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5 EXECUTIVE SUMMARY

The Michigan Department of Transportation (MDOT) is actively pursuing advanced techniques and
technologies to better design, maintain, and operate the roadways in the state. MDOT is interested in
finding a solution to typical traffic signal system concerns using new high-resolution signal controller data
and performance measurement techniques. These concerns include re-timing schedules, signal timing
degradation over time, identification of delay hotspots along a corridor, identification of equipment
failures impacting operations and the cost-benefit assessment of improvements. Typically, State DOTs
and local agencies lack the time and resources necessary to monitor numerous locations in a pro-active
manner and instead are left to work in a reactive manner addressing issues as they arise and come to their
attention. Recently, new strategies for performance reporting along signalized corridors have been
established and implemented in numerous states nationwide. The objective of this project was to deploy,
monitor, and assess the first Automated Traffic Signal Performance Measure (ATSPM) system on an MDOT
owned and operated roadway.

This project was both a pilot deployment and a research project to both implement and assess potential
costs and benefits associated with deploying signal performance measures (SPM) in the state of Michigan.
Two corridors were equipped with additional vehicle detection, communication, and data logging
controllers for the purpose of implementing the Utah Department of Transportation’s open source ATSPM
software. The corridors selected were located in Traverse City, Ml and Holland, MI. The two corridors
were chosen by MDOT as a result of other planned traffic signal system enhancement projects and the
fluctuations in traffic demands each corridor experiences as a result of seasonal tourism travel. A total of
12 intersections were equipped and monitored using the software. A primary deliverable for this project
was to assess the costs and potential benefits associated with the deployment of ATSPM’s. The additional
equipment and labor costs were documented during this project. The primary benefit (reduction in user
delay) was estimated comparing probe data before and after timing adjustments were made based on
ATSPM data. A survey of region electricians was performed to assess current MDOT maintenance
practices, and peer agency meetings and phone calls were conducted with DOT’s that are currently using
ATSPM systems to monitor traffic signal performance.

This pilot ATSPM research project resulted in significant benefits realized by actual reductions in travel
times along the pilot corridors. This project also provided the basis for estimating costs associated with
the deployment of ATSPM'’s, including initial and ongoing operations and maintenance efforts. Peer
agency surveys reveal funding, organizational, and staffing adaptations which may be necessary for MDOT
to implement ATSPM’s on more corridors. The ATSPM system is a tool that can be used to assist traffic
engineers to better maintain and operate signalized corridors, but in order to fully maximize the potential
benefits a strategy is needed to prioritize deployments, provide adequate monitoring and maintenance
staff, and introduce new roles and responsibilities for both MDOT and contracted services. A conceptual
deployment and staffing plan are included at the conclusion of this report summarizing proposed
deployment phasing, internal and consultant staffing roles, total staffing requirements, and the
conceptual location of where new staff services may be provided within existing MDOT Transportation
Operation Centers (TOCs). ATSPMs are relatively new and still evolving, but this project indicates
significant potential benefits at attractive benefit to cost ratios. An initial step toward statewide
deployment is to focus on enhancing communication and detection at traffic signals while integrating
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ATSPM utilization into other MDOT initiatives including connected and automated vehicles, adaptive
systems, TSMO, and central signal system management systems.

