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A. Overview

1 - Background

As part of Arizona Department of Transportation’s (ADOT) Implementation Guidelines for Work Zone Safety
and Mobility process review, ADOT is continually looking at ways to expand/enhance existing practices within
work zones (WZ). Therefore, ADOT sought assistance to help develop and implement Smart Work Zone (SW2Z)
operational concepts. These concepts use a combination of intelligent transportation system (ITS)
technologies that improve the safety of highway workers and the traveling public by optimizing WZ traffic
operations. In addition, SWZ are deployed to minimize congestion by reducing delays to the motoring public
within work zone areas.

ADOT has a long and proud history of being one of the nation’s pioneers in the implementation of ITS, which
began in the early 1990s with the deployment of ADOT Freeway Management System (FMS) Phase 1. ADOT
has successfully applied these ITS operational tools to be used during construction WZs for many years, when
construction is within the vicinity of ITS infrastructure. With recent advancements in SWZ technologies, ADOT
is no longer limited by the reach of the state’s permanent ITS infrastructure.

Although there are some core ITS operational principles used in deployments of SWZ systems, there are many
operational and deployment considerations unique to SWZ technology applications. For example, ADOT
should avoid burdening current Temporary Traffic Control (TTC) practices by simultaneously adding
additional TTC devices (i.e., SWZ technologies) within the overall TTC plan.

B. Major Challenges and Issues with Arizona Work Zones

Existing or historical challenges and issues that ADOT representatives at the Kick-Off Meeting have seen or
experienced either as ADOT employees or as drivers on the roads:

e End of queue crashes occur beyond the first sign for a work zone ahead.

e Driver complying with traffic control is an issue. Travelers are ignoring signs.

e Speed limit non-compliance in work zones is an issue. Traveling speeds tend to increase further
above the posted speed limits when posted speed limits are reduced for long stretches of a work
zone and active workers are not present or are only present during a short stretch of a long work
zone distance. Another example is when traffic control may need to be left up for curing for a
period of time where workers may not be present.

e ADOT performs numerous rolling work zone applications each year. These applications consist of
construction activities that last a short duration of time and move frequently such as pavement
preservation projects where the work zone is continually moving or blasting operations where a
small area on the roadway is closed for a short duration. Challenges with these types of set-ups
include continual movement of the barricades, short durations where traffic is halted and driver
speeding compliance.

e Traffic control non-compliance is an issue. When traffic control is left up (for curing or other longer-
term purpose), ADOT needs to make sure it is all still there and compliant.

e More and better information to the traveling public. Accuracy of messages provided can be a
challenge (incident notification does not actually mean incident is still there, travel times can be
off, etc.).

e Need surveillance at work zones. ADOT receives traveler complaints due to work zones and have
no eyes or data to determine what is happening at work zones.
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e Need data collection to be able to calculate queue lengths and queue times for statewide reporting
requirements. This is the same traveler complaint issue.

e Detour routing into areas that may or may not be able to take freeway traffic or accommodate
large truck turning radius, weight, or height.

e Lane restrictions can be challenging especially for oversized vehicles. Need to maintain minimum
width restrictions. This may require a change to ADOT’s policy on temporary traffic control.

e Need to record all work zones in HCRS to make HCRS a more complete account of restrictions on
the roadways.

Other issues that may or may not be applicable to smart work zones but are important to capture:

e Training for proper traffic control application.
e Pedestrians crossing work zones

C. SWZ Overview

Governmental agencies are finding ways to reduce traffic congestion and traveler delays caused by the
reduced roadway capacity within work zones. One strategy is the deployment of portable and temporary
intelligent transportation systems in and around work zones; this concept is known as smart work zones.
According to a report published by Federal Highway Administration (FHWA), SWZs have the capability to
provide significant benefits to agencies and to those affected by the mobility reduction. Those benefits
include safety, mobility, improved work productivity and durability, and customer satisfaction (Ullman,
Schroeder and Gopalakrishna, Work Zone Intelligent Transportation Systems Implementation Guide 2014).
As best described in the Massachusetts Department of Transportation (MassDOT) Smart Work Zone Design
Standards, SWZs are portable combinations of equipment designed for flexible deployment in work zone
environments (Massachusetts Department of Tranportation 2016). SWZs typically consist of four features:

o Detection and surveillance equipment that collect speeding and queuing data and video near the
work zone and send data to the central processing system.

e Central processing system that analyzes, processes and stores the traffic data. The central processing
system also pushes messages to the public through signs and other dissemination outlets.

e Dissemination outlets on and off the road that make real-time information about work-zone
conditions available to the public and governmental agencies.

e Ancillary systems provide power to the equipment and communications between the components of
the system.

Combining these four features, Table 1 provides a listing of general SWZ application concepts and describes
the ITS components necessary for each application. At the Smart Work Zone Technical Concept Study Kick-
Off Meeting held on November 9, 2018, Arizona Department of Transportation (ADOT) SWZ stakeholders
decided that the subsystem concepts listed below should be selected for further review. SWZ subsystems
can be deployed individually or together depending upon user needs, expected traffic delay, and operational
concerns within the work zone. In addition, the ITS components for the subsystems can be used for dual
purpose. As an example, a changeable message sign (CMS) may notify drivers that a queue is developing
with slow motorists ahead, during peak periods of the day and return to a general advisory message during
the off peak travel demand periods.
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SWz

Applications

Queue Warning
System

Table 1: SWZ Applications

Description

This system detects the presence of
congestion at the work zone and warns
approaching motorists that traffic is
slowed or stopped ahead.

ITS Components

Traffic Detectors
Data Processing
CMS
Communications

Issues Addressed

Safety (rear-end
crashes)

Variable Speed
Limits (VSL)

VSL harmonizes speeds before and
within the work zone, calming traffic
and warning of slowed or stopped
traffic ahead.

Speed Detectors
Data Processing
VSL Signs & CMS
Communications

Safety
Speed Management

Dynamic Lane
Merge

This component encourages motorists
to merge at specific points as they
approach a lane closure, depending
upon current operating conditions.

Traffic Detectors
Data Processing
CMS
Communications

Delay

Aggressive driving
behavior

Safety

Queue length

Traffic Data
Collection

Traffic data to be collected may include
traffic volumes, speed, travel time, and
vehicle classification.

Traffic Detectors
Data logging
Communications

Evaluation
Performance

Travel Time/Delay

Travel time/delay systems calculate the
amount of time a motorist is delayed by
a work zone.

WiFi/Bluetooth
Detectors

Traffic Detectors
Data Processing
CMS
Communications

Reduced driver
frustration

Reduced congestion
and delay

Driver’s ability to
reroute

Traffic Monitoring
(video)

This system monitors traffic using video
and provides images/live stream back to
a central system or TMC.

Cameras
Communications

Improved incident
detection/
response

Reduced secondary
crashes

Entering/Exiting
Vehicle

This notification warns drivers of slow
moving construction vehicles that may
be entering the travel lane. It can also
warn travelers that a work vehicle is

Detectors
CMS

Increased safety of
construction workers
Reduced vehicle
collisions with

or site specific construction information
(blasting) to divert drivers away from
the work zone when congestion exists.

Communications

Notification . icati
exiting the travel lane and not to follow Communications construction
it into the work space. equipment
e Reduced congestion
This system provides drivers with real and delay 8
time travel conditions prior to and . .
ithi K ‘ . b e Credible real-time
' wit |.n awork zone. In 'orm'atlorT may be Traffic Detectors information
Real Time obtained from the applications listed .
: _ i Data Processing e Improved safety
Traveler above or may consist of information on .
. . . . . CMS e Enhanced driver
Information alternative routes, incident information,

awareness
Improved
communication with
motoring public

(source: Ullman, Schroeder and Gopalakrishna modified by UCG November 2018)
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As part of Working Paper #1, a literature review was performed to summarize smart work zone efforts on a
national level, identify SWZ subsystems that leading state DOTs are deploying, and document the various
SWZ components, software, and systems that SWZ manufacturers and vendors have to offer. In addition,
this working paper provides general cost estimates for the various SWZ subsystems. The costs were based
on interviews with the state DOTs, manufacturers, vendors and equipment rental suppliers.

D. Literature Review

For over 20 years, national and state leaders in SWZ applications have been researching and documenting
their benefits. Therefore, this literature review was prepared to identify guidelines and processes on a
national level, determine the current SWZ deployment applications and understand SWZ practices
throughout the nation, and to identify vendors within the industry that rent or sell SWZ ITS components and
systems. This literature review gives a general understanding of the existing SWZ technologies, applications
and components; what they typically cost to deploy, operate and own; and how other agencies applied these
concepts to improve work zone operations and safety.

1 - Summarizing Smart Work Zone Efforts on a National Level

Multiple reports and articles published on the US Department of Transportation Federal Highway
Administration (FHWA) website generally describe SWZs nationally. These reports provide concepts,
overviews, guidance and benefits of SWZ. The reports introduce the need to provide drivers with real
time information within a work zone and describe the characteristics of a smart work zone system (Pant
2017). Based on these reports, a smart work zone system should possess the following general
characteristics: obtain and analyze traffic data in real-time, providing frequently updated information to
motorists; remain portable; operate in an automated manner with as minimal supervision as possible by
human operators; and provide accurate and reliable information. When SWZ are designed and
implemented properly, motorists are better informed with less frustrations, drivers use alternate routes
where feasible, congestion is reduced, incidents are cleared faster and overall, work zones are safer for
highway workers and motorists. These reports and articles also provide challenges and tips to deploying
technology. Some of the challenges listed are costs of deployment, troubleshooting/maintenance of the
portable ITS components of the system, wide range of ITS equipment and detector types to choose from,
and the variation of work zone needs (Scriba and Atkinson, Creating Smarter Work Zones March/April
2014). A few useful SWZ reports/articles are included in Appendix A - FHWA SWZ Documentation.

e Creating Smarter Work Zones by Tracy Scriba and Jennifer Atkinson, March/April 2014.
e Improving Work Zones Every Day, in Every Way by Jawad Paracha and Rachel Ostroff, 2018.
e Smart Work Zone Systems by Prahlad Pant, PhD, February 2017.

In 2015, FHWA launched the Smarter Work Zones initiative, promoted by Every Day Counts, to encourage
agencies to better design, plan, coordinate and operate work zones. Two strategies for SWZ include (1)
project coordination to harmonize construction projects and reduce work zone impacts (2) technology
applications to dynamically control traffic in and around work zones (Paracha and Ostroff Summer 2018).
This initiative promoted effective traffic management during construction and has found that the
operational and safety benefits can be significant, especially in metropolitan regions and high impact
corridors during special events (USDOT Federal Highway Administration 2017). Benefits of these two
strategies include minimizing travel delays, enhancing safety of motorists and workers, and maintaining
business and resident access. According to FHWA’s Work Zone Management Program, VSLs or advisories
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had been used on at least 30 interstate corridors in 14 states through 2017. In addition, 10 states
implemented queue management systems that generated accurate and dependable travel times.

In 2002, FHWA researchers examined real work experiences at four locations (Michigan, Illinois, New
Mexico, Arkansas) using ITS in work zones across the nation (USDOT Federal Highway Administration
2002). The four case studies were presented in detail that showed ITS technologies make a difference in
reducing crashes, reducing delays and reducing costs when used in work zones. This study also identified
lessons learned from the four projects that were common to most of, if not all, the systems. (1) Systems
need to have reliable communications (2) It is important to allow start-up time when deploying a system.
(3) Use a proactive approach in building public awareness of the project and the information that the ITS
application will provide. (4) It is vital to deliver accurate information to the public. (5) Other stakeholder
agencies, such as those responsible for incident management, need to be involved early. (6) Consider how
to set up automated information delivery and sharing with other agencies.

Four FHWA case-study reports, prepared in 2004, were reviewed that address various ITS components of
SWZs. The case study reports provide a system description, identify specific equipment used, and present
system performance and the benefits and impacts to mobility, safety, and cost savings. The first case-
study for the Interstate 40/Interstate 25 interchange (Big |) in Albuquerque, New Mexico, focused on a
mobile traffic monitoring and management system to assist with the movement of 300,000 vehicles daily
and provided delay and routing information to drivers and agency personnel. (USDOT Federal Highway
Administration 2004). The second case study involved using ITS to support work zone operations during
the reconstruction and widening of SR 68 in Northern Arizona and used travel time as
incentive/disincentive (USDOT Federal Highway Administration, 2004). The system used automated
license plate recognition and matching computer analytics with one monitoring station at the beginning
and one at the end of the project limits. The third case study was performed during the re-build of a large
section of Interstate 94 in Clinton Township, Michigan. This SWZ effort deployed dynamic lane merge to
help smooth traffic and reduce aggressive driving prior to the transition into the construction area
(USDOT Federal Highway Administration 2004). With this effort, Michigan observed a decrease in
aggressive maneuvers and a lower average peak period travel time. The final case study focused on a
real time traffic control system to reduce congestion and improve safety on Interstate 55, just south of
Springfield, lllinois. The system included real time traveler information and a speed reduction within the
work zone (USDOT Federal Highway Administration 2004). lllinois Department of Transportation (IDOT)
reported that the system provided safety benefits due to the decreased number of moving violations
after deployment and the low number of reported crashes that occurred in the work zone.

A comparative analysis report and the summary report on SWZ applications were written by FHWA in
2008 that quantified the benefits of ITS applications for work zone traffic management using case studies.
The study focused on before and after analyses to quantify the value in mobility and safety when SWZ
applications were used (USDOT Federal Highway Administration 2008). Lessons learned were also
documented as a result of this effort. Some of the positive outcomes from the installation of SWZs were
noted. Michigan saw reductions in aggressive driving maneuvers at work zone lane drops, observing that
forced merges were seven times less frequent and dangerous merges were three times less frequent
when the SWZ system was operational. Texas and the District of Columbia stated that there were
significant traffic diversion rates, 10 percent and 52 percent respectively, and lower observed mainline
volumes when appropriate messages were displayed during congested conditions. In Arkansas, 82
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percent of the surveyed drivers felt that the SWZ system improved their ability to react to stopped or
slowed traffic and 49 percent of the surveyed drivers also noted that the CMS made them feel safer.

The American Traffic Safety Services Association (ATSSA) prepared an overview to aid traffic engineers,
transportation agencies, and construction contractors on the ITS tools available to help increase mobility
and safety through work zones (American Traffic Safety Services Association n.d.) The document provides
a description of typical SWZ system components and their benefits, identifies various traffic detection
locations used to collect roadway data, and distinguishes systems that can be used to relay information
to road users and workers. In addition, this document gives a general layout of the ITS equipment that
should be considered for the various SWZ system components. One example of a general layout provided
in the overview is shown in Figure 1 for a stopped or slowing traffic warning system for a work zone.
Multiple other layouts are provided in the document.

\
U

g .
WORK ZONE \
—- CAUSING —
DELAY
- \\\\\‘
N\
QUEVE | -
b OF SLOWED W
TRAFFIC
| Non-ntrusive Detecson spaced along
d A\ the route as noeded for proper systom
I\ |__ operations. Detection should extend
- beyond imits of work zone congestion.
-

Average traffic speeds are displayed
upstream of the slow traffic queve,
When cted, sl the CMS advising traffic of anticipated speeds
. for another ITS systen] shaed

~
e tonds beyond s CMS locat 8 .
e e e d M WATOH 30
e s Ghey” meeoegn I % 50U i
TRAFFIC

Figure 1: General Layout for a Typical Stopped or Slowing Traffic Warning (American Traffic Safety Services
Association n.d.)

FHWA developed a Work Zone ITS Implementation Guide in 2014, presented in Appendix A, to assist
public agencies, design and construction firms, and industry in the design and implementation of ITS in
work zones (Ullman, Schroeder and Gopalakrishna 2014). The Guide provides key steps that are required
to successfully implement SWZ applications by illustrating how the systems engineering process should
be applied to determine the feasibility and design of work zone ITS for a given application. Each key step
is defined in each chapter: assessment of needs; concept of development and feasibility; detailed system
planning and design; procurement; system deployment; and system operation, maintenance and
evaluation. Within the Work Zone ITS Implementation Guide, FHWA drafted a general set of scoring
criteria that could be used as one possible method to assess the feasibility of using smart work zone
technologies. The appendices of this document are useful and should be reviewed. Some of the key
concepts include: National ITS Architecture’s user service requirements that pertain to work zone
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management and safety; resources used in the preparation of the Implementation Guide; and key points
and tips for consideration at each step in the implementation of SWZ.

To supplement the FHWA Work Zone ITS Implementation Guide, FHWA developed a Work Zone ITS
Implementation Tool that serves as a software companion to the Guide. The software is intended for use
by agencies in support of independent decision making regarding selection, design, procurement,
deployment and evaluation of ITS systems for construction and maintenance projects. The tool comes
with a User’s Guide. The software and User’s Guide can be downloaded from USDOT Federal Highway
Administration Explore Application’s website: https://www.itsforge.net/index.php/community/explore-
applications#/40/150 The Work Zone ITS Implementation Tool operates as a standalone executable
program designed to run on individual workstations. A screen capture of the software download web
page is provided in Appendix A.

Deeter, Roelofs, Schroeder, and Ullman (2015) suggest that Traffic Management Center (TMC) operations
should assist with work zone planning and maintain and active role in the design through work zone
operations, including post operation evaluation (Deeter, Roelofs, Schroeder, & Ullman, 2015). Their
research provides strategies and recommendations as to TMC resources and how they might be used to
support each stage. The table Work Zone Stages and Strategies for Using Traffic Management Center
(TMC) Resources within the (2015) document gives useful guidance on each work zone stage and the
various strategies and sub-strategies. The research proceeds to list specific details of the strategies and
examples for each work zone stage and the coordination efforts required to successfully utilize TMC
resources. For example, Strategy 1B discusses involving TMC staff in the planning of road work projects
from the onset to enable TMC staff to understand the planned projects and impacts for all areas served
by the TMC. The authors acknowledge each TMC is unique and resources vary; however, they conclude
that there are multiple strategies where functions are common among most TMCs and therefore
resources can be used for SWZ applications. The last table Common Traffic Management Center (TMC)
Capabilities and Data Definitions in the (2015) report lists the TMC capability/data and gives a definition.
This information may be a helpful resource available for work zone management. For example, one
function of the TMC may be travel time calculation — determining travel times for stretches of highway
based on real-time traffic data collection and surveillance. This function may assist SWZ management in
determining travel times on a specific corridor prior to a work zone set up. A self-assessment
guestionnaire was also developed within this research that gives guidance on using the TMC for work
zone management. The assessment allows DOTs the ability to assess their TMC’s availability and
functionality and create an action plan to increase the use of their TMC resources. The self-assessment
questionnaire along with the tables from Deeter, Roelofs, Schroeder, and Ullman’s (2015) research efforts
are included in Appendix A.

Summarizing Smart Work Zone Efforts on a State Level by ITS Applications

Many states have evaluated the need for SWZs to improve mobility and safety within construction zones.
As such, some state DOTs developed and published smart work zone guides to provide goals and
objectives of SWZs, identify acceptable ITS applications for SWZs and help facilitate the successful
implementation of SWZs. The SWZ published guides listed below are provided in Appendix B — State
Department of Transportation — SWZ Guidelines.
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Connecticut Department of Transportation
e Smart Work Zone Guide — April 2017

Massachusetts Department of Transportation
e Smart Work Zone Design Standards — February 2016
e Smart Work Zone Standard Operating Procedures — February 2016
e Scoring Criteria for Work Zone ITS

Minnesota Department of Transportation
e |WZ Toolbox: Guideline for Intelligent Work Zone System Selection - 2008
e Decision Tree to Identify Potential ITS/IWZ Scoping Needs — January 2018

Texas Department of Transportation
e Smart Work Zone Guidelines: Design Guidelines for Deployment of Work Zone Intelligent
Transportation Systems (ITS) — October 2018
e Go/No Go Decision Tool for SWZ Systems is an excel spreadsheet application and is provided using
the link https://m.txdot.gov/inside-txdot/division/traffic/smart-work-zones.html

Washington State Department of Transportation
e WSDOT Design Manual Chapter 1010 Work Zone Safety and Mobility — July 2017
e WSDOT Design Manual Chapter 1050 Intelligent Transportation Systems — July 2014

Wisconsin Department of Transportation
e |TS Design and Operations Guide Chapter 40 Smart Work Zones Section 1 Technology, Standards,
and Functional Requirements — October 2009

Table 2 provides a summary matrix of ITS applications where associated states have implemented SWZ ITS
systems coupled with documentation of their results in a case study or research effort. The following sections
briefly describe published efforts by state DOTs for the SWZ Applications.

1) Queue Warning System

Queue warning and detection systems estimate the location of the back of the queue and disseminate
warning messages to approaching motorists (Li, Martinez-Mori and Work 2016). From 2011 to 2013,
lllinois DOT implemented a queue warning system on Interstate 57/Interstate 64 to detect and warn
approaching traffic about slow moving or stopped traffic (Ullman and Schroeder 2014). TxDOT in
association with Texas A&M Transportation Institute implemented an end of queue warning system as
part of a larger SWZ traveler information system to monitor traffic flow, manage mobility, reduce
congestion and improve safety (Texas A&M Transportation Institute 2018). TTI research indicates that
the portable CMSs provide effective communication to drivers.

2) Variable Speed Limit (VSL) System
Variable speed limit systems intend to increase the volume throughput and enhance safety by providing
travelers speed limits determined from the current traffic conditions (Li, Martinez-Mori and Work
2016). Multiple case studies have evaluated the effectiveness and proved to be a viable option to
smooth traffic flows around construction zones. Utah Department of Transportation (UDOT)
implemented a portable variable speed limit system to reduce regulatory speed limits through
construction work zones (Vanlura, Haines and Gemperline 2017). The goal of this system was to
provide a portable yet dynamic system that was easy for construction personnel to use to reduce

Smart Work Zone (SWZ) Technical Feasibility Study | Final Working Paper No. 1
Nationwide Review of SWZ Technologies | February 2019



https://m.txdot.gov/inside-txdot/division/traffic/smart-work-zones.html

speeds within an active work space and make construction work zone safer for workers and the
traveling public, without the need to reduce speeds throughout the entire construction work zone. The
system was designed to reduce speeds within the active work space while workers were on-site and
exposed to danger of an errant vehicle; however, the speed limits were raised when the workers were
not present. In addition, a queue warning system operated independent of the VSL. Alaska DOT also
studied the effectiveness of VSL in construction work zones and found that through before and after
studies, the portable radar VSL system significantly reduced the 85 percentile speed, mean speed, and
pace throughout the work zone (Chowdhury and O.A. 2017)

3) Dynamic Lane Merge System

Dynamic lane merge systems aim to smooth the flow of traffic through the work zone by regulating
merge movements based on traffic conditions (Li, Martinez-Mori and Work 2016). In 2009, Florida DOT
evaluated the safety and operational effectiveness of dynamic lane merge for two conditions: early
merge and late merge. The research indicates that for volumes ranging from 0-1000 veh/hr dynamic
early merge performed better than dynamic late merge. For volumes from 1001-2000 vehicle/hr
dynamic late merge performed better than dynamic early merge (Radwan, Harb and Ramasamy 2009).
The study also indicated that dynamic lane merge has the potential to enhance safety and traffic
operations. In 2004, Michigan DOT deployed a dynamic lane merge system on Interstate 94 to help
smooth traffic flow by regulating merging movements in the transition areas where lane configurations
narrowed from three to two lanes. The main goals of the project were to reduce aggressive driving at
the merge point, maximize available capacity at the merge point just prior to the dropping of a lane,
reduce capacity losses due to increase headways at the work zone taper and enhance traveler safety
(USDOT Federal Highway Administration 2004) Based on the FHWA case study, Scriba and Luttrell
found that the dynamic lane merge system was most effective at peak hour traffic volumes of 3,000 to
3,500 vehicle per hour and increased evening peak travel speeds by 15 percent (Scriba and Luttrell
2007).

4) Traffic Data Collection System

With most SWZ applications, data collection is an essential component of the system. SWZ traffic data
can be collected and used for real-time applications, applied to further analyses (before and after
studies), used for performance measures, and stored for historical information and documentation.
Traffic data to be collected may include traffic volumes, speed, occupancy, travel-time and vehicle
classification. Depending upon the desired data, different collection devices should be considered.
Detection components could include: loop detection, radar, magnetic, piezo-electric, video,
microwave, thermal imaging, radio frequency, Bluetooth, WiFi, and probe data.

