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6.8 Implementation Plan for Performance Reporting and Signal Retiming

Beyond the initial year performance report and metrics based on readily available data, another
component of this project was to develop a roadmap for incorporating additional performance
measures.

While travel time-based metrics based on INRIX data are an excellent starting point to assess
transportation network performance, other metrics are also valuable, particularly for signal
operations. For signalized arterials, capturing metrics such as the percentage of vehicles arriving
on a green light, split failures, and the prevalence of phase max-outs or gap-outs is valuable.
These metrics reveal aspects of signal operations that contribute to signal-based travel delays,
which lead to increased corridor travel times. Tracking these signal related performance
measures can help traffic engineers adjust timing plans to improve travel times and travel time
reliability. In addition, accurate and reliable detection is needed to operate signals effectively and
to capture many of these signal related performance measures. As a result, measuring the
availability of detector data is valuable.

Automated Traffic Signal Performance Measures (ATSPM) have become an industry standard
method for traffic signal performance reporting. ATSPMs are the product of industry collaboration
between FHWA, state departments of transportation (DOTS), universities, and traffic signal
vendors. At the present time, all modern signal controllers support ATSPMs, meaning they log a
base set of signal related events with standard high-resolution (0.1-second resolution) event
codes, which are common across controller platforms. The Utah DOT developed an open-source
web application for agencies to adopt, which generates reports for various metrics that use these
event codes. Metrics available in the open-source ATSPM application include percent arrivals on
red (or green), phase termination, split failures, turning movement counts, and approach delay.

The Freeway and Arterial System of Transportation (FAST) in Southern Nevada, a division of the
Regional Transportation Commission of Southern Nevada, is a pioneer agency that has
implemented ATSPM at a selected group of intersections in the Las Vegas region. FAST uses
the open-source ATSPM software developed by Utah DOT (refer to Appendix K).

It is not a big lift for a small or mid-sized agency to set up ATSPM, provided its traffic signals log
the event codes and have reliable communications back to the application server. The following
components are needed:

= Web/Application Server

= Database

= Utah DOT ATSPM Software installation and configuration

= |nstallation of data loader specific to the manufacturer(s) of traffic signals in the field
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The ATSPM process, shown in Figure 17, transforms the high-resolution data logs from the signal
controllers into visualizations that help inform staff to make decisions related to the traffic signal
system.
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Source: Modified from NCDOT Guide on ATSPM
Figure 17 — ATSPM System Components

The greatest effort is in the initial setup, which includes installing the software and configuring all
intersections and detectors. While this can be time-consuming, it only needs to be completed
once. After that, managing the servers and database are the primary ongoing administrative
tasks.

The number and location of detectors at an intersection affect which ATSPMs can be calculated.
For example, a split failure occurs when a phase cannot serve its entire demand in the green
interval. ATSPM calculates split failures by measuring vehicle presence at the stop bar during the
green interval and the first five seconds of red. If there is vehicle presence during both periods, it
interprets that as a split failure for that phase and that cycle. Therefore, to calculate split failures
for a phase, it needs stop bar detection for the lanes serving that phase. As another example,
approach volume requires detection that can reliably measure vehicle counts, which could be
advance detection or passage (just past the stop bar) detection. On the other hand, stop-bar
presence detectors tend to undercount and do not make suitable volume detectors. They tend to
be long (often as long as 40 feet) and therefore often fail to differentiate between vehicles. The
detection requirements for different ATSPM metrics are summarized in Table 10.
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Table 10 — Detection Requirements for ATSPMs

Add,i\fc?onal Advance Sl el SIED e
Detection ATEREIES

Purdue Phase Termination 4

Split Monitor v

Pedestrian Delay v

Preemption Details v

Purdue Coordination Diagram v

Purdue Link Pivot v

Turning Movement Counts 4

Purdue Split Failure v

Approach Volume v

Approach Delay v

Arrivals on Red v

Approach Speed v

Yellow and Red Actuations 4

Source: North Carolina Department of Transportation Guide On Automated Traffic Signal Performance Measures

