‘f‘ | Search Desktop L |
Organize + New folder E (7]
Microsoft Excel =0 ibraries radivojevi -
. Jw;l Ig}-bEtEchI(IEr l& g}t?&mjﬁ:ltliels 3
- Favorites ) "‘A
moser || Y S @ )
4 Downloads 3
5l RecentPlaces  |= X o
1 Intersection FDOT i 18th street Split History - Copy
I ‘ File folder EEF File folder
4 Libraries d
3 Documents Alarm Testing 1 Alarms
J7 Music l File folder & F File folder
::t:nrse; B = F ,F?\a_l_nfr:pht History Reports Boca i Q;;!;tl\dayzﬂlﬁ Field Alarms
£ File folder File folder
1% Computer __ April - May 2016 Field Alarms __ April 2016 Split History Reports -
Q_’.’ 05 (C) ‘ I s Reports - Copy ‘ H s Copyl
- DATAPARTL (D) + f File folder File folder i
Folder name:  April - May 2016 Field Alarms Reports - Copy
Tools - [ QK J [ Cancel

Figure 5.2-3. Selection of folder with Field alarms reports
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4. A message will appear with the address of the folder you have selected. Press OK.

Microsoft Excel @

You Selected: T\ Users\ dradivojevic2015\Desktopt April - May 2016 Field Alarms
Reports - Copy

OK

b 4

Figure 5.2-4. 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, go to Files, 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.

A [ € ] 3 3 3 H L 4 K L ] N o P Q R s % u

o [intersection Date  Day  Time  fommattedtime Ewents State  Data  Description
2 1 3/aja0ms 101032 03/04/16 101002 258 0N 0 Communications Failure
3 1 3ajaois IBLIAZ 0041616142 28 ON 0 Communications Falure
1 1 3/5/2016 sar 19:4049 03/05(16 19:40:49  3SEON B Communications Falure.
] 1 V06 MON  192K15 030716152146 250N 0 Communications Falure
O 1 3812016 TUE 48,4 03/08/16.03:48:40 30 0 Cabinet Door Activation
7 1 yap0ie TUE 95418 0O/IG0NSAAE BTON 0 Communications Restored
s 1 3/al0me TUE 10:0:15 03/08/16 10:04:16 30N 0 Cabunet Door activation
) 1 ¥/30/2016 THU 41452 02/10/16041457 257 0N 8 Communications Restored
w 1 3/11/2018 FRl 17:0238 03/11/16 170038 28 0N B Communications Falure.
1 1.3/11/2016 FR1 17:17:50 0311416 17:17:50 25708 0 Communications Restored
2 1 3/13/2016 SUN DALAT 016 24T BTON B Communications Restoced
u 1 3/16/2016 WeD. 63103 03/16/1606:3103 257 0N 0 Communications Restored
) 1 3/38/2016 PR 90814 03/1/1603:0834 257 ON 0 Communications Restored
15 1 3/20/2016 SUN 7:22:06 03/20/16.07:22:06 oM 0 Manual Control Enable.
i) 1 3/20/2016 SUN 8:14:37 03/20/1608:14:37 12 08F © Manual Control Enable.
] 1 3/21/2016 MON 6:00:24 03/21/1606:0024 257 ON 0 Communications Restored
i) 1320/016TH. | 19:12:08 03/24/1619:1348 10 1 Power Up Alarm
1 L 324/008 THY 182 03/24/16 1501212 oM 1 Power Up Alarm
x 1 3/25/2016 Pl 11 emsis Iz 25700 © Communications Restored
2 1 3/27/2016 SUN 55952 03/27/16055952 257 OM, D Communications Restored
2 1 3/27/2016 SUN 55352 03/27/1605595  BTON. © Communications Restored
2 1 3/29/2016 TUE 15:35:58 03/29/16 153558 10 1 Powsr Up Alarm
E 1 3/25/2016 TUE 1513556 03/29/1615:35:56 107 1 Pawer Up Alarm
s 1 3/25/2016 TUE 153602 03/29/1615:36:02 108 1 Power Up Alsrm
* 1 3/23/2016 TUE 15:36:02 03/29/16 15:36:02 10M 1 Power Up Alarm

1 3/25/2016 TUE 1504817 03/29/16 15:48:17 108 1 Pawer Up alam
= 1 3292018 TUE 15:40:47 03/29/16 1548117 108 1 Power Up Alarm
= 1 /292018 TUE 1314821 03/29/16 154821 10M 1 Power Up Alarm
£ 1 3/29/2016 TUE 15:48:21 03/29/16 15:48:21 108 1 Power Up Alarm
1 1 4/2/2016 SAT 23:88:55 04/02/16 23:48:55 25708 0 Communications Restored
2 1 4/13/2016 WED 50849 09/13/16.03:0845 3088 D Cabinat Door Activation
3 1 4/13/2016 WeD. 9:17:28 03/13/1603:17:29 308 0 Cabinat Door Adtivation
u 1 4/13/2016 WED. 9:24:58 04/13/1603:24:58 3 0FF 0 Cabinet Door Activation
s 1 4/13/2016 WD 527:35 04/13/160:27:35 308 0 Cabinet Door Activation
F 14/18/2016 MON 131506 04/8/16131508 570N 0 Communications Restored
7 14/25/2016 MON  1358:30 04/25/16 13:38:30 306F 0/Cabinet Door Activation
= 1 4/25/2018 MON 13:56:30 04/25/16 13:58:30 3 OFF 0 Cabinet Door Activation
= 142572016 MON | 1359:57 04/25/1613:58:57 30w 0 Cabinet Door Activation
« 14/25/2016 VON 135957 08/25/1613:55:57 308 0 Cabinat Door Activation

31 4/25/2016 MON  1436:32 03/25/16 143632 3 0FF 0/Cabinet Door Activation
n 14/25/2016 MON | 1436:32 04/25/16 143632 306 0 Cabinet Door Activation
3 1a/25/2016 MON | 14403 04/25/16 14:04:03 Jon 0 Cabinet Door Activation
u LA725/2016 MON | 14:4403 04/25/16 14:44:03 308 8 Cabinet Door Activation
s 1 472612016 TUE A0:13:48 04/26/16 10:13:42 2s/0M, 8 Ped Detector Fallure
“

L ) [ e
Figure 5.2-5. Replacing the database in the TSSRD tool

3. Open the TSSRD again, and in cell Al of Database worksheet paste the data copied in the step 2.
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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).
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Figure 5.2-6. Refreshing the data before using the TSSRD

5.2.5 Using the TSSRD Tool

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
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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.

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.

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.

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 have 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.

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).

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)

Signal timing & Preemption alarms

This group of alarms is presented on the first pie chart on the left side. It shows the following
alarms:
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Coordination fault
Coordination failure
Cycle failure

Cycle fault
Preemption 1
Preemption 2
Preemption 3
Preemption 4
Preemption 5

©COoNO R~ E

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.

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

Congestion incident: Eastbound

Congestion incident: Southbound

Congestion incident: Westbound

Detector Diagnostics failure

Detector failure from SDLC (Synchronous Data Link Control)
Detector SDLC Failure

8. Pedestrian detector failure

NOo O R WN

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.

Communication, Controller & Cabinet (3C) alarms

The remaining pie chart addresses the communication, controller and cabinet alarms. The list of
those alarms is provided below:

o

Cabinet door activation

Communications failure

Controller fault

Coordination free switch input

Critical SDLC failure

EEPROM CRC fault

Local flash input

Manual control enable

. MMU (Malfunction Monitoring Unit) Flash input
10. MMU SDLC failure

©ONOU A ®WN

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.
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Alarm Counts and Percentage of Total Number of Alarms

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. 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.

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).

The FAU research team will further investigate the possibility of including the calculation of the
duration for each alarm type, for the selected time period. Such calculations could be somewhat
complex, and will be considered together with other recommendations for improvements from
FDOT.
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Contact and general information

Contact information

0.1 |IName Giri Jeedigunta, PE, PTOE
0.2 |Title Signal Systems Manager
0.3 |Agency Palm Beach County

0.4 Address 2300 N. Jog Road, 3rd floor
0.5 | City/Town West Palm Beach

0.6 State/County Florida

0.7 Zip code 33411

0.8 |Telephone contact

0.9 Email address gjieedigu@pbcgov.org

General information

0.10 County/City population 1,422,789 WWW.Census.gov
0.11 Number of registered vehicles 1,135,116 ) www.flhsmv.gov
Number of neighboring signal
control agencies 5
Number of streets with shared
signal jurisdiction 25
Total length of road network
"~ |by the jurisdiction (miles) 1,549 http://www.dot.state.fl.us/planning/statistics/gis/road.shtm
0.15 Estimated annual funding for signal
operations and management NA

Estimated annual funding for signal
related capital investments NA

Signal System Central Software

0.17 Number of signalized intersections 1047

Figure A-1 Contact and general information section (Palm Beach County)
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Management

Importance Total equivalent weighted
Number and expertise of in-house staff Numbers of FTEs Importance D ., e
factor number of regular staff

111
11.2
113
114
1.15

Managers
Engineers
Technicians
Administrative staff
Other

3.0
22.0
1 0

Important
Important
Important
Important
Important

100
100
100

300
2200
100

Importance Total equivalent wei hted
Number and expertise of outsourced staff Numbers of FTEs Importance D u g
factor number of outsourced staff