One research effort undertook by the Smart Work Zone Deployment Initiative was a study that
documented best practices for managing work zone data. The main objective of the project was to
investigate methods and best practices that agencies should use to manage work zone data, such as
types of data collected, methods used for data collection, data architecture, methods used for geo-
referencing data, how work zone data is currently being used and additional data needs (Cheng, Parker
and Dong 2017). The researchers found that state DOTs would benefit from a comprehensive work
zone data management strategy that would provide a consistent roadmap for development. In
addition, the researchers believe that the strategy should cover a standard definition for work zone
data elements to facilitate performance reporting and data sharing.

5) Travel Time/Delay Monitoring System
This system continuously monitors travel times through a work zone and posts the anticipated travel
delay information prior to motorists entering the work zone so that they can make informed decisions
about their travel route and select a detour, if desired. In 2000, Ohio Department of Transportation
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(ODOT) used a travel time prediction system to post travel delay on CMS at predetermined locations
prior to a construction work zone. The system was implemented on |-75 near downtown Dayton and
used to determine the accuracy of predicted travel times when compared to actual travel times. The
study showed that the travel time prediction system represented a definite improvement over statistic
signing (Zwahlen and Russ 2001). The table Work Zone Deployment, within the research conducted by
Li, Martinez-Mori and Work (2016), lists 12 examples where the main findings were positive and
improved traffic operations. The findings were based on operational performance measures and driver
survey responses. Of the 12 examples provided in the literature, three examples were shown to
produce a 10 percent diversion when drivers were informed of travel times through the work zone (Li,
Martinez-Mori and Work 2016).

6) Real Time Traveler Information System

A real time traveler information system provides traffic information to motorists, which may include
travel time or delay, queue length, reroute information, incidents or site specific construction activities,
such as blasting (Li, Martinez-Mori and Work 2016). Therefore, a real time traveler information system
could post messages from other SWZ applications or post messages independent of those, such as a
full road closure. Both Arkansas and Illinois DOTs implemented portable real time information systems
in the early 2000s. Since that time, many other agencies have used this technology to notify drivers of
important traveler information. As part of the Smart Work Zone Deployment Initiative, Lachhwani and
Horowitz (2005) researched applications of real-time Advanced Traveler Information Systems (ATIS)
within work zones in order to improve mobility and safety. Some of the real-time ATIS devices were
CMS, highway advisory radio (HAR), CB citizen band broadcasts and speed advisory displays (Lachhwani
and Horowitz 2005). Many of the systems showed a reduction in driver frustration, reduced speeding
and calm traffic. Some systems even reduced the amount of traffic through the work zone. These
effects suggest that work zones are safer when real time traveler information systems are deployed.
Benefits of this system include a reduction in rear-end collisions and enhanced congestion
management. From December 2013 through March 2014, MassDOT undertook the Callahan Tunnel
Rehabilitation Project in Boston. The tunnel lies within a major commuter corridor carrying 30,000
vehicles per day and required a full tunnel closure for the duration of the project (MassDOT 2014). As
such, the need for real time traffic condition information was necessary for stakeholders and the
motoring public. As a result of this SWZ effort, MassDOT evaluated the effectiveness of the system at
minimizing impacts to alternate routes and determined that there were no gridlock conditions in the
network and partner agencies were able to successfully manage their systems without major traffic
issues caused by the tunnel closure.

7) Traffic Monitoring System (video)

This system provides portable cameras and live data streaming to observe real time traffic conditions.
This system can be used to view the work site from an offsite location to confirm issues and determine
if interventions are required. While traffic monitoring systems are usually incorporated into other SWZ
applications, no data was found that shows quantifiable benefits of a traffic monitoring system. In some
instances, traffic monitoring systems are used for incident detection. When used in this capacity,
incident alerts are confirmed remotely using live streaming video, snapshots or on-site personnel, as
discussed within the TxDOT Smart Work Zone Guidelines. This system can also be used to provide
critical information to responders and how to best approach the incident.

8) Vehicle Entering/Exiting Notification System
This notification system warns drivers of a slow-moving construction or emergency vehicle prior to that
vehicle entering or exiting the roadway. The system can be implemented when heavy construction
vehicles are required to blend into the traffic stream. While these types of systems are used and
documented within work zone applications, a case study was not found that noted the benefits of
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installing this type of notification system. However, based on conversations with various states and
vendors, an interviewee understood that the Nebraska DOT had experience with a system that flashed
a warning sign upstream when a heavy vehicle was exiting the construction site and entering the
roadway. Based on discussions, the system seemed to work well in notifying drivers of the slow-moving

construction vehicle ahead.

Swz

Application

Project

Table 2: SWZ Application Case Studies

Main Findings

Source

Type

Queue Warning
System

Texas DOT/TTI

I-35
Project

Expansion

2013-
2018

Kept drivers apprised
of travel delay and
typically a part of the
overall system to
help manage
mobility, reduce
congestion and
improve safety

(Texas A&M
Transportation
Institute 2018)

Queue Warning
System

lllinois DOT

I-70/1-57 and
I-57/1-64
interchanges

2011-
2013

14% decrease in
gueuing crashes, 11%
reduction in injury
crashes

(Ullman and
Schroeder 2014)

Variable Speed
Limits (VSL)

Utah DOT

4 Construction
Zones on State
Highways

2016-
2018

Increased speed limit
compliance by
reducing the posted
speed limit within
active work area
when workers are
present

(VanJura, Haines
and Gemperline
2017)

Variable Speed
Limits (VSL)

Alaska DOT

State Highways

2017

Percent of vehicles
that sped through Wz
was reduced from
21.8% to 9.4% with
VSL.

(Chowdhury and
0.A.2017)

Dynamic Lane
Merge

Michigan DOT

1-94

2002-
2003

Crashes were
reduced from 1.2
crashes per month to
0 crashes per month,
travel time delay
decreased by 16
seconds per driver,
average travel speed
increased from 40 to
46 mph

(USDOT Federal
Highway
Administration
2004)
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Swz

Application
Type

Project

Main Findings

Source

Dynamic Lane

Significant reduction
in forced merges
when the system was
activated. Study team
observed three times
the number of

(USDOT Federal
Highway
Administration
2008)

improved their safety

Merge (early Michigan DOT -131in 2004 dangerous merges
Kalamazoo .
merge) and seven times the
number of forced
merges when flashers
were off compared to
when they were
operational.
. Various locations Data gives thresholds | (Radwan, Harb
Dynamic Lane . .
Florida DOT on Florida State | 2009 for early and late and Ramasamy
Merge .
Highways merge. 2009)
88% of travel times (Zwahlen and
Travgl T|.me Ohio DOT I-17 near Dayton 2000 shown (.)n .the cMS Russ 2001)
Monitoring were within £4
minutes accuracy
85% of survey (Bushman and C.
) . respondents changed | 2005)
Travel Time North Carolina .
o 1-95 2003 route in response to
Monitoring DOT .
CMS travel time
display
No gridlock (MassDOT 2014)
Real Time Callahan Tunnel 2013- conditions in the
Traveler MassDOT Rehabilitation 5014 state network or on
Information Project partner agency
networks.
High level of (USDOT Federal
satisfaction; system Highway
provided safety Administration
Real Time 2001- benefits due to 2004)
Traveler lllinois DOT 40 miles of I-55 2002 decreased number of
Information moving violations
and small number of
crashes within work
zone
Real Time Various locations Workers felt that the | (Li, Martinez-
Traveler Arkansas DOT 1-30 2000 ITS application Mori and Work
Information on i

2016)
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Swz

Application

Project

Main Findings

Source

Type
I-40 between the Issues with (USDOT Federal
Real Time ) NC801 implementation of Highway
North Carolina . .. .
Traveler DOT Interchanges and 2004 system which gave Administration
Information the SR1101 inconsistencies in the | 2008)
Interchange data
Data was (USDOT Federal
inconclusive due to Highway
inconsistencies, Administration
Real Ti however, results 2008)
eal Time .
Traveler Washington DC CD-295 2007 S.how the system
. DOT likely reduced delay
Information .
for motorists by
allowing them to
choose an alternate
route
Real Time -5 in Santa 78% diversion due to (Edara, Sun and
Traveler California DOT Clarita 2008 | traffic condition Robertson 2013)
Information

(source: UCG December 2018)

E. State Departments of Transportation using SWZs

Many state DOTs are utilizing SWZs to inform drivers, improve mobility and enhance safety. The following
section gives an in depth review of what these five states are doing to promote SWZ applications.

1 - Kansas Department of Transportation (KDOT)

KDOT has implemented SWZ applications that incorporated dynamic lane merge with a queue warning
system. Generally, travel times were provided for drivers on CMS prior to the work zone along with 8 CCTV
cameras to monitor traffic operations throughout the work zone. Based on an interview with Garry Olson,
Transportation Management Plan (TMP) Project Coordinator with KDOT Bureau of Transportation Safety and
Technology, the results were favorable with observations made of driver adherence to CMS instructions.
Olson stated that KDOT would implement dynamic lane merge in the future when appropriate traffic
conditions suggest its need. Olson equates the success to substantial traffic volumes on the roadway, a high
portion of commuter traffic, a low percentage of heavy vehicles, and a strong public informational campaign.

This project provided KDOT with some lessons learned. First, the system worked for approximately 7 hours
each day based on traffic volumes, and that the hours throughout the day were not consecutive. Next, drivers
appeared to be courteous which may have been promoted by the large public outreach about the smart work
zone late merge application. Finally, there were many discussions on what data should be retained from the
work zone. The data became quite large and was too big for the temporary unit to store. However, speeds
and volumes were retained. Based on a before and after comparison, it appeared that about 10% of the
traffic diverted away from the work zone during the peak periods.

The total work zone cost for this application included a system integrator at $5,000 per month. In addition,
KDOT rented three radar units at a cost total cost of $1,500 per month. Deployment efforts totaled $58,500
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and the operation and maintenance totaled $15,470 for a total SWZ cost of $99,970 which equates to a daily
cost of approximately $840 a day for the dynamic lane merge with queue warning system (Kansas DOT 2016).

2 - lowa Department of Transportation (IOWADOT)

IOWADOT deploys SWZ applications a bit different than design-bid-build projects, where the traffic control
is bid with construction project. Based on interviews, IOWADOT has a statewide smart work zone contract
where approximately 30 projects are completed per year. Because lowa uses TransSuite in their TMC
operations, TransSuite is also used to control their smart work zones and they use their own
software/algorithms with their SWZ applications to estimate travel time, queue lengths, and such.

IOWADOT deployed a variety of ITS SWZ applications on 28 high traffic work zones on state managed
highways (IOWADOT 2018). The ITS components included traffic sensors and cameras that monitored 24/7
and sent data on traffic speeds, queue lengths and images to the TMC. Operators in the TMC then sent
messages to the public through portable CMS or their existing DMS, the 511 system and on social media
platforms to alert the public of transportation issues that might impact them. In addition, engineers and
inspectors were notified through automatic text messages when slowdowns of more than five minutes
happened within a work zone. This application allowed IOWADOT to react more quickly to an incident and
make modifications to the work zone and keep traffic flowing smoothly and safely. In an interview with Jim
Webb, a district construction engineer with IOWADOT, he stated that IOWADOT “...is a big proponent of the
use of [SWZ] tools on major projects in southeast lowa because of the immediate feedback they provide. The
information gathered from the devices is essential to respond to and lessen situations. By using real time
video feeds, receiving notification of traffic back-ups or other disruptions in the flow of traffic from queue
detection units or observe speed trends from the INRIX data, IOWADOT can better manage traffic in the work
zone effectively with the ITS tools.”

3 - Michigan Department of Transportation (MDOT)

MDOT has been implementing smart work zone applications for over 15 years, with some of the first dynamic
lane merge systems to reduce aggressive driving. In an interview with Chris Brookes, Work Zone Delivery
Engineer with MDOT, Michigan is deploying a combination of smart work zone applications dependent upon
the type of construction and work zone needs. Michigan has used portable cameras for monitoring; however,
these devices increase the cost of the system. In addition, MDOT has found that the abundance of data
increases the cost of detection and in reality, the data is not processed or analyzed after the construction
project is completed. One lesson Michigan DOT learned was that CMSs need to be located on both sides of
the roadway for the dynamic merge condition. Blocking by heavy vehicles created issues when drivers were
notified of stopped traffic ahead but never saw the sign. In addition, Brookes stated that the displayed
message is an important aspect of the smart work zone. For example, “watch for back-ups” should never be
posted unless there is an active work zone because this type of message can easily become disregarded by
motorists if it is posted all of the time.

Brookes stated that to date they have not implemented smart rolling closures. However, there has been
some consideration. Portable CMS, detectors and other devices could be leap frogged each night as the
active work zone shifts to maintain continuity. Because most dynamic devices update their position every
five minutes or less, this application could be seen in the near future. Both iCone and Ver-Mac are two
vendors that provide dynamic SWZ components with self-locating devices.

Michigan is beginning to research the benefits of GPS mapped work zone signing. This could allow the work
zone set up information to be shared with community-based traffic and navigation apps such as Waze. The
system would need to be user input free reliably input the information without depending upon contractors
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to map each sign, accurately. Signs that may be mapped include all those that require the driver to know
about (ex: begin and end work zone, lane shifts or closures). The signs could then broadcast a message to
alert motorists through their cellular phones or other handheld devices automatically through the work zone.

In conclusion, Brookes recommended using the FHWA Implementation Guide Score Sheet and scoring every
project to determine the need for ITS components within a work zone. This scoring guide would provide a
systematic approach to implementation. This would give a fair and adequate analysis of the need with a
scoring system, because MDOT has found that when funding is limited on a construction project, the first
aspect of the project to be eliminated is smart work zone components.

4 - Texas Department of Transportation (TxDOT)

TxDOT has been researching SWZ applications with Texas A&M Transportation Institute (TTI) over the past
few years to determine their need. As a result, SWZ efforts have been implemented on approximately 10
construction projects throughout the state. Because of the positive results and feedback from motorists,
TxDOT developed their SWZ Guide and Go/No-Go Decision Tool. In addition, the Traffic Safety Section, Traffic
Engineering Section and the Traffic Management Group are in the process of developing standards sheets
that recommend how SWZ applications and components will be set up in the future.

F. Smart Work Zone Vendors

Six smart work zone vendors were contacted to identify available SWZ systems. The following vendors offer
equipment, software, and services that conform to the basic features of SWZs. The SWZ system
component/application names and descriptions listed within this section are based on the information
obtained by each respective vendor. As such, these vendors most likely have the ability to configure their
systems to support additional types of SWZ applications that are not listed within this section.

1 - All Traffic Solutions

All Traffic Solutions manufacturers portable ITS equipment that can be used in smart work zones for remote
management (All Traffic Solutions 2018). Some of their ITS components include portable radar speed signs
and speed trailers, portable variable message signs, and vehicle counting/classification systems.

Radar Speed Displays — Web-enabled radar speed displays informs drivers that their speed may be excessive.
The portable signs can be mounted on a pole, trailer or vehicle.

Audible Alerts — Built into the radar speed display, alerts can sound whenever a speeding driver passes the
sign to alert the driver to slow down.

Beacons — Beacons flash when vehicles exceed the speed limit to alert drivers that they should slow down.
Variable Message Signs — Provide drivers with information before they approach a work zone, that can be
programmed remotely. These signs can be mounted on a vehicle, trailer or pole.

2 - ASTI Transportation Systems

ASTI Transportation Systems develops, manufacturers, and integrates safety products for State DOTs. Their
products include message boards, over-height vehicle detection, license plate recognition, portable video
surveillance and many other items. ASTI provides smart work zone systems as listed in Table 3 (Work Area
Protection 2018).
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Table 3: ASTI Transportation Systems SWZ Systems
SWZ System Components Description \
This computerized highway information processing system (CHIPS),
is a patented software/web based system for ITS applications. The
system provides a central location to monitor, track and control all
ITS field devices. The system features: real-time traffic
management, smart work zone systems, automated work zone ITS,
dynamic merge solutions and travel time systems
Message board trailers provide real time messages to the traveling
public.
This trailer provides a portable, self-contained, all weather
equipment platform and provides the user with a rapidly
deployable real time video system viewable from a remote
location.
This trailer provides a versatile and light weight platform with a
small footprint to mount a microwave radar unit. If equipped with
Trailer Mounted Queue Detection ASTI’'s communication package, the trailer can provide data
remotely to a variety of information gathering/dissemination
components.
Can be utilized in both a fixed mounted application or as a portable
application to post driver speeds. This trailer can be controlled
from a remote location allowing the immediate changing of a
posted speed.
This is a portable application for video needs. The system allows
the monitoring of traffic conditions
This is a two trailer system that operates together to notify drivers
Egress Warning Systems when slow construction vehicles are entering the roadway with
flashing beacons.
(source: ASTI website, current as of November 2018)

Information Processing System

Message Board Trailers

Mobile Video Trailers

Variable Speed Limit Trailers

Pole Mounted Cameras

3 - Wanco, Inc.

Wanco, Inc. manufacturers and sells portable variable message signs, arrow boards and radar speed signs. In
addition, Wanco partnered with PDP Smart Work Zone Systems to develop and produce portable hybrid
smart work zone components using a variety of detector technologies (radar, Bluetooth, video cameras) to
monitor and communicate updates to drivers when hazards or unexpected driving conditions are present.
Wanco SWZ system components are included in Table 4.

Table 4: Wanco, Inc SWZ Systems

SWZ System Applications Description \
Trucks Entering Highway Warning Identifies when construction vehicles are leaving a worksite and
System entering the highway to warn drivers of oncoming vehicles.

Queue Detection and Warning Identifies stopped or slowed traffic in real time to warn driver
System ahead of time.

Uses sensors to calculate accurate travel times and dynamic
messaging to communicate those times to drivers.

Provide drivers with notification of merge decisions to increase
roadway capacity near a work zone.
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SWZ System Applications Description

Provides ramp metering capabilities for on-ramps that are not yet
Portable Ramp Metering equipped or need to be maintained during peak traffic flow
periods.

Provides remote monitoring of the site and roads so that incidents
can be quickly identified and cleared.

(source: Wanco, Inc web site, current as of November 2018)

Traffic Camera System

4 - Street Smart Rental

Street Smart Rental deploys SWZ technologies on large scale construction projects (Smart Street Rental
2018). They specialize in providing smart technology, rental equipment, and project management to enhance
work zone safety. The Smart Street technical support team has the ability to assist their clients with
deployment, maintenance, and troubleshooting. Table 5 lists the various types of SMZ components that can
be selected to create a customized SWZ.

Table 5: Smart Street Rental SWZ Systems

SWZ System Applications Description \
A merge system that notifies drivers of merge conditions. These

Dynamic Lane Merge systems could be considered for deployment as part of the traffic
control plan.

Message broadcasts from transmitters that provide general
information to the traveling public.

System considered for deployment as part of the traffic control
plan when there are known hazardous driving conditions such as
curve warnings, snow plows ahead, weather conditions, falling
rocks, slope movements.

Informs drivers of the presence of downstream stop and go traffic
conditions.

Used with dual travel time panels to show travel time for
Alternative Routes alternative routes allowing drivers to make a selection as to their
route.

Considered for deployment as part of the project’s traffic control
plan when the work zone will cause delay

Used to notify drivers of reduced speeds, trucks entering/exiting or
other applications with a portable CMS.

Variable Speed Limit Should be considered when work zones will cause additional delay.

Traveler Information Radio

Temporary Roadway Hazard

Queue Warning System

Traveler Time Information

Conflict Warning

5 - Ver-Mac

Ver-Mac is a manufacturer of SWZ equipment and teamed with Jamlogic Software to create complete SWZ
applications. Ver-Mac has been providing SWZ equipment for over 15 years with over 250 SWZ deployments.
The Ver-Mac SWZ equipment includes: portable CMS, portable sensors and cameras, speed-Mac portable
sensors, work zone and VSL, speed information feedback signs and additional SWZ devices.

Ver-Mac provides SWZ applications using Jamlogic as shown in Table 6.
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Table 6: Ver-Mac SWZ Systems

SWZ System Applications Description \
The queue warning is based on real time traffic data that
Automated Queue Warning automatically informs travelers of the presence of downstream

stop and go traffic with the use of pre-positioned portable CMS.
Travel times are continuously updated to provide current travel
time or length of delay to inform motorists and allow them to make
informed decisions about their selected route.

Based on real-time traffic data, Variable Speed Limit systems
Variable Speed Limits automatically inform motorists of lower speed limits needed
upstream due to slowing traffic or congestion.

Portable work zone speed limit trailers are designed to display
Work Zone Speed Limits work zone speeds when workers are present and posted speed
limits when workers are not working or present.

Speed awareness devices display the current speed of the motorist
Speed Awareness along with the posted speed. Feedback messages can be displayed
when the motorist exceeds the posted speed limit.

Utilizing portable sensors before a lane reduction, the system
analyzes speed and occupancy of each lane before the merge.
Dynamic Lane Merge Based on the traffic flow data, the system will provide real-time
lane information to motorists upstream to even the flow of traffic
thru the merge.

Utilizing over-height detection sensors, the system automatically
Over-height Vehicle alerts drivers in advance of an alternate route or to stop if they
have passed the route.

Utilizing a variety of weather and roadway sensing devices, these
systems dynamically caution motorists about dangerous or
unexpected roadway conditions.

(source: Ver-Mac web site, current as of November 2018)

Travel Time/Alternate Route
Suggestion

Hazardous Roadway/Weather
Conditions

6 - iCone

iCone is a unique system of individual barrels and pins that collect real time traffic data within work zones.
The iCone is either a traffic barrel or a traffic cone with a “pin” inside that locates itself, collects volumes,
monitors traffic speed and links to the web, but looks like an ordinary traffic barrel or cone to the public
(iCone 2018). These products can provide data on traffic conditions and the system is portable. The iCone
system processes information and allows DOTSs, contractors and others to obtain information about the work
zone conditions. Because iCone barrels act independently, if one barrel is disengaged from the system, the
system compensates and continues to operate.

The iCone system can be used for a variety of SWZ concepts. For example, a few iCone traffic barrels or pins
could be placed on a detour, when available, which would allow ADOT the ability to monitor alternative
routes and instruct motorists of travel times and information on which route to take for proactive detour
management based on real time conditions. Using similar techniques other SWZ concepts such as,
automated queue warning, variable speed limits near active work zones and dynamic lane merge could be
achieved. Reports are available that can provide the location of the end of the queue, travel time through
the work zone, speeds and other metrics. iCone can be matched with portable CMS to give real time delay
or slowed traffic messages to the approaching traffic.
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iCone has written arrangements with principal navigation companies to provide WZ locations and data.
Within a couple of minutes of activation, the data is uploaded and pushed to the navigation companies. This
allows the navigation companies to more easily convey accurate WZ information to the traveling public who
use these various applications to make travel arrangements or navigate while driving.

In addition to traffic barrels and pins, iCone uses their technologies within WZs in different applications.
These applications include service vehicles with arrow panels, booms and hazard bar lights and flagging
batons. For equipped service vehicles, the iCone system is activated and data is transmitted when a feature
is triggered from the vehicle. For example: when the arrow panel is operational, the data transmitted to iCone
correlates to the message on the arrow panel. The data is then pushed to the traveling public, using principal
navigation systems, and provides real time traveler information on lane restrictions. For flagging batons,
when activated, the system transmits the position of the flagger and detects when the paddle is laid down.

G. SWZ Typical Costs

SWZ systems can be procured as individual bid items for each component or as a lump sum cost. Costs were
difficult to obtain from vendor interviews because depending upon the SWZ applications, project location,
duration, and length, costs would vary substantially. However, it is important to recognize that system
integration is a significant portion of the SWZ applications and should be included in each bid accordingly.