While detectors are useful for signal operations performance measurement, their primary purpose
is detecting vehicle presence for actuated signal control. Therefore, detector uptime is important
for effective actuated signal operations and should be tracked as a maintenance-related
performance measurement. Other maintenance-related performance metrics include
communications uptime and the frequency with which the signal goes into flash mode. While staff
time is required for the configuration and monitoring of the system, the ability to troubleshoot
issues from the office can reduce the number of required troubleshooting trips to the field.
Additionally, maintenance performance measures can be derived from ATMS reports.

ATSPMs are a powerful tool for signal operations performance management. However, they are
not without limitations. First and foremost is the reliance on adequate and reliable detector data.
Traffic patterns at some signals do not warrant widespread detection, which limits the ability of
ATSPMs to collect data for desirable metrics. Furthermore, they are not always reliable.
Unreliable detectors can result in erratic performance data. In addition, they require configurations
to be kept up to date. Changes in the field need to be reflected in the system configurations, or
the data will not be accurate. This may include changing the location and type of detection or
changes to phasing and lane layouts.

As vehicles become more connected, more data becomes available from vehicles, which can
replace roadside detectors for some applications. Acquiring data from vehicles instead of
detectors can reduce an agency’s deployment and maintenance footprint. INRIX travel time data
comes from connected vehicles, but more recently, trajectory data has become available as a
product from other vendors. Trajectory data is a stream of points, with an identifier,
latitude/longitude, and timestamp, which enables software to track the trajectory of individual
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vehicles. For traffic signal operations, trajectory data can capture individual vehicle delays, stops,
etc., which can be used to derive ATSPM-type metrics without relying on detectors. This data
represents a sample of the traffic stream, so it is not as complete as sensor data, but with sufficient
market penetration, it can be representative of the traffic stream.

Trajectory data represent vehicle trips along urban arterials, portraying travel time, the number of
stops, stop time, and stop location in detail. As a result, trajectory data can be used to evaluate
the traffic signal control level of service at an intersection and the quality of signal coordination
along an arterial.

Automated traffic signal performance measures based on vehicle trajectory data are developed
through similar methodologies compared to traditional floating-car investigations. Nevertheless,
as technologies advance, high-resolution trajectory data can be broadly obtained in an automated
manner. Hence, trajectory based ATSPMs can be cost-effective for traffic signal performance
evaluation and monitoring.

A third approach to ongoing performance monitoring and signal retiming relies on traditional
methods. By revisiting signals in the network regularly, taking traffic counts, and retiming, Carson
City can ensure timings do not stray too far from their optimal settings. This approach does not
require additional infrastructure or software tools, nor does it require purchasing data. The new
signal timings are comprehensive and address all phases and all times of the day. No specialized
expertise is needed beyond what is available from any traffic engineering consultant. There are
downsides to this approach, however. Timings are based on a few days of counts, which may not
fully represent the traffic dynamics. Also, it does not take advantage of methods that can reveal
opportunities for small changes (e.g., offset adjustment or split) that may impact operations.

The pros and cons of each approach are outlined in Table 11, displaying the estimated staff time
required, and the estimated cost. There is no clear winner, and the preferred approach comes
down to Carson City’s comfort level with maintaining servers and database infrastructure and the
prospects of the market for trajectory data. ATSPM requires continual investment in sustaining
the system, but the other approaches can be implemented as projects as often as desired.
Trajectory data can be purchased by subscription for a lower monthly cost, but it can also be
purchased in limited amounts, such as a month, and used to analyze signal operations once per
year or so.
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Table 11 — Comparison of Performance Monitoring Approaches

‘ ATSPM Trajectories Traditional

Pros = Detailed performance No additional = No additional

information infrastructure required infrastructure required
=  Mature software Allows tracing of a =  Comprehensive
= Community support vehicle through multiple

. . signals

= Many different metrics

available Shows stops and

o slowdowns between

=  Enables monitoring of signals

detector health
= Enables tweaking to

timing parameters

without full retiming

efforts.