1.2.1 Managers Important
1.2.2 Engineers 2.0 Important 100 200
1.2.3 Technicians 1.0 Important 100 100
1.2.4 Administrative staff 0.0 Important 100 0
1.2.5 Other 0.0 Important 100 0
Total equivalent number of staff: 31.00
Numbers of training
. . Importance
1.3 [Staff training hours in one year Importance factor
(hours x persons)
1.3.1 Basic signal timing Important 100/ #VALUE!
1.3.2 Advanced signal timing Important 100] #VALUE!
133 ITS courses Important 100/ #VALUE!
134 Hardware and communications Important 100" #VALUE!
1.3.5 Other Important 100/ #VALUE!
Partial grade 1: #VALUE!
Staff training weight factor: 1.00
Weightred Partial grade MAN 1: #VALUE!
Normalized Partial grade MAN 1: f #VALUE!
1.4.1 Number of staff designated to monitoring 3
Number of hours in one week they are designated
1.4.2 o
for monitoring 20
Total number of engineering and technician staff r
e (regular and outsourced) 28
1.4.4 Average number of work hours per week (for the persons from questions 1.4.1and 1.4.2) 40
Partial grade 2: 0.54
Monitoring weight factor: 1.00
Weighted Partial grade MAN 2: 0.54
Normalized Partial grade MAN 2: 57.14

Figure A-2 Management section (Palm Beach County) - Part 1
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New min New max

0 100

Old min  Old max

o 35

Old value New value

New min New max

0 100

Old min  Old max

0l 09375

Old value New value




1.5.1 Number of complaints per year Important 0.0001 New min New max
Is there a publicized call-in telephone number and web site
1.5.2 that the public can use to report malfunctions, ask questions

and suggest operational improvements? 1 Important 100 1 100
Partial grade3: 1.00 Old min  Old max
User satisfaction weight factor: 1.00 n
Weighted Partial grade MAN 3: 1.00 Old value New value
Normalized Partial grade MAN 3: 70.43
I e e g g e
1.6.1 0 Important
1.6.2 48h 0 Important 80 0
1.6.3 72h 1 Important 60 60
1.6.4 7 days 0 Important 40 0
1.6.5 10 days 0 Important 20 0
1.6.6 More than 10 days 0 Important 0 0
17 otomston e topte ot mporme oo |
1.7.1 Traffic lights failures 0 Important 100 0
1.7.2 Congestion 1 Important 100 100
1.7.3 Incidents on signalized intersections 1 Important 100 100
1.7.4 Lane closures at signalized intersections 1 Important 100 100
1.7.5 Reaction time for reparations of traffic signals 0 Important 100 0
1.7.6 Frequency of malfunctions 0 Important 100 0
1.7.7 Goals 0 Important
I S PR B
1.8.1 PR person 0 Important 0
1.8.2 Head of department 0 Important 100 0
1.8.3 Memos or letters 0 Important 100 0
1.8.4 Television 0 Important 100 0
1.8.5 Radio 0 Important 100 0
1.8.6 Web site 0 Important 100 0 New min New max
1.8.7 Telephone 1 Important 100 100 n
Partial grade 4: 1.17 Old min  Old max
Public relations weight factor: 1.00
Weighted Partial grade MAN 4: 1.17 Old value New value
Normalized Partial grade MAN 4: 32.53

Figure A-3 Management section (Palm Beach County) - Part 2
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m Cooperation with neighboring signal control agencies Importance factor

Number of neighboring county agencies with whom
the information and data are being exchanged 5 Important 100
5 Number of streets with signals being shared with _ r
the neighboring agencies that are inter-coordinated Important 100
Partial grade 5:
Cooperation weight factor:

Weighted Partial grade MAN 5:
Normalized Partial grade MAN 5:

#VALUE!

100

100.00

1.00
100.00!
100.00

1.10.1 Number of accidents on streets close to traffic signals 29964 Important
1.10.1 Number of accidents involving the running of red lights 921 Important 100
Partial grade 6:
Safety and accidents weight factor
Weighted Partial grade MAN 6:
Normalized Partial grade MAN 6:

80.56
9.59
90.15
1.00
90.15
26.82

Inventory - up to date inventory about all signal
1.11 B ) ) Oorl Importance Importance factor
equipment including spares

1111 Is there an up-to date inventory about all signal
: equipment including spares? 1 Important 100
Weighted Partial grade MAN 7:

Normalized Partial Grade 7:

100.00
100.00

1.12.1 Number of vehicles in operation by shift Important
1.12.2 Miles travelled per vehicle (in thousands) 15 Important 100
1.12.3/ The vehicle coverage ratio _ Important 100
Partial grade 8:
Service vehicles number weight factor:
Weighted Partial grade MAN 8:
Normalized Partial grade MAN 8:

Figure A-4 Management section (Palm Beach County) - Part 3
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1.43
2.50
0.97
1.63
1.00
1.63
14.14

New min New max

Old min  Old max

o 10

Old value New value

New min New max
100
Old min  Old max

Old value New value

New min New max

o 100

Old min  Old max

Old value New value
100.00 100

New min New max

o 100

Old min  Old max

Old value New value




Signal System Central Software (SSCS) - ATMS.now 0or 1/Value _

1.13.1 Does the agency has Signal System Central Software software 1 Important 100
1.13.2 How many intersections are connected to SSCS? 817 Important

1.14.1 ACTRA

1.14.2 ATMS.now

1.14.3 Centracs

1.14.4 KITS

1.14.5 MIST

1.14.6 QuicNet

1.14.7 Sitraffic Concert

1.14.8 Sitraffic Tactics

1149 Other 0———
Functionality of Signal System Central Software | 0or1/Value _

1.15.1 Video monitoring 1 Important 100
1.15.2 Functionality monitoring 1 Important 100 100
1.15.3 Signal plans changing 1 Important 100 100
1.15.4 Special events management 1 Important 100 100
1.15.5 Corridor management/traffic signal coordination or control 1 Important 100 100
1.15.6 Disaster management and traffic coordination 1 Important 100 100
1.15.7 Emergency services traffic control coordination 1 Important 100 100
1.15.8 Ramp management and control 0 Important 100 0
1.15.9 Network performance monitoring, evaluation and reporting 1 Important 100 100
1.16 Number of staff that actively use SSCS 12 Important 100 115
Does the agency has set the alarms for malfunctions
that inform persons in charge? Important
N S T S
Oorl Importance Importance factor|
informing persons in charge about events causing alarms
1.18.1 On Signal System Central Software interface 1 Important
1.18.2 SMS message 0 Important 100 0
1.18.3 E-mail 1 Important 100 100 New min New max
1.18.4 Pager 0 Important 100 0 n
Partial grade 9: 1994.94 Old min  Old max
SSCS weight factor: 100 | o 3429.41]
Weighted Partial grade MAN 9: 1994.94 Old value New value
Normalized Partial grade MAN 9: 58.17 1994.94| 58.171462

Figure A-5 Management section (Palm Beach County) - Part 4
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TSO Traffic Signal Operations
-_ Oor 1lva|ue _

Do you use traffic responsive or traffic

adaptive control? 1 Important 100 100
22 Are field reviews of signal operations Important
performed annually? 0 100 0
Are ad hoc changes triggered by complaint
2.3 Important
calls performed for all requests? 1 100 100
24 Are sights distances to intersections reviewed Important
for all new traffic signal installations? 1 100 100
Are advanced warning indications installed
2.5 - o ) Important
where limited site distances exist? 1 100 100
Number of signalized intersections adjusted
2.6 . . . Important
for visually impaired persons. 85 100 8.11843362
Actual time to implements, evaluate and
2.7 calibrate the new timing settings or strategy Important
(in weeks) 4 100
Expected time to implement, evaluate and
2.8 calibrate the new timing settings or strategy Important
(in weeks) 4 100 100
29 What is the frequency of signal
retiming in your agency?
2.9.1 Less than 1year 0 Important 100 0
2.9.2 1-2 years 0 Important 75 0
2.9.3 2-3years 1 Important 50 50
2.9.4 3-5years 0 Important 25 0
2.9.5 More than 5years 0 Important 0 0 New min New max
2.10 Number of coordinated traffic signals 639 Important 100 61.03151862 n
Partial grade 1: 619.15 Old min  Old max
General subsection weight factor: 1.00
Weighted Partial grade TSO 1: 619.15 Old value New value
Normalized Partial grade TSO 1: 49.49 619.15 49.4913

Figure A-6 Traffic Signal Operations section (Palm Beach County) - Part 1
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- Slgnal SYStem Central Software - ATMS.now Importance factor _

Number of special events, disasters, VIP routes

and emergency signal timings 375
2.12 Total number of signal timings 3755 Important 100 90.01331558
2.13 Number of school zone manual flash signals 200
2.14 Number of schools 168 Important 100 119.047619
215 Numb.e.r of intersections with preemption Important
capability 1047 100 100
216 Number of intersections with Public transit r
prioritization capability 0
217 Total number of signalized intersections
along PT routes. 0 Important 100 #DIV/0!
218 Averafge number.of ho‘urs per day when Important
adaptive system is active 24 100 100
219 Number of hours with congestion r
(per day, week, month) NA
2.20 Total number of hours per observed period
(in day, in week, in month...) Important 100 #VALUE!
2.21 |Number of cycle failures r
2.22 Total number of cycles per observed period Important 100 #VALUE!
2.23 |Number of cycle faults (AM, PM, Midday, Night) Important 100 f #VALUE!
2.24 Time that coordination has been in transition r
2.25 Time the coordination is active Important 100 #VALUE! New min New max
2.26 Coordination failure Important 100 f #VALUE! n
Partial grade 2:” #DIV/0! Oldmin  Old max
SSCS subsection weight factor: 1.00
Weighted Partial grade TSO 2: f #DIV/0! Old value New value
Normalized Partial grade TSO 2: f #DIV/0! #DIV/0! [ #DIV/0!