5.1 KeY RESEARCH FINDINGS

The annualized user delay benefits realized using the ATSPM data to optimize the offsets on
these corridors was $1,048,957.
Using the annualized user delay benefits (51,048,957) and actual incurred costs ($370,554), this
pilot research project has a BCR of 2.8 to 1.
0 Costsinclude research contract $218,941.36, equipment costs $132,050, and MDOT
labor $19,563)
Including estimated safety benefits, maintenance benefits, initial optimization benefits, and
continuous operational benefits the estimated benefit to cost ratio of a statewide signal
performance measure system is approximately 25 to 1.
A four level system was developed considering both the equipment and staff monitoring levels
for traffic signals:
0 Level 0: Consists of a signal installation with communications but no detection and
current MDOT monitoring practices
0 Level 1: Includes level 0 equipment plus a data logging traffic signal controller, and
incorporates FHWA recommended practice of retiming traffic signals every three to five
years
0 Level 2: Includes Level 1 equipment plus side street detection, and incorporates
biannual seasonal timing adjustments
0 Level 3: Includes level 2 equipment plus advanced detection on mainline, and
incorporates monthly timing adjustments
The cost to fully equip an existing intersection with side-street and advanced mainline detection,
communication, and a data logging controller is approximately $46,125. This is the 10-year
estimated cost for an intersection including detection, communication, equipment, and
installation. Additionally, there are initial deployment costs, including setting up and verifying the
detection in the field. This cost is estimated to be $1,656 per intersection.
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6 INTRODUCTION

The Michigan Department of Transportation (MDOT) is interested in finding solutions to typical traffic
signal system concerns using new high-resolution signal controller data and performance measurement
techniques. These concerns include re-timing schedules, signal timing degradation over time,
identification of delay hotspots along a corridor, and the cost-benefit assessment of improvements.
Typically, State DOTs and local agencies lack the tools and resources to monitor numerous locations in a
proactive manner and instead respond reactively after signal timings degrade enough to trigger a phone
call from the public. Recently, new strategies for performance reporting along signalized corridors have
been established and implemented in numerous states nationwide. The strategy for this project was to
implement two corridors in the state of Michigan with data logging controllers and implement the
Automated Traffic Signal Performance Measure (ATSPM) software developed by the Utah Department of
Transportation (UDOT). The ATSPM software and data from this platform were used to evaluate and
optimize the two corridors and monitor the performance of the corridors over time. A cost-benefit
assessment was then performed to determine the potential cost to deploy such a system on Michigan
roadways and estimate the benefit it may provide to MDOT and roadway users.

6.1 PROBLEM STATEMENT AND BACKGROUND

There are opportunities to leverage existing vehicle detection at intersections to improve the monitoring
of traffic. A robust method for the collection of high-resolution signal controller data has been developed
over the last ten years at Purdue University in West Lafayette, IN [1 - 10]. The premise of collecting such
signal data is to use advanced traffic controllers to collect and log information at an intersection which
can then be used to analyze the signal’s performance. This information includes: phase changes,
pedestrian events, detector events, barrier/ring events, preemption events, phase control events, overlap
events, and coordination events. The information is logged by the controller and can be archived in a
database server for future use. Figure 1 illustrates how this high-resolution signal data works. The benefits
of a system that automatically logs data is both the scalability over numerous intersections and the ease
of collecting data over time.



Figure 1. High-resolution signal controller data schematic

The data sets that are collected through the traffic controller were defined by a series of data
enumerations developed with the Indiana Department of Transportation, Purdue University, and three
major traffic controller vendors in the United States (Siemens, PEEK, and Econolite) [8]. The main benefit
of having all three major controller companies agree on these enumerations is a uniform system to create
performance measures that are scalable across all intersections with various brands of data-logging
controllers. The enumerations provide a specific “Event Code” for each type of data collected at an
intersection. Currently there are 256 event codes reserved for use in the data enumerations table. These
data enumerations are the foundation for the quickly growing topic of “Signal Performance Measures”,
or SPMs. SPMs are quickly being adopted at local, regional, and national levels and have numerous
benefits to both the traveling public and operations engineers [3,4,5,6].

There are numerous ATSPMs that have been developed, tested, and implemented. Selected examples are
listed and explained in sections below. As these signal performance measures are being implemented,
systems are being developed to store, compile, and share this high-resolution signal controller data in
real-time, thereby creating a rich data environment to explore the development opportunities of traffic
signal performance. Recently featured in the ITE Journal, Automatic Traffic Signal Performance Measures
are being implemented and deployed nationwide. The three implementation examples highlighted in the
article were Indiana, Las Vegas, and Utah [9]. Utah was introduced to ATSPMs in 2012 by Purdue
University and the Indiana Department of Transportation. Since then, UDOT has implemented a state-of-
the-art signal performance measures website and publicly shared the source code [11]. This UDOT source
code is the basis for this research project; it was used to develop a similar dashboard that may be used on



Michigan roadways. Georgia DOT has similarly adopted this open source framework into their traffic
monitoring approach as well.