Cons = Ongoing configuration Expensive for = Based upon turning
effort. Changes to field continuous data movement counts at a
equipment require No mature software or snapshot in time
configuration updates. analysis tools =  Labor-intensive

= Requires additional available—requires = Expensive per signal—
detection for some consultant or university still need a way to
metrics beyond_what is support prioritize which to retime
used for operations Emerging technology— each year

= Alot of data to manage marketplace is unstable
and monitor

Staff Time = Configuration, Time to review analysis, = Time to review analysis

monitoring, interventions interventions = Approx 20 hrs/yr
= Approx 120 hrs/yr Approx 30 hrs/yr = Approx 160 hrs/yr
= Approx 16 hrslyr Approx 16 hrs/yr (implementation)
(implementation) (implementation)

Costs = $10kK initial * $10k/yr 2 = $80K/yr (retiming 10

= $20K/yr (50 signals) * $40K/yr (analysis of signals/yr) ®

$40k/yr (analysis of
areas to address)
$16k/yr (retiming 2
signals/yr) 3

$8klyr (staff time at
$59/hr)

$84k/yr (TOTAL
ANNUAL)

areas to address)
$16k/yr (retiming 2
signals/yr) 3

$3klyr (staff time at
$59/hr)

$69Kk/yr (TOTAL
ANNUAL)

$8kl/yr (staff time at
$38/hr)

$88k/yr (TOTAL
ANNUAL)

Note: 1 — Quote from Trafficware; 2 — Estimate from separate Wejo quote; and 3 — $8k/signal estimate from

experience
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As far as recommendations, none of these approaches are mutually exclusive. If Carson City can
allocate the staff resources to set up and monitor ATSPM, setting it up and configuring a few key
corridors could provide a good return on investment. By starting small, the agency can assess
the value of the data to its operations and determine whether to invest in detection to derive
additional performance measures. Many other agencies use this system, and an active
community of users share experiences and ideas. The FHWA hosts a discussion forum that is an
excellent resource to learn from other agencies’ experiences.

With or without ATSPM, CAMPO can continue to work with university partners to apply trajectory
data to assess signal timing operations. It is recommended that CAMPO procure connected
vehicle data for a few critical timeframes (peak tourism seasons, during the Legislative Session,
the start of the school year, etc.) and evaluate signal timing using trajectory data. For these
periods, CAMPO could compare with ATSPM reports to better understand the strengths and
weaknesses of each approach for its specific operations.

It is recommended that CAMPO keep abreast of the market for trajectory data from connected
vehicles and performance software that makes use of this data for signal operations. Currently,
few product offerings make it easy for agencies to ingest this data and report meaningful metrics.
However, the industry is trending toward less infrastructure-dependent solutions. As a result,
more cost-effective solutions should become available as the market grows and the costs for
connected vehicle data decrease. That being said, as of this writing, the marketplace for this data
is not well established, and start-up firms specializing in this area have not demonstrated a path
toward profitability. Therefore, it is recommended that CAMPO be cautious about investing too
much in a solution that relies on one particular provider.

Finally, none of the approaches limit CAMPO from periodic signal retiming. Congestion Mitigation
and Air Quality funds are typically available for this, and while CAMPO does not qualify, there
may be opportunities to partner with NDOT. While there are no generally agreed-upon rules for
when retiming should take place, ATSPM and trajectory data allow for far greater insight into
where timings are degrading or failing and where targeted improvements are most needed.
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7. RECOMMENDATIONS

This section provides project recommendations that cover the findings from the review of physical
elements, logistical elements, the Self-Assessment Workshop, life-cycle costing, and
performance measures and benchmark tasks for this project. CAMPO should work closely with
NDOT to ensure applicable recommendations from this study are incorporated into the plan for
the Northern Nevada Traffic Management Center (NNTMC) currently being developed by NDOT.