Figure A-7 Traffic Signal Operations section (Palm Beach County) - Part 2
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Signal Timing Practices

-_ oo 1/value Importance fecter -

Are records of conflict situations used to identify

3.1 signalized intersections at which safety could be Important
improved by revised signal operations (protected turns...) 0 100 0
3.2 Select the performance measures that agency collects
3.21 Number of vehicles served 1 Important 100 100
3.2.2 Delay per vehicle 1 Important 100 100
3.2.3 Total delay 1 Important 100 100
3.2.4 v/c 1 Important 100 100
3.2.5 Travel time 1 Important 100 100
3.2.6 Number of stops 1 Important 100 100
3.2.7 Other 0 Important 100 0
Do you use signal timing optimization software . o Important
(Synchro, PASSER, TRANSYT, etc) to develop new signal timings? 1 100 100
3.4 |What parameters do you use to develop new signal timings?
3.4.1 Cycle lenghts 1 Important 100 100
3.4.2 Offsets 1 Important 100 100
3.4.3 Splits 1 Important 100 100
3.44 Phasing sequence 1 Important 100 100
3.4.5 Discharge time 1 Important 100 100
3.4.6 Two-way progression 1 Important 100 100
3.4.7 Turning movements 1 Important 100 100
3.4.8 Time space diagrams 1 Important 100 100 New min New max
3.4.9 Other 0 Important 100 o | o 100
Partial grade 1: 1500.00 Old min Old max
General subsection weight factor: 1.00 ‘
Weighted Partial grade STP 1: 1500.00 Old value New value
Normalized Partial grade STP 1: 93.75

Figure A-8 Signal Timing Practices (Palm Beach County) - Part 1
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- ATMS.now Oor 1lva|ue Importance factor _

3.5 |Average duration of splits per AM, Midday and PM period

AM —
Midday NS #VALUE!
pv NS f
3.6 |Duration of programmed splits _ H#VALUE!
av NS f
Midday HESH
rv S Important 100 I #VALUE!
37 The nurr\ber of.tlmes a phase was activated in a given _ R— R
evaluation period
3.8 Maximum number of times that phase could be activated _ Important 100 H#VALUE! -
Partial grade 2: #VALUE! old min old max
SSCS subsection weight factor:
Weighted Partial grade STP 2: f #VALUE! Oldvalue  New value
Normalized Partial grade STP 2: f #VALUE! #VALUE! #VALUE!

Figure A-9 Traffic Signal Operations section (Palm Beach County) - Part 2
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TMDC Traffic Monitoring and Data Collection

Total number of detectors 7545 Important 487.09
4.2 Detection distribution by type:
4.2.1 Inductive loop 6700 Important 100
4.2.2 Video 838 Important 100
4.2.3 Microwave 7 Important 100
4.2.4 Infrared 0 Important 100
4.3 Choose system detectors that are being used in your agency:
4.3.1 Midblock 0 Important 100 0
4.3.2 Near upstream intersections 0 Important 100 0
4.4 What data do those system detectors collect?
4.4.1 Speed 1 Important 100 100
4.4.2 Volume 1 Important 100 100
4.4.3 Occupancy 1 Important 100 100
4.4.4 Progression speed 0 Important 100 0
4.5 Does your agency use queue detectors? 0 Important 100 0
4.6 If video detectors are used, is their operation calibrated for:
4.6.1 Lighting 0 Important 100 0
4.6.2 Weather 1 Important 100 100
4.6.3 Wind 1 Important 100 100
4.6.4 Occlusion 1 Important 100 100
4.6.5 Lense cleaning 1 Important 100 100
4.6.6 Zone adjustments 1 Important 100 100
4.7 How often video detectors are being calibrated?
4.7.1 More often than once per month 0 Important 100 0
4.7.2 Every month 0 Important 80 0
4.7.3 Every three months 0 Important 60 0
4.7.4 Every six months 1 Important 40 40
4.7.5 Once peryear 0 Important 20 0 New min New max
4.7.6 Less often than once per year 0 Important 5 0 n
Partial grade 1: 1327.09 Old min  Old max
Detection subsection weight factor: 1.00
Weighted Partial grade TMDC 1: 1327.09 Old value New value
Normalized Partial grade TMDC 1: 53.34 1327.09

Figure A-10 Traffic Monitoring and Data Collection section (Palm Beach County) - Part 1
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4.8 Choose the used archiving methods for the data:

4.8.1 Paper copy database 1 Important 10 10
4.8.2 Electronic database 1 Important 60 60
4.8.3 GIS 1 Important 30 30
4.8.5 Not at all 0 Important 0 0
Select the data types that are saved in the signal inventory
system (database):
4.9.1 Volume 1 Important 100 100
4.9.2 Occupancy 0 Important 100 0
4.9.3 Travel time 1 Important 100 100
4.9.4 Queue lengths 0 Important 100 0
4.9.5 Work zones 1 Important 100 100
4.9.6 Events 1 Important 100 100
4.9.7 Weather 0 Important 100 0
4.9.8 Location 1 Important 100 100
4.9.9 Hardware 1 Important 100 100
4.9.10 Controller 1 Important 100 100
4.9.11 Timing plans 1 Important 100 100
4.9.12 Time space diagrams 1 Important 100 100
4.9.13 Maintenance activity 1 Important 100 100
4.9.14 Other 0 Important 100 0
4.10 With who are those reports shared?
4.10.1 Limited group inside the agency 1 Important 50 50
4.10.2 All agency personnel 1 Important 100 100
4.10.3 Public 0 Important 100 0
4.10.4 Universities 1 Important 100 100
4.10.5 Research institutes 1 Important 100 100
4.10.6 Agencies at the same state 1 Important 100 100
4.10.7 Agencies in other states 0 Important 100 0
4.10.8 Other 0 Important 100 0
4.11 Select the technologies used to collect vehicle travel times:
4.11.1 Field runs - manually with probe vehicle 0 20 0
4.11.2 Field runs - with GPS 1 Important 100 100
4.11.3 Video cameras with ALPR (Automatic license plate recognition) 0 Important 100 0
4.11.4 Tag readers (E-Z Pass) 0 Important 100 0
4.11.5 Bluetooth/Wi-Fi (MAC address matching) 1 Important 100 100
4.11.6 Other 0 Important 100 0 New min New max
4.11.7 Travel time not collected 0 Important 0 0 n
Partial grade 2: 1750.00 Old min  Old max
Data collection and storage subsection weight factor: 1.00 n
Weighted Partial grade TMDC 2: 1750.00 Old value New value
Normalized Partial grade TMDC 2: 70.85

Figure A-11 Traffic Monitoring and Data Collection section (Palm Beach County) - Part 2
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4.12
correctness?

Are the collected data checked for quality, consistency and

4.13 What is the resolution of collected data regarding travel times?

4.13.1
4.13.2
4.13.3
4.13.4
4.13.5
4.13.6

Every minute
15 min
30min

1h
Daily
As needed

4.14 What is the resolution of collected data regarding vehicle delay?

4.14.1

4.14.2

4.14.3

4.14.4

4.14.5

4.14.6

415
timings?

4.15.1

4.15.2

4.15.3

4.15.4

4.15.5

4.15.6

4.15.7

Weather and turning movements Oor 1/Value Importance factor _

Number of weather stations located on the territory under

4.16 o
agency's jurisdiction

Every minute
15 min

30 min

1h

Daily

Not collecting

What is the resolution of collected data regarding actual signal

Every second
Every minute
15 min

30 min

1h

Daily

As needed

On how many locations, turning movement counts are being

4.17 collected?

4.18 When are turning movement counts collected?

4.18.1
4.18.2

Each year
When signals are retimed

Figure A-12 Traffic Monitoring and Data Collection section (Palm Beach County) - Part 3
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0

1047

Important 100
Important 100
Important 80
Important 60
Important 40
Important 20
Important 10
Important 100
Important 80
Important 60
Important 40
Important 20
Important 0
Important 100
Important 85
Important 70
Important 55
Important 40
Important 25
Important 10

Partial grade 3:

Data quality subsection weight factor:
Weighted Partial grade TMDC 3:
Normalized Partial grade TMDC 3:

Important

100

Important
100
Important 100
20

Partial grade 4:

Weather and turning movements subsection weight factor:

Weighted Partial grade TMIDC 4:
Normalized Partial grade TMDC 4:
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100

80

oc/o|o o

o/ojo /oo o

265.00
1.00
265.00
64.47

0

100

100

0
200.00
1.00
200.00
59.46

New min New max

o 100

Old min  Old max

20 400

Old value New value

New min New max

o 100

Old min  Old max

0 33630

Old value New value




MAI

Maintenance

- Strategy m Importance factor -

5.2

Do maintenance agreements require performance monitoring and

Important
report? 1 100
Does agency use performance measures to evaluate its signal system
i Important
maintenance? 1 100

Partial grade 1:

Strategy subsection weight factor:
Weighted Partial grade MAI 1:
Normalized Partial grade MAI 1:

Figure A-13 Maintenance section (Palm Beach County) - Part 1
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100

100
200.00
1.00
200.00
100.00

New min

Old min

Old value

New max

100
Old max
200
New value
100




5.4
5.5

5.6

5.6.1
5.6.2
5.6.3
5.6.4
5.7
5.7.1
5.7.2
5.7.3
5.7.4
5.7.5
5.7.6

5.8

5.8.1
5.8.2
5.8.3
5.8.4
5.8.5
5.8.6

Number of detectors out of function per year

Duration of detectors failure per year

Are adjustment made to reflect changes required due to the

characteristics of the new equipment?

How often do you check alignment and position of all signal heads and

signs?

How often do you check operability of signal controllers?

Monthly
Semi annual
Annual

Bi annual

Continuously
Daily

Weekly
Monthly
Semi annual
Annual

How often do you check operability of communication infrastructure?