6.2 RESEARCH OBJECTIVES

The purpose of this project was to understand and quantify the costs and benefits associated with
deploying an Automated Traffic Signal Performance Measures (ATSPM) System in Michigan. ATSPMs are
becoming widely adopted nationwide for several reasons including: improved operations, improved
maintenance practices, less down time for failed signals, and improved monitoring of agency goals. This
project will provide an overview of the costs and benefits associated with the MDOT pilot deployment
and discuss other benefits that are seen from around the country. The project objectives of the entire
project are highlighted below:

l. Provide to MDOT management an assessment of the cost/benefit of monitoring signal operations
using ATSPM’s

Il. Provide recommendations to MDOT management for staffing and funding levels necessary to
monitor signal operations in real time

Il. Provide recommendations to MDOT signal operations on equipment and communications
infrastructure

V. Provide a recommended approach utilizing existing equipment/infrastructure where feasible and
prioritizing corridors/intersections for monitoring

V. Provide daily trouble reports for signal maintenance and engineering staff using ATSPM’s and
TACTICS.

6.3 MOTIVATION

The motivation of this study is to improve the current operation of MDOT owned traffic signals. The
Federal Highway Administration (FHWA) recommends signals be retimed every three to five years. This
pattern of signal retiming is similar to the FHWA practice of pavement rehabilitation. Figure 2 illustrates
this practice. After initial construction the pavement degrades until a rehabilitation is performed, this then
extends the service life of the pavement to maximize the use of the pavement. Similarly, signal timings
can be imagined in the same sense. Figure 3 illustrates two management practices for traffic signal
monitoring. The first is the FHWA recommended practice of signal retiming in three to five year
increments. The issue with this practice is when detrimental events occur on a corridor such as a sudden
increase in volume, a detector failure, or a sudden timing issue they often go unnoticed until the next
scheduled retiming or preventative maintenance visit. Signal management with ATSPMs allows an agency
to complete a better initial optimization as the data collected at the intersection is more detailed and
comprehensive when compared to data used for traditional optimizations. Additionally, when detrimental
events occur they are discovered by both continuous and routine monitoring either through use of system
reports/alarms, or manual reviews/observations and more promptly addressed. This provides substantial
benefit in the form of both user cost reductions and agency costs relative to manually diagnosing and
responding to changes in the system. This benefit can be realized when considering five recent signal
optimization studies performed by consultants for MDOT. Figure 4 represents a summary of these five
projects, all resulted in a substantial cost savings over one year and Benefit Cost Ratios (BCR) of over 15:1.
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While these projects can be labeled as a success because of the high BCR, they may actually better
represent an opportunity for process improvement as they highlight how inefficient signal timings and
changes in traffic patterns went undetected and/or unaddressed.

Properly managing signal timings in the traditional sense would be costly. MDOT currently invests
$750,000 per year for signal optimization projects. Considering the amount spent on the five projects
below and the 3,143 signals currently owned by the agency, MDOT would need to increase the funding to
$3.1 million just to meet the minimum threshold of five year signal retiming set by FHWA (Table 1). This
demonstrates a need for additional funding, but does not address the opportunities of continuously
monitored signals using ATSPM. The motivation of this project is to investigate what it would truly require
from a financial, equipment, and personnel standpoint to deploy such a system and to display and quantify
the benefits of deploying such a system.