7.1 Physical and Logistical Elements
Recommendations regarding the review of physical and logistical elements include:

= Maintain an accurate and up-to-date inventory of assets for the physical elements
collected as part of this plan. Integration of transportation assets into Carson City’s asset
management strategy will help ensure program elements are maintained.

= Adopt formal Incident and Special Event Management Procedures. The Incident and
Special Event Management Procedures should, at a minimum, identify the event
originator, reviewing department, approver, implementation process, and timeline when
the signals are to return to standard operations.

= Implement consistent language and terms among all signal systems covered under the
existing agreements. Itis recommended that all county and NDOT agreements be updated
to have consistent agreement terms. The Douglas County agreement should be used as
a starting point to update all county agreements, as this is the most recent agreement that
was negotiated.

= Coordinate with District Attorney regarding interlocal agencies and Nevada Revised
Statute 277A. CAMPO has recently experienced challenges with interlocal agencies and
Nevada Revised Statute 277A, specifically with respect to NDOT purchasing signal
equipment for Carson City to install in Lyon and Douglas Counties. CAMPO should work
with their District Attorney to determine how to accomplish this efficiently.

= Provide instructions on how to read the signal timing plans (located in Appendix E) to
consultants when signal timing requests are made. Instructions explaining how to read
CAMPQO'’s signal timing plans should increase the consultants’ understanding of the plans.

7.2 Self-Assessment Workshop

It is recommended that CAMPO use the short-term (1-2 year) Self-Assessment actions as a
starting point for tracking progress to move the transportation system management activities on
a path toward continual, improved outcomes. Implementation of actions are dependent on funding
and staffing availability. Recommended actions that can be started immediately are summarized
below:

= Document formal processes/procedures
= |dentify opportunities for intentional communication among departments

= Establish and conduct reoccurring meetings for collaboration with partner agencies on a
quarterly basis

= Establish reoccurring meetings with the region on a quarterly basis — consider different
levels (e.g., traffic technician versus engineering level)

= |dentify and actively pursue opportunities for external funding
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= Agencies collaborate to update standards and requirements for consistency in technology
= |dentify planning for known deficiencies

= Establish what data should be collected and identify where systems and technology can
be leveraged to collect that data

= |everage and begin to use existing performance software (RITIS)
= Share data for efficiency between agencies
= Complete analysis focused on individual data elements to track incremental improvements

Recommended mid-term (3-5 years) and long-term (over 5 years) actions from the Self-
Assessment Workshop are summarized below.

Mid-Term Actions

= Acknowledge that regional planning should include traffic operations as a priority and
identify investments to support that priority

= Establish more coordination and investment by NDOT
= |dentify the disconnect in funding sources with what needs to be funded

= Hire additional staff (planning/engineering/program management) to plan and secure
funding

Long-Term Actions

= Provide external resources to assist partnering agencies with design and operations
(regionally available engineer to assist other counties)

= Centralize data analysis and reporting
= Communicate to all traffic signals

= |dentify roles and responsibilities of the local agencies in providing traveler information
that can support state distribution

Many of the mid- and long-term recommendation should be considered by NDOT in the
development of the NNTMC.

7.3 Life-Cycle Costing

Recommendations for the replacement of equipment on a routine basis were provided, and
detailed replacement cycles by equipment type are summarized in Section 5. Based on the life-
cycle timeframe, amount of equipment, and replacement cycle recommendations, Carson City,
NDOT, and partner agencies should budget $8.2 million per year for equipment replacement and
should increase the amount from year to year due to inflation. It is recommended that Carson City
hire two additional maintenance staff (one senior traffic systems technician and one traffic
systems technician) to provide proactive maintenance of the signal system based on an
evaluation of current operation and maintenance practices and considerations on FHWA best
practices. The two additional maintenance staff should spend 70% of their time on preventative
maintenance, 25% of their time on response maintenance, and 5% of their time on signal timing
design modifications. An additional position for a traffic systems engineer/signal operations
engineer is also recommended to oversee the network’s performance and optimization by
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applying the performance measure reporting technigues such as ATSPM and trajectory data and
leading the signal timing program.