The Texas Department of Transportation (TxDOT) Smart Work Zone Guidelines lists SWZ applications and
presents system cost examples from various projects in Texas, Wisconsin, Minnesota and Hawaii. In addition,
the SWZ application costs are presented as a percent of the total construction cost. The costs vary greatly of
SWZ applications because the costs are dependent upon the length of the work zone and the duration of the
construction. As a percent of the total construction cost, SWZ applications varied from 0.07% to 2% as shown
in the examples from TxDOT.

In a FHWA Work Zone ITS Overview Webinar that featured ITS work zone experiences in Southern Illinois in
2014, costs associated with four SWZ projects were noted. The costs for the SWZ ranged from $455,00 to
$2.5 million and varied due to the construction duration and length. These costs varied from 1.4 to 3.6% of
the total construction budget, with the average around 2.6% (Nemsky 2017).

In 2014, IOWADOT performed a smarter work zones technology case study that focused on technology
applications for SWZs deployed throughout lowa. As a part of the case study, lowa published the vendor per-
device costs for three ITS SWZ systems. One vendor was selected for all three deployments. Table 7 lists the
costs by device for their SWZ deployments.

Table 7: IOWADOT Schedule of 2014 Costs per Device (lowa Department of Transportation 2014)

SWZ System Cost ltem Contract 1 Contract 2 Contract 3

Component Western lowa Eastern lowa Council Bluffs
Daily Cost (per day) $20 $22 $23

Portable CMS Deployment $2,600 $2,900 $3,200
Relocation S480 S480 S480
Daily Cost (per day) S18 S23 S25

Traffic Sensor Deployment $2,200 $2,600 $2,800
Relocation S480 S480 S480
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SWZ System Cost Item Contract 1 Contract 2 Contract 3

Component Western lowa Eastern lowa Council Bluffs
Daily Cost (per day) $20 $22 $23

CCTV Deployment $2,600 $2,900 $3,200
Relocation $S480 $480 $480

‘ Daily Cost (per day) $4 $4 $4
Cell Modem in
. Deployment $300 $300 $300

Traffic Sensor -

Relocation S500 S500 S500

In 2014, Kansas Department of Transportation implemented a smart work zone system that included queue
warning, automated variable speed limits, travel times and alternative route detour, as appropriate. The
system was deployed on a 1.48 mile stretch of I-35 and the Homestead Lane Interchange, which was rebuilt.
KDOT received five bids for the 1-35 SWZ with the winning bid of $1,046,540 (Bledsoe, Raghunathan and
Ullman 2014). The smart work zone technology employed on this project did not eliminate any of the costs
associated with traditional construction. Additionally, the report concluded that an economic analysis
showed the implementation of the SWZ technology resulted in an additional cost of approximately
$1,650,000 and that the majority of the cost was associated with the lease/purchase of portable message
system, associated software and upgrades to existing software, and data analysis.

H. SWZ Communications

Communications within SWZs is an important aspect of each system. As such, different vendors use various
types of services to communicate with the field devices and most vendors have the flexibility to support
multiple communications options. These communications options include cellular, satellite and radio-based
communication services. The selection of which communications option is used is dependent upon the
existing wireless network coverage area available at the SWZ application location and the communications
requirements such as reliability, latency limits, etc. specified in the departments Standard Specifications or
Project Special Provisions.

The vendor interviews indicated that most projects run on cellular services and that the cellular services are
reliable. However, it is recommended that the contract documents require that the contractor verify the
signal strength of the cellular network within the SWZ location before the cellular communications method
is approved for use.

Some vendors also indicated that communications should be based on the SWZ concept that is being
performed. For example: Smart Street Rentals recommended using 900mhz radios for queue warning
systems due to the quick response time (latency) in sending messages to alter traffic of slow speeds ahead.
In an interview with Street Smart Rental, their experience showed that latency for cellular is about 1.5 to 2
minutes, satellite is 2-3 minutes, and 900mhz radio is 1-2 seconds. In addition, for all three types of
communications there have been no impacts on the SWZ systems ability to archive data collected for
obtaining historic records of traffic data and system alerts. Using a combination of satellite and cellular
technologies, iCone representative Ken Smith stated that data latency is within 2 minutes of activation to
posting on Extensible Markup Language (XML) feeds.

Communications costs vary depending upon options. The vendors indicated that cellular service is the least
expensive. Adding radio systems to the SWZ will increase the cost because the overall SWZ system would
most likely run using both cellular and radio communications. For example, communications between field
devices would use the radios, but data and/or video sent to remote interested parties or servers would use
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the cellular communications network. The greatest communications cost is satellite. This option is
recommended by vendors for use in remote areas when cellular services are not available.

A few of the vendors recommended that the state DOTs should have the contract documents require the
contractor to provide a system integrator on the project for trouble shooting any communications issues that
may arise within a SWZ.

I ADOT SWZ Goals
ADOT has identified the following SWZ goals for this project:

e Better inform motorists

e Speed compliance

e Improve safety in and around work zones
e Improve mobility

e Know when work zones are active

e Adapting to latest innovations

The following goals were discussed, and it was determined that the associated performance measurers only
need to be evaluated during initial deployments:

e Improved work productivity — This will be evaluated for the first few applications as proof of concept, but
not applicable long term as a goal to be continually evaluated.

e Customer satisfaction — This may be measured in less customer complaints over time, although more
difficult to measure unless through public traveler survey. Contractor satisfaction will be reviewed during
the Lessons Learned Workshop after the first deployment of a smart work zone concept and will be
documented in the final report.

J. ADOT SWZ Operational Concepts
Using the framework put forth by the FHWA, the Arizona SWZ system will include the following subsystems:

e Traffic data collection and GPS;

e Queue warning system;

e Dynamic lane merge;

e Travel delay/times;

e Traffic monitoring camera system; and
e Variable speed limits.

1 - Determining the Need for a SWZ
a. Identifying Work Zones that Should be ‘Smart’

Any projects that are determined as “Significant”, per ADOT Work Zone Policy shall have a full Transportation
Management Plan for the project. “Significant” in ADOT’s policy is determined by a project’s characteristics
and the magnitude and extent of the anticipated work zone impacts. For “Significant” projects, a Temporary
Traffic Control plan consistent with the MUTCD, Arizona Supplement to the MUTCD, and ADOT Traffic Control
Design Guidelines is required. A Transportation Operations component is required that identifies strategies
to mitigate impacts of the work zone on the operation and management of the transportation system:
demand management, corridor/network management, safety management, enforcement, and work zone
traffic management. A Public Information component is required to inform affected road users, the general
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public, area residences and businesses, and appropriate public entities about the project, the expected work
zone impacts and the changing conditions of the project. The intent of ADOT'’s Policy is to maintain flexibility
in determining the level of significance (Major or Minor) for all projects added to ADOT’s 5-year Construction
Program.

A “Significant” project as defined by FHWA is “one that, alone or in combination with other concurrent
projects nearby is anticipated to cause sustained work zone impacts (as defined in 630.1004) that are greater
than what is considered tolerable based on State policy and/or engineering judgement” and “all Interstate
system projects within the boundaries of a designated Transportation Management Area (TMA) that occupy
a location for more than three days with either intermittent or continuous lane closures”. This covers
Interstate segments in higher volume urban areas to be classified as significant projects, while lower volume
rural Interstates do not require to be classified as significant projects unless the DOT chooses to implement
that criteria.

I-10 between Phoenix and Tucson and I-17 have been identified as “Significant” project corridors where any
project associated with these corridors are considered significant projects. For any projects occurring on
ADOT roadways other than 1-10 or I-17, the following methodology can be used to determine if SWZ
application is desired.

The first decision to be made as part of the Arizona SWZ concept is to determine if the work zone itself
warrants the use of smart work zone applications. A SWZ system is useful for work zones where compliance
is paramount to the safety of workers in the work zone, but a SWZ system is also more costly and requires
more resources than a traditional work zone. The first course of action is for ADOT personnel to use
judgement, based on their experience with the project location and general TCP impacts on traffic, to
determine when or if a smart work zone should be considered for inclusion when considering the following
questions:

e |sthe work zone going to have a substantial negative impact to traffic?

e Are there existing traffic issues/concerns in the area?

If at least one answer to the above questions is yes, then a work zone is an ideal candidate for expending the
additional costs/resources to deploy a smart work zone system.

When SWZs are applied, there will be traffic data collection devices incorporated into the application of each
system type. Data requirements for work zones require that devices or processes be able to collect the
following information:

FHWA 23 CFR 630.1012d2
e Number of crashes within the work zone

e Speed
e Travel time through work zone
e Delay

e Queue length

e Traffic volume

e Incident response and clearance criteria
e Work duration criteria
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ADOT Work Zone Policy — Subsection |
e Monitor and measure work zone impacts during construction based on criteria such as travel delay, queue
lengths, and crash occurrences.

After the decision is made to pursue a SWZ implementation, the next questions are related to what
applications to use. There are many factors that can be considered when deciding whether or not to
implement a SWZ application. The many factors that were evaluated include vehicle speeds (high speed
versus low speed), roadway type (freeway versus highway), congestion (volume/capacity ratio greater than
1.0 or less than 1.0), traffic volumes (high volume versus low volume), lane restrictions (no lanes or more
than one lane), and others.

It was determined, through an evaluation of ADOT roadways and the types of factors that would support
engineering judgement in the application of smart work zone technology around the state, that five specific
factors should be considered to help identify the relevant subsystems that should be included in the
deployment. These factors include and are specifically linked to subsystems that apply when the answer is
affirmative:

e Congestion — Is the work zone going to cause congestion or a case where the volume to capacity ratio will
exceed 1.0?
o Ifyes, utilize a Queue Warning system.
e Lane Restriction — Is the work zone going to be restricting or closing lanes of traffic?
o If yes, utilize a Dynamic Merge system.
e Delay information — Is there an alternate route option within 5 miles in advance of the work zone and/or
to alleviate drive frustration?
o Ifyes, utilize a Travel Delay system.
e Surveillance Capability — Is there no permanent camera or surveillance capability existing to be able to
monitor the work zone?
o If yes, utilize a Traffic Monitoring (Camera) system.
¢ Length of Work Zone and Need for Changing Speeds when Workers are Present — Is the length of the
work zone exceeding 2 miles and there is a desire to be able to lower posted speed limits when workers
are present?
o Ifyes, utilize a Variable Speed Limit system.

When SWZs are applied, there will be traffic data collection devices incorporated into the application of each
system type that provide robust data source for ADOT to understand real-time conditions in and in advance
of the work zone, as well as achieve a historical record of the work zone traffic data. The use of a traveler
information system will be generally covered by the use of VMS in the work zone and the sharing of data with
the ADOT TOC for use.

Specific SWZ applications such as entering/existing vehicle system, pedestrian applications, or rolling closure
should be determined by ADOT personnel on a project-by-project basis but were not included in the ADOT
concept for consistent SWZ application.

2 - Recommended Technologies

Based on the SWZ subsystems that are included in the Arizona SWZ concept, a set of associated technologies
will be required to achieve the subsystem functions and purposes. Table 8 outlines the required technology
components for each subsystem.
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Subsystem
Traffic Data
Collection and
GPS

CCTV
Camera

Table 8: Arizona SWZ Technologies

Sensors

Communications

Associated Technol

Solar power

Message sign

Software

Geolocation

X

X

X

X

X

Queue Warning

X

Dynamic Lane
Merge

Travel Delay

Traffic Monitoring

Variable Speed
Limits

X | X[X| X [X

X |X[X| X [X

x
X |X[X| X [X

X |X[X| X [X

The following subsections describe each subsystem in additional detail regarding the technologies used as
well as conceptualized placement of the technologies to collect the data to determine success in achieving
the goals and objectives of the SWZ. Characteristics and functionalities for each subsystem are bulleted in
advance of graphics showing the layout of technologies in relation to the work zone. Below is the legend of
icons represented in the subsections for each system.

Legend

o Portable Variable Message
Sign (PVMS)

Portable Variable Speed Limit

(PVSL) Sign

©

Portable Trailer Location

Traffic Detection Zone

-4 CCTV Camera

Location of Active Work Space as
Defined by RE

Traffic Control for Work Zone

Global Positioning System (GPS)

' Device
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. Traffic Data Collection and GPS

FMS traffic detectors and/or private sector data will work great in the urban areas of the state but may not be feasible/reliable in rural areas.

Forward fire radar traffic data collection technology mounted to portable device trailers is typically used for SWZ and may be required when

implementing other advanced SWZ applications.

Desire to have a traffic detection location within 50 feet past the posted speed limit reduction sign to capture the entering work zone vehicle

speed data.

Desire to have a traffic detection location in the middle of the work zone to track speed compliance within the work zone.

Need to know if traffic is creating queue length longer than 20 minutes as determined by length of queuing typically experienced by RE.

0 This equates to % mile detector location upstream of first work zone cone lane taper, then 1 mile back, then 1 mile back — this will cover
2.25 miles of potential queuing.

Need a GPS/traffic data collector point at the end of the work zone at the point the lane restriction terminates.

Need GPS location information on the first SWZ device trailer, such as a portable VMS or detection device trailer.

GPS location information does not need to be hyper-precise.

© 0 o o o

Figure 2: Traffic Data Collection and GPS — Technology Concept Layout
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=

Queue Warning

Do not use this scenario during urban daytime operations.

If you have a curvy roadway, guidance should state to use more detection and VMS locations.

2-4 mile queuing is where ADOT would be concerned and will work to remedy the situation.

4-6+ mile queuing is where ADOT would be very concerned and will work to remedy the situation immediately.

Distance between first VMS and second VMS is variable but deployed on a 1-mile increment. The distance from the work zone to the first

VMS is based on project in one-mile options (1, 2, 3, etc.) based on the discretion of the RE.

e First data collector point % mile upstream of first work zone cone lane taper, then variable distance to first VMS with one detector location
placed in between first data collector point and first VMS.

e One data collector point in between each VMS location upstream of work zone.

e VMSshould be deployed on both sides of the travel way under two conditions: 1) when there are 3 or more travel lanes for the same direction

of traffic provided refuge space is available or 2) when work zone is on routes with high truck volumes (>15% of traffic is trucks) regardless

of the number of lanes.

Variable distance on
1 mile increments (2 . .
miles, 3 miles) N )y Variable distance
o o o )
1 1 1 1
| \ \

>—0—0

—0—0—0O0—0—0
0B 0O B0 D

Figure 3: Queue Warning — Technology Concept Layout
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c. Dynamic Lane Merge

e This concept supports early or late merge scenarios.
e VMS at lane taper point will always be needed.
e Any VMS upstream of taper point can say USE BOTH LANES or MERGE OVER signage to support either late or early merge scenarios.
o Early merge scenario: Low traffic volume and free flow average speed.
O Late merge scenario: Moderate to heavy traffic volume and lower than free flow average speed.
0 Volume threshold to transition from early merge to late merge application: >1500 vehicles per hour per open lane or if a queue
is detected.
0 Speed threshold to transition from early merge to late merge application: when average speed of the vehicles is less than % of
the normal average speed.
e VMS should be deployed on both sides of the travel way when there are 3 or more travel lanes for the same direction of traffic.

Figure 4: Dynamic Lane Merge — Technology Concept Layout
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d. Travel Delay

e Do not use this application during urban/congested/high volume conditions.

e This application would be good along with queue warning.

e The type of technology to use to collect travel delay will be the decision of the contractor as the specification will focus on the functional
requirements of the system to allow for adapting technology. The type of technology applied should be accurate within 5 minutes of ground-
truth tested travel delay upon initial deployment verification.

e The VMS location in front of an alternate route location is good to have but needs to be determined on a project by project basis only if the
alternate route is available within 5 miles of the work zone location. Any distance beyond 5 miles, ADOT permanent message signs will likely
be able to provide that advanced message.

e No particular distance in front of work zone was desired for the first VMS location upstream of the work zone, although beyond 5 miles may
be challenging for the contractor to include within a work zone traffic control deployment.

e The information collected by this application should be provided to ADOT for processing and display on the AZ511 system.

e VMS should be deployed on both sides of the travel way when there are 3 or more travel lanes for the same direction of traffic.

Figure 5: Travel Delay — Technology Concept Layout

Smart Work Zone (SWZ) Technical Feasibility Study | Final Working Paper No. 1
Nationwide Review of SWZ Technologies | February 2019 28



e. Traffic Monitoring (Camera)

e This system is desired if there are no permanent surveillance options in the area.

e Deploy on traffic signals if possible in work zone area.

o Desire the location of the surveillance to be at the beginning of the taper captured by either a pan/tilt/zoom camera or two cameras pointed
in opposite directions mounted on one trailer.

0
o

Figure 6: Traffic Monitoring — Technology Concept Layout
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f. Variable Speed Limits

e Variable speed limits should be considered on work zones longer than three miles with no physical barrier.

e Variable speed limits should be considered on work zones that have frequent periods of time when workers are not present:
o0 Typical weekly work schedule doesn’t include weekends,
o Typical weekly work schedule doesn’t include nighttime work, or
o Typical weekly work schedule doesn’t include daytime work.

e ADOT desires the placement of multiple VSL within the work zone, as opposed to frequent VSL movements to “Active Work Space” areas
where the majority of workers are physically present and actively performing work duties within the work zone..

e Place VSL every 1 mile.

e ADOT desires VSL in advance of the work zone to help with speed harmonization in combination with queue warning to slow traffic down in
advance of queues forming. These distances will need to be consistent with the distances chosen for queue warning which is “distance
between first VMS and second VMS is variable but deployed on a 1-mile spacing and the distance from the work zone to the first VMS is
variable depending on the type of queue anticipated and the curviness of the roadway.”
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Figure 7: Variable Speed Limits — Technology Concept Layout
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3 - Subsystem Integration Opportunities

The data and outputs from SWZ deployment strategies can be used to obtain better information about real-
time and historical work zone conditions, such as delays and closures. By integrating the SWZ subsystems
with existing ADOT systems and/or providing the TOC operators access to the SWZ system, the data and
information from the SWZ system can be collected and disseminated more efficiently and then be used to
support informed decision making, both from ADOT and the traveling public. Existing systems at the TOC
include:

e Highway Condition Reporting System (HCRS) — central database for real-time roadway restriction
information from work zones, incidents, and special events. Entries into HCRS populate the AZ511.gov
website, which provides comprehensive and real-time motorist information for the state of Arizona.

e Variable message central system (Camera Cameleon [DCAM]) — used to manage variable message signs
(VMS) to provide in-route, real-time information to travelers about roadway and operational conditions.
These types of VMS are also commonly referred to as dynamic message signs (DMS) and changeable
message signs (CMS).

e Closed-circuit camera television (CCTV) central system (Camera Cameleon [CamCam]) — central system
where real-time camera feeds from CCTVs are collected and made viewable by TOC operators, the public,
and the media.

e (Future) Connected Vehicle Infrastructure central management — ADOT is deploying dedicated short-
range communications (DSRC) technology to support vehicle-to-infrastructure (V21) communications,
such as the broadcast of basic safety messages alerting vehicles of upcoming safety hazards on the
roadway.

K. Performance Measures

As part of the SWZ system development process, performance measures are recommended in the context of
overall goals and objectives for the project. It is anticipated as part of this project to evaluate the first
deployments of these SWZ concepts using the performance metrics summarized in Table 9 as applicable to
each goal and objective for Arizona SWZ systems.

The performance of the selected SWZ deployment strategies need to be evaluated, by working with the WZ
stakeholders (i.e., the State, general contractors, TTC subcontractors, and SWZ vendors), to refine these
strategies for optimum effectiveness and efficiency.

Table 9: Arizona SWZ Proposed Performance Metrics

Goal ‘ Objective Proposed Metric
Better inform | Improved traveler Travel times/delay *
motorists information Number of messages provided by SWZ (unique

messages could be speeds, travel times, queue
messages, etc.)

Know when work zones are | Number of work zones using SWZ

active
Speed Improved speed Speed variation
compliance compliance in work zone Speed compliance when workers are present
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Goal ‘ Objective Proposed Metric

Improve Safer for traveling public Number of crashes *
safety in and and workers Queue length *
around work Reduce speed limits when workers are present
zones Traveler compliance with posted speed limits
Improve Posted speed limits Reduced length (distance) and/or time lower speed
mobility coordinated with worker limits are posted
activity
Adapting to Ability to be flexible with Performance specification flexible to new technologies
latest advances in SWZ
innovations technology

* Metrics specifically cited in ADOT’s Work Zone Policy

ADOT will need to establish a baseline of “before” data for which to compare the “after” data once the system
has been implemented. ADOT should potentially consider phasing the implementation of the system on a
given project, in order to test the “active” versus “not active” individual subsystems. An example would be
to establish three different data points such as: 1) lay down detection with no other subsystems in place, 2)
then to place technologies related to all subsystems applied to that work zone without turning them on, 3)
then to activate only one subsystem, all while the normal construction activities remain consistent from one
phase to another, and 4) then turn off that first subsystem while the next subsystem is activated.
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Creating Smarter Work Zones

by Tracy Scriba and Jennifer Atkinson

Advances in high-tech tools mean improved safety and efficiency during roadwork.

Texas A&M Transpartation Institute

The Texas Department of Transportation deployed this portable
message sign as part of an end-of-queue warning system used
during a construction project on I1-35. This system is one of
many technologies that State and local highway agencies can
use to improve safety and mobility in work zones.

Have you ever approached a work zone on a highway and found yourself in a backup that made you late
for an appointment? Or driven through a work zone at night and found it challenging to navigate? Or
traveled through a construction area wondering how workers stay focused with traffic driving right by their
“offices?” If you drive regularly, you have likely experienced one or more of these scenarios and perhaps
considered the impact that work zones have on congestion and safety.




These areas are estimated to cause 10 percent of all congestion and 21 percent of the less predictable
kind of congestion that varies from day to day and makes travel times for trips unreliable. Significant
congestion in urban areas can result from closing lanes during the day for roadwork, which may cause
unacceptable delays to road users and businesses. This issue has led some local jurisdictions to enact
policies to specify that all work on major roads must be done at night.

The conflict exists because traffic and roadwork are using the same space. A large portion of highway
construction is repairing and improving existing roads. In 2008, 80.5 percent of highway capital
expenditures were allocated to system rehabilitation (51.1 percent), expansion of existing roads (17.4
percent), and enhancement (12 percent) of those roads. For system rehabilitation, that amounts to about
$40.4 billion.

Safety implications result from traffic and roadwork occurring in such close proximity. In 2010, more than
87,600 crashes occurred in work zones, resulting in 576 deaths and almost 26,300 injuries. More than
20,000 workers are injured in work zones each year, with 12 percent of those due to traffic incidents.
Challenges to work zone safety and mobility are also exacerbated by the growing issue of distracted
driving.

Roadway work zones are necessary to maintain the transportation network for mobility, safety, and
productivity, so eliminating roadwork is not an option. However, various technological tools are available
to help transportation professionals effectively plan for, implement, and manage work zones on all types
of roadways. Technological advances in work zone safety and efficiency, in combination with other
strategies, help to address specific needs while keeping workers and the traveling public safer.

Technological Solutions

The transportation community can use technology to identify and assist in remediating work zone issues.
Technologies can detect and help mitigate queues, manage speeds, reduce worker exposure, gather
performance data, identify and facilitate responding to incidents quickly, inform road users of traffic
conditions, improve the visibility of traffic controls in work zones, improve road user and worker safety,
and inform future work zone strategies.

The use of technology, including intelligent transportation systems (ITS), in work zones is one of many
possible strategies that agencies can incorporate into their transportation management plans (TMPs). A
TMP, as required by the Federal Work Zone Safety and Mobility Rule, lays out a set of strategies for work
zone management--traffic control, public information and outreach, and transportation operations--that an
agency will use to manage the impacts of a particular road project. Considering whether to deploy
technology/ITS on a project and designing and deploying a system should be done as part of the impacts
assessment for a work zone and the development and implementation of a TMP.
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ITS applications for use in work zones,
such as this smartphone app that shows
realtime messages on roadway signage,
can help motorists plan ahead and make
more informed decisions prior to trips.

“The success stories of technology use to mitigate work zone impacts continue to mount nationally, to the
point that the traveling public is now beginning to expect and even demand it,” says Gerald Ullman, senior
research engineer at the Texas A&M Transportation Institute. “I believe that those agencies and
contractors who learn how to best incorporate work zone technology into their decisionmaking processes
and ways of doing business will be the most successful and profitable in the future.”