Initial
Construction First
Rehabilitation

Second
Rehabilitation

Pavement Condition

Agency’s Minimum Acceptable Condition

Time
Service Life: Service Life: Service Life:
Initial Construction Rehabilitation One Rehabilitation Two

Figure 2. Example lifetime of one pavement design alternative [Adopted from FHWA (1)]



User Delay

Traditional Signal Management

—— Signal Management with ATSPM Detrimental
Potential User Benefits Event )
Detrimental 5 Retimin
Event : y
v
BENEFIT

{ Adjustment

Adjustment

Time

Figure 3. Example of user delay with recommended signal approaches and ATSPMs

$12,000,000
32.6
$10,000,000
(%]
o $8,000,000
B
o
(%]
g $6,000,000
o
g
> $4,000,000
i
27.7
$2,000,000
19.3 204
s L
M-11 Niles Sturgis Washtenaw us-12

Figure 4. Cost savings of five signal optimization studies in Michigan (benefit cost ratio included)



Table 1. FHWA recommended signal spending applied to MDOT

Current MDOT Retiming Costs

Number of signals Retimed 174

Total Cost of Retiming Projects S 866,700.00
Average Cost Per Signal S 4,981.03
5 Year Retiming Cost Per Signal S 996.21

Cost to Retime All MDOT Per Year $3,131,078.28

7 LITERATURE & MDOT REVIEW

7.1 OVERVIEW

Automated Traffic Signal Performance Measures are currently being adopted in numerous cities and
states across the country. The utilization of detector based data and data logging controllers to create
systematic performance measures allows for the monitoring and prompt identification of poorly
performing intersections. Producing these measures requires significant physical infrastructure including
detection, communication, and data logging signal controllers. The physical infrastructure changes
necessary to deploy ATSPM also provide additional functionality to an agency in terms of signal system
operations and central system management. Most agencies leverage existing vehicle detection at
intersections, however intersections without any detection need to be equipped with infrastructure prior
to implementing the full suite of SPMs. ATSPM data are logged at tenth of a second resolution and include
any status change that occurs at an intersection. These status changes include detector actuations, phase
changes, pedestrian events, preemption events, and coordination events. These data are logged by the
controller and sent to a server for storage and processing, allowing for the computation of volumes,
turning movement counts, percent arrivals on green (POG), and delay. Using these data to manage arterial
signal systems, it is possible to identify and fix offset issues and improve split times, resulting in reduced
travel times and delay (1,2,3). One additional benefit of this system is that it provides means to collect
data continuously, including weekends and off-peak times when performance is typically not assessed.
This continuously collected data can reduce bias caused by models based on limited data from short
sample periods which is common with standard engineering practices (4). ATSPMs provide in-depth
insight into real-time conditions, but come with substantial infrastructure costs. Installation,
maintenance, and operating costs have slowed the pace at which ATSPMs have become commonly
adopted. The recurring physical infrastructure costs are perhaps the largest hesitation for widespread
adoption of ATSPMs; however through deployment of the infrastructure required to support ATSPMs
agencies also obtain a higher functioning and more capable traffic signal system that can deliver increased
benefits to both the agency and the roadway users.

7.2 CURRENT ATSPM DEPLOYMENTS

Numerous state DOTs are currently using ATSPMs as part of their day to day operations. The two states
with the largest deployments nationwide are Utah and Georgia. These two states were interviewed and



a general comparison of funding and staff is provided in Table 2. The most notable differences involve
resources specifically dedicated to signal operations and maintenance (O&M). The number of signals per
equivalent full-time employee (FTE) dedicated to signal operations (engineer), and the number of signals
per equivalent FTE dedicated to signal maintenance (electrician/technician) are critical measures of an
agency’s capacity to operate and maintain their traffic signals. The central office O&M funding per signal
appears to be an indicator of how developed the agency is in implementing a more integrated approach
to operating and maintaining their traffic signal system. Both Utah and Georgia indicate that ATSPMs
provide enough value for their maintenance management practices alone to substantiate its continued
use. Both Utah and Georgia currently have two to three times less signals per engineer/electrician AND
they are equipped with ATSPM systems allowing them to more effectively manage their signals.