Continuously
Daily
Weekly
Monthly
Semi annual
Annual

0
1
0
0

oO/0o|O0 O/~ |O

o oo o~ |Oo

Important

100
Important

100
Important 100
Important 70
Important 40
Important 10
Important 100
Important 90
Important 70
Important 50
Important 30
Important 10
Important 100
Important 90
Important 70
Important 50
Important 30
Important 10

Figure A-14 Maintenance section (Palm Beach County) - Part 2
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100
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5.9
How often do you check operability of Signal System Central Software

5.9.1 Continuously 1 Important 100 100

5.9.2 Daily 0/ Important 90 0

5.9.3 Weekly 0 Important 70 0

5.9.4 Monthly 0/ Important 50 0

5.9.5 Semi annual 0 Important 30 0

5.9.6 Annual 0 Important 10 0
5.10 How often do you check operability of signal heads?
5.10.1 Continuously 0 Important 100 0
5.10.2 Daily 0/ Important 90 0
5.10.3 Weekly 0 Important 70 0
5.10.4 Monthly 0 Important 50 0
5.10.5 Semi annual 1 Important 30 30
5.10.6 Annual 0 Important 10 0

How often do you implement methods for synchronizing controllers'
clocks?
5.11.1 Hourly 0/ Important 100 0
5.11.2 Daily 1| Important 70 70
5.11.3 Weekly 0/ Important 40 0
5.11.4 Monthly 0 Important 10 0
5.12 Total cost of all reparations per year NA Important r
5.13 Number of all malfunctions per year 12000 100 H#VALUE!
5.14 Number of changed lightbulbs 2000 r New min New max
= Important
5.15 Total number of lightbulbs . NA 100 #vALUEL [ ol 00|
Partial grade 2: 550.00 Old min Old max
Equipment subsection weight factor: 1.00
Weighted Partial grade MAI 2: 550.00 Oldvalue New value
Normalized Partial grade MAI 2: 56.80

Figure A-15 Maintenance section (Palm Beach County) - Part 2
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o 1/Value Importance fecter -

What is the average response time (time from problem occurrence to
5.16 beginning of solving) to critical failures (e.g. controller malfunction,
communications failure, physical damage of equipment on site...)

5.16.1 <1hour 0/ Important 100 0

5.16.2 <half aday 1 Important 90 90

5.16.3 <aday 0/ Important 70 0

5.16.4 <3day 0/ Important 50 0

5.16.5 <one week 0/ Important 30 0

5.16.6 >one week 0/ Important 10 0

What is the average time to complete the intervention (time to resolving
5.17 the problem) to critical failures (e.g. controller malfunction,
communications failure, physical damage or equipment on site...)

5.17.1 <1hour 0/ Important 100 0

5.17.2 <half aday 0/ Important 90 0

5.17.3 <aday 0/ Important 70 0

5.17.4 <3day 1 Important 50 50

5.17.5 <one week 0/ Important 30 0

5.17.6 >one week 0/ Important 10 0

5.18 Whatis the average response time to all reported failures?

5.18.1 <1hour 0/ Important 100 0

5.18.2 <half aday 0 Important 90 0

5.18.3 <aday 0/ Important 70 0

5.18.4 <3day 0 Important 50 0

5.18.5 <one week 0/ Important 30 0

5.18.6 >one week 1 Important 10 10

5.19 Whatis average response time regarding user complaints?

5.19.1 <1hour 0/ Important 100 0

5.19.2 <half aday 0 Important 90 0

5.19.3 <aday 1 Important 70 70

5.19.4 <3day 0/ Important 50 0

5.19.5 <one week 0/ Important 30 0 New min New max

5.19.6 >one week 0 Important 10 0 -

Partial grade 3: 220.00 Old min Old max
Reaction time subsection weight factor: 1.00 m
Weighted Partial grade MAI 3: 220.00 Oldvalue  New value

Normalized Partial grade MAI 3: 50.00

Figure A-16 Maintenance section (Palm Beach County) - Part 3
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. Inventory and reporting Oor1/Value Importance factor -

5.20 Does the inventory include a record of maintenance activity? Important
Select the maintenance reports that are being made in your agency

>21 about the following:

5.21.1 Communication failures 1 Important 100 100

5.21.2 Vehicle detector failures 1| Important 100 100

5.21.3 Pedestrian detector failures 1 Important 100 100

5.21.4 UPS device failures 0 Important 100 0

5.21.5 Controller device failures 1 Important 100 100

5.21.6 Signal system central software 1| Important 100 100

5.21.7 Signal system central hardware 1 Important 100 100

5.22 . . .

How frequent the maintenance reports are being made in your agency?

5.22.1 Hourly 0 Important 100 0

5.22.2 Daily 1| Important 90 90

5.22.3 Weekly 0/ Important 70 0

5.22.4 Monthly 0 Important 50 0

5.22.5 Annually 0/ Important 30 0

5.22.6 Never 0 Important 10 0

52 Does your agency keep record of the following specifics of each

maintenance taks and work order about:

5.23.1 Locations (where was maintenance performed) 1 Important 100 100

5.23.2 Equipment (hardware and software which was affected by work order) 0 Important 100 0

5.23.3 Type of work defined by work order 1 Important 100 100

5.23.4 Type of work not defined by work order 1| Important 100 100

5.23.5 Duration of work 0/ Important 100 0

5.23.6 Used parts for reparations 0 Important 100 0 New min New max

5.23.7 Number of workers active on that specific reparation 0/ Important 100 0 n

Partial grade 4: 318.57 Old min Old max
Inventory and reporting weight factor: 1.00
Weighted Partial grade MAI 4: 318.57 Oldvalue New value

Normalized Partial grade MAI 4: 79.12

Figure A-17 Maintenance section (Palm Beach County) - Part 4
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- SIgnaI SyStem central Software oo 1lva|ue -

5.24 Duration of coordination failure

Important
5.25 Total time while signals should be coordinated 100 #VALUE!
Time while communications errors were present M
5.26 Important
(per year) 100 #VALUE!
5.27 Number of vehicle detector malfunctions Important 100/ #VALUE!
5.28 Number of pedestrian detector malfunctions Important M
5.29 Total number of pedestrian detectors 100' #VALUE!
>-30 Duration of all reparations made by average maintenance crew per year Important 100 #VALUE!
5.31 Total duration of routine and non-routine reparations Important 100/ #VALUE!
5.32 Number of routine and non-routine reparations Important 100] #VALUE! New min New max
5.33 Average duration of routine and non-routine reparations Important 100" #VALUE! n
Partial grade 5:°  #VALUE! old min old max
SSCS subsection weight factor: 1.00 __
Weighted Partial grade MAI 5: f #VALUE! Oldvalue New value
Normalized Partial grade MAI 5" #VALUE! #VALUE! H#VALUE!

Figure A-18 Maintenance section (Palm Beach County) — Part 5
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Partial Normalized | Evaluation | Grade ) Weighted ) ) .
) ) ) ) Weight Level of | Evaluation Final |Level of | Evaluation
Section grade [ Partial Grade subsection Grade confidence |Value Per Grade per X ) ) )
k factors . Service |confidence (%)| Grade | Service |confidence (%)
num Value (%) Section Section
1 |[Staff Training 0.0 0
2 [Monitoring 57.1 100
3 |User satisfaction 70.4 100
4 |Publicrelations 32.5 100
Cooperation with
5 . . . 100.0 50 57.4 1.0 57.4 C 91.7
neighboring agencies
6 [Safety and accidents 26.8 100
7 |Inventory 100.0 100
8 [Vehicles forinterventions 14.1 100
9 |[SSCS 58.2 100
1 |[General 49.5 100
49.5 1.0 49.5 D 50.0
2 |SSCS 0.0 0
1 |General 93.8 67 66.8 B 67.4
93.8 1.0 93.8 A 33.3
2 |SSCS 0.0 0
1 |Detection 53.3 80
Traffic -
. 2 |Data Collection and Storage 70.9 100
Monitoring i 620 | 10 62.0 c 86.7
and Data 3 \[/)\7ta C;ua |t\:JI : 64.5 100 . . . .
Collection 4 eather and turning 595 e
movements
1 |Strategy 100.0 100
2 [Maintenance of equipment 56.8 78
Maintenance 3 [Reaction time 50.0 100 715 1.0 71.5 B 75.6
4 |Inventory and reporting 79.1 100
5 |SSCS 0.0 0

Legend

The cells where weight factors for sections can be changed.