7.4 Performance Measures and Benchmarks for Tracking Traffic

It is recommended that bi-annual downloads and analyses of RITIS eXtreme Definition (XD) data
be conducted as part of CAMPO’s monitoring process. The downloads are estimated to take six
to eight hours of effort each and would include regular checks of travel time and congestion trends
along the corridors defined in this study. Additional external reporting maps and visualizations,
such as those in PowerBI dashboards, could be applied once staff is familiar with the datasets.

Collaboration between a transportation planner/analyst responsible for the data monitoring and
analysis and a transportation manager is also desirable with planned regular check-ins and
strategy meetings. This will allow staff to coordinate on data findings, provide a quality control
step for internal reporting, and provide a venue for review of long-term trends and policy
interventions. These meetings and subsequent tasks for traffic engineer staff may require one to
two hours per download, depending on the outcome of the performance reporting.

In addition to relying on INRIX data and creating quarterly performance reports, it is recommended
that CAMPO consider implementing ATSPM or trajectory data to increase the granularity and
diversity of the data available to assess signal operations. These approaches would allow
CAMPO to collect information such as the percentage of vehicles arriving on a green light, split
failures, and the prevalence of phase max-outs or gap-outs. Connected vehicle data can be used
for studies now, but it is recommended that this be limited to period purchases of data for well-
scoped studies rather than a subscription. It is recommended that CAMPO actively monitor the
marketplace for connected vehicle data as it is emerging and still evolving.
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APPENDIX A
TRANSPORTATION GEODATABASE SCHEMA
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Supports - Feature Class

Field DataType Length Alias Description Domain DefaultValue IsNullable Precision Scale
C ID String 20 eRPortal ID C ID TRUE
TAGID String 20 Tag Number TAGID TRUE
SUPTYPE String 50 Support Type SUPTYPE SupportType TRUE
MASTARM String 255 Mast Arm MASTARM SupportMastArmType TRUE
SUPPDESIGN String 50 Design of support/model, etc. SUPPDESIGN TRUE
TRUE
TRUE
YesNo TRUE
SUPPUSE String 255 Support Use SUPPUSE SupportUseType TRUE
CONDITION String 255 Condition CONDITION TRUE
GloballD GloballD 38 GloballD GloballD FALSE
YesNo
INSTALLDATE Date 8 Installation Date INSTALLDATE 1899-12-30T00:00:00 TRUE
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PushButtons — Table

Name PushButtons
AliasName PushButtons
HasAttachments FALSE
Description PushButtons
Field DataType Length AliasName Description Domain DefaultValue IsNullable Precision Scale
C ID String 20 eRPortal ID C ID TRUE
SUPPORT_C_ID String 20 Supports ID SUPPORT_C_ID TRUE
BUTTONTYPE String 20 ButtonType

Supports_Cameras_REL — RelationshipClass

Name

Cardinality
IsAttributed
IsComposite
ForwardPathLabel
BackwardPathLabel
Description

Supports_Cameras_REL
OneToMany

FALSE

TRUE

Cameras

Supports
Supports_Cameras_REL

Origin Class Name

Origin Primary Key

Origin Foreign Key

Supports

C ID

SUPPORTS_C_ID

Destination Class
Name

Destination Primary Key

Destination Foreign
Key

Cameras
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Supports_PushButtons_REL — RelationshipClass

Name

Cardinality
IsAttributed
IsComposite
ForwardPathLabel
BackwardPathLabel
Description