Table 2. DOT Comparison

uDOT GDOT MDOT
Total Number of Signals Owned by the DOT 1250 6500 3143
Total Number of Signal Maintained by DOT 1250 5445 1645
Total Number of Signals Equipped with ATSPM's 1710* 4640* 12
Equivalent Engineer FTE's dedicated to Signals O&M (No design 9 60 6
or construction)
Equivalent Electrician FTE's dedicated to Signals O&M (No other
electrical work) 25 s 12
Signals Maintained by DOT per (Equivalent Engineer FTE's
dedicated to Signals O&M) 146 9 275
Signals Maintained by DOT per (Equivalent Electrician FTE's
dedicated to Signals O&M) 50 3 143
Central Office Funding for O&M Signals $5,000,000 $45,500,000 $1,000,000
Other Funding for Signals (Non O&M) $9,400,000 $20,000,000 $23,600,000
Total Funding for Signals $14,400,000 $65,500,000 $24,600,000
Total Funding per Total Signals $11,520 $10,077 $7,827
Central Office O&M Funding per Total Signals $4,000 $7,000 $318

*includes signals not owned/operated by DOT

7.3 MDOT

7.3.1 Signal Inventory

MDOT currently owns 3,143 signals throughout the state of Michigan (Figure 5). Table 3 shows the
breakdown of signals owned and operated per region. The MDOT signal inventory also includes
communication type, detection type, controller type, and other statistics regarding the age of certain
equipment. These numbers can be used to estimate the total cost of deploying an ATSPM system. The
inventory serves a very valuable purpose and does need to be maintained and updated for proper
management practices. Additionally, it would be beneficial to include a thorough documentation of both
the current timing plans, the plan drawings of the intersection, and the detector channel setup of the
intersection. This will improve the speed and accuracy to deploy a statewide ATSPM system. It can also
assist in the management and monitoring practices of state signal engineers. A summary of the statewide
signal inventory can be found in Appendix A.
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Figure 5. MDOT owned signals
Table 3. MDOT owned signal inventory
Region # Signals | MDOT Maintained Other Agency Maintain # Signals
Bay 488 355 Genesee County 133
Grand 378 209 City of Grand Rapids 169
Oakland County 347
Metro 1307 400 Macomb County 258
Wayne County 302
North 134 134
Southwest 274 198 City of Battle Creek 76
Superior 79 79
. . Washtenaw Co. or City of Ann Arbor 96
University 483 270 : -
Lansing Board of Water and Light 117
TOTAL 3143 1645 1498




7.3.2 Maintenance Survey

The current maintenance practices of MDOT were investigated through a survey of electricians statewide.
This survey consisted of opinions from regional staff and is not information that is actively recorded by
MDOT. Currently, the maintenance and monitoring of signals in the state relies mostly on calls from the
public, or other system stakeholders, to alert MDOT about issues as observed based upon traffic, or signal
system, operations in the field. The purpose of this survey was to understand the potential benefits that
could be realized with an ATSPM system. Table 4 shows rough estimates of trouble calls that each region
receives in a given year broken into signal timing issues and equipment issues. The survey also asked about
“false calls” or calls from the public that eventually were determined to be a non-issue. These calls could
have been eliminated with an ATSPM system that could verify either equipment issues or signal timing
issues using the platform and avoid the time and costs associated with dispatching MDOT staff and
equipment to investigate. An example of the survey and additional survey results are included in Appendix
B.