History and Evolution

Technology has made work zones safer, more efficient, and “smarter.” Historically, logging work zone
data meant using a clipboard while watching queues onsite. Now, agencies use transportation
management centers to monitor traffic; ITS to collect data and identify issues such as queues; and other
technologies to relay information to motorists, manage speeds, and perform basic work zone duties.

Technological solutions once were limited to a single purpose and operated independently. For example,
speed feedback signs detected the speeds of approaching vehicles and displayed those speeds to
encourage motorists to slow down. Agencies did not collect this data or feed it into a larger system to
monitor work zone operations or assess performance. Although speed feedback signs are still a useful,
low-cost solution in some work zones, agencies now can integrate solutions over multiple platforms to
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analyze data and provide travelers and work zone practitioners with the knowledge they need to make
informed decisions.

Another significant change when using technology in work zones is the availability of data collected by
vendors. Agencies increasingly have the option to lease or purchase traffic data from companies that
collect it via Bluetooth® and other technologies. This option enables agencies to leverage the technology
already deployed by others and obtain useful information and capabilities without having to deploy and
maintain their own sets of devices. For example, the Ohio Department of Transportation (ODOT)
purchases historic and realtime speed data to monitor traffic flow, including that in work zones. One way
ODOT uses the data is to plot travel speeds in work zones against historic travel speeds to identify
significant delay issues to further explore in the field. “Use of this data vastly expands ODOT’s ability to
monitor its work zones in a cost-effective manner,” says Dave Holstein, administrator of ODOT’s Office of
Traffic Operations. “We can quickly identify issues and take steps to address them.”

Technology in work zones has typically included applying ITS solutions to create “smart work zones” or
“smartzones.” Smart work zones are defined as those that use ITS to manage work zone traffic and
operations. Agencies use sensors, communications, software, and electronic equipment to collect and
analyze traffic flow and road conditions in real time and to provide updated, accurate information and
guidance to drivers. The primary goal of a smart work zone is to improve mobility while enhancing safety
for both motorists and highway workers.

Traditionally, ITS technologies were a means to provide accurate, realtime information to road users so
they could make informed choices. Drivers who are knowledgeable about hazards, delays, and what
actions they should take improve the safety of a work zone and reduce congestion. Today, agencies have
additional uses for technology in work zones. For example, an agency can use technology to provide data
for performance management and to automate some aspects of the setup of traffic controls, reducing or
even eliminating the amount of time that workers are exposed to traffic.

Several common themes related to work zone issues--managing speeds and queues, reducing exposure,
preventing incidents, gathering performance data and managing traffic, identifying incidents, managing
traffic at nighttime, and providing traveler information--are benefitting from recent advances in technology.
These advancements will help inform future work zone strategies and provide technologies that can be
refined for future use.

Work Zone Technologies

Work Zone Issue Potential Benefits and

Technology

Description

| Addressed Outcomes
Managing Speeds
Automated Mobile units used in S
Speed automated speed ° Crash.es . May significantly
Enforcement | enforcement record when a associated with reduce fatal and
vehicle’s speed exceeds a speed and severe crashes
Specified maXimUm and invo'ving road
document the date and time of workers I.nc.reases §peed
the violation. The mobile units limit compliance
are equipped with onboard e Speeding in work and may reduce
cameras that capture images zones average speeds
of the vehicle’s license plate Speed
and possibly the driver. pee
differentials
Speed Speed feedback signs inform «  Speeding in work Can be moved to
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Feedback
Signs

Automated
System to
Install Raised
Pavement
Markers

Automated
Cone
Deployment
System

Moveable and
Mobile
Barriers

approaching drivers of their
current speeds and

encourage them to slow down
if they are traveling above the
speed limit. The signs typically

are portable and can be

installed upstream of the work

zone or within the work area

when driver speed compliance

is an issue.

zones

Reducing Exposure

Automated placement of
raised pavement markers
reduces the need for
personnel and vehicles for
manual installation, while
minimizing exposure to
workers. A typical placement
operation includes four
vehicles and a six-person
crew, but the Georgia
Department of
Transportation’s automated
system requires one vehicle
and only two staffers.

An automated machine for
deployment places and
retrieves traffic cones during
roadway lane closures. This
system can be operated by a
single worker to open and
close busy lanes for
construction or maintenance
work zones.

This technology allows quick
barrier adjustments to create
protected work spaces or to
reallocate travel lanes in a
work zone to match
fluctuations in traffic flow.
Unlike traditional barriers,
which are difficult and time
consuming to reposition,
movable and mobile barriers

Worker exposure
during installation
of pavement
markers

Worker exposure
during setup and
removal of traffic
cones

Worker safety,
particularly on
highways with
high speeds
Number, duration,
and impact of
needed lane
closures

new locations as
needed

Require minimal
maintenance
Encourage drivers
to comply with the
posted speed limit

Reduces worker
and road user
exposure and
increases safety

Reduces the need
for multiple fleet
vehicles to a single-
vehicle operation

Lessens the wear
and tear on vehicles
associated with
stop-and-go
operations
Improves the
installation rate
versus traditional
methods

Reduces worker
and road user
exposure

Can be operated by
a single worker

Can be moved to
accommodate peak
traffic flow

Provide positive
protection in
situations where a
barrier might not
otherwise be used
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Remotely
Operated
Lane Closure
System

Work Space
Intrusion
Warning

Automated
Flagger
Assistance
Device

Portable
Traffic
Monitoring
Devices

are designed to be quickly
moved as a unit.

Installing temporary traffic
control devices requires
significant resources. And, as
a work area changes, the
locations of the temporary
traffic control devices must
also change, which requires
personnel to enter the active
roadway. A lane closure
system that is remotely
operated can reduce the
interruption to traffic by
deploying the temporary traffic
control devices needed for
lane closures one time and by
modifying the setup from a
remote location.

A work space intrusion system
alerts workers when a vehicle
has entered the area closed
for roadwork. The system also
alerts the driver.

Automated flagger assistance
devices are mechanically
operated devices that function
under the same operational
principles as traditional
flagging. Crews can operate
the devices from a distance,
which removes human
flaggers from close proximity
to traffic.

Workers in close
proximity to traffic

Worker and traffic

exposure as o
vehicle fleets set

up signing 5
packages

Impact on traffic
flows associated
with the
installation and
removal of signing

Vehicles o
inadvertently

entering the work

area

Flaggers being °
exposed to traffic
hazards

Monitoring Performance and Management

These devices use radar,
cellular, microwave, and
satellite technologies to
monitor traffic conditions
without a large investment of
infrastructure or staff
resources. The devices can
detect queues and measure

Traffic condition o
data in work

zones to monitor

and assess

performance,

provide traveler 5

Can improve worker
safety and
efficiency

Can be easily
installed and
relocated

Is operated
remotely

Uses solar power

Decreases the
downtime
associated with
multiple installations
of signing, which
may increase the
time available for
construction

Reduces the
potential for vehicle
collisions with
construction
equipment
Increases
construction worker
safety

Increases the safety
of flaggers by
removing them from
the traffic lane or
shoulder

Maximize resources
by enabling easy
relocation when
areas experiencing
issues change

Support policy
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Notification of
Construction
Equipment
Entering and
Exiting the
Traffic Stream

Identifying
Traffic
Incidents
Through
Traffic
Monitoring
and Invehicle
GPS

the average travel speed in
key areas, such as in advance
of and within work zone
transition areas. They also
store data for analysis
purposes.

information, and
manage traffic o

Identifying and Preventing Incidents

Detection technologies help to
identify construction
equipment entering or exiting
the work area and notify
motorists by changing
message signage to provide
an alert.

An agency can detect when
incidents have occurred by
monitoring travel speeds or
ITS camera images.
Technologies that are
primarily GPS-based and
located within vehicles, such
as airbag activation detection,
motion sensors,
navigation/GPS receivers, and
other in-car control devices,
provide sufficient information
for identifying general traffic
patterns. Such realtime
information may be able to
infer the occurrence of a
crash. These capabilities will
increase as connected vehicle
technology becomes more
widely deployed.

Vehicle collisions °
with construction
equipment

entering or exiting

the traffic stream 5

Vehicles
inadvertently
following
construction
equipment into the
work area

Delayed incident o
detection leading

to congestion,

queuing, and

secondary

incidents o

decisions

Have data
warehousing
capabilities

Can facilitate data
collection in
locations where
permanent
collection devices
are disabled or not
feasible

Reduces vehicle
collisions with
construction
equipment
Increases safety of
construction
workers

May improve
emergency
detection and
response times to
the incident location

May enable more
appropriate
response
equipment to be
sent because of
camera images

Reduces the
likelihood of
secondary crashes
Improves travel
times through work
zones

May be able to
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Use of
Sequential
Warning
Lights to
Improve
Recognition of
Nighttime
Traffic Control

Dynamic Lane
Merge

Managing Traffic

Nighttime lane closures for
work zones require motorists
to shift into another lane
despite reduced visibility.
Sequential warning lights
affixed on temporarily
deployed cones or barrels at
the work zone taper can
improve driver recognition of
the lane closure by clearly
delineating the lane taper
area.

Dynamic lane merge is the
broad term used to describe
several types of merges that
agencies can use at lane
closure and merge locations.
The system may include traffic
sensors, trailers with solar-
powered flashers, equipment
and batteries, dynamic
message signs, and
communication devices.
Types of merges include the
following.

e Lane-based signal
merge: A strategy that
employs a signal at
the proper merging
point to assign the
right-of-way for traffic
in each lane if the
approaching volume
exceeds 800 vehicles
per hour per lane.

e Dynamic early merge:
When traffic
congestion is low,
signs encourage early
merging to the
through lane to avoid
traffic disruptions from

Crashes and
queuing resulting
from delayed
driver recognition
of traffic patterns
in work zones at
night

Queuing
associated with
lane drop

Aggressive driving
at the merge point
and associated
crashes

Delay associated
with incident
response at the
merge point and
congestion
through the work
zone
Right-of-way
confusion

provide immediate
incident notification
through automated
alerts

Increases safety in
nighttime work
zones by clearly
defining lane taper

Increases early
merging

Can reduce
average speeds

Improves road user
safety by reducing
the number of
aggressive merges

Improves travel
times through the
work zone
associated with
normalized speeds
and minimizes
queuing
Lane-based signal
merge increases
vehicle throughput
and, as a result,
reduces the
average vehicle
delay, stopped
vehicle delay, and
the number of
vehicle stops under
congested traffic
conditions
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Dynamic
Stopped
Traffic

Advisory

Over-
Dimension
Warning

merges at the lane
drop.

e Dynamic late merge:
When traffic
congestion is
moderate to high,
signs encourage
using all lanes to the
merge point to reduce
queue lengths.

Providing Traveler Information

Because queue lengths can
vary greatly, identifying a
suitable location for advanced
warning signage is sometimes
difficult without regularly
altering the placement. The
dynamic stopped traffic
advisory system can be
activated only when queues
exist for determined lengths or
sections of roadway, which
may help to reduce travel
times, decrease work zone
congestion, and reduce the
likelihood of back-of-queue
crashes. The system also can
be used to warn motorists
about stopped traffic in
situations where sight
distance is impeded by
roadway geometry, such as
near horizontal or vertical
curves.

Work zones may cause
temporary minimal width or
height clearances for large
vehicles using the roadway.
Efforts made on behalf of the
transportation agency to
reroute the affected vehicles
may not be effective, so over-
dimension warnings give
compliance notifications as
large vehicles approach the
work zone.

e Back-of-queue
crashes related to
little or no warning
about queuing

e Congestion and
traffic mobility

e Safety

Collects realtime or
near-realtime traffic
data

Provides motorists
with information
about queues and
delays

Reduces rear-end
crashes

Alerts drivers that
their vehicle is over
dimension and they
need to use an
alternate or escape
route

Warns drivers about
their inability to
continue through
the work zone,
providing sufficient
time to use an
alternate or escape
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Portable
Changeable
Message
Signs

Work Zone
Realtime
Information
System

Portable changeable message
signs are useful in situations
that require advance notice,
such as ramp or lane
closures, narrow lanes,
changing geometric
conditions, or realtime travel
information.

Portable queue detectors
include video cameras
mounted on poles in advance
of work zones. System
detectors collect lane
occupancy and traffic speed
data and send them to a
computer connected to
changeable message
signage. The computer
processes the data and, when
it determines that backups are
forming, it automatically
displays warning messages
on the changeable message
signage.

Significant
queuing and
delays
Changing travel
conditions within
the work zone

Work zone speed
variability
Changes in
roadway
alignment and
surface conditions

Variability in travel
time leading to
traveler
uncertainty

Potential for
increased delay

route

Tells drivers to stop
when they fail to
use the designated
alternate or escape
route

Provide travelers
with realtime
information on work
zone conditions

Reduce speed
variance

Increase
effectiveness at
night and during
inclement weather

Reduces
congestion
associated with
lane closures

Reduces rear-end
crashes and fatal
crashes due to
excessive queuing

Improves
communication with
the motoring public

Provides realtime,
credible information
resulting in better
compliance with
suggested actions
for travelers
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This van is equipped with technology to detect and
record vehicle speeds through work zones
automatically. Mounted cameras take photographs
of a speeding vehicle’s license plate and driver.

Managing Speeds

The use of technology for speed enforcement in work zones has the potential to increase compliance and
improve the safety of road users and workers. Excessive speeding in work zones contributes to increased
frequency and severity of crashes. In addition, the speed differentials between vehicles before and after
they enter work zones may be a contributing factor to crashes. Therefore, increasing motorists’
compliance with speed limits has the potential to decrease the speed variance and improve safety. This
technology application can take several forms.

Technology-assisted speed enforcement employs technology such as radar or LIDAR (LIght Detection
And Ranging) to indicate a motorist’s speed, or uses speed-over-distance systems that photograph
vehicles at both start and end points to determine whether an infraction has occurred based on the
calculated average speed.

Fixed-camera speed enforcement uses an automated fixed-camera unit that detects and collects data on
speed violators, such as speed, date, time, location, and license plate information, and sends a ticket to
the vehicle owner--all without human interaction.

Mobile speed photo enforcement may be deployed in vehicles or as freestanding roadside units with
oversight typically administered by a law enforcement officer.

In 2006, the lllinois Department of Transportation (IDOT) began using speed photo enforcement as a
means to reduce fatalities and severe injuries in work zones. When speed photo enforcement is deployed
in a work zone, a sign informs drivers that the system is in use. The lllinois State Police and IDOT, in
conjunction with a private vendor, deploy self-contained vans outfitted with this technology. The vans log
an approaching vehicle’s speed and record when that speed exceeds a specified maximum. The vans are
equipped with two onboard cameras: One captures an image of the driver’s face, while the other acquires
an image of the vehicle’s rear license plate. The system also documents the date and time of the
violation.




Mobile speed photo enforcement in lllinois is effective in reducing average speeds and increasing
compliance with speed limits in work zones. The percentage of vehicles exceeding the speed limit near
speed photo enforcement decreased from about 40 percent to 8 percent for passenger vehicles and from
17 percent to 4 percent for heavy vehicles such as trucks transporting commercial goods. lllinois found
that average speeds in work zones were reduced by 3 to 8 miles per hour with speed photo enforcement.

An evaluation of speed enforcement technology in the United Kingdom showed that vehicles exceeding
the speed limit were reduced at both fixed-camera sites (71 percent) and mobile-camera sites (24
percent). Speed-over-distance systems, a form of technology-assisted speed enforcement, can reduce
speed by more than 12 miles (20 kilometers) per hour and lessen associated crashes.

IDOT also has experience with the use of radar speed trailers with speed feedback signs. Radar speed
trailers may be supplemented with enforcement to achieve speed reductions over extended periods of
time. “IDOT’s Bureau of Safety began requiring the use of radar speed trailers in the 2013 construction
season on the entry to all of our interstate work zones,” says Ted Nemsky, engineer of construction with
IDOT District 8. “We have noticed the traffic is slowing down when we use these units.”

Production Rates for Traditional and Automated
Deployment of Raised Pavement Markers

| Production Rates |
| Exposure
Two-Lane Four- (or More) | (Per 12 hours of
| Roads Lane Roads installation) | Locations of Use

Traditional 750-1,500 1,200-2,200 72 person-hours Widespread
Replacement markers per day | markers per day

Automated Unknown 2,100 markers 24 person-hours California, Georgia,
Replacement per day North Carolina

Reducing Exposure

Two of the most common devices to delineate work zones, raised pavement markers and traffic cones,
have two commonalities: their installation requires considerable manual effort and necessitates that
workers deploy the devices very near lanes of moving traffic.
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GDOT uses this machine, developed by the Georgia Tech
Research Institute, to install raised pavement markers
automatically.

Manual placement of raised pavement markers exposes personnel to hazards and requires extensive
labor hours and fleet needs. Workers typically are separated from highway traffic by only a few inches. A
standard placement operation includes a six-person crew and four vehicles consisting of lead and
following trucks and operations vehicles.

The Georgia Department of Transportation (GDOT) and Georgia Tech Research Institute have teamed
up to develop a way to lessen the personnel and fleet needs associated with manual installation of raised
pavement markers, while reducing worker exposure to traffic. Their automated placement system reduces
the personnel needed to two--a vehicle driver and an operator to load the markers and adhesive into the
installation device.

2008 Edition.

TRUCK HAUL ROAD

.II'J.. .ﬂ
TRUCKS BE OR
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MnDOT deploys a nonintrusive technology in some work

Source: Minnescta Intelligent Work Zone Toolbax,
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zones to detect trucks entering mainline traffic from a
haul road and uses changeable and static message signs
to alert motorists to prepare for trucks entering the traffic
flow.

GDOT uses the automated system on multilane highways to limit worker and equipment exposure. Other
advantages to the automated system include the following:

e Changes a stop-and-go stationary operation to a continuously moving operation.
e Reduces the need for multiple fleet vehicles to a single-vehicle operation.

e Increases installation efficiency, minimizes wear and tear on the fleet, and improves the fuel
mileage required by the installation process.

e Improves safety by removing one or more laborers from exposure to live traffic.

e Reduces the likelihood of workers suffering burns related to the hot bitumen adhesive used in
marker placement.

Similar to the installation of raised pavement markers, manually deploying traffic cones requires workers
to be in close proximity to moving traffic for setup and removal. Crews can use an automated traffic cone
machine in any work zone that requires traffic cones, especially those covering a significant distance. A
single operator can safely and quickly open and close lanes. The system uses just one vehicle to lay
down cones automatically at regular intervals and then pick them up again later. The system also can
retrieve cones that have been knocked over when hit by vehicles.

Preventing Incidents

Construction contractors can employ vehicle-activated detection to warn travelers about a potential
conflict or the need to slow down because of equipment entering or exiting the mainline. As construction
vehicles approach a detection system, installed at locations of work area ingress or egress, invehicle
sensors communicate with a system installed at the perimeter of the work zone. The detection of
construction equipment triggers changeable message signs or static signage along the roadway to
display warning messages to mainline motorists.

The Minnesota Department of Transportation (MnDOT) uses nonintrusive detection to notify motorists
about construction equipment entering or leaving work zones. MnDOT considers applying this technology
in three specific scenarios. In the first scenario, construction equipment must use the mainline roadway to
accelerate upon leaving the work area. In another scenario, the average daily traffic count on the mainline
roadway is so high that drivers of construction equipment cannot easily recognize a gap in traffic to safely
enter, or construction equipment crosses traffic at a location with limited visibility. A third scenario is when
construction equipment must use the mainline roadway to decelerate and the roadway volume is above
the level where traffic can safely adjust speed or change lanes. In each scenario, MnDOT uses the
detection and messaging system to reduce the probability of vehicle collisions with construction
equipment and provide for increased safety of construction workers. MnDOT also uses the technology to
caution drivers not to follow construction vehicles into the work area.

Gathering Performance Data and Managing Traffic

Recent advances in traffic-monitoring technologies, battery power, and communications make it possible
to more easily gather realtime data on traffic conditions around work zones. Agencies can use portable
traffic-monitoring devices employing radar, cellular, microwave, and satellite technologies to monitor
traffic conditions actively without a large investment of infrastructure or staff resources. Portable traffic-
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monitoring devices can detect queues and measure average travel speeds in key areas, such as in
advance of and within transition areas for work zones. The devices also can store data for later analysis.

The California Department of Transportation (Caltrans) and the California Highway Patrol have discussed
using portable traffic-monitoring devices to collect average speeds through work zones in order to assess
key times for targeted speed enforcement. If the devices show average speeds that are consistently
above the posted speed limits within work zones, the California Highway Patrol could deploy officers to
enforce the speed limit.

Source; Minnesota |rtelligert Work Zone Toolbox, 2008 Edition,

To discourage drivers from following
construction vehicles into the work zone,
MnDOT’s system displays messages
alerting motorists that trucks will be
exiting the roadway ahead and reminding
them not to follow the trucks.

A U.S. Department of Transportation report, Final Evaluation Report: North Carolina Deployment of
Portable Traffic-Monitoring Devices, notes that in many work zones, the investment required to install and
maintain full-scale temporary ITS equipment may be cost-prohibitive because of the ever-changing nature
of road conditions and traffic. According to the report, traffic-monitoring devices that are permanently
installed might be disabled during construction, or temporary traffic lanes might shift vehicles outside the
devices’ detection area during construction activities. Portable traffic-monitoring devices eliminate these
issues because they are highly mobile and relatively inexpensive. Crews can easily move these devices
to new locations as needed and deploy more of them when traffic conditions dictate (for example, when
queues are longer than expected). Typically, procuring portable traffic-monitoring devices requires a short
lead time, and because they are easy to deploy and relocate, they minimize exposure of workers to
traffic. These features increase the feasibility of data collection and traffic management in more work
zones.

Managing Traffic At Nighttime
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Nighttime lane closures for work zones require motorists to shift into another lane under conditions of
reduced visibility. However, sequential warning lights affixed on temporarily deployed cones or barrels at
the work zone can improve driver recognition of the lane closure by clearly delineating the lane taper.

Using wireless communication, warning lights give the impression of a single light source traveling along
the defined taper limits in the same direction as motorists are traveling. A 2011 study on this

application, Cost-Benefit Analysis of Sequential Warning Lights in Nighttime Work Zone Tapers,
performed by the University of Missouri indicates a positive change of nearly 12 percentage points in the
number of vehicles that merged early, indicating early recognition of the work zone taper.

Other benefits of sequential warning lights include helping to maximize traffic flow by better delineating
the merge area and potentially reducing work zone crashes associated with merging at lane closures and
queuing, increasing safety for both road users and workers. In addition, sequential warning lights are a
low-cost improvement. Each light costs approximately $100 (only slightly more costly than conventional
warning lights) and has a battery life of more than 1,000 hours.

Providing Traveler Information

End-of-queue crashes are a concern in work zones where congestion tends to develop, particularly when
queuing is unexpected. This type of crash is often severe because it usually involves a large speed
differential between the approaching vehicles and the stopped traffic. In congested conditions, any crash
is likely to increase traffic backups and lead to more crashes. However, technology such as queue
warning systems can effectively reduce end-of-queue crashes.

According to MnDOT’s Guideline for Intelligent Work Zone System Selection, technologies for dynamic
advisories for stopped traffic have the ability to address several issues associated with work zones. For
example, queue lengths may vary greatly, even hour-by-hour, making it difficult to predict suitable
locations for advance warning signage for temporary traffic control. Queue lengths also may encroach
upstream beyond a motorist’s reasonable expectations for stopped traffic, and geometrics may cause
poor visibility of end-of-traffic queues, shortening reaction times and causing panic stopping. In addition,
queues initiated on crossroads may cause traffic conflicts and delays on mainline highways (for example,
backups that go beyond the length of ramps and through or around turns at intersections). The MnDOT
report cites the system’s benefits as including reduction in rear-end crashes, increased diversion of traffic
to alternate routes, and ample time for motorists to respond safely.

Texas A&M Transportation Institute

A sensor housed within this orange barrel is part of an
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end-of-queue warning system that can help prevent
crashes in work zones.