Figure A-19 Grading (Palm Beach County)
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I

ua B W N =

NTSRC Grades

Sectional| Weighting
Score factor
1

Management 57.4 57.4
Traffic Signal Operation 49.5 1 49.5
Signal Timing Practices 93.8 1 93.8
Traffic Monitoring and Data Collection 62.0 1 62.0
Maintenance 71.5 1 71.5

Total: 66.8

Evaluation

Confidence (%)

91.7
50.0
333
86.7
75.6
67.4

Figure A-20 Summarized grades (Palm Beach County)

Signal System Facts

Contact Information

Agency

Palm Beach County

Contact Person

Giri Jeedigunta, PE, PTOE

Email Address

Grading

gjeedigu@pbcgov.org

Overall Grade

Overall Score

66.8

Evaluation confidence

General Information

67.4%

Population

1,422,789

Annual Funding for Signal O&M

NA

Annual Capital Investments

Operational Information

NA

FTEs

31

Signalized Intersections

1047

Coordinated Signals

639

Frequency of Signal Retiming

Less than 1year

Central Signal System

ATMS.now

Malfunctions per year

12,000

Annual Reparation Cost

NA

Response Time

72h

Figure A-21 Signal System Facts Card (Palm Beach County)
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D
A
C
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Appendix B: The City of Boca Raton Annual Evaluation
Spreadsheet
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Contact and General Information

Contact Information

0.1 Name

0.2 Title

0.3 Agency

0.4/ Address

0.5 City/Town
0.6|State/County

0.7 Zip code

0.8 Telephone contact
0.9/Email address

General Information

Rasem Awwad/Tracy Phelps
Traffic Ops Eng/Transportation Eng
City of Boca Raton

201 W. Palmetto Park Rd

Boca Raton

Palm Beach County, Florida

33432

561-416-3387

rawwad@myboca.us

0.10 County/City population
0.11|Number of registered vehicles
Number of neighboring signal
control agencies
Number of streets with shared
signal jurisdiction
Total length of road network
0.14 S .
by the jurisdiction (miles)
Estimated annual funding for signal
operations and management

0.15

Estimated annual funding for signal
related capital investments

0.16

Signal System Central Software

91,000
72,600

-

220

150,000

80,000

0.17|Number of signalized intersections

136

WWW.CeENSUS.gOoV

www.flhsmv.gov

http://www.dot.state.fl.us/planning/statistics/gis/road.shtm

Figure B-1 Contact and General Information section (Boca Raton)
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Importance Total equivalent weighted
Number and expertise of in-house staff Numbers of FTEs Importance y & e
factor number of regular staff

Management

1.1.1 Managers Important
1.1.2 Engineers 2.0 Important 100 200
1.1.3 Technicians 6.0 Important 100 600
1.1.4 Administrative staff 2.0 Important 100 200

1.15 Other Important
-
factor number of outsourced staff
1.2.1 Managers Important 0
1.2.2 Engineers 0.0 Important 100 0
1.2.3 Technicians 0.0 Important 100 0
1.2.4 Administrative staff 0.0 Important 100 0
1.2.5 Other 0.0 Important 100 0
Total equivalent number of staff: 10.00

Numbers of training
. . Importance
1.3 [Staff training hours in one year Importance factor
(hours x persons)
1.3.1 Basic signal timing Important 100 0
1.3.2 Advanced signal timing Important 100 320
133 ITS courses Important 100 640
1.3.4 Hardware and communications Important 100 640
1.3.5 Other Important 100 160
Partial grade 1: 1.76
Staff training weight factor: 1.00
Weighted Partial grade MAN 1: 1.76
Normalized Partial grade MAN 1: 50.00
1.4.1 Number of staff designated to monitoring 1
Number of hours in one week they are designated
14 for monitoring 10
Total number of engineering and technician staff r

14.3 (regular and outsourced) 8
1.4.4 Average number of work hours per week (for the persons from questions 1.4.1and 1.4.2) 40
Partial grade 2: 0.31
Monitoring weight factor: 1.00
Weighted Partial grade MAN 2: 0.31

Normalized Partial grade MAN 2: 33.33

Figure B-2 Management section (Boca Raton) - Part 1
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New min New max

o 100

Old min

Old max

L 35

Old value New value

New min New max

o 100

Old min  Old max

0 09375

Old value New value




1.5.1 Number of complaints per year Important 0.0017 New min New max
Is there a publicized call-in telephone number and web site
1.5.2 that the public can use to report malfunctions, ask questions

and suggest operational improvements? 1 Important 100 1 100
Partial grade 3: 1.00 Old min  Old max
User satisfaction weight factor: 1.00 n
Weighted Partial grade MAN 3: 1.00 Old value New value
Normalized Partial grade MAN 3: 70.54
I e e g g e
1.6.1 0 Important
1.6.2 48h 1 Important 80 80
1.6.3 72h 0 Important 60 0
1.6.4 7 days 0 Important 40 0
1.6.5 10 days 0 Important 20 0
1.6.6 More than 10 days 0 Important 0 0
17 otomston e topte ot mporme oo |
1.7.1 Traffic lights failures 0 Important 100 0
1.7.2 Congestion 0 Important 100 0
1.7.3 Incidents on signalized intersections 0 Important 100 0
1.7.4 Lane closures at signalized intersections 1 Important 100 100
1.7.5 Reaction time for reparations of traffic signals 0 Important 100 0
1.7.6 Frequency of malfunctions 0 Important 100 0
1.7.7 Goals 0 Important
I N S PR B
1.8.1 PR person 1 Important
1.8.2 Head of department 1 Important 100 100
1.8.3 Memos or letters 1 Important 100 100
1.8.4 Television 0 Important 100 0
1.8.5 Radio 0 Important 100 0
1.8.6 Web site 1 Important 100 100 New min New max
1.8.7 Telephone 1 Important 100 100 n
Partial grade 4: 1.66 Old min  Old max
Public relations weight factor: 1.00
Weighted Partial grade MAN 4: 1.66 Old value New value
Normalized Partial grade MAN 4: 50.45

Figure B-3 Management section (Boca Raton) - Part 2
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m Cooperation with neighboring signal control agencies Importance factor

Number of neighboring county agencies with whom

the information and data are being exchanged 1 Important 100
Number of streets with signals being shared with
the neighboring agencies that are inter-coordinated 0 Important 100

Partial grade 5:

Cooperation weight factor:
Weighted Partial grade MAN 5:
Normalized Partial grade MAN 5:

50

25.00

1.00
25.00
25.00

1.10.1 Number of accidents on streets close to traffic signals 2960 Important
1.10.1 Number of accidents involving the running of red lights 91 Important 100
Partial grade 6:
Safety and accidents weight factor
Weighted Partial grade MAN 6:
Normalized Partial grade MAN 6:

104.94
135
106.29
1.00
106.29
51.91

Inventory - up to date inventory about all signal
1.11 B ) ) Oorl Importance Importance factor
equipment including spares

1111 Is there an up-to date inventory about all signal
: equipment including spares? 1 Important 100
Weighted Partial grade MAN 7:

Normalized Partial Grade MAN 7:

100.00
100.00

1.12.1 Number of vehicles in operation by shift Important
1.12.2 Miles travelled per vehicle (in thousands) Important 100
1.12.3/ The vehicle coverage ratio _ Important 100
Partial grade 8:
Service vehicles number weight factor:
Weighted Partial grade MAN 8:
Normalized Partial grade MAN 8:

Figure B-4 Management section (Boca Raton) - Part 3
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4.41
0.77
2.73
3.95
1.00
3.95
45.00

New min New max

Old min  Old max

o 10

Old value New value

New min New max
100
Old min  Old max

Old value New value

New min New max

o 100

Old min  Old max

Old value New value
100.00 100

New min New max

____ o 100

Old min  Old max

Old value New value




Signal System Central Software (SSCS) - ATMS.now Oor1/Value Importance factor

1.13.1 Does the agency has Signa ISystem Central Software 1 Important 100 100
1.13.2 How many intersections are connected to SSCS? 136 Important

Type of Signal System Central Software ———\

1.14.1 ACTRA

1.14.2 ATMS.now
1.14.3 Centracs
1.14.4 KITS
1.14.5 MIST
1.14.6 QuicNet
1.14.7 Sitraffic Concert
1.14.8 Sitraffic Tactics

1.14.9 Other

Functionality of Signal System Central Software Oor1/Value Importance factor

1.15.1 Video monitoring 1 Important 100 100
1.15.2 Functionality monitoring 1 Important 100 100
1.15.3 Signal plans changing 1 Important 100 100
1.15.4 Special events management 1 Important 100 100
1.15.5 Corridor management/traffic signal coordination or control 1 Important 100 100
1.15.6 Disaster management and traffic coordination 1 Important 100 100
1.15.7 Emergency services traffic control coordination 1 Important 100 100
1.15.8 Ramp management and control 0 Important 100 0
1.15.9  Network performance monitoring, evaluation and reporting 1 Important 100 100
1.16 Number of staff that actively use SSCS software 2 Important 100 147
Does the agency has set the alarms for malfunctions
that inform persons in charge? Important
N N S
Oorl Importance Importance factor
informing persons in charge about events causing alarms
1.18.1 On Signal System Central Software interface 1 Important
1.18.2 SMS message 0 Important 100 0
1.18.3 E-mail 1 Important 100 100 New min New max
1.18.4 Pager 0 Important 100 o | o 100
Partial grade 9: 2247.06 Old min  Old max
SSCS weight factor: 1.00 n
Weighted Partial grade MAN 9: 2247.06 Old value New value
Normalized Partial grade MAN 9: 65.52 2247.06| 65.52319

Figure B-5 Management section (Boca Raton) - Part 4
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TSO Traffic Signal Operations
-_ Oor 1lva|ue _

Do you use traffic responsive or traffic

adaptive control? 1 Important 100 100
22 Are field reviews of signal operations Important
performed annually? 1 100 100
Are ad hoc changes triggered by complaint
2.3 . Important
calls performed for all legitimate requests? 1 100 100
24 Are sights distances to intersections reviewed Important
for all new traffic signal installations? 1 100 100
Are advanced warning indications installed
2.5 - o ) Important
where limited site distances exist? 1 100 100
Number of signalized intersections adjusted
2.6 . . . Important
for visually impaired persons. 13 100 9.558823529
Actual time to implements, evaluate and
2.7 calibrate the new timing settings or strategy Important
(in weeks) 4 100
Expected time to implement, evaluate and
2.8 calibrate the new timing settings or strategy Important
(in weeks) 4 100 100
29 What is the frequency of signal
retiming in your agency?
2.9.1 Less than 1year 1 Important 100 100
2.9.2 1-2 years 0 Important 75 0
2.9.3 2-3years 0 Important 50 0
2.9.4 3-5years 0 Important 25 0
2.9.5 More than 5years 0 Important 0 0 New min New max
2.10 Number of coordinated traffic signals 103 Important 100 75.73529412 n
Partial grade 1: 785.29 Old min  Old max
General subsection weight factor: 1.00
Weighted Partial grade TSO 1: 785.29 Old value New value
Normalized Partial grade TSO 1: 63.94 785.29| 63.938619

Figure B-6 Traffic signal operations section (Boca Raton) - Part 1
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Number of special events, disasters, VIP routes
and emergency signal timings

2.12 Total number of signal timings _ Important 100 8.149405772

- Slgnal SYStem Central Software - ATMS.now Importance factor _

2.13 |Number of school zone manual flash signals 39
2.14 Number of schools 17 Important 100 229.4117647
215 Numb.e.r of intersections with preemption Important

capability 64 100 47.05882353
216 Number of intersections with Public transit

prioritization capability 0
217 Total number of signalized intersections

along PT routes. 1 Important 100 0
218 Averafge number.of ho‘urs per day when Important

adaptive system is active 12 100 50
219 Number of hours with congestion

(per day, week, month) 8
2.20 Total number of hours per observed period

(in day, in week, in month...) 24 Important 100 0.520833333
2.21 |Number of cycle failures _ r
2.22 Total number of cycles per observed period _ Important 100 #VALUE!
2.23  Number of cycle faults (AM, PM, Midday, Night) [NEREREEEEE Important 100 f #VALUE!