Table 4. Maintenance Survey Estimates on Trouble Calls and False Calls

Region Trouble Calls (ST) | % False (ST) | Trouble Calls (El) | % False (El) | Total Savings (hrs.)
Metro 12 10% 200 5% 11
Superior 15 6% 50 5% 5
University 30 50% 6 50% 36
Bay 400 20% 300 5% 315
North 100 50% 50 50% 325
Grand 140 85% 325 20% 617
Southwest 150 20% 300 10% 210
Total 847 35% 1231 12% 1519

**E| = Equipment Issues ST = Signal Timing Issues

8 SETUP AND IMPLEMENTATION

8.1 CORRIDORS

The US-31 corridor in Holland, Ml is a 4.2-mile north-south corridor with an average AADT between 30,000
and 40,000 vehicles (Figure 6). The corridor currently operates in mostly fixed time with 7 signals in the
southbound direction and 6 signals in the northbound direction. The corridor is located just east of Holland,
Mil, a 30,000-resident town near Lake Michigan on the west side of the state

The US-31 corridor in Traverse City, Ml is a 1.5-mile east west corridor with an AADT between 30,000 and
35,000 vehicles (Figure 7). The corridor varies in volume seasonally and there are two distinct timing plans
for the summer season and the winter season along the corridor. The corridor consists of three signals
and is located just east of Traverse City, M.



Quincy St
Signal ID: 700132204

Riley St X-Over N
Signal ID: 700132203

I Riley St
Signal ID: 700132202

Felch St X-Over N
Signal ID: 700132201

Felch St
Signal ID: 700132200

Felch St X-Over S
Signal ID: 700132199

James St X-Over N i; James St

Signal ID: 700132198 Signal ID: 700132197

James St X-Over S
Signal ID: 700132196

N

Figure 6. US-31 corridor in Holland, Ml
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3 Mile Rd
@I Signal ID: 28013137

4 Mile Rd Holiday Rd
Signal ID: 28013138 Signal ID: 28013139

Figure 7. US-31 corridor in Traverse City, Ml

8.2 EQUIPMENT

8.2.1 Detection

Signal performance measures rely heavily on detection. INDOT typically uses in-pavement loops, while
Utah and others use a hybrid approach combining loops, magnetometers, cameras, and radar. Monitoring
counts from these detectors allows engineers to determine any detector issues or significant changes in
corridor volumes. This project relied on Sensys magnetometers deployed at the intersections. The
configuration of a sample intersection (US-31 & Riley in Holland) is shown in Figure 8.
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Figure 8. Detector channels at US 31 and Riley Street.

8.2.2 Controller

A data logging controller is required to gather the raw data from each of the intersections. The data
includes detector activations, phase changes, and other changes that occur at an intersection. This project
used Siemens Mod 60 controllers at all of the intersections.

8.2.3 Communication

Network connectivity between the MDOT intersection and the server hosting the ATSPMAT dashboard is
critical for SPMs, both in the short term and long term. The amount of data and frequency of collection
requires consistent communication to each of the intersections. This project used cellular and wireless
communications which required a few unique alterations and considerations beyond the standard UDOT
ATSPM software. An overview of the communication setup can be seen in Figure 9.
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Figure 9. MDOT ATSPM communication setup

82.3.1 Network Connections
To support near real-time collection of traffic signal controller log data the network connections for this
project had:

e |P based networks between the ATSPM central (or communication) server and the field traffic
signal controllers, and

e FTP services enabled allowing access to the mini-FTP server that is embedded within each traffic
signal controller

8.2.4 Software Customization

The UDOT open source ATSPM software package was developed and maintained based upon the specific
needs and requirements for their traffic signal and communications infrastructure. As such it was
necessary to develop some unique customizations for this project to account for the following project
requirements.

e  MDOT cellular vs. UDOT fiber optic backhaul communications
e MDOT wireless corridor communications vs. UDOT fiber optic communications
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Due to the increased latency in communication transmissions it was necessary to customize the default
settings for timing out of FTP transmissions to avoid loss of data packages due to the slower and less
reliable transmissions from the MDOT cellular and wireless communications. UDOT defaults in the

configuration parameters for the “Import Controller Logs” component are as follows:

FTPTimeout (default setup is 50 ms)

To resolve the above issues, the ATSPM software was customized to accomplish the following:

Controller logs polling cycle reduced to 5 minutes, instead of default setup of 15-minutes
O Reduced potential to obtain data from field should a momentary drop in backhaul
communications occur;
Each “Import Controller Logs” task is set to run 3 times in sequence, instead of using the default
setup of one time
O Improved the success rate of the importing tasks avoiding the loss of data due to a
singularly unsuccessful import attempt
Extending the FTP timeout setting for “FTPTimeout” configuration setup of the “Import Controller
Logs” component; increased from 50 ms to 500 ms
O Improved the latency tolerance associated with the cellular communications and
tolerances of the FTP connections.