A queue warning system uses detection components paired with variable or dynamic message signs, or
static signing with interactive flashers. Crews deploy the detection devices upstream of the work zone at
successive intervals where they anticipate queues. Each detection device communicates with its own set
of sign components, either activating prepopulated messages such as “Stopped Traffic Ahead/Be
Prepared to Stop” or “Speed Ahead 30 MPH/Prepare to Stop,” or activating flashers on the static signing
that might read “Be Prepared to Stop When Flashing.”

Because queue lengths can vary greatly, placing static warning signs is challenging. With a dynamic
advisory system, messaging changes based on traffic speed and queue length. The system also can
warn motorists about stopped traffic in situations where sight distance is impeded by roadway geometry,
such as near horizontal or vertical curves.

“The Texas Department of Transportation [TXxDOT] is using several types of technology to make the many
work zones in the central Texas portion of [-35 safer and easier for travelers,” says Bobby Littlefield,
Waco district engineer with TxDOT. “Systems that provide realtime monitoring of current conditions,
estimates of future conditions, and localized advance warning of queues caused by lane closures have all
been implemented to help travelers plan their trips and safely reach their destinations. In addition to the
benefits for travelers and workers, the system is providing a wealth of data for performance monitoring.”

Using technology for queue detection and warning can be particularly effective when queues are
unpredictable and therefore unexpected by drivers. When it is difficult to predict when and where queues
will occur, it can be challenging and costly to use manual methods, such as to have sufficient staff
available to cover extended time periods, and to keep the warning device (enforcement vehicle or truck-
mounted dynamic message sign) in the proper location relative to the end of the queue.

In an analysis of a queue detection and warning system implemented at several work zones by IDOT,
crash statistics from 2010 (prior to system implementation) and 2011 (after system implementation)
showed nearly a 14-percent decrease in queuing crashes and an 11-percent reduction in injury crashes.
These reductions occurred despite a 52-percent increase in the number of days when temporary lane
closures were implemented.

Challenges and Tips to Deploying Technology

Practitioners deploying these systems have sometimes encountered challenges, such as the cost of
deployment, which can limit their consideration, or can result in elimination from the project late in the
design phase. As in other areas of technology, practitioners may have difficulty staying abreast of current
technologies, especially if their primary expertise is design or construction. ITS staff members often do
not interact with construction staff, leading to reduced understanding of work zone issues by those with
the technology expertise. Similarly, design and construction staff may have limited awareness of what
technology is available, a reluctance to use technology or ITS, or difficulty in using it effectively.

Further complicating these decisions is the wide range of options available, as well as barriers to
choosing the most appropriate and effective applications. For example, some new products have limited
performance records. And, although others may have been deployed, varying conditions make it tough to
estimate performance under different work zone conditions with many variables. A lack of clear goals for
using technology on a project can hinder decisionmaking and decrease the likelihood that the selected
technology will meet expectations.

These challenges, however, are not insurmountable. By clearly identifying project impacts and potential
issues, practitioners can develop management strategies (technology or otherwise) for work zones that
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will address those needs. Using a structured process, such as systems engineering, helps to define
needs and develop specifications. This type of approach and tips for how to apply it are described in a
recent publication from the Federal Highway Administration (FHWA) called Work Zone Intelligent
Transportation Systems Implementation Guide (FHWA-HOP-14-008). When deciding whether to use
technology, practitioners should consider expected impacts, duration of the work zone, performance
goals, and the availability of existing equipment. Like other tools for managing traffic in work zones,
technology should be used as part of an integrated set of strategies in a TMP.
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MnDOT uses this stopped traffic advisory system to alert
motorists when work zone-induced delay downstream is a
significant concern. Changeable message signs activate in
response to traffic when a queue is detected within 1 mile (1.6
kilometers) of the sign's location.

To help guide its decisionmaking, IDOT is establishing a policy for the use of different types of smart work
zone systems. “One of our key lessons learned was that we need to develop a tiered statewide contract
special provision for ITS that will allow for competition between all smart work zone systems and establish
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a policy to guide where we want to use these different types of systems,” IDOT’s Nemsky says. “In the
past, it's been decided on a project-by-project basis based on [our] knowledge of the project area, traffic
incident data, and sight distance issues. We also do queuing analysis for all interstate projects. We are
envisioning having three different tiers in our policy and special provisions to recommend different types
of smart work zone technology based on factors such as whether a project is on an urban or rural
interstate and what level of delays are anticipated.”

In addition, when considering whether to lease or buy technology, practitioners should examine factors
such as the planned amount of use; how quickly the technology is likely to change; maintenance needs
and expertise of staff; cost; and whether the equipment, if procured, could be permanently deployed.

Communication among design and construction staff and ITS staff within an agency can help with
effectively planning, designing, procuring, and deploying technology. Practitioners also can benefit from
the knowledge and experiences of their peers when making decisions about technology in work zones.
FHWA sponsored a peer exchange in May 2013 to facilitate discussion on the use of technology in work
zones. The findings from the peer exchange, as well as recent case studies describing States’
experiences using technology in work zones, are available on FHWA'’s work zone Web site

at www.ops.fhwa.dot.gov/wz/its/index.htm.

Tracy Scriba is the Strategic Highway Research Program 2 (SHRP2) program coordinator in FHWA'’s
Office of Operations. She is the former program manager of FHWA’s Work Zone Management Program,
where she led many aspects of FHWA'’s research, policy, and technology transfer related to work zones.
She holds a B.S. in systems engineering from the University of Virginia.

Jennifer Atkinson, P.E., is a senior transportation engineer for Leidos with more than 13 years of public
and private sector experience in transportation design, traffic operations, highway safety, and work zone
mobility and safety.

For more information, visit www.ops.fhwa.dot.gov/wz/its/index.htm or contact Tracy Scriba
at tracy.scriba@dot.gov or 202—-366—-0855.
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Improving Work Zones Every Day, in Every Way by Jawad Paracha and Rachel Ostroff, 2018.
https://www.fhwa.dot.gov/publications/publicroads/18summer/01.cfm
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Improving Work Zones Every Day, in Every Way

by Jawad Paracha and Rachel Ostroff

FHWA has developed a comprehensive set of programs, strategies, and tools for the management of
safer and more efficient temporary traffic control.

Texas A&M Transportation Institute
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FHWA is helping transportation agencies better manage work
zones to minimize delays and incidents.

A-22




The addition of work zones on busy roadways is a formula for crashes and increased congestion. In
2015, more than 96,000 crashes related to work zones resulted in 35,000 people injured and more than
700 reported fatalities. In addition, work zones are responsible for almost one-quarter of all nonrecurring
freeway delays. Work zones are a necessary part of maintaining and upgrading our highway system, but
in recent years, work zone crashes and fatalities have increased. Innovative construction management
solutions are needed now more than ever.

Work zones are characterized by traffic pattern changes, narrowed rights-of-way, the presence of
construction workers, and work vehicles frequently entering and leaving construction areas. This
combination of factors presents challenges for passenger and commercial vehicles driving in and around
work zones.

Crashes in and near work zones impact everyone. In addition to injuries and fatalities among travelers,
work zones can create hazardous conditions for highway workers. The leading causes of death in the
road and bridge construction sector are run overs, back overs, and falls, with many of these fatalities due
to vehicle intrusion. Simply put, drivers, passengers, and field workers are all at risk.

The Federal Highway Administration is continuing numerous efforts under its Work Zone Management
Program to mitigate the safety and mobility impacts of work zones. “In response to the current
environment, the program is working to improve work zones every day, in every way,” says Paul Pisano,
leader of FHWA'’s Road Weather and Work Zone Management Team.

FHWA’s Work Zone Management Program supports transportation practitioners through a
comprehensive set of innovative strategies and tools, including intelligent transportation systems (ITS)
technologies, improved data collection, training grants, and resources tailored to the commercial trucking
industry and State and local agencies. These tools and programs help with planning, designing, and
implementing safer, more efficient, and less congested work zones.

Smarter Work Zones

In 2015, FHWA launched the Smarter Work Zones (SWZ) initiative to help agencies better design, plan,
coordinate, and operate work zones. SWZ started as one of 11 selected innovations under round three of
FHWA'’s Every Day Counts (EDC). SWZ includes two strategies: (1) project coordination to harmonize
construction projects to reduce work zone impacts, and (2) technology applications, such as queue
management and speed management systems, to dynamically control traffic in and around work zones.

Work zones may be synchronized with other work zones within a corridor, network, or region, and
possibly across agency jurisdictions, to minimize combined impacts to travelers and to produce time and
cost savings. Early identification of potential impacts enables agencies to improve the coordination of
construction activities, resulting in a greater ability to reduce and manage traffic disruptions from road
work, minimizing traveler delay and maximizing road work efficiency. ITS technologies support the
dynamic management of work zones and provide actionable information to drivers and traffic managers.
As a result, drivers can make more informed decisions leading to reduced congestion and improved
safety.

Texas A&M Transportation Institute
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This dynamic message sign provides travelers with real-time
information on the expected travel time to the indicated
destination.

Through EDC efforts, SWZ has been publicized to organizations nationwide. Numerous State and local
agencies adopted the initiative, set goals, and showed marked improvements in work zone safety and
mobility in their jurisdictions. By the end of the EDC promotional period in December 2016, 9 States had
institutionalized project coordination practices and an additional 18 States had incorporated strategies
and software tools into their processes for planning, design, operations, and maintenance. Eleven States
had mainstreamed technology tools and strategies, and another 28 States had incorporated applications
into their agency practices.

Smarter Work Zones: Technology Applications

Agencies can use a variety of ITS applications to enhance work zone mobility and safety.

e Real-time traveler information systems provide drivers with real-time travel conditions prior to and within a work zone, and
may also provide information on alternative routes in the corridor. The goal is to divert drivers away from the work zone
when congestion exists.

e Queue warning systems quickly detect the presence of congestion at the work zone and warn approaching motorists that
traffic is slowed or stopped ahead.

e Dynamic lane merge systems encourage motorists to merge at specific points as they approach a lane closure, depending
on current operating conditions.

e Incident management systems enable agencies, contractors, and responders to detect incidents in the work zone faster,
allowing quicker response and clearance.

e Variable speed limit systems harmonize speeds before and within the work zone, calming traffic flow and warning of slowed
or stopped traffic ahead.

e Automated enforcement systems detect and capture images of speeding vehicles for enforcement purposes.
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Smarter Work Zones: Technology Applications

e Entering/exiting vehicle notification warns drivers of slow-moving construction vehicles that may be entering the travel lane.
It can also warn travelers that a work vehicle is exiting the travel lane and not to follow it into the work space.

e Performance measurement systems monitor and archive data on traffic conditions to support real-time traveler information
dissemination, modify operations, and facilitate evaluation.

Agency deployments demonstrate the SWZ program’s proven impact. For example, the Smart Work
Zones program of the Massachusetts Department of Transportation (MassDOT) not only implements ITS-
based alerts for road users about work zones but also provides institutionalized procedures and
guidelines for the applicability and recommended use of technology applications across the State.
According to the concept of operations document for the program, the goal is to consider and apply ITS
tools consistently based on a specific impact level and a preset scoring criteria.

“MassDOT is using a wide range of technologies... to get higher quality, real-time traffic data into the
hands of its customers... to reduce delays and improve safety through our work zones,” says Neil
Boudreau, State traffic engineer with MassDOT.

Other examples include the promotion of connected and autonomous vehicle technologies, such as
Colorado DOT’s demonstration in August 2017 of a first-of-its-kind autonomous impact protection vehicle.
Traditional rear protection vehicles are positioned behind road crews to protect workers from traffic, but
they still involve risk to the vehicle’s driver. The driverless vehicle is designed to withstand hits without the
associated risk to a driver. Once positioned in a work zone, the truck mimics the position, speed, and
direction of a lead vehicle, which transmits a signal to the trailing driverless vehicle. The truck uses a rear-
mounted attenuator, or crash cushion, to absorb or deflect vehicles that cross into work zones.

“[Transportation agencies] across the country want to save lives and make people’s lives better,” says
Shailen Bhatt, Colorado DOT’s executive director. “Here in Colorado, every year, six crash attenuator
trucks get hit... We want to use automation to get people out of these jobs.”

With regard to project coordination, the District of Columbia DOT developed and is currently implementing
a citywide transportation management plan to track and evaluate work zone impacts over a 5-year period.
The result is cost-effective strategies to mitigate congestion and improve safety and mobility.

While official promotion through EDC concluded in 2016, SWZ resources remain available.
Transportation agencies can access the SWZ final report online

at www.fhwa.dot.gov/innovation/everydaycounts/reports/edc3 final. Other resources, related publications,
case studies, tools, demonstration site visits, and webinars are available from FHWA’s SWZ website

at www.workzonesafety.org/swz.

Work Zone Data Initiative

Data are becoming increasingly integral to the operations and maintenance activities of transportation
agencies. Many agencies have long faced the challenge of how to best gather work zone activity data.
While once the sole purview of transportation agencies, information on work zone activity has become a
topic of interest among an evolving ecosystem of stakeholders, including those developing assistive
technologies for work zone management. In response, FHWA recently launched the Work Zone Data
Initiative, the largest effort to tackle the data problem to date. The goals of the initiative are (1) to develop
a recommended practice for managing work zone data and (2) to create a consistent language for
communicating information on work zone activity across jurisdictional and organizational boundaries.
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Colorado DOT

Colorado DOT recently demonstrated the use of a driverless,
autonomous vehicle with impact protection. The vehicle uses
ITS technology to maintain a position behind a lead vehicle.

“The program’s mission is broad and forward-looking, and it has significant implications beyond the
traditional stakeholders of highway construction,” says Todd Peterson of FHWA'’s Work Zone
Management Program. “Understanding the current and future applications for the data is key.”

The data initiative is considering how work zone activity is defined and how this contributes to improved
performance measurement, forecasting, real-time operations, and programmatic decision making. It is
also exploring how data are generated, shared, and used between various stakeholders. Stakeholders
include government, industry, academia, and the traveling public; agencies responsible for optimizing
work zone safety, mobility, and constructability; and analysts leveraging big data to develop better
solutions for traffic control. Other stakeholders to consider include vendors and manufacturers developing
connected hardware to facilitate vehicle-to-infrastructure networks, and private-sector traveler information
services that track real-time event data in map applications.

FHWA is working with practitioners across the country to develop a national specification for work zone
activity data that supports use across the life cycle of project delivery, and with awareness of the broad
stakeholder community. FHWA is also exploring potential uses of the data in project planning, real-time
operations, and post-activity analytics. The effort includes stakeholder participation in a pilot exchange of
open-source data on work zone activity. The initiative will culminate in a series of publications
documenting recommended practices for implementing data management specifications and business
processes for work zone activity.

For more information, visit FHWA’s Work Zone Management Program website
at https://ops.fhwa.dot.gov/wz/index.asp.

Large Trucks in Work Zones
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Previous research and outreach have focused largely on passenger vehicle safety and mobility in work
zones. However, the challenges that large trucks and buses must contend with when driving through work
zones are different and more complex. Longer stopping distance requirements, larger blind spots,
reduced maneuverability due to narrower lanes, and reduced brightness or increased glare during
nighttime operations create hazards that can lead to injuries and fatalities.

Every year, large trucks are overrepresented in fatal work zone crashes. In 2016, 184 crashes involved
large trucks, accounting for more than one-quarter of fatal work zones crashes nationwide. By
comparison, only 9 to 12 percent of fatal crashes outside of work zones involve large trucks each year.

To address this overrepresentation, FHWA is partnering with Federal and State government agencies,
trucking associations, and other safety stakeholders to conduct a multiyear campaign to improve large
truck safety in work zones. The agency has developed and continues to grow its suite of resources,
including webinars, brochures, and guidance documents.

In 2015, FHWA enhanced these efforts with the National Symposium on Work Zones and Large Trucks.
More than 90 practitioners from State DOTs, FHWA, the American Association of State Highway and
Transportation Officials, the American Traffic Safety Services Association, the Commercial Vehicle Safety
Alliance, the Federal Motor Carrier Safety Administration, and the National Highway Traffic Safety
Administration, as well as various law enforcement agencies, academia, and other industry
representatives came together for a day of discussion to identify focus areas and solutions.

“Truck drivers deal with many unique challenges due to [the vehicles’] size and maneuverability,” says
Herschel Evans of America’s Road Team, a national public outreach program. “It is critically important for
drivers to know when work zones are active. The more advanced the warning, the more likely the driver is
to be in the right mindset to safely maneuver through it.”

The symposium resulted in FHWA developing an outreach plan to enhance current efforts. Additionally,
FHWA and others are integrating messaging about large trucks into efforts like National Work Zone
Awareness Week to get the word out.

Work Zone ITS Planning Tool
It is crucial for highway agencies to identify how best to manage each work zone. FHWA'’s Work Zone
Intelligent Transportation Systems Implementation Guide (FHWA-HOP-14-008) provides practitioners

with step-by-step guidance to determine the feasibility, design, and deployment for application-specific
ITS technology for work zones.

© Oleg Bezrukov, Shutterstock.com
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Several types of crashes involving large trucks can occur in
work zones, like the rear-end collision shown here.

FHWA recently developed a companion Work Zone ITS Implementation Tool. The tool helps simplify the
process of planning, designing, and deploying work zone ITS by streamlining the collection of relevant
data, facilitating sharing and collaboration, supporting decisionmaking based on user input, and providing
useful feedback based on the principles of the guidebook. For more information,

visit https://itsforge.net/index.php/community/explore-applications#/40/150 or see “Improving Safety and
Mobility: ITS in Work Zones” on page 44 in this issue of Public Roads.

Work Zone Safety Grant Program

External partnership support is key to FHWA'’s mission of reducing work zone-related safety impacts.
FHWA'’s Work Zone Safety Grant Program provides funding to nonprofit and not-for-profit organizations to
develop safety-related guidelines and training courses for field workers and agency and private-sector
practitioners. As of 2017, FHWA has awarded more than $40 million in grant funds, with the following
outcomes:

e Trained more than 101,000 practitioners and craft workers
e Conducted more than 3,800 training courses

e Offered more than 95 training modules, such as work zone designer
training and work zone road safety audits

e Developed a comprehensive e-learning program
e Produced more than 55 guideline publications

FHWA will continue funding the development of new products through 2022. “These guidelines, training
courses, and other resources are expected to provide benefits and positive impacts for years to come,”
says Martha Kapitanov of FHWA’s Work Zone Management Program.
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Queue warning signs like this one alert drivers of congestion
or stopped traffic ahead.

For more information, visit www.workzonesafety.org/training-resources/fhwa wz grant.

Additional Resources for State and Local Agencies

To support State and local transportation agencies in enhancing their work zone management practices,
FHWA has produced a number of publications and other resources.

When conducting work zone planning efforts, agencies must develop and implement a transportation
management plan. This plan lays out what strategies should be used and how. The plan might include
temporary traffic control measures and devices, operational strategies, and public information and
outreach.

To support practitioners in formulating a consistent approach to assess the effectiveness of their selected
management strategies, FHWA published the Transportation Management Plan Effectiveness Framework
and Pilot (FHWA-HOP-16-062) report. For each strategy, the report includes an inventory of measures of
effectiveness along with a framework to guide users on the methods, scope, and effectiveness of their
evaluations. FHWA also produced Federal-Aid Essentials videos on Transportation Management Plan
(TMP) Requirements and Work Zone Traffic Control Reviews. The videos and many more are available
at www.fhwa.dot.gov/federal-aidessentials/indexofvideos.cfm. Self-paced online TMP training modules
are available at https://ops.fhwa.dot.gov/wz/outreach/outreach.htm.

The Code of Federal Regulations (CFR) mandates that State agencies receiving Federal-aid funds
perform work zone process reviews every 2 years. In 2015, FHWA published an updated process review
document, Guidance for Conducting Effective Work Zone Process Reviews (FHWA-HOP-15-013), to
share best practices and proven methods used by States for these reviews. By implementing these
practices, agencies will find more consistent and targeted improvement in work zone policies and
procedures.
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Trucks in work zones may be equipped with attenuators, such
as this one shown after a crash, to absorb the impact of
vehicles that cross into a work zone, protecting the highway
workers.

In addition, a transportation agency’s institutional capabilities impact its ability to manage work zones
effectively. FHWA created its Work Zone Capability Maturity Framework to help practitioners assess the
capability of their agency or region to effectively manage work zones. This includes assessing work zone
impacts and implementing strategies for mitigating those impacts. FHWA is providing support through in-
person workshops to engage regions in identifying capability levels as well as prioritizing and creating
action plans to enhance their capabilities. The framework is available

at https://ops.fhwa.dot.gov/tsmoframeworktool/available frameworks/work zone.htm.

FHWA continues to look for new ways to improve work zone safety and to help State and local agencies
in their efforts. Recently, FHWA kicked off work to develop specific criteria and guidelines for the use of
“positive protection” devices in highway work zones. These devices contain or redirect intruding vehicles
and include various types of barriers and shadow vehicles with energy-absorbing attenuators. The CFR
requires transportation agencies responsible for temporary traffic control planning and design to consider
the use of positive protection in work zones. The positive protection devices should be used when work
zone conditions place workers at an increased risk of being struck by vehicles and where the devices
offer the highest potential for increasing safety for workers and road users. FHWA'’s guidelines will help
transportation agencies determine appropriate devices and when and how to deploy them. FHWA
expects to release the guidelines in 2019.

“Work zones are an integral part of maintaining our country’s roads,” says Mark Kehrli, director of FHWA'’s
Office of Transportation Operations. “Through FHWA efforts, we are helping to save lives and increase
mobility across the Nation’s transportation network.”

Jawad Paracha is the manager of the Work Zone Management Program in FHWA'’s Office of
Transportation Operations. He holds a master of engineering degree in transportation engineering and
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planning from the University of Maryland, College Park, and a bachelor of science degree in civil
engineering from the University of Engineering and Technology in Peshawar, Pakistan.

Rachel Ostroff is a senior manager in ICF’s Transportation Group. She holds a master of science degree
in transportation engineering from Cornell University and a bachelor of science degree in civil engineering
from the University of Maryland, College Park.

For more information, see https.//ops.fhwa.dot.gov/wz/index.asp or www.workzonesafety.orqg, or contact
Jawad Paracha at 202—-366—4628 or jawad.paracha@dot.gov.
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Smart Work Zone Systems by Prahlad Pant, PhD, February 2017.
https://ops.fhwa.dot.gov/wz/workshops/accessible/Pant paper.htm
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Smart Work Zone Systems
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1.0 Introduction

A freeway construction work zone generally creates conflicts between vehicular traffic and work
activity. Work zones not only lead to traffic conditions that violate motorists' expectations but
also expose construction workers hazardously close to the fast moving vehicles. The closure of
one or more lanes of a freeway section causes a bottleneck on the freeway and reduces the
capacity in the work zone. Such a work zone situation is a challenge to one of the main
objectives of a traffic management system - the safeand efficient movement of traffic. In the
case of congestion that leads to queuing up of vehicles for several miles of the freeway, the
motorists are generally not aware of what is going on ahead of them and how long it will take
them to clear the work zone. This is because the information on changeable message signs
(CMSs) that are posted along the freeway do not provide real-time information on the expected
travel time, delay or speed. Typical displays include "Construction Ahead - Expect Delays" or
"Possible Delay Ahead" - but for how long and why, nobody knows. Such messages do not
provide specific, accurate and reliable information about the construction and, more often than
not, they end up being ignored by motorists. The lack of real-time information is one of the
major causes of motorist frustrations in work zones, wherein neither can they plan trips
successfully nor adjust their trips based on the information provided. In general, once the
motorists get trapped in a traffic jam on the freeway, they are left with no information as to the
extent of the jam, its cause, and for how long they are going to be trapped on the freeway.
Despite the possible existence of alternate routes, if no definite travel time or delay information
is available, drivers are generally hesitant to take such alternate routes as in most cases they
are not familiar with the adjacent routes.

A major problem in freeway work zones is the safety of motorists and workers. If motorists are

not provided with real-time information, they don't know what delay, speed or travel time can be

expected on the freeway. They are caught by surprise when vehicles ahead of them suddenly
begin to brake, which often leads to rear-end accidents. Vehicles stray into the work area
injuring construction workers. The result is a higher than normal crash rates in freeway work
zones.