2.24 |Time that coordination has been in transition _ r

2.25 Time the coordination is active 15 Important 100 #VALUE! New min New max
2.26 Coordination failure _ Important 100 f #VALUE! n
Partial grade 2: 326.99 Old min  Old max
SSCS subsection weight factor: 1.00

Weighted Partial grade TSO 2: 326.99 Old value New value
Normalized Partial grade TSO 2: 38.77 326.99| 38.766497

Figure B-7 Traffic signal operations section (Boca Raton) - Part 2
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Signal Timing Practices

-_ oo 1/value Importance fecter -

Are records of conflict situations used to identify

3.1 signalized intersections at which safety could be Important
improved by revised signal operations (protected turns...) 0 100 0
3.2 Select the performance measures that agency collects
3.21 Number of vehicles served 0 Important 100 0
3.2.2 Delay per vehicle 1 Important 100 100
3.23 Total delay 1 Important 100 100
3.24 v/c 0 Important 100 0
3.2.5 Travel time 1 Important 100 100
3.2.6 Number of stops 1 Important 100 100
3.2.7 Other 0 Important 100 0
Do you use signal timing optimization software . o Important
(Synchro, PASSER, TRANSYT, etc) to develop new signal timings? 1 100 100
3.4 |What parameters do you use to develop new signal timings?
3.4.1 Cycle lenghts 1 Important 100 100
3.4.2 Offsets 1 Important 100 100
3.4.3 Splits 1 Important 100 100
3.44 Phasing sequence 1 Important 100 100
3.4.5 Discharge time 0 Important 100 0
3.4.6 Two-way progression 0 Important 100 0
3.4.7 Turning movements 0 Important 100 0
3.4.8 Time space diagrams 1 Important 100 100 New min New max
3.4.9 Other 0 Important 100 o | o 100
Partial grade 1: 1000.00 Old min Old max
General subsection weight factor: 1.00 -
Weighted Partial grade STP 1: 1000.00 Old value New value
Normalized Partial grade STP 1: 62.50

Figure B-8 Signal timing practices section (Boca Raton) - Part 1
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- ATMS.now Oor 1lva|ue Importance factor _

3.5 |Average duration of splits per AM, Midday and PM period

AM —
Midday [ #DIV/O!
pv f
3.6 Duration of programmed splits _ #DIV/0!
av f
Midday
rv Important 100 I #DIV/O!
37 The nurr\ber of.tlmes a phase was activated in a given _ R .
evaluation period
3.8 |Maximum number of times that phase could be activated _ Important 100 #DIV/0! -
Partial grade 2: #DIV/0! old min old max
SSCS subsection weight factor:
Weighted Partial grade STP 2: f #DIV/0! Oldvalue  New value
Normalized Partial grade STP 2: f #DIV/0! #DIV/0! #DIV/0!

Figure B-9 Signal timing practices section (Boca Raton) - Part 2
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Traffic Monitoring and Data Collection

Total number of detectors
4.2 Detection distribution by type:

4.2.1 Inductive loop
4.2.2 Video
4.2.3 Microwave
4.2.4 Infrared
4.3 Choose system detectors that are being used in your agency:
431 Midblock
4.3.2 Near upstream intersections
4.4 What data do those system detectors collect?

4.4.1 Speed
4.4.2 Volume
4.4.3 Occupancy
4.4.4 Progression speed

4.5 Does your agency use queue detectors?
4.6 If video detectors are used, is their operation calibrated for:

4.6.1 Lighting
4.6.2 Weather
4.6.3 Wind
46.4 Occlusion
4.6.5 Lense cleaning
4.6.6 Zone adjustments
4.7 How often video detectors are being calibrated?

4.7.1 More often than once per month
4.7.2 Every month
4.7.3 Every three months
4.7.4 Every six months
4.7.5 Once per year
4.7.6 Less often than once per year

Figure B-10 Traffic monitoring and data collection section (Boca Raton) - Part 1

1167
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0
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Important

Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 100
Important 80
Important 60
Important 40
Important 20
Important 5

Partial grade 1:

Detection subsection weight factor:
Weighted Partial grade TMDC 1:
Normalized Partial grade TMDC 1:

530.45

o

oo oo o

100
100
100
100
100
100

1190.45
1.00
1190.45
47.82

New min New max

L0 100

Old min  Old max

Old value New value




4.8 Choose the used archiving methods for the data:

4.8.1 Paper copy database 1 Important 10 10
4.8.2 Electronic database 1 Important 60 60
4.8.3 GIS 1 Important 30 30
4.8.5 Not at all 0 Important 0 0
Select the data types that are saved in the signal inventory
system (database):
4.9.1 Volume 0 Important 100 0
4.9.2 Occupancy 0 Important 100 0
4.9.3 Travel time 1 Important 100 100
4.9.4 Queue lengths 0 Important 100 0
4.9.5 Work zones 0 Important 100 0
4.9.6 Events 1 Important 100 100
4.9.7 Weather 1 Important 100 100
4.9.8 Location 1 Important 100 100
4.9.9 Hardware 1 Important 100 100
4.9.10 Controller 1 Important 100 100
4.9.11 Timing plans 1 Important 100 100
4.9.12 Time space diagrams 1 Important 100 100
4.9.13 Maintenance activity 1 Important 100 100
4.9.14 Other 0 Important 100 0
4.10 With who are those reports shared?
4.10.1 Limited group inside the agency 1 Important 50 50
4.10.2 All agency personnel 1 Important 100 100
4.10.3 Public 0 Important 100 0
4.10.4 Universities 1 Important 100 100
4.10.5 Research institutes 1 Important 100 100
4.10.6 Agencies at the same state 0 Important 100 0
4.10.7 Agencies in other states 0 Important 100 0
410.8 Other 0 Important 100 0
4.11 Select the technologies used to collect vehicle travel times:
4.11.1 Field runs - manually with probe vehicle 0 20 0
4.11.2 Field runs - with GPS 1 Important 100 100
4.11.3| Video cameras with ALPR (Automatic license plate recognition) 0 Important 100 0
4.11.4 Tag readers (E-Z Pass) 0 Important 100 0
4.11.5 Bluetooth/Wi-Fi (MAC address matching) 1 Important 100 100
4.11.6 Other 0 Important 100 0 New min New max
4.11.7 Travel time not collected 0 Important 0 0 n
Partial grade 2: 1550.00 Old min  Old max
Data collection and storage subsection weight factor: 1.00 n
Weighted Partial grade TMDC 2: 1550.00 Old value New value
Normalized Partial grade TMDC 2: 62.75

Figure B-11 Traffic monitoring and data collection section (Boca Raton) - Part 2
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Are the collected data checked for quality, consistency and

4.12 Important

correctness? 1 100 100
4.13 Whatis the resolution of collected data regarding travel times?
4.13.1 Every minute 0 Important 100 0
4.13.2 15min 0 Important 80 0
4.13.3 30 min 0 Important 60 0
4.13.4 1h 0 Important 40 0
4.13.5 Daily 0 Important 20 0
4.13.6 As needed 1 Important 10 10
4.14 What s the resolution of collected data regarding vehicle delay?
4.14.1 Every minute 0 Important 100 0
4.14.2 15 min 0 Important 80 0
4.14.3 30 min 0 Important 60 0
4.14.4 1h 0 Important 40 0
4.14.5 Daily 0 Important 20 0
4.14.6 Not collecting 0 Important 0 0

What is the resolution of collected data regarding actual signal

timings?
4.15.1 Every second 1 Important 100 100
4.15.2 Every minute 0 Important 85 0
4.15.3 15 min 0 Important 70 0
4.15.4 30 min 0 Important 55 0
4.15.5 1h 0 Important 40 0
4.15.6 Daily 0 Important 25 0 New min New max
4.15.7 As needed 0 Important 10 0 n

Partial grade 3: 210.00 Old min  Old max
Data quality subsection weight factor: 1.00
Weighted Partial grade TMDC 3: 210.00 Old value New value
Normalized Partial grade TMDC 3: 50.00

Figure B-12 Traffic monitoring and data collection section (Boca Raton) - Part 3
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Weather and turning movements 0or 1/Value Importance factor _

Number of weather stations located on the territory under

4.16 agency's jurisdiction 0 Important 100 0
On how many locations, turning movement counts are being
Important
4.17 collected? 127 100 93.38235294
4.18 When are turning movement counts collected?
4.18.1 Each year 0 Important 100 0 New min New max
4.18.2 When signals are retimed 1 20 20 n
Partial grade 4: 113.38 Old min  Old max
Weather and Turning movements subsection weight factor: 1.00 ‘
Weighted Partial grade TMDC 4: 113.38 Old value New value
Normalized Partial grade TMDC 4: 33.71 113.38| 33.708632