Supports_PushButtons_ REL
OneToMany

FALSE

TRUE

PushButtons

Supports
Supports_PushButtons_ REL

Origin Class Name

Origin Primary Key

Origin Foreign Key

Supports

C_ID

SUPPORTS_C_ID

Destination Class
Name

Destination Primary Key

Destination Foreign
Key

PushButtons

Ad



SupportDesign - Domain
DomainName SupportDesign
FieldType String

Domain Type CodedValue

The associated domains will be populated by CAMPO with known pole types with sufficient context to capture the era via specification (i.e., NDOT Type 35 R1998, where the R(YEAR) being the revision of the NDOT standard drawing.

Code Name




SupportCondition - Domain

DomainName SupportCondition

FieldType String

Domain Type CodedValue
Code Name

Good Good

Fair Fair

Poor Poor

Critical Critical

A6



CameraType - Domain

DomainName CameraType
FieldType String
Domain Type CodedValue

Code Name
Surveillance Surveillance
Detection Detection
Both Both
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ButtonType - Domain

DomainName ButtonType
FieldType String
Domain Type CodedValue
Code Name
Mechanical Mechanical
Solid State Solid State
Accessible Accessible
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Signs - Table

Field DataType Length AliasName Description Domain DefaultValue IsNullable [Precision| Scale

C ID String 20 eRPortal ID C ID TRUE
ATTACHID TRUE
SIGNTYPE String 50 Sign Type SIGNTYPE SignType TRUE
SIGNTEXT String 100 Text SIGNTEXT TRUE
FACING String 30 Facing Direction FACING Direction TRUE
CONDITION String 50 Condition CONDITION TRUE
YesNo TRUE

TRUE

SignCode TRUE
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SignCondition - Domain

DomainName SignCondition

FieldType String

Domain Type CodedValue
Code Name

Good Good

Fair Fair

Poor Poor

Critical Critical
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SignReflect - Domain

DomainName SignReflect

FieldType String

Domain Type CodedValue
Code Name

Pass Excellent

Pass Excellent

Pass Mediocre

Pass Mediocre

Fail

Fail

All



Signalized Crosswalk - Feature Class

Field DataType Length AliasName Description Domain DefaultValue | IsNullable [Precision| Scale
Street String 255 Street Street TRUE
Notes String 255 Notes Notes TRUE
C_ID String 20 Crosswalk Identifier C_ID TRUE
Description String 255 gzsecrlptlon of signalized crosswalk Description TRUE
YesNo

CrosswalkMaterial
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CrossingType - Domain

DomainName CrossingType

FieldType String

Domain Type CodedValue
Code Name

RRFB RRFB

HAWK HAWK

Beacon Beacon

Embedded LED

Embedded LED
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Table 5 — Design Support/Model Type

Design Support/Model Number

14 (1980-Current) 2
19 (1971-1979) 2
1A (1998-Current) 74
1A-Custom 15’ 8
1B (1998-Current) 30
20 (1980-1992) 25
23 (1971-1979) 1
24 (1971-1979) 3
28 (1980-2016) 14
30 (1980-1985) 3
30 (1986-2016) 14
30 (2017-Current) 6
30A (1986-2016) 2
30A (2017-Current) 1
30B (2017-Current) 1
35 (1980-1985) 24
35 (1986-2016) 113
35 (2017-Current) 1
35A (1986-2016) 70
35A (2017-Current) 12

35B (2017-Current) 4
45 (1975-1992) 6
5 (1971-1979) 1
4
8

5A (1980-1992)
6 (1971-1979)

6A (1980-1992) 10
7 (1971-Current) 43
7 Safety (1971-Current) 200

Braced 3-Point Sign

Commercial

2
6
Decorative dual HPS 250W 8
1
2
3

DMS

High Mast

NVE Streetlight

Overhead Structural Frame 13
Source: CC_Transportation_20211203 Geodatabase
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