There exists a necessity to provide accurate and reliable real-time information to motorists as to
how long it will take them to clear the work zone, how long they will be delayed by the lane
closure, or what speed they can expect ahead of them. This information needs to be provided at
reasonable intervals in advance of the work zone as well as through the work zone. The
immediate benefit of this kind of information is that it would help the motorists decide whether
to stay on the freeway or to take an alternate route since they are now aware of the expected
delay due to the work zone.
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2.0 Characteristics of Smart work Zone Systems

In recent years, the above-mentioned concerns and necessities have led to the development of
smart work zone systems that are designed to predict travel time, delay or speed on a freeway
work zone, on a real-time basis. These systems are intended to better inform motorists,
encourage them to take alternate routes, reduce their frustrations, reduce freeway congestion,
and enhance safety for motorists and workers. These systems can be used to provide real-time
information to motorists during incidents, temporary closures, or any unexpected conditions on
the freeway.

A "smart work zone system" is the application of computers, communications, and sensor
technology to freeway transportation and would possess the following general characteristics:

a. Real-time: The system obtains and analyzes traffic flow data in real-time, providing
frequently updated information to motorists.

b. Portable: The system is portable, hence allowing its installation (with minor modifications
as necessary) at different locations.

c. Automated: The system operates in an automated manner with as minimal supervision as

possible by human operators.
d. Reliable: The system provides accurate and reliable information, keeping in mind the
serious consequences of misinforming motorists in work zone situations.

These systems, if properly designed and implemented, will:

e Better inform motorists and reduce their frustrations;

e Encourage motorists to take alternate routes;

e Reduce congestion and allow more freely flowing traffic;

e Clear incidents more quickly, thereby reducing secondary incidents;
e Make work zones safer for highway workers and motorists.

In recent years, several companies have developed and implemented smart work zone systems
in different states. These companies and their systems are listed in Table 1. A review of these
systems is outside the scope of this paper. More systems are expected to be offered by the
private sector in the future.

In the following sections, we offer two examples of smart work zone systems called

1. TIPS (Traffic Information & Prediction System) and
2. ASIS (Advance Speed Information System).

These systems can be used in urban as well as rural freeways. A brief description of these
systems is provided below
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Table 1.

Company Name Name of System

PDP Associates Inc. (i) TIPS (Traffic Information and Prediction System) and (ii) ASIS (Advance
Speed Information System)

ASTI Transportation CHIPS (Computerized Highway Information System)

Systems

ADDCO Smart Zone

National Intelligent Traffic ITSWorkzone

Systems

Scientex Corporation ADAPTIR (Automated Data Acquisition and Processing of Traffic Information
in Real-time)

United Rentals AIMS (Automated Information Management System)

(Note: The above list is provided for information only. The author is not familiar with the working
or suitability of any system except TIPS and ASIS. For more information, the reader may contact
individual companies)

3.0 Traffic Information & Prediction System (TIPS)

The Traffic Information & Prediction System (TIPS) is a portable, real-time, automated, accurate
and reliable system for predicting and displaying travel time for motorists in advance of and
through work zones. It collects real-time traffic flow data using roadside non-contact sensors,
processes the data in an on-site personal computer, calculates estimated travel times between
different points on the freeway, and displays travel time information on portable, electronic
changeable message signs positioned at pre-determined locations along the freeway. TIPS can
be used as an efficient incident management tool for providing real-time information about
accidents, emergency highway closures etc. to the motorists. The system has been designed to
incorporate features that make the system adaptable to different work zones. TIPS allows
motorists to make decisions about staying on the freeway or taking an alternate route, based on
the information displayed on the changeable message signs.

The major components of TIPS are as follows:

e Microwave radar sensors for vehicle detections on each lane of the freeway;

e Microcontrollers for processing the traffic flow data;

e Radios for transmitting traffic flow data to the on-site personal computer (PC), and from
the PC to portable changeable message signs;

e Mobile trailers with solar panels and batteries for providing electric power to field
equipment;

e Changeable message signs with radios for displaying travel time information to motorists;

e Intelligent traffic algorithm and travel-time estimation models residing in the specially-
developed TIPS software in Windows 2000 environment.
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Other features of TIPS include:

a. a website for providing real-time information to motorists, and
b. video cameras for bringing live traffic pictures to the project office and displaying in the
website.

The Base Station, consisting of a Personal Computer with the TIPS software and a radio, polls
each sensor at 30-sec intervals and receives traffic flow data for each lane. It calculates travel
times between different points on the freeway and sends instructions to changeable message
signs to display specific real-time travel time messages. The changeable message signs display
the messages and send confirmations to the Base Station. TIPS operates in a fully automated
mode with minimal human supervision.

TIPS is equipped with a telephone dial-up feature that allows full control of the system from any
remote location (office, home etc.). This particular feature is useful for incident management,
which allows public agencies to display customized messages on the changeable message signs
when necessary. For example, in the case of an emergency when motorists need to be informed
of an accident, or when a freeway needs to be completely closed, project officials can remotely
transmit special messages to one or more signs from any place.

A few examples of messages displayed by TIPS are shown below. Although TIPS has been shown
to display travel times in these examples, the system is equally capable of displaying real-time
delay or speed as necessary. The signs below read: '40 MIN TO END OF WORKZONE’,
'"WORKZONE ENDS 15 MILES', '44 MIN TO END OF WORKZONE', 'WORKZONE ENDS 19 MILES',
'"ACCIDENT AHEAD', and 'HIGHWAY CLOSED AHEAD'.

TIPS was successfully deployed in the following work zones during the past two years:

(1) Deployment in 2000:

e [-75 Dayton, Ohio
o Urban (Downtown)
o Work zone - 3 miles
o Advance area - 11 miles

(2) Deployments in 2001

e I-75 Dayton, Ohio
o Urban (Downtown)
o Work zone - 3 miles
o Advance area - 11 miles

(3) Deployment in 2001

e I-94 Milwaukee, Wisconsin
o Semi-rural
o Work Zone - 12 miles
o Advance area - 7 miles
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Independent Evaluation of TIPS in Dayton, Ohio

When TIPS was deployed on a 14-mile segment of northbound Interstate 75 in Dayton, Ohio
during the Summer and Fall of 2000, the Ohio Department of Transportation (ODOT) hired Dr.
Helmut Zwahlen, Russ Professor Emeritus at Ohio University, to conduct an independent
evaluation of TIPS. The results of the study (Final Report, March 2001) are summarized in the
following abstract.

"A real-time travel time prediction system (TIPS) was evaluated in a construction work zone.
TIPS includes changeable message signs (CMSs) displaying the travel time and distance to the
end of the work zone to motorists. The travel times displayed by these CMSs are computed by an
intelligent traffic algorithm and travel-time estimation model of the TIPS software, which takes
input from microwave radar sensors that detect the vehicle traffic on each lane of the freeway.
Besides the CMSs and the radar sensors, the TIPS system includes the computer and
microcontroller computing the travel times, 220 MHz radios for transmitting data from the
sensors to the computer and from the computer to the CMSs, and trailers with solar panels and
batteries to power the radar sensors, CMSs, and radios. The evaluation included an accuracy
analysis between the predicted and actual recorded travel times and a survey of the motoring
public. Three crews driving independently of each other in the traffic stream recorded predicted
and actual travel times at three CMSs to the end of the work zone for 12 hours each day for
three consecutive days, resulting in 119 trial runs. The data recorder in each crew also recorded
the license plate numbers of private non-commercial vehicles with Ohio license plates. A total of
3177 different license plate numbers were recorded and a questionnaire was sent to each one. A
total of 660 completed surveys were returned and analyzed. Based on the regression analysis of
actual times vs. predicted times, the system does on the average a reasonable job in predicting
the travel times to the end of the work zone. About 88% of the actual times recorded for each
sign, and for all the signs combined, were within a range of £ 4 minutes of the predicted time.
However, a few differences (actual - predicted) as great as 18 minutes were observed. Survey
responses indicated that the motoring public does perceive a certain inaccuracy in the travel
times. However, almost 97 % of surveyed motorists felt that a system to provide real-time travel
information in advance of work zones is either outright helpful or maybe helpful. In summary we
may conclude that the real-time TIPS system represents a definite improvement over any static
non-real-time display system. It provides in general and most of the time useful and relatively
accurate travel time predictions to the motoring public and appears to be perceived by the
motoring public as helpful and useful."

Two specific results of TIPS evaluation in Dayton, Ohio will be presented below:

(1) The study revealed that the time differences for all three changeable message signs
combined were as shown in the following table.
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Table 2. Time Difference Data for All Three CMSs Combined
Minutes Off Frequency Percentage Cumulative Percentage

0 49 14% 14%
1 117 33% 47%
2 75 21% 68%
3 51 14% 82%
4 20 6% 88%
5-8 17 5% 93%
>8 26 7% 100%
Total 355 100%

(2) In reply to the question "Do you think that such a travel time prediction system in advance
of work zones and in advance of exits in heavily traveled freeways where drivers could select an
alternate route in situations where long travel times to the end of the work zone are predicted is
helpful to the motoring public?", the motorists responded as follows:

Pie Chart Results-Motorists responded with:
Yes, helpful (565) 85%

No, not helpful (17) 3%

Maybe (73) 11%

No response, (5) 1%

Independent Evaluation of TIPS in Milwaukee, Wisconsin

TIPS was deployed on Interstate 94 in Milwaukee, Wisconsin during the construction season of
2001 and evaluated for five States (Iowa, Kansas, Missouri, Nebraska and Wisconsin) that
comprise the Midwest Smart Work Zone Deployment Initiative. The evaluation was performed by
the University of Wisconsin-Milwaukee and Marquette University. The results of the evaluation
were not available at the time of writing this paper. However, a preliminary report of the
diversion studies performed by Professor Alan Horowitz of University of Wisconsin-Milwaukee and
provided to the author by the Wisconsin Department of Department has concluded that "the
before and after analysis supports the notion that TIPS is influencing drivers to change their
routes". During this deployment, TIPS provided the motorists with information on real-time
travel time to the end of the work zone but did not provide any information as to the availability
of alternative routes. The advance area of I-94 had three lanes, which was reduced to two lanes
in the work zone. The work zone had a two-lane frontage road that had stop-controlled
intersections usually spaced about one mile apart. The road itself jogged at a few places,
perhaps giving the impression that it was discontinuous. On Sunday afternoons, which carried
the heaviest hourly traffic volumes during the months of July and August, the traffic volume on
I-94 averaged to 3144 vehicles per hour between 2 pm and 6:45pm. The before and after
analysis showed that 10.0 percent of I-94 drivers chose an alternative route.
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Summary of Lessons Learned from Ohio and Wisconsin Deployments

The Ohio and Wisconsin deployments have shown that TIPS is a reliable work zone system that
provides:

Accurate travel time information;

Is overwhelmingly liked by motorists;

Influences drivers to change their routes;

Is an efficient tool for incident management; and

Can be successfully deployed on both urban and rural freeways.

©ao oo

When the final report of the independent evaluation of TIPS in Milwaukee becomes available in
the coming months, it is expected to provide further insights on the accuracy, reliability, and
impacts of the system.

4.0 Advance Speed Information System

The Advance Speed Information System (ASIS) is a portable, real-time, automated system that
calculates vehicular speeds at downstream segments of a freeway and displays the speed
information on changeable message signs at upstream locations. By providing accurate speed
information in advance, ASIS assists motorists to adjust their speed according to the most
current traffic conditions and reduces the element of "surprise" that often leads to rear-end
crashes.

An "ASIS sign" is a changeable message sign that has a microwave radar sensor,
microcontroller, radio, modem, and antenna mounted on it and integrated as one device. The
system works in the following way: Two or more ASIS signs are placed in series at previously-
determined locations along the freeway including (@) advance areas where traffic backups are
likely to occur and (b) the work zone itself where conditions can change quite frequently due to
the changing needs of construction operations. The sensor picks up signals from each vehicle on
each lane, the on-board computer calculates current speed at 30-sec intervals, and the
radio/modem transmits speed information to an upstream sign, which is displayed to the
motorists in an appropriate format. Examples of messages include:

The signs below read: 'SLOW DOWN', 'SPEED AHEAD 30 MPH', 'PREPARE TO STOP', 'SPEED
AHEAD 10 MPH', 'PREPARE TO STOP', and 'STOPPED TRAFFIC AHEAD ', 'NEXT ONE MILE" and
'SPEED AHEAD 25 MPH'.

At least two signs are needed for the operation of this system. Any number of signs can be
added as necessary. ASIS signs operate as stand-alone devices and no central control from a
Base Station is required for their operation. The system runs 24 hours/day, seven days/week in
automated mode.

Optionally, ASIS can be provided with a Base Station that centralizes the operation of the whole
system. The Base Station allows project officials to transmit customized messages to any or all
signs for incident management. For examples of these messages please refer to the previous
photos in the TIPS section.
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ASIS is a flexible system that can be tailored to meet the needs of any freeway. ASIS is expected
to reduce rear-end crashes and enhance the safety of motorists and workers. Although ASIS was
first developed for work zones, it can be deployed on any freeway that experiences recurring or
non-recurring congestion.

(For more information on TIPS or ASIS, please visit the website www.PDPassociates.com.)

5.0 Conclusions

Smart work zone systems are designed to improve the safety of highway workers and traveling
public, the efficiency of incident management, and the reliability of highway traffic operations
while minimizing congestions delays. As evidenced by the independent evaluations of TIPS
previously-described in this paper, a smart work zone can provide reliable and accurate
information, which can be used by motorists for making decisions. With selection of proper
systems and their applications, transportation agencies can provide valuable service to traveling
motorists and construction workers in work zones.

A-40




Q

U.S.Department of Transportation
Federal Highway Administration

Work Zone Intelligent
Transportation Systems
Implementation Guide

Use of Technology and Data for Effective
Work Zone Management

January 2014




Notice

This document is disseminated under the sponsorship of the Department of Transportation in the interest of
information exchange. The United States Government assumes no liability for its contents or use thereof. This
report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and manufacturers’ names
appear in this report only because they are considered essential to the object of the document.

Quality Assurance Statement

The Federal Highway Administration (FHWA) provides high-quality information to serve Government, industry,
and the public in a manner that promotes public understanding. Standards and policies are used to ensure

and maximize the quality, objectivity, utility, and integrity of its information. FHWA periodically reviews quality

issues and adjusts its programs and processes to ensure continuous quality improvement

Cover photo and chapter heading photos courtesy of Shutterstock, Fotolia, and Veer.

A-42




Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
FHWA-HOP-14-008

4. Title and Subtitle 5. Report Date
Use of Technology and Data for Effective Work Zone Management: Work Zone
ITS Implementation Guide January 2014

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Gerald Ullman (TTl); Jeremy Schroeder, Deepak Gopalakrishna (Battelle)

9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

Battelle Texas A&M Transportation Institute 11. Contract or Grant No.

505 King Ave. The Texas A&M University System DTFH61-06-D-0007 / BAO7-101
Columbus, OH 43201 College Station, Texas 77843-3135

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Federal Highway Administration 14. Sponsoring Agency Code

Office of Operations (HOP)
1200 New Jersey Avenue SE
Washington, DC 20590

15. Supplementary Notes
Project performed in cooperation with the U.S. Department of Transportation, Federal Highway Administration.
Tracy Scriba, project lead

16. Abstract

ITS is the use of a broad range of communications-based information and electronics technologies to enhance transportation.
Work zone ITS is the use of ITS to enhance transportation and improve safety and mobility in and around work zones. A work
zone ITS deployment can be focused around safety or mobility, but often supports both goals, and can also enhance productiv-
ity. The systems are portable and temporary in most cases, although some deployments may use either existing fixed infra-
structure or become a permanent system.

The purpose of this document is to provide guidance on implementing ITS in work zones to assist public agencies, design

and construction firms, and industry, including developers, manufacturers, distributors, packagers, and providers of devices,
systems, and programs. Work zone ITS is one possible operational strategy of many potential solutions that an agency can
include in a transportation management plan (TMP). This document summarizes key steps for successfully implementing ITS

in work zones, using a systematic approach to provide a technical solution that accomplishes a specific set of clearly defined
objectives. The document illustrates how a systems engineering process should be applied to determine the feasibility and
design of work zone ITS for a given application, regardless of its scale, by walking through the key phases, from project concept
through operation. These steps include assessment of needs; concept development and feasibility; detailed system planning
and design; procurement; system deployment; and system operation, maintenance, and evaluation.

17. . Key Words 18. Distribution Statement

Work zones, intelligent transportation systems, ITS | No restrictions. This document is available to the public.

19. Security Classif.(of this report) | 20. Security Classif. (of this page) 21. No. of Pages | 22. Price
Unclassified Unclassified 80

Reproduction of completed page authorized

A-43




INTRODUCTION
What is work zone ITS?
Some current technology options and strategies
Benefits that are possible with work zone ITS
Purpose and organization of this document

STEP 1 - ASSESSMENT OF NEEDS 7

AAN = =

1.1 What are the user needs? 7
1.2 What are the system goals and objectives? 9
1.3 Who are the stakeholders? 11
1.4 Who should be on the project team? 12
1.5 What, if any, existing ITS resources are available? 12
STEP 2 - CONCEPT DEVELOPMENT AND FEASIBILITY 15
2.1 What is the overall work zone ITS concept of operations? 15
2.2 What ITS solutions are available? 18
2.3 What are the potential benefits of an ITS deployment? 21
2.4 How much will an ITS deployment cost? 21
2.5 What are potential institutional and jurisdictional challenges? 22
2.6 Addressing legal and policy issues 23
2.7 How can project feasibility be established? 23
2.8 How can buy-in be obtained from stakeholders and other agencies? 27
STEP 3 - DETAILED SYSTEM PLANNING AND DESIGN 29
3.1 Determining system requirements and specifications 29
3.2 Developing the system design 31
3.3 Developing a testing strategy 32
3.4 Planning for operations and maintenance 33
3.5 Determining staff training needs for those using and operating the work zone ITS 33
3.6 Planning for public outreach 34
3.7 Investigating system security 36
3.8 Planning for evaluation 36
3.9 Estimating system benefits and costs 39
STEP 4 - PROCUREMENT 41
4.1 Overview of procurement approaches 41
4.2 Deciding between direct or indirect procurement 43
4.3 Determining the procurement award mechanism 46
4.4 Issuing a request for proposals or bids 46
4.5 Selecting the preferred vendor, consultant, or contractor 47
STEP 5 - SYSTEM DEPLOYMENT 51
5.1 Implementing the system plans 52
52 Scheduling decisions 52
5.3 System acceptance testing 53
5.4 Handling major deployment issues 53
STEP 6 — SYSTEM OPERATION, MAINTENANCE, AND EVALUATION 55
6.1 Dealing with changing work zone conditions 55
6.2 Using and sharing ITS information 56
6.3 Maintaining adequate staffing 58

A-44




6.4 Leveraging public support

6.5 Conducting system monitoring and evaluation
6.5.1 System monitoring
6.5.2 System modification
6.5.3 Final evaluation

List of Appendices

Appendix A. National ITS Architecture

Appendix B. Summary of Resources Reported in this Document
Appendix C. Issues for Consideration

Appendix D. Acknowledgements

Figure 1.
Figure 2.
Figure 3.

Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.

Figure 12.
Figure 13.
Figure 14.

Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.

Figure 20.
Figure 21.
Figure 22.

List of Figures

A portable changeable message sign providing downstream traffic speeds from sensor data.
Temporary, solar-powered vehicle detection and camera systems.

Sequencing comparative travel time sign at a decision point for two different routes to the
town of Lehi that was used for a project in Utah.

Overview of the implementation process.

Sub-steps to be explored in Step 1.

Example of a work zone and area of expected impacts.

Existing ITS resources can be used to help manage the work zone and reduce costs.
Sub-steps to be explored in Step 2.

General outline showing the sections of a formal concept of operations document based
on the IEEE 1362-1998 standard.

High-level sketch for the concept of operations of a work zone ITS deployment in Utah.
The product of this step should include concept of operations scenarios, such as this
graphic for a work zone traffic management system.

Sub-steps to be explored in Step 3.

Requirements for a work zone ITS deployment in Minnesota.

The Las Vegas Freeway and Arterial System for Transportation (FAST) provides regional
support for work zone activities.

Example press release for a work zone in New Hampshire.

PCMS in several states have been illegally accessed and had messages changed.
Overall evaluation process for ITS applications in work zones.

Sub-steps to be explored in Step 4.

Agencies must select the work zone ITS type first, which could impact the type of
procurement method and award mechanism that are used.

Sub-steps to be explored in Step 5.

Sub-steps to be explored in Step 6.

PCMS messages were modified from a generic message (left) as stated in the

contract to a more specific message (right).

58
58
58
59
60

61
63
65
68

N

o1 O

12
15

16
17

28
29
30

31
35
36
38
41

42
51
55

59

A-45




Table 1.
Table 2.
Table 3.
Table 4.
Table 5.
Table 6.
Table 7.
Table 8.
Table 9.

List of Tables

Sample work zone ITS applications.

Examples of site-specific issues and problems.

ITS components.

Communication options, advantages, and disadvantages.

Examples of benefits for various work zone ITS.

Example set of scoring criteria to establish feasibility of work zone ITS.

Possible work zone ITS applications to consider for various critical project characteristics.
Example evaluation criteria.

Summary table of procurement methods.

18
20
21
25
26
39
45

A-46




AASHTO
ADT
ATIS
ATSSA
AVI
AVL
CCTV
CITE
CMS
COTS
DB
DOT
FCC
FHWA
GPS
HAR

ITS
IDAS
JPO
LED
LTAP
MCO
MOE
MUTCD
NCHRP
NHI
NTCIP
PCB
PCMS
RFID
RFP
RITA
T™MC
TMP
TRB
UNII
VSL
VMT
V2|
vav
Wi-Fi

Acronyms and Abbreviations

American Association of State Highway and Transportation Officials
Average Daily Traffic

Advanced Traveler Information System
American Traffic Safety Services Association
Automatic Vehicle Identification

Automatic Vehicle Location

Closed-Circuit Television

Consortium for ITS Training and Education
Changeable message sign

Commercial Off-The-Shelf

Design-Build

Department of Transportation

Federal Communications Commission
Federal Highway Administration

Global Positioning System (Satellite)

Highway Advisory Radio

Internet Protocol

Intelligent Transportation Systems

ITS Deployment Analysis System

Joint Program Office

Light Emitting Diode

Local Technical Assistance Program
Maintenance & Construction Operations
Measure of Effectiveness

Manual of Uniform Traffic Control Devices
National Cooperative Highway Research Program
National Highway Institute

National Transportation Communications for ITS Protocol
Professional Capacity Building

Portable Changeable message sign

Radio Frequency Identification

Request for Proposals

Research and Innovative Technology Administration
Transportation Management Center
Transportation Management Plan
Transportation Research Board

Unlicensed National Information Infrastructure
Variable Speed Limit

Vehicle Miles Traveled
Vehicle-to-Infrastructure

Vehicle-to-Vehicle

Wireless Internet/Network

A-47




WORK ZONE ITS IMPLEMENTATION GUIDE

INTRODUCTION O

INTRODUCTION

Highway work zones present challenges to work zone
safety and mobility. Work zones often reduce roadway
capacity, causing congestion and traveler delay and
creating irregular traffic flow. These factors, as well as
the changing lane configurations and other factors in
work zones, can lead to safety hazards. There are more
than 500 fatalities and 37,000 injuries in work zones
every year.! However, work zones are a necessary
part of maintaining and rehabilitating our transportation
infrastructure. These needs are increasing as our
transportation system ages, which means more work
zones will likely occur. These factors all combine to
create challenges to moving traffic smoothly and safely
through work zones and which heightens the need

for finding new ways to enhance work zone traffic
management. Agencies are deploying intelligent
transportation systems (ITS) to help manage traffic in
and around work zones more efficiently.

What is work zone ITS?

ITS is the use of a broad range of communications-
based information and electronics technologies to
enhance transportation. These systems generally
include:

* Sensors and other components in the field to collect
traffic information, such as traffic volumes and
speeds and video of traffic flow

e Communications links (wireless and wired) to transmit
that data for processing or dissemination

» Software that processes and analyzes the data,
converting it to information that can be used by other
components and various users of the information

* Electronic equipment to disseminate the processed
information to end users of the information, such as
motorists and transportation agencies.