Figure B-13 Traffic monitoring and data collection section (Boca Raton) - Part 4
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MAI Maintenance

Do maintenance agreements require performance monitoring and

Important New min New max
report? 1 100 100
Does agency use performance measures to evaluate its signal system
5.2 i Important
maintenance? 1 100 100 100
Partial grade 1: 200.00 Old min Old max
Strategy subsection weight factor: 1.00 n
Weighted Partial grade MAI 1: 200.00 Oldvalue  New value
Normalized Partial grade MAI 1: 100.00 200.00 100

Figure B-14 Maintenance section (Boca Raton) - Part 1
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5.4

5.5

5.6

5.6.1
5.6.2
5.6.3
5.6.4
5.7
5.7.1
5.7.2
5.7.3
5.7.4
5.7.5
5.7.6

5.8

5.8.1
5.8.2
5.8.3
5.8.4
5.8.5
5.8.6

Number of detectors out of function per year
Duration of detectors failure per year
Are adjustment made to reflect changes required due to the
characteristics of the new equipment?
How often do you check alignment and position of all signal heads and
signs?
Monthly
Semi annual
Annual
Bi annual
How often do you check operability of signal controllers?
Continuously
Daily
Weekly
Monthly
Semi annual
Annual

How often do you check operability of communication infrastructure?
Continuously
Daily
Weekly
Monthly
Semi annual
Annual

OO0 O o O o= O O

OO0 O ol O

Important

Important

Important
Important
Important
Important

Important
Important
Important
Important
Important
Important

Important
Important
Important
Important
Important
Important

Figure B-15 Maintenance section (Boca Raton) - Part 2
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5.9
How often do you check operability of Signal System Central Software

5.9.1 Continuously 0 Important 100 0

5.9.2 Daily 1 Important 90 90

5.9.3 Weekly 0 Important 70 0

5.9.4 Monthly 0 Important 50 0

5.9.5 Semi annual 0 Important 30 0

5.9.6 Annual 0 Important 10 0
5.10 How often do you check operability of signal heads?
5.10.1 Continuously 0 Important 100 0
5.10.2 Daily 0/ Important 90 0
5.10.3 Weekly 0/ Important 70 0
5.10.4 Monthly 1 Important 50 50
5.10.5 Semi annual 0 Important 30 0
5.10.6 Annual 0 Important 10 0

How often do you implement methods for synchronizing controllers'
clocks?
5.11.1 Hourly 1 Important 100 100
5.11.2 Daily 0 Important 70 0
5.11.3 Weekly 0/ Important 40 0
5.11.4 Monthly 0/ Important 10 0
5.12 Total cost of all reparations per year 150000
. Important
5.13 Number of all malfunctions per year 1581 100 94.88
5.14 Number of changed lightbulbs _ r New min New max
. Important
5.15 Total number of lightbulbs _ 100 #DIV/0! -
Partial grade 2: 560.00 Old min Old max
Equipment subsection weight factor: 1.00
Weighted Partial grade MAI 2: 560.00 Oldvalue  New value
Normalized Partial grade MAI 2: 57.93

Figure B-16 Maintenance section (Boca Raton) - Part 3
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oo 1/\la|ue Importance focter -

What is the average response time (time from problem occurrence to
5.16 beginning of solving) to critical failures (e.g. controller malfunction,
communications failure, physical damage of equipment on site...)

5.16.1 <1hour 0 Important 100 0

5.16.2 < half a day 1 Important 90 90

5.16.3 <aday 0| Important 70 0

5.16.4 <3day 0| Important 50 0

5.16.5 <one week 0| Important 30 0

5.16.6 >one week 0| Important 10 0

What is the average time to complete the intervention (time to
5.17 resolving the problem) to critical failures (e.g. controller malfunction,
communications failure, physical damage or equipment on site...)

5.17.1 <1hour 0| Important 100 0

5.17.2 < half a day 0| Important 90 0

5.17.3 <aday 0| Important 70 0

5.17.4 <3day 1 Important 50 50

5.17.5 <one week 0 Important 30 0

5.17.6 >one week 0 Important 10 0

5.18 What s the average response time to all reported failures?

5.18.1 <1lhour 0/ Important 100 0

5.18.2 <half a day 0/ Important 90 0

5.18.3 <aday 0/ Important 70 0

5.18.4 <3day 1 Important 50 50

5.18.5 <one week 0| Important 30 0

5.18.6 >one week 0| Important 10 0

5.19 Whatis average response time regarding user complaints?

5.19.1 <1hour 0/ Important 100 0

5.19.2 <half aday 0/ Important 90 0

5.19.3 <aday 0/ Important 70 0

5.19.4 <3day 0 Important 50 0

5.19.5 <one week 0 Important 30 0 New min New max

5.19.6 >one week 1| Important 10 10 ‘

Partial grade 3: 200.00 Old min Old max
Reaction time subsection weight factor: 1.00 mm
Weighted Partial grade MAI 3: 200.00 Oldvalue  New value

Normalized Partial grade MAI 3: 44.44

Figure B-17 Maintenance section (Boca Raton) - Part 4
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. Inventory and reporting 0or1/Value Importance factor -

5.20 Does the inventory include a record of maintenance activity? Important
Select the maintenance reports that are being made in your agency

>21 about the following:

5.21.1 Communication failures 0 Important 100 0

5.21.2 Vehicle detector failures 1 Important 100 100

5.21.3 Pedestrian detector failures 1 Important 100 100

5.21.4 UPS device failures 0/ Important 100 0

5.21.5 Controller device failures 0/ Important 100 0

5.21.6 Signal system central software 0/ Important 100 0

5.21.7 Signal system central hardware 0/ Important 100 0

52 How frequent the maintenance reports are being made in your

agency?

5.22.1 Hourly 0/ Important 100 0

5.22.2 Daily 1 Important 90 90

5.22.3 Weekly 0/ Important 70 0

5.22.4 Monthly 0 Important 50 0

5.22.5 Annually 0 Important 30 0

5.22.6 Never 0 Important 10 0

5.3 Does your agency keep record of the following specifics of each

maintenance taks and work order about:

5.23.1 Locations (where was maintenance performed) 1 Important 100 100

5.23.2| Equipment (hardware and software which was affected by work order) 1 Important 100 100

5.23.3 Type of work defined by work order 1 Important 100 100

5.23.4 Type of work not defined by work order 1 Important 100 100

5.23.5 Duration of work 1 Important 100 100

5.23.6 Used parts for reparations 1 Important 100 100 New min New max

5.23.7 Number of workers active on that specific reparation 1/ Important 100 100 -

Partial grade 4: 318.57 Old min Old max
Inventory and reporting weight factor: 1.00
Weighted Partial grade MAI 4: 318.57 Oldvalue  New value

Normalized Partial grade MAI 4: 79.12

Figure B-18 Maintenance section (Boca Raton) - Part 5
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- Slgnal syStem Central Software ocr 1lva|ue -

5.24 Duration of coordination failure

Important
5.25 Total time while signals should be coordinated 100 #DIV/0!
Time while communications errors were present
5.26 Important
(per year) 100 100
5.27 Number of vehicle detector malfunctions Important 100 #DIV/0!
5.28 Number of pedestrian detector malfunctions Important r
5.29 Total number of pedestrian detectors 100 #DIV/0!
5.30 Duration of all reparations made by average maintenance crew per Important
year 100 100
5.31 Total duration of routine and non-routine reparations Important 100] #DIV/0O!
5.32  Number of routine and non-routine reparations Important 100] #DIV/0! New min New max
5.33 Average duration of routine and non-routine reparations Important 100 #DIV/0! -
Partial grade 5: f #DIV/0! Old min Old max
SSCS subsection weight factor: 1.00
Weighted Partial grade MAI 5: f #DIV/0! Oldvalue New value
Normalized Partial grade MAI 5.” #DIV/0! #DIV/0! #DIV/0!

Figure B-19 Maintenance section (Boca Raton) - Part 6
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Partial Weighted Grade Weighted
) : ) ) '8 Evaluation Weight '8 Level of| Evaluation Final |Level of| Evaluation
Section grade | Partial Grade subsection Grade X Value Per Grade per ) X X '
confidence (%) i factors i Service |confidence (%)| Grade | Service |confidence (%)
num Value Section Section
1 |Staff Training 50.0 100
2 |Monitoring 33.3 100
3 |User satisfaction 70.5 100
4 |Publicrelations 50.4 100
C ti ith
5 |-ooperationwith 25.0 50 546 | 1.0 54.6 c 86.1
neighboring agencies
6 |Safety and accidents 51.9 100
7 |Inventory 100.0 100
8 |Vehicles forinterventions 45.0 67
9 |SSCS 65.5 100
1 _|General 63.9 100 514 | 1.0 51.4 c 50.0
2 [SSCS 38.8 0
1 |General 62.5 67 57.5 c 64.1
62.5 1.0 62.5 C 333
2 |SSCS 0.0 0
. 1 |Detection 47.8 60
o r?t "_: 2 |Data Collection and Storage 62.8 100
onitorin
& 3 [Data Quality 50.0 75 48.6 1.0 48.6 D 75.4
and Data Weath Tt
Collection 4 eather and turning 33.7 &7
movements
1 |Strategy 100.0 100
2 [Maintenance of equipment 57.9 78
Maintenance 3 |Reactiontime 4.4 100 70.4 1.0 70.4 B 75.6
4 |Inventory and reporting 79.1 100
5 |SSCS 0.0 0

Legend

The cells where weight factors for sections can be changed.