8.3 DATA AND DATA EVALUATION
There are three data sets that were used for the evaluation of the corridors:

1.

Signal Performance Measures from the dashboard

Throughout the duration of the project the ATSPM dashboard was used for measuring traffic
and signal system conditions along the two corridors. This allowed the research team to
understand current conditions and record performance details such as: approach delay, arrivals
on green, and # of split failures. These conditions and performance details are highlighted
below.

Using probe vehicle data from third party vendors
In addition to observing the ATSPM dashboard, the second method to understand operational
performance utilized probe vehicle data.

Using portable Bluetooth sensors along the corridor.

The final approach to evaluate baseline conditions was the use of portable Bluetooth sensors.
These sensors allowed for a validation process to take place comparing the probe vehicle data
and Bluetooth sensors. In addition, when major timing changes take place, the Bluetooth
sensors were used to measure the impact before and after the implementation of the change.
For example, if a split at an intersection was modified four Bluetooth cases could be deployed
at the intersection to monitor the day prior, the day of, and the day after the change.
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9 SIGNAL PERFORMANCE MEASURES

The UDOT ATSPM dashboard provides the ability to monitor and measure the performance of signalized
intersections remotely. Figure 10 shows the dashboard that has been created by this project team and
adopted by MDOT. The dashboard allows for the immediate creation of Signal Performance Measures
over time. These performance measures are highlighted and explained below using the intersection of
US-31 and Riley Ave. in Holland, Ml on September 19, 2018.

Figure 10. MDOT ATSPM dashboard ( http://atspm.eng.wayne.edu/MDOT )

9.1 OVERVIEW AND EXAMPLES

e Purdue Phase Termination Diagram (Figure 11) — A graphic that allows a user to visualize how the
phases at an intersection are ending. The main advantage of this performance measure is it allows
the user to see if all phases are being utilized, or if there are opportunities to take time from one
phase and give it to another.

e Split Monitor Diagram (Figure 12) — This graphic allows a user to see the split time a given phase
is getting throughout the day. This allows users to verify the split times that were programmed
into the controller.
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Pedestrian Delay Diagram (Figure 13) — Using the pedestrian buttons at an intersection, this
graphic allows a user to visualize the pedestrian activity at an intersection. It also quantifies the
delay that those pedestrians are seeing at an intersection.

Preempt Service Request Diagram (Figure 14) — If a corridor utilizes preemption for emergency
vehicles, this graphic would allow a user to see how often the preemption is being utilized. Both
corridors in this study do not use preemption.

Turning Movement Counts (Figure 15) — This graphic allows users to see the turning movement
counts at an intersection. This graphic utilizes the detectors at an intersection to provide the
turning movement counts at each intersection. One note is the turning movement counts are not
accurate for shared through/right or through/left lanes.

Purdue Coordination Diagram (Figure 16) — This is one of the most valuable performance metrics.
Utilizing the advanced detectors on the main line, the graphic visualizes when vehicles are arriving
in the cycle. The goal is for a majority of vehicles to arrive when the signal is green. This graphic
allows users to assess how the progression of the corridor is performing.

Approach Volume Diagram (Figure 17) — Similar to the turning movement count graphic, the
approach volume aggregates all of the volume information collected from the detectors at the
intersection and visualizes them over the selected time period.

Approach Delay Diagram (Figure 18) — This graphic is valuable for understanding the delay along
the mainline of each of the intersections. Using the advanced detection along the corridors, delay
is estimated for each vehicle and averaged. One important note for this approach is the d