Work zone ITS is the use of ITS to enhance
transportation and improve safety and mobility in

and around work zones. Information provided by

work zone ITS may be in the form of real-time traffic
conditions, such as travel delays through a work zone or
recommended diversion routes, which can be used my
motorists to alter their travel behavior and by contractors
and transportation agencies to alter traffic control
strategies, traveler information, or work schedules.

Work zone ITS may also be used to provide immediate
warnings, such as to drivers that traffic is stopped ahead

or that a slow truck is entering from a work zone or to
workers that a vehicle is intruding into their work area.

A work zone ITS deployment can be focused around
safety or mobility, but often supports both goals, and can
also enhance productivity. The systems are portable and
temporary in most cases, although some deployments
may use either existing fixed infrastructure or become a
permanent system.

A work zone ITS deployment varies in scale based on the
magnitude of the construction project and the specific
concerns being addressed in a given location. Not

all ITS deployments are complicated and expensive.

One of the most common components of a work zone
ITS deployment is a portable changeable message

signs (PCMS) that can be used to communicate traffic
conditions to motorists, as shown in Figure 1, based on
real-time traffic data collected from sensors.

ITS deployments can have the same objective, but vary
widely in how the objective is achieved. Factors that vary
from deployment to deployment include:

* What type of data is collected (e.g., traffic volumes and
speeds, queue detection);

e How data is collected (e.g., radar, cameras);

* How data is communicated (e.g., cellular, Bluetooth,
fiber optic connection);
* What level of detail of information is disseminated

(e.g., “slow traffic ahead”, “speed ahead 35 mph”);

* How that information is shared (e.g., websites, PCMS);

* How “real-time” the information is (e.g., predicted,
based on current speeds).

Figure 1. A portable changeable message sign providing
downstream traffic speeds from sensor data.

As of 2010; for more information, see: http://www.ops.fhwa.dot.gov/wz/resources/facts_stats/injuries_fatalities.htm.
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Work zone ITS may be leased or_purchased through
variety of procurement mechanisms. In some cases,
data may be leased/purchased from a third party that is
already collecting the data (e.g., through Bluetooth) and
the ITS is primarily used to process and disseminate the
information.

Users of the information provided by work zone ITS may
include departments of transportation (DOTs), the public
and road users, nearby businesses and employers,
media outlets, contractors, trucking companies,
emergency services providers, motorist assistance
patrols, and third party traveler information providers.

Some current technology options and strategies
ITS can be used to help address many work zone
challenges and can take many forms in work zone
applications. For example:

Challenge: Frequent but unpredictable congestion due
to long-term or short-term lane closures.

Potential application: Benefits may be achieved

from deploying a system that detects the onset of
congestion, measures conditions on nearby alternate
route(s), and automatically presents current travel times
on the alternate and the current roadway to encourage
diversion when appropriate. If alternate routes are not
available, the work zone may benefit from an automatic
queue detection warning system if the speed differential
between approaching traffic and the traffic already in the
queue is large.

Challenge: Reduced or eliminated emergency
shoulders.

Potential application: Benefits may be achieved from
an ITS deployment that focuses on incident detection,
verification, and response within the work zone.

Challenge: Need for frequent direct access by
construction vehicles and equipment to/from the travel
lanes may result in conflicts with other road users, such
as drivers following work vehicles into the work space
or large speed differentials between motorists and
construction vehicles entering the travel lanes from the
work space.

Potential application: TS could be used to notify
motorists following a work vehicle that it will be entering
the work zone and not to follow the construction vehicle,
or to determine when the entrance of a construction
vehicle is imminent and warn approaching motorists or
direct them to change lanes or to stop.

Challenge: Agencies may impose penalties to
contractors for creating excessive delays or queues
during a project, but may not have the personnel
available to monitor work activities continuously to verify
compliance.

Potential application: Work zone ITS can be deployed
to monitor and archive traffic conditions continuously,
and the resulting data can be used when assessing
liquidated damages or lane rental fees. Archived data
can also be used to evaluate traffic control plan changes
or even analyze and estimate impacts in future similar
work zones.

AAAAA
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Figure 2. Temporary, solar-powered vehicle detection
and camera systems.

Table 1 provides a listing of common work zone ITS
applications. It summarizes the components included
in each application and provides a general indication of
the safety and mobility issues the application attempts
to address. As Table 1 suggests, many of the same ITS
components are used in each application. Consequently,
there are some overlaps in how systems can be
designed and implemented to address specific work
zone conditions. The differences between applications
lie primarily in how the systems are designed to convey
information to the motorist or traveler.

The applications presented in Table 1 may be deployed
individually or be grouped together depending on the
work zone. Ultimately, all of these applications seek to
provide a more active management capability to the
agency to achieve desired mobility and/or safety goals.
Additional deployment examples have been documented
in numerous case studies conducted by FHWA on work
zone ITS.2 As a part of this project, FHWA sponsored
additional case studies to examine deployments of ITS in
work zones in Effingham, lllinois; Mount Vernon, lllinois;
Salt Lake City, Utah; Orem/Provo, Utah; and Las Vegas,
Nevada in 2012.

2 Additional information on these case studies can be found at: http://www.ops.fhwa.dot.gov/wz/its.
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Table 1. Sample work zone ITS applications.

Work Zone Brief System ITS Components Issue(s) being Example of Deployment
ITS Description Addressed

Real-time Drivers provided o Traffic data
Traveler information about e Changeable
Information current travel conditions; Message Signs
can be used to (CMS)
encourage diversion O CemmuRiEETens
Queue Signs provide warnings o Traffic data
Warning to drivers about stopped o CMS

or slow traffic ahead

Communications

Dynamic Lane  Signs encourage drivers @ Traffic data
Merge (early to merge at a specified e CMS
merge, late point based on current o CemmuiEEiens
merge) conditions
Incident Enables faster detection @ Cameras
Management of incidents for quicker e Traffic data
response and clearance o T e
time
e CMS
Variable Speed  Can provide speed e VSLCMS
Limits (VSL) harmonization and e Traffic data
calm traffic for slow or et
stopped traffic ahead O Gyt
Automated Automated system e Cameras
Enforcement detects and captures e Radar
images of speeding o Communications
vehicles for enforcement
purposes
Entering/ Signs can warn ® Sensors
exiting vehicle  drivers of a slow- e CMS
notification moving construction

) Communications
or emergency vehicle

entering or exiting the
roadway

Sensors
Communications
Archive database

Performance Monitor and archive

Measurement traffic conditions data to
support real-time traveler
information, modify
operations, and support
evaluation.

Source: Battelle

e Congestion/delay
e Safety
® Driver awareness

e Safety (crashes)

e Delay
® Aggressive driving
behavior

e Safety
® Queue length

® Incident response
and clearance
time

® Delay

e Secondary
crashes

® Speed
management
e Safety

® Speed
management

e Safety of law
enforcement
personnel

e Safety

e Congestion/delay
e Safety
® Evaluation

For the I-15 Corridor Expansion (CORE) project, Utah DOT monitored travel times for |-15 and
US-89 and posted current, comparative information on changeable message signs to reduce
delays, stops, emissions, and the number and severity of traffic incidents.

http://www.i15core.utah.gov/

For a large work zone on |-35, Texas DOT used sensors to detect the formation of queues and
warn drivers of slowed or stopped traffic downstream via CMS.

http://www.ops.fhwa.dot.gov/wz/resources/news/wznews_detail.asp?id=618

Dynamic lane merge systems on |-95 and evaluated by Florida DOT have shown potential to
enhance safety and operations.

http://www.dot.state.fl.us/research-center/Completed_Proj/Summary CN/FDOT_BD548-24 rpt.
pdf

The Big | project in New Mexico incorporated an incident management system to provide
accurate information, support quick identification of incidents, and help to manage area traffic.

http://www.ops.fhwa.dot.gov/wz/technologies/albuguerque/index.htm

In 2008, VSL signs were used by Utah DOT in a work zone on I-80 and by Virginia DOT on the
1-495/1-95 Capital Beltway.
(http://www.udot.utah.gov/main/uconowner.gf?n=7828313631638132,
http://www.virginiadot.org/vtrc/main/online_reports/pdf/10-r20.pdf)

Some states utilize speed-radar photo enforcement in work zones, including lllinois, which uses
vans with retrofitted equipment to reduce speeds through work zones and work zone fatalities.

http://onlinepubs.trb.org/onlinepubs/trnews/trnews277rpo.pdf.

Pennsylvania DOT used an innovative system for a unique problem involving emergency vehicle
access. The system utilized siren-activated pre-emption technology on emergency vehicles

to activate CMS alerting oncoming vehicles that a slow-moving emergency vehicle would be
entering the roadway.

http://www.roadsbridges.com/case-fire

Both Ohio and Indiana DOTs have established policies on acceptable work zone queue length
and duration. Work zone ITS can monitor and archive traffic data that can be used to evaluate
performance measures , including those used in performance-based contracting.

3AIND NOILVLNIWITdNI SLI INOZ XHOM
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Benefits that are possible with work
zone ITS

ITS work zone systems have the capability to provide
significant benefits to agencies and to those affected
by the mobility and safety impacts of road construction
and maintenance work zones. Many agencies have
already begun to experience benefits and to pass those
experiences on to others. In general terms, potential
benefit impact areas associated with the use of ITS in
work zones are as follows:

» Safety — ITS can help to minimize the consequences
of work zones on both traveler and worker safety.
Credible warnings of the presence of unexpected
queues, notification and reassurance of travel times
to reduce driver stress, and credible warnings of
construction vehicle access and egress are examples
of how work zone ITS can improve the safety of both
travelers and workers. Systems that automatically
adjust the speed limit of the work zone to current
conditions, automate enforcement of traffic laws, or
help to quickly identify when incidents have occurred in
work zones can also significantly improve safety. For
example, the use of an incident management system
in a New Mexico work zone reduced average incident
clearance time by 20 minutes and is believed to have
reduced the frequency of secondary crashes.®

Mobility — Reduced travel time delay is a primary
benefit of many work zone ITS applications. Travelers
making adjustments to their route, departure time, or
mode choices based on information provided by ITS,
or the use of alternate traffic management practices
(e.g., dynamic lane merging, VSL) via ITS can reduce
delay. For example, real-time traveler information
induced up to 19% diversion away from a route with
a work zone in California.® These adjustments benefit
not only those travelers who made changes to their
trips, but others who continued to travel through the
work zone. Mobility benefits will be especially high
on facilities that serve a large amount of commercial
vehicle traffic, as the value of commercial vehicle travel
time is very high.

Improved work productivity and durability — Work
zone ITS can also improve agency and contractor
productivity and efficiency, ultimately reducing the
number of days that the work zone is present and
reducing contractor operating costs. Reduced
congestion and improved mobility can allow the
contractor to use fewer trucks to bring materials

3For more information and other examples, see: http://www.ops.fhwa.dot.gov/wz/its

into the work space during certain work operations.
Better control over material delivery time can result in
more durable, high-quality construction. Real-time
monitoring of traffic volumes can allow agencies and
contractors to initiate lane closure activities as soon
as conditions will allow each day or night, rather than
wait for a prescribed time that is typically based on a
worst-case estimate of traffic demands. Further, the
use of ITS in and around work zones can allow for
the automation of functions that would normally have
to be performed manually by agency personnel. For
example, work zone ITS can be deployed to monitor
and archive traffic conditions continuously, and

the resulting data can assist agencies in imposing
penalties on contractors for creating excessive delays
or queues during a project. Archived data from work
zone ITS can also be used to evaluate traffic control
plan changes or analyze and estimate impacts in future
similar work zones.

* Customer satisfaction — Information gathered and
provided by work zone ITS can lead to increased
customer satisfaction. ITS allows agencies to update
motorists about changes in traffic conditions in the
same fashion they occur—in real time. The relative
ease of relaying information to the media, websites,
social media, and phone applications can enable
more frequent updates, as well as wider access to
this information. To improve customer satisfaction by
reducing delay, a project in Utah used an advanced
traffic management system to monitor traffic and
post comparative travel time information on CMS, as
shown in Figure 3.2 On the CMS, an arrow to the left
indicated the travel time to Lehi using I-15 (accessible
to the left) and an arrow pointing ahead indicated the
travel time via an alternate route (State Street). In Little
Rock, Arkansas, 82 percent of drivers surveyed agreed
that an Automated Work Zone Information System
improved their ability to react to slow or stopped
traffic.* Awareness of real-time work zone conditions
can improve the favorable perception of the agency to
travelers, business owners, residents, and users within
the agency.

Purpose and organization of this document

The purpose of this document is to provide guidance on
implementing ITS in work zones to assist public agencies,
design and construction firms, and industry, including
developers, manufacturers, distributors, packagers, and
providers of devices, systems, and programs. Work zone
ITS is one possible operational strategy of many potential

4Additional information can be found at: http://www.itsbenefits.its.dot.gov/ITS/benecost.nsf/ID/76 COF2DE2BF5DB1D85257603004E031D?Open

Document&Query=Home.
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Figure 3. Sequencing comparative travel time sign at a
decision point for two different routes to the town of Lehi that
was used for a project in Utah.

solutions that an agency can include in a transportation
management plan (TMP). A TMP as required by the
work zone Safety and Mobility Rule?, lays out a set of
work zone management strategies—work zone traffic
control, public information and outreach, transportation
operations—that the agency will use to manage the
impacts of a particular road project. Considering
whether to deploy work zone ITS on a project and
designing and deploying a system should be done

as part of work zone impacts assessment and TMP
development and implementation.

This document summarizes key steps for implementing
ITS in work zones. Successful implementation of

ITS applications in work zones requires a systematic
approach to provide a technical solution that
accomplishes a specific set of clearly defined objectives.
The document illustrates how a systems engineering

STEP 1 STEP 3

Detailed
System

STEP 2

Concept
Development

Assessment
of Needs

and Feasibility

and
Design

Planning

process should be applied to determine the feasibility
and design of work zone ITS for a given application by
walking through the key phases, from project concept
through operation. In addition, the guide discusses
evaluating the effectiveness of the system in achieving
stakeholder goals (an important but often overlooked
activity).

The guide identifies where and how existing regional and
statewide ITS architectures should be considered for
consistency and interoperability with currently deployed
ITS elements, especially when the systems will become
part of a permanent deployment.®

This document is organized into chapters corresponding
to the steps in the development and implementation
process, which are shown in Figure 4. Each chapter
addresses the challenges and barriers that agencies may
face in deploying ITS applications. Lessons learned are
included where appropriate (and compiled in Appendix
C), to provide information on how other agencies have
overcome these challenges and potential barriers.

This document is intended to guide users through the
deployment of any work zone ITS, regardless of its
scale. Although the overall scope of the envisioned
project will ultimately determine the complexity and level
of effort required during planning, the steps included

in this document should apply equally to the range of
deployments, from small-scale, temporary deployments
lasting a few months to complex, multi-year ITS
deployments that may eventually be incorporated into
permanent traffic monitoring and management systems.

STEP 4 STEP 5 STEP 6

Procurement System

Deployment

System
Operation,
Maintenance,
and
Evaluation

Source: Battelle

Figure 4. Overview of the implementation process.

5More information on the Rule (23 CFR 630 Subpart J) is available at: http://www.ops.fhwa.dot.gov/wz/resources/final_rule.htm

6More information on ITS architecture is available at: http://ops.fhwa.dot.gov/its_arch_imp.
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ASSESSMENT OF
NEEDS

This section describes key activities or considerations that should be addressed in Step 1 of the implementation
process, in which the work zone needs are established and preliminary information is gathered. The sub-steps that

will be explored in Step 1 are depicted in Figure 5.

1.1 1.2

What are
the user

What are
the system

needs? goals and
objectives?

1.3 1.4

Who are Who

the should existing ITS

stakeholders?  be on the resources
project are available?
team?

What, if any,

Source: Battelle

Figure 5. Sub-steps to be explored in Step 1.

1.1 What are the user needs?

Users are those who will use and directly benefit from

the outputs of the work zone ITS system. Most often,
user needs are in reference to travelers, but user needs
may also be identified for the agency or contractor. Each
work zone presents different challenges and unique
circumstances that affect user needs. Table 2 provides
examples of some of the issues that may be encountered
in a work zone and need to be addressed.

The first sub-step in Step 1 is to determine what issues/
needs exist for the work zone. This should be performed
in the context of an overall assessment of the expected
impacts of the work zone, and in coordination with the
transportation management plan (TMP) development
process for the work zone.” This larger perspective is
important because there may be more than one TMP
strategy that can address the need, and work zone ITS
may not be the best alternative to mitigate these issues
Determining the user needs first will help an agency better
decide whether work zone ITS will adequately address
the problem at hand and if it is the most suitable solution.
Work zone ITS should be intentionally applied as a
carefully designed solution to a well-defined problem.

"More information on work zone impacts assessment and TMP development is available at http://www.ops.fhwa.dot.gov/wz/resources/final_rule/guidance.htm.
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@ Example: McClugage Bridge rehabilitation, Peoria, lllinois.

This project provides an example of the importance and value of considering user needs early in the work zone planning
process. The McClugage Bridge consists of two independent spans, each serving one direction of US 24/US 150 travel
through Peoria and across the lllinois River. During the rehabilitation effort, the eastbound span of the bridge was closed
completely, and traffic in both directions of travel was placed on the westbound span. The lllinois DOT and the contractor
elected to use both a movable barrier system and work zone ITS to try to address mobility problems expected from

the bridge closure. However, officials found that the movable barrier provided sufficient peak period and peak direction
capacity through the work zone that the congestion that was feared never materialized. As a result, the work zone ITS
never had to be activated during the project.

Not all user needs will automatically imply that work zone ITS is required. Analysis in subsequent steps of concept
development may indicate that some other approach to mitigating the problem to address the user need is more
appropriate, or may verify that the work zone ITS solution is needed. In this example, greater consideration of the effect of
the moveable barrier may have indicated that there was not a significant user need to warn approaching traffic about travel
conditions, such as stopped traffic.

Satterfield, C. Moveable Barrier Solves Work Zone Dilemma. In Public Roads, Vol. 65, No. 1, July/August 2001, pp. 26-29.
Accessible at: http://www.fhwa.dot.gov/publications/publicroads/01julaug/workzone.cfm.

Table 2. Examples of site-specific issues and problems.

Examples of mobility issues or problems:

* Long-term capacity reductions will create daily peak-period delays.

* A contractor is managing material deliveries from the batch plant to the job site and needs to know when and how much
the travel time between the two locations is changing over time because of congestion.

* Loss of shoulders will make effects of incidents more severe and longer-lasting. Ability of emergency services to reach
incidents will be hampered.

* Geometric constraints upstream of the project will make it critical to minimize queue lengths due to any lane closures.
* Ridesharing and transit users during the project need to be given a travel time advantage to promote mode shift.

» Off-peak short-term lanes closures will create unexpected queues, and significant diversion is needed to keep queues at
reasonable lengths.

Examples of safety issues or problems:

* Nighttime lane closures will create queues and large-speed differentials, increasing rear-end crash risk.

» Constrained geometrics are likely to necessitate a reduced speed limit through the project, but those constraints will make
enforcement of the reduced speed limit very difficult.

Examples of productivity issues or problems:

* Haul vehicle difficulties to access and egress the work space will delay material deliveries, and increase the number of
vehicles required to support work tasks.

* A contractor is managing material deliveries from the batch plant to the job site and needs to know when and how much
the travel time between the two locations is changing over time because of congestion.

Source: FHWA
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When identifying and describing the user needs for

a particular project, it is important to be as specific

as possible. For example, the lllinois DOT identified
unexpected queue formation at work zones in semi-
rural areas as a concern. They specified that that

these concerns existed whenever a temporary lane
closure or long-term road closure was required, and
whenever a vehicle stall might occur (because of a lack
of emergency shoulders to move the vehicle out of
travel lanes). Trying to reduce the effects of unexpected
queues, coupled with the unpredictability of the events
causing those queues, was the specific user need to

be addressed. Similarly, the Texas DOT also had a

user need to reduce the effects of unexpected queues
during construction projects along |I-35. However,

in defining their needs they also desired to minimize

the amount of equipment deployed within each of the
several projects that were ongoing simultaneously along
the 90+ mile corridor. They also wanted to be able to
accurately detect and measure the length of queue that
developed at each temporary lane closure installed so
that forecasts of delay impacts from the closure could be
disseminated to motorists farther upstream. Thus, their
specific user needs were somewhat different from those
of lllinois DOT, even though both were concerned about
the same general issue.

Another consideration are regulatory requirements

or agency policies associated with monitoring and
assessing the impacts of a work zone. For example,

an agency’s policy may limit work zone delays to 20
minutes. Work zone ITS can be used to monitor if a work
zone is meeting the agency’s target. 23 CFR Subpart

C (sometimes referred to as the 1201 rule from the
SAFETEA-LU Highway Authorization Act of the 109th
U.S. Congress)® establishes minimum requirements

for agencies for real-time information, including work
zone lane closure information for long-term construction
projects. The Work Zone Safety and Mobility Rule (23
CFR 630 Subpart J) requires agencies to use work zone
safety and operational data to improve projects and
agency policies, processes, and procedures regarding
work zone safety and mobility management. Work zone
ITS is one of the possible ways to gather data for use in
assessing work zone performance.

1.2 What are the system goals and
objectives?

An agency must clearly articulate its goals at the outset
of the project to best ensure deployment of a system
that will satisfy those objectives. Although general
goals or objectives for the system may be stated as

agency policy, it is the responsibility of staff engineers
and planners to translate general goals into specific,
measurable, and, most importantly, attainable objectives
for the project and the work zone ITS (e.g., no more
than 20-minute delays or 2-mile queues). The goals
and objectives should address user needs identified

in Step 1.1 and through impacts assessment, and

also support TMP development. System goals and
objectives should also follow SMART criteria, meaning
that they are Specific, Measurable, Attainable, Relevant,
and Time-bound. The key factor in this step is to set
realistic objectives for the system and avoid the creation
of unrealistic expectations that result in diminished
credibility in the system’s outputs. In other words, if a
work zone ITS would be deployed, what would it do to
address user needs”?

Those engaged in the goal-setting process should
periodically check to ensure that goals or objectives have
corresponding means of measurement. In other words,
how will success of a system be measured during and
after it is deployed? It will be important to match data
availability and/or processing capabilities of the system
with the desired goals and objectives. For example, if
a queue length threshold is established for the project,
the system should be capable of providing reasonable
queue length estimates. Conversely, if delay is the
desired metric, a system that directly measures travel
time and delays might be more appropriate.

In general, the system should be adequately robust to
consider the full impact of the work zone. As shown

in Figure 6, for example, the area of ITS influence

due to a work zone may include adjacent routes. It is
likely that at least some drivers will divert, regardless
of whether messages encourage taking an alternate
route. This additional traffic may cause congestion

on those adjacent routes and should be considered
when planning for the ITS. If diversion is expected,

ITS devices may be required on alternate routes as
well as the mainline. These alternate routes will need
to be monitored and managed in order for benefits to
be achieved. While the ITS zone on the mainline may
extend upstream from the work zone beyond the length
of the expected queue (e.g., a queue warning system),
and perhaps upstream from a diversion point (e.g.,
real-time travel information system with comparative
travel times or suggesting alternate routes), ITS could
also be considered on alternate routes that could be
impacted. The FHWA report “Advancing Metropolitan
Planning for Operations: The Building Blocks of a Model
Transportation Plan Incorporating Operations — A Desk
Reference” may serve as a useful guide for this step.®

8The text of Section 511.309 can be found at: http://ecfr.gpoaccess.gov/cgi/t/text/text-idx?c=ecfr&sid =66686edfal0d4ace67b3e67bbc442ef7&rgn=div5&view=text&n

0de=23:1.0.1.6.16&idno=23.
9 Available at: http://www.ops.fhwa.dot.gov/publications/fhwahop 10027/
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Area of ITS Deployment Influence

Locations of Expected
Work Zone Impacts

ajjeneg :99in0g

Figure 6. Example of a work zone and area of expected impacts.

Key point: Work zone ITS is one of several tools available to address specific safety and mobility

issues in work zones.