Figure B-20 Grading (Boca Raton)
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]

g A W N =

NTSRC Grades

Sectional | Weighting
Score factor
1

Management 54.6 54.6
Traffic Signal Operation 51.4 1 51.4
Signal Timing Practices 62.5 1 62.5
Traffic Monitoring and Data Collection 48.6 1 48.6
Maintenance 70.4 1 70.4

Total: 57.5

Evaluation

Confidence (%)

86.1
50.0
333
75.4
75.6
64.1

Figure B-21 Summarized grades (Boca Raton)

Signal System Facts

Contact Information
Agency City of Boca Raton
Contact Person
Email Address

Rasem Awwad/Tracy Phelps

rawwad@myboca.us

Grading

Overall Grade C
Overall Score 57.5
Evaluation confidence 64.1%

General Information

Population 91,000
Annual Funding for Signal O&M $150,000
Annual Capital Investments $80,000

Operational Information

FTEs 10
Signalized Intersections 136
Coordinated Signals 103
Frequency of Signal Retiming Less than 1year
Central Signal System ATMS.now
Malfunctions per year 1,581
Annual Reparation Cost $150,000
Response Time 48h

Figure B-22 Signal system facts card (Boca Raton)
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Appendix C: FAU Split History Report Analyzer Macro
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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 sltem 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 = xIAutomatic

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 = .Selectedltems(1)
End With

MsgBox "You Selected:" & FolderSelected
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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(xIUp).Row
For iRow = LastRow To 1 Step -1

If WorksheetFunction.Trim(Cells(iRow, 3).Value) = "DateTime" Then Cells(iRow,
3).EntireRow.Delete

Next iRow

On Error Resume Next

Columns("X").SpecialCells(xICellTypeBlanks).EntireRow.Delete

Application.DisplayAlerts = False

Range("E1").EntireColumn.Insert
Range("E1").EntireColumn.Insert

Range("E1").EntireColumn.Insert
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Columns("C:C").TextToColumns Destination:=Range("C1"), DataType:=xIDelimited, _
TextQualifier:=xIDoubleQuote, 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(RCI[-3],""mm/dd/yy "")&TEXT(RC[-2],""hh:mm:ss"")"

Range("F1").AutoFill Range("F1").Resize(Range("C2").End(xIDown).Row)

Range("'F:F").NumberFormat = "[h]:mm:ss"

On Error Resume Next

Rows(1).SpecialCells(xICell TypeBlanks).EntireColumn.Delete

LastRow = Range("C" & Rows.Count).End(xIUp).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("Al").EntireRow.Insert
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Range("Al1").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("11").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"

If Not ActiveSheet.AutoFilterMode Then
ActiveSheet.Range("Al").AutoFilter
End If

Range("Al:X1").Font.Bold = True

Columns("A:X").Font.Name = "Verdana"
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Columns("A:X").EntireColumn.AutoFit
Range("A2").NumberFormat = "0"
Range("A2").Horizontal Alignment = xIRight

Range("A2").Select

Range(Selection, Selection.End(xIDown)).Select

Range(Selection, Selection.End(xIToRight)).Select

Selection.Copy

Windows("FAU Split History Report Analyzer.xIsm").Activate

Range("A" & Rows.Count).End(xIUp).Select

ActiveCell.Offset(1, 0).Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, 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:=xISortOnValues, Order:=xlAscending, DataOption:= _

xISortNormal
ActiveWorkbook.Worksheets(*"Sheet1").Sort.SortFields.Add Key:=Range( _
"C:C"), SortOn:=xISortOnValues, Order:=xlAscending, DataOption:= _

xISortNormal
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ActiveWorkbook.Worksheets(""Sheet1").Sort.SortFields.Add Key:=Range( _
"D:D"), SortOn:=xISortOnValues, Order:=xlAscending, DataOption:= _
xISortNormal

With ActiveWorkbook.Worksheets("Sheet1").Sort
.SetRange Range(Cells.Address)
.Header = xlYes
.MatchCase = False
.Orientation = xITopToBottom
.SortMethod = xIPinYin
Apply

End With

LastRow = Range("A" & Rows.Count).End(xIUp).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
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
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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
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
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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"

Range("Al").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("11").Value = "SP1"
Range("J1").Value = "SP2"
Range("K1").Value = "SP3"
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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"
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("AlI1").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("Al1:AP1").Font.Bold = True
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Columns("AO:AQ").TextToColumns Destination:=Range("AP1"), DataType:=xIDelimited, _
TextQualifier:=xIDoubleQuote, 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
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:AQ").Font.Name = "Calibri"

Columns("A:AO").Font.Size = 11

Columns("A:AO").AutoFit

Application.Calculation = xlAutomatic

Application.ScreenUpdating = True

End Sub

231



Appendix D: FAU Phase Termination Analyzer Macro
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FAU Phase Termination Analyzer Macro

Option Explicit
Sub Phase_Termination_Analyzer()

Dim wbk As Workbook

Dim Filename As String

Dim Path As String

Dim sltem As String

Dim FolderSelected As String
Dim myFolder As FileDialog
Dim iRow As Double

Dim LastRow As Double

Application.ScreenUpdating = False
Application.Calculation = xIManual

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 = .Selectedltems(1)
End With

MsgBox "You Selected:" & FolderSelected

Path = FolderSelected & "\"
Filename = Dir(Path & "*.xIs")

'OPEN EXCEL FILES
Do While Len(Filename) > 0 'IF NEXT FILE EXISTS THEN
Set wbk = Workbooks.Open(Path & Filename)

Columns("A:X").UnMerge
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Range("D1").EntireColumn.Insert
Range("D1").EntireColumn.Insert
Range("D1").EntireColumn.Insert
Range("D1").EntireColumn.Insert

On Error Resume Next
Columns("A").SpecialCells(xICell TypeBlanks).EntireRow.Delete

LastRow = Range("A" & Rows.Count).End(xIUp).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(xIDown)).Select

Range(Selection, Selection.End(xIToRight)).Select

Selection.Copy

Windows("FAU Phase Termination Analyzer.xIsm").Activate

Range("A" & Rows.Count).End(xIUp).Select

ActiveCell.Offset(1, 0).Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, 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.Waorksheets("Sheet1").Sort.SortFields.Add Key:=Range("B:B"), _
SortOn:=xISortOnValues, Order:=xIAscending, DataOption:=xISortNormal

ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("D:D"), _
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SortOn:=xISortOnValues, Order:=xlAscending, DataOption:=xISortNormal

With ActiveWorkbook.Worksheets("Sheet1").Sort
.SetRange Range(Cells.Address)
.Header = xIGuess
.MatchCase = False
.Orientation = xITopToBottom
.SortMethod = xIPinYin
Apply
End With

LastRow = Range("A" & Rows.Count).End(xIUp).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("Al1").EntireRow.Insert
Range("Al1").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"

236



Range("K1").Value = "SP4"
Range("L1").Value = "SP5"
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("Al:X1").AutoFilter

End If

Columns("A:G™).AutoFit

Application.Calculation = xIAutomatic
Application.ScreenUpdating = True

End Sub
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Appendix E: FAU Field Alarms Report Analyzer Macro
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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 sltem 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 = xIAutomatic

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 = .Selectedltems(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)

On Error Resume Next
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Columns("'I").SpecialCells(xICell TypeBlanks).EntireRow.Delete

Columns("A:A™).UnMerge

Columns(*C:C").UnMerge

Columns("L:L").UnMerge

Columns("C:C").TextToColumns Destination:=Range("C1"), DataType:=xIDelimited, _
TextQualifier:=xIDoubleQuote, 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("Al").EntireRow.Insert

Range("Al1").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("Al1").AutoFilter
End If

Columns("E:E").Insert Shift:=xIToRight, CopyOrigin:=xIFormatFromLeftOrAbove
Range("E1").Value = "Formatted date"

Range("E2").FormulaR1C1 = _

"=TEXT(RCI[-3],""'mm/dd/yy "")&TEXT(RC[-1],""hh:mm:ss""")"
Columns("E:E").EntireColumn.AutoFit

Range("E2").AutoFill Range("E2").Resize(Range("A2").End(xIDown).Row - 1)
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Range("E:E").NumberFormat = "[h]:mm:ss"

Columns("A:1").EntireColumn.AutoFit
Range("Al:11").Font.Bold = True

Range("A2").Select

Range(Selection, Selection.End(xIDown)).Select

Range(Selection, Selection.End(xIToRight)).Select

Selection.Copy

Windows("FAU Field Alarms Report Analyzer.xlsm™).Activate

Range("A" & Rows.Count).End(xIUp).Select

ActiveCell.Offset(1, 0).Select

Selection.PasteSpecial Paste:=xIPasteValues, Operation:=xINone, SkipBlanks _
:=False, Transpose:=False

Application.CutCopyMode = False

ActiveWorkbook.Save

whbk.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(xIUp).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:=xISortOnValues, Order:=xIAscending, DataOption:=xISortNormal

ActiveWorkbook.Worksheets("Sheet1").Sort.SortFields.Add Key:=Range("E:E")
SortOn:=xISortOnValues, Order:=xlAscending, DataOption:=xISortNormal

With ActiveWorkbook.Worksheets("Sheet1").Sort
.SetRange Range(Cells.Address)
.Header = xIGuess
.MatchCase = False
.Orientation = xITopToBottom
.SortMethod = xIPinYin
Apply
End With

Range("Al1").EntireRow.Insert
Range("Al1").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("11").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:1").AutoFit

Application.Calculation = xlIAutomatic
Application.ScreenUpdating = True

Application.DisplayAlerts = True

End Sub
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