If goals and objectives become more manageable to achieve through a different technique, that technique should be selected
instead of ITS. Other strategies may be more economical and effective in meeting goals and objectives

Tip: Have realistic expectations.

Although some ITS applications may be promoted as a catch-all solution to safety and capacity problems, field testing has not
always shown conclusive benefits. Work zone ITS should be well designed and smartly applied to scenarios in which benefits
are most likely to be achieved.

Tip: Be sure that the work zone ITS fully captures the range of impacts for which it is intended.

This is particularly important for deployments that are intended to convey delay or queue length information to users. In some
deployments, work zone impacts periodically extended beyond the limits of the ITS devices. When this happened, the system
was unable to provide accurate information. More importantly, the motorists sat through several minutes of delay before
encountering a message that there were delays and reduced speeds in the work zone. This severely limited the credibility,
usefulness, and benefits of the system.
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1.3 Who are the stakeholders?

Stakeholders should be engaged early in the project
development process to ensure that a full range of
possibilities can be considered. Stakeholders include
any person or organization that may be affected by
construction, and all agencies that are directly involved
with motorist assistance, law enforcement, and providing
traveler information. Stakeholders are a broader group
than users, and include those who are not intended

to be primary users of an ITS deployment. Potential
stakeholders include:

e State DOT (including those with ITS expertise)
* City transportation agencies

* Metropolitan Planning Organizations

* County transportation agencies

* FHWA Division Office

* Service patrol/contractors

» Construction contractors

e State and local police departments

e Fire departments

* Emergency medical services

* Local businesses

* Shopping centers and other major traffic generators
* Major commercial trucking companies

* Motorists

* Media

* Residents

* Public officials

* Other incident management agencies.

Stakeholders should include policy makers, as well

as staff from agencies involved in the deployment,
operation, and maintenance of both the work zone and
the ITS application. Although not all of these groups may
have a direct interest in all of the project’s objectives,
they may be able to offer valuable insight that expands
the original vision to achieve greater benefits.

If the project is within an area that has already developed
aregional ITS architecture, many of the stakeholders
would have already been identified. This would be a
good place to start to establish a core team to further
define the system concept. This group can also help
identify other potential work zone information sharing
opportunities between jurisdictions and agencies.

Stakeholders must be involved early on for a successful
ITS implementation. Input from these groups can result
in better deployment plans. It is unlikely, especially for
smaller projects, that stakeholders will convene for a
meeting solely about ITS; instead discussion regarding
ITS will likely be part of a larger agenda, such as on

the TMP or the project alternatives and schedule. It

is important to ensure that TS is included on this

larger agenda to help stakeholders understand the
possible deployment and gain their input and support.
Smaller working groups should be developed and
convened regularly to keep all stakeholders informed
about the progress of an ITS deployment. The goals

of such a working group should include keeping
stakeholders informed, creating opportunities for

input and participation, providing feedback, creating

an informed consensus, and identifying the need for
system adjustments during deployment. Working group
discussions might be combined with related meetings
such as those on maintenance of traffic.

Stakeholders need to have input in developing the goals
and objectives of the implementation and should review
strategies and plans to make sure their needs are being
met to the fullest extent possible. Ideally, this input will
be gathered as part of the project impacts assessment
and TMP development process to support an efficient
and coordinated process for work zone management.
Stakeholders should review critical steps in system
development and should be influential when decisions
are being made.

Tip: Stakeholder agencies, besides the deploying agency, need to be involved early.

Coordination with other agencies is a primary issue that should be considered both in developing and implementing an ITS
work zone. This will be important for determining how the system can work within each agency’s existing procedures.

@ Example: 1-15 CORE Project in Utah.

Utah DOT traffic operations personnel were incorporated early in the project planning process and strived to be proactive in
addressing the various mobility concerns that could develop. During the planning process, it became apparent that it would
be extremely beneficial to upgrade the arterial signal systems in Provo and Orem to become compatible with the Utah DOT
centralized signal system. Utah DOT approached the cities of Provo and Orem and established cooperative agreements to
convert their systems to the statewide signal control system in order to better manage travel on the arterial streets adjacent to

the freeway.
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1.4 Who should be on the project team?

The next step is to assemble the project team.

The project team is the actual working group

whose members are drawn from the stakeholder
organizations identified in the previous step. lItis
recommended that the number of people on this team
be small because this team will be conceptualizing
and planning the project. While it is important to
involve a wide range of stakeholders from the very
beginning of the project, it is also important to keep
working groups small so that these groups can
actually get things done. Thus, not all stakeholders will
have a representative on the project team. Instead,
the project team will be responsible for interfacing with
stakeholders that are not on the project team to keep
them informed and receive their input. In addition, it
is also important not to expect that all stakeholders
will be fully “sold” on the project at first. Instead, the
lead agency must have patience with “non-believers,”
allowing them time to develop trust in the system, as
well as trust in other groups involved in the project.

1.5 What, if any, existing ITS resources
are available?

Taking an inventory of existing ITS resources in the
corridor or region that can be applied to help manage
the work zone can help to control system acquisition
and deployment costs For example, there may be

a permanent traffic detector within or adjacent to

the work zone that can provide archived or real-time
data to help predict and/or monitor traffic conditions

leading up to and throughout the work zone. There may
be permanent CMS upstream of the work zone that can
display warnings of stopped or slow traffic ahead or
encourage diversion to alternate routes, as presented
in Figure 7. Closed-circuit television (CCTV) cameras
in the area might also be particularly useful for helping
to monitor traffic and check for incidents. Any road
weather information systems (RWIS)/environmental
sensor stations (ESS) in the area can help determine
current weather and road conditions that will affect
traffic flow. Additionally, the availability of a local traffic
management center (TMC) can be very beneficial,

as staff could operate ITS for the work zone. An
existing traveler information website for the agency or
geographic area can be used to provide updates on
work zone conditions to the public.

The maintaining agency for these resources can explain
the availability of ITS resources for use. For example,
CMS may be needed for emergency messages, or it
may not be preferred that a message is displayed for
all hours due to concerns of burning out the lighting
mechanisms and long term maintenance costs.
Discussions about stakeholders concerns may result

in some creative solutions, such as agreement to place
messages on during peak hours of travel.

If existing ITS resources are available and are planned
to be used for work zone management purposes, care
must be taken to ensure that the resources themselves
will remain operational over the duration of the project

104 opelojo)

Figure 7. Existing ITS resources can be used to help manage the work zone and reduce costs.
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and access to the systems and data is readily
available. The need to temporarily disconnect power
or communication lines in the work zone may render
permanent ITS devices near the work zone inoperable
or inaccessible, or they may even be removed if they
are directly in the work area. Construction equipment
or vehicles have the potential to block sensors or
cameras unexpectedly and repeatedly. To avoid

such issues, some agencies include requirements

in the bid documents that permanent ITS devices be
maintained in an operational state throughout the
duration of the project. Agencies may also include
disincentive clauses in a contract that are applied if
the ITS equipment does not work during peak hours.
Functionality of ITS equipment is particularly important
in congested areas where the television, radio, and/
or social media traffic updates rely on information from
the ITS equipment.

In some cases, it may be desirable to mesh or replace
available ITS resources with additional temporary
devices obtained specifically for a particular work

zone. An example of this might be the purchase and
installation of portable traffic sensors, cameras, and
CMS within and near a work zone on a facility that is

not currently covered in a regional ITS, and having the
operators within the TMC monitor and manage those
temporary devices in addition to the permanent ITS
components they normally operate. In such instances, it
is important to bring the key decision-making personnel
from the center in early in the planning process to help
identify needs and issues. The center may need to
increase staff to handle the increased workload, for
example, and need financial support through the project
budget to do so. There will likely be specifications as

to how temporary devices must be configured and
operated (i.e., National Transportation Communications
for ITS Protocol (NTCIP)-compliant cameras) in order to
integrate data feeds into the operator consoles.

@ Example: Use of Permanent ITS Infrastructure during Construction.

¢ |-15 CORE Project in Utah. When Utah DOT officials determined that I-15 needed to be widened through the cities of Orem
and Provo, they enlisted the regional ITS center in Salt Lake City to assist in managing traffic during construction. A number
of value-added items were proposed by the winning design-build (DB) team that centered around the enhancement of the
existing system. System officials worked closely with the DB team and with Utah DOT project officials to coordinate the
purchase, implementation, and integration of technology at critical locations to help mitigate project impacts. In addition,
system officials identified other components that were needed in the region to help support traffic management during
construction, and that could also be useful additions to the system once construction was complete. These components
were procured and installed in time to be useful for the construction project.

* L as Vegas. The Freeway and Arterial System for Transportation (FAST) is a transportation management system in Las
Vegas. FAST operators have a fairly wide range of tools at their disposal to help address construction and maintenance
activity-related impacts. FAST provides a convenient dissemination outlet of both advance notification and real-time
roadwork-related traffic information via the roadside CMS and its website. FAST operators are trained to both identify the
need for CMS messages and to properly design and post them. For certain roadwork activities, FAST operators may also
make signal timing changes to support use of arterials as detour routes if either the freeway or another arterial is affected by

LGAELCEWEVE]

* Plan with the end in mind. Start with identifying work zone issues and user needs, and what the goals are for the work
zone. Then consider possible solutions/strategies, including ITS, that can address those needs.

* Use a coordinated approach. Consider work zone issues, needs, and possible mitigation strategies in the context of
overall impacts assessment and TMP development for the work zone to most effectively address issues and use

resources.

* The main product of Step 1 is a preliminary framework of user needs, goals and objectives, and existing ITS resources in
the area around which ITS or some other solution for the work zone can be developed. These outputs will be used in Step

2 for the development of a concept of operations.

» Additionally, stakeholders and a project team have been identified in Step 1, who will respectively provide periodic

feedback and more direct input to the project moving forward.
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This section describes key activities or considerations that should be addressed in Step 2 of the implementation
process, in which a system concept for the ITS deployment is developed. The sub-steps that will be explored in Step
2 are depicted in Figure 8.

21 5 23 - 25 2.6 2.7
What is the What What are What are Addressing How How can buy-in
overall work ITS potential potential legal can project be obtained from
zone ITS solutions are ~ benefits institutional and policy feasibility internal and exter-
concept of available? ofan ITS and jurisdic- issues be estab- nal stakeholders
operations? deploy- tional chal- lished? and other
ment? lenges? agencies?
Figure 8. Sub-steps to be explored in Step 2. Source: Batielle
2.1 What is the overall work zone ITS outline of a formal concept of operations document
concept of operations? based on the Institute of Electrical and Electronics

Engineers (IEEE) 1362-1998 standard document. For a
small work zone ITS deployment, the developed concept
of operations document may be significantly scaled
back, as seen in a concept of operations developed for a
Minnesota DOT work zone ITS deployment.™

The development of a work zone ITS concept of
operations should take place in the early stages of the
planning process. It should answer the question, how
does the agency envision that the system will operate
within the work zone? A concept of operations includes
user needs and objectives that were developed in Step
1, as well as justification for and description of the
proposed system, operational policies and constraints
that will govern how the system is deployed, and
scenarios describing how the system will function.
Developing a concept of operations helps ensure the
agency has thought through what it needs out of the
system, which generally leads to a more successful
work zone ITS deployment. Figure 9 shows the general

Even though a concept of operations starts to formalize
the type of system that is envisioned, it is important to
note that this document is solution-agnostic, describing
how the system will operate but not prescribing the
technology components to be installed. For example, a
concept of operations should not dictate whether radar or
video detection should be used, even if in some situations
there may be only one viable alternative that exists.

© Document can be found at: http://www.dot.state.mn.us/guidestar/2006_2010/icone/iconeconceptofops.pdf
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1. SCOPE

1.1 Identification
1.2 Document Overview
1.3 System Overview

2. REFERENCED DOCUMENTS

3. CURRENT SYSTEM OR SITUATION

3.1 Background, Obijectives, and Scope

3.2 Operational Policies and Constraints

3.3 Description of the Current System or Situation

3.4 Modes of Operation for the Current System or Situation
3.5 User Classes and Other Involved Personnel

3.6 Support Environment

4. JUSTIFICATION FOR AND NATURE OF CHANGES

4.1 Justification for Changes

4.2 Description of Desired Changes

4.3 Priorities among changes

4.4 Changes Considered but not Included
4.5 Assumptions and Constraints

5. CONCEPTS FOR THE PROPOSED SYSTEM

5.1 Background, Obijectives, and Scope

5.2 Operational Policies and Constraints

5.3 Descriptions of the Proposed System

5.4 Modes of Operation

5.5 User Classes and other Involved Personnel
5.6 Support Environment

6. OPERATIONAL SCENARIOS

7. SUMMARY OF IMPACTS

7.1 Operational Impacts
7.2 Organizational Impacts
7.3 Impacts During Development

8. ANALYSIS OF THE PROPOSED SYSTEM

8.1 Summary of Improvements
8.2 Disadvantages and Limitations
8.3 Alternatives and Trade-offs Considered

9. NOTES

9.1 Acronyms and Abbreviations
9.2 Terms and Definitions

Figure 9. General outline showing the sections of a formal concept of operations
document based on the IEEE 1362-1998 standard.
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The concept of operations should clearly describe

all activities associated with operation of the system,
from the data flows between system components to
information flows between the agency and the public.
Creation of data flow diagrams, information flow
diagrams, and communication charts can be valuable in
helping agency staff define how the system will ultimately
operate, as well as in guiding decisions affecting the
overall strategy for the system. An example graphic

that could be used to help staff visualize the layout of

the ITS deployment is shown in Figure 10. Potential
strategies can vary from simple automated systems that
provide traveler information upstream of the work zone to
systems that serve as virtual TMCs.

American Fork

{2,
{*\_‘tt:% .

g

Pegswo

Municipal Airport } F i
S =5 ]
- b

Agency staff should clearly describe the operational
system strategy at the outset of the project, with
particular attention to how this strategy will fit within their
overall construction project. In addition, the concept

of operations for the ITS deployment should make
sense in the context of the existing roadway network.
For example, if CMS will be used to provide messages
about delay or stopped traffic ahead, it would make
sense to place the signs prior to exits to alternative
routes. The concept of operations can be a working
document during planning stages, and can be updated
as needs change and system functionality is considered.
The concept of operations can also include multiple
subsystems, e.g., a queue warning system, incident
detection system, and VSL system.

Legend

("} Diversion Route 1
{1 Diversion Route 2

Pleasant Q Diversion Route 3
Grove
© Detectors
*;b . 1| Signage
Mk CCTV

£ i

Figure 10. High-level sketch for the concept of operations of a work zone ITS deployment in

Utah. Source: Utah DOT.
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(D Key point: Not all ITS deployments are complicated and expensive.

For example, an additional temporary traffic sensor or two may be all that is needed to expand or enhance an existing
permanent ITS deployment to be an effective tool for managing traffic impacts at a particular work zone. This was the

approach taken during the 1-15 CORE project in central Utah.

2.2 What ITS solutions are available?

ITS technology is one tool that can be used by agencies
and contractors to address a wide range of concerns or
needs in a work zone. Systems can vary widely based
on concerns being addressed. They also vary in scale.
Not all ITS deployments are complicated and expensive.

ITS can take many forms in work zone applications.

In general terms, these systems are comprised of
components in the field, communications links, a TMC,
and/or archived data. The National ITS Architecture
provides a framework for planning, designing, and
integrating ITS components.' Additionally, permanent
ITS applications may already be in place in part of the
work zone area, and may be useful as components for
work zone ITS. More specifically, systems include one
or more of the following components, which are detailed
in Table 3:

* Sensors that collect data on current traffic conditions

» Communications equipment to transfer the data or
information developed from that data

Table 3. ITS components.

* Software that processes and analyzes the collected
data, as well as available supplemental (e.g.,
weather data or traffic data from alternate routes) and
archived data (e.g., historic traffic data), converting it
to information for use by other components or by
various end users

* Electronic equipment to disseminate the information
to the end users or to implement traffic control
or management decisions that were based on that
information.

These systems are available in a variety of configurations.
These configurations can impact the procurement
options that are available to an agency, which will be
discussed in more detail in Step 4 of the document. In
general, the three main categories of ITS are:

* Stand-alone, commercial off-the-shelf (COTS)
products to serve specific functions (i.e., smart work
zone systems that can perform queue warning, travel
time and delay information dissemination, dynamic late
or early merge warnings at lane closures, etc.);

Sensors ® Spot speed/volume/occupancy sensors

e Cameras (manual visual monitoring and automated video detection)

e Point-to-point travel time sensors (automated vehicle identification, or AVI; radio frequency
identification, or RFID; automatic vehicle location, or AVL; Bluetooth; cellular telephone tracking)

® Emissions sensors
e RWIS/ESS

Cellular
Wireless (Wi-Fi), private or public
Satellite communications

Communications
Systems

Software and
Electronic Equipment

Portable CMS (PCMS)
Dynamic Signs

Highway Advisory Radio (HAR)
Websites

Smart phone/tablet applications
Social Media

Text Alerts

Vehicle-to-vehicle (V2V) and vehicle-to-infrastructure (V2I)

Dedicated short range communications (DSRC)

Specialized signs (e.g., variable speed limit operations)

Source: Battelle

""For more information about the National ITS Architecture, see Appendix A, and http://ops.fhwa.dot.gov/its_arch_imp
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* Customized work zone ITS solutions that are specially

designed to meet a precise traffic management

need, such as the deployment of temporary sensors
or temporary ramp metering devices at selected
problem locations to be integrated into and operated
using an existing TMC. This type of system may
require additional services, such as system design
support and software development and integration;

* Services or data only (no equipment) that provides
the agency with information to monitor, manage, and/
or measure the performance of traffic ~ within and
around the work zone. The agency makes use
of what others have already deployed and does
not need to procure equipment to obtain the data.

The FHWA Work Zone Mobility and Safety Program
provides numerous case studies and resources
available to help transportation professionals familiarize
themselves with the current state of the practice on ITS
in work zones."™ Topics include the benefits of using

ITS in work zones, automated work zone information
systems, traffic management systems including dynamic
lane merge systems and speed management systems,
PCMS, and work zone ITS deployment examples.

Example: Current strategies and how they can
be used.

» The Michigan Department of Transportation deployed
ITS during a total closure of -496 in downtown Lansing.
This $2 million system used 17 cameras and six queue
detectors to gather and process data on current
conditions, and 12 CMS to display advance traveler
information to the public to help alleviate traffic
congestion resulting from the full closure of a major
freeway.

The New Mexico Department of Transportation deployed
ITS during the reconstruction of the I-40 and I-25 “Big I”
interchange in Albuquerque. The $1.5 million system
used eight cameras, eight modular CMS; four arrow
dynamic signs; four all-light emitting diode (LED)
portable CMS trailers; four portable traffic management
systems, which integrate cameras and CMS on one fully
portable unit; and four HAR units, all linked electronically
to the temporary Big | TMC to better manage incidents
during the project.

?Available at: http://www.ops.fhwa.dot.gov/wz/its.
BAvailable at: http://www.trb.org. .

Work zone ITS applications are continuously evolving
to better address issues. The Transportation Research
Board (TRB),™ American Association of State Highway
and Transportation Officials (AASHTO),'* and American
Traffic Safety Services Association (ATSSA)™ have
committees and conference sessions that focus

on work zone operations. These serve as forums

for practitioners to share information on the latest
applications and emerging technologies.

Additionally, emerging connected vehicle technologies
that incorporate V2V and V2| communications will
present major opportunities for communications

and data gathering for work zone systems. Portable
information devices such as smartphones and tablets
provide increased opportunities for information
dissemination by agencies, but must be used carefully
because of the safety concerns associated with
distracted driving.

Communications are a critical component of ITS. Table

4 summarizes the different communication systems that
have been used and some key considerations for each

communication option.

A factor to be considered is how various communication
options are affected by physical features of the work
zone, such as terrain, foliage, number and size of
buildings in the area, and other wireless networks in use
nearby. Wireless systems may not perform as well due
to interruptions in the line of sight.

Two groups of professionals may be helpful to an ITS
project manager when dealing with communications
issues: state DOT maintenance personnel, and

local radio contractors. Public agency maintenance
personnel responsible for other communications
systems used by the state can provide valuable
assistance. Typically, these other communication
systems are installed in the field and must meet high
performance standards similar to what the ITS work
zone system will require. This consideration is even
more important in rural areas, where communication
options become more limited due to lack of key
infrastructure.

The FCC has identified unlicensed bands in the 2.4
GHz range that are suitable for supporting a variety
of data and voice communications. The availability
of unlicensed communications has stimulated many

“Available at: http://www.transportation.org. For information specific to work zone ITS, see: http://ssom.transportation.org/Pages/ITSinWorkZones.aspx

SAvailable at: http://www.atssa.com.
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Table 4. Communication options, advantages, and disadvantages.

Cellular
(commercial
wireless)

Private Wi-Fi
networks

Satellite
System

High
frequency
radio

Source: Battelle

communications vendors to produce the necessary
equipment. As such, the costs for implementing
such connectivity have been reduced dramatically.
The Unlicensed National Information Infrastructure
(UNIIl) band does not require licensing, and many
communications products operate on this band.

e Good in areas lacking landline
systems

Common system interfaces
available

Inexpensive for localized
communications between devices

Wide area coverage is possible
but more costly

Not dependent on commercial
cellular service

Good for areas lacking landline
systems or cellular coverage that
require internet access or long-
range communications

Not dependent on location or
terrain for strength of signal (urban
or rural)

Wide area coverage

Good in areas lacking landline
systems

Not dependent on commercial
cellular service

Inexpensive

For ITS, determining the appropriate type of

communication is key. Depending on the type of
contracting arrangement (if any), it may be up to the
contractor to select types of communications equipment
that satisfy the requirements and specifications.

e Coverage may be limited, especially in rural areas

away from major traffic corridors

Commercial system that may be “oversold” and
subject to availability of signal

System is sensitive to terrain and time of year if
deployed in areas with heavy foliage

Lengthy license application may be required
Intermodulation studies may be required
Terrain may affect coverage

Additional infrastructure such as antenna towers
may be needed for longer-range communications

Frequency availability may be limited

Commercial system may be “oversold” and subject
to availability of signal

Cost may be higher relative to other systems

Signal strength may fade during severe weather and
heavy rain

Lengthy license application may be required
Intermodulation studies may be required

Terrain may affect coverage depending on frequency
available

Additional infrastructure, such as antenna towers,
may be needed

Frequency availability may be limited

Others may illegally use the same frequency causing
the message to be “jumbled” or “walked on”

communications.

When using wireless
Internet, the agency needs
to ensure that system
Internet protocol (IP)
address has high enough
priority, so that information
flows through the network
as quickly as possible.

Compare the different
options to see which
system provides the
best fit based on project
needs.

Highway advisory radio
systems use cellular due
to issues with availability
of Federal Communication
Commission (FCC)
license.

Tip: Systems need to have reliable

The communications network for an ITS application
is vital to the operation of the system and must be

reliable. Issues that may impact communications need

to be addressed early in the system development and
deployment process. What may seem like a trivial issue at
the outset may evolve into a more difficult problem when
deploying or operating the system. Such issues include

to geography or terrain.

Specifications can be written to allow for a desired
equipment model or brand to be used, if the agency

has a particular piece of equipment in mind (e.g.,
satellite communications for areas where cellular

communications do not exist, such as mountainous

areas).

whether adequate cellular capacity is available and
whether there are obstructions to signal transmission due
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2.3 What are the potential benefits of an
ITS deployment?

As indicated previously, benefits of ITS in work zones are
realized by the public, businesses, the contractor, and
by the agency. Benefit impact areas associated with

the use of ITS in work zones can include safety, mobility,
improved work productivity and durability, and customer
satisfaction. Table 5 provides a summary of benefits that
have been experienced for various work zone ITS.

2.4 How much will an ITS deployment
cost?

Developing general cost estimates for various
alternatives can be extremely useful in developing a
plan for a realistic system. A first step is to examine the
cost of similar systems deployed elsewhere in the state
or in neighboring States. It is also beneficial to develop
early cost estimates for the deployment options. If there
are no other systems available for comparison in one’s
own state or nearby, the next step is to examine similar
systems deployed in other locations in the U.S. and
even worldwide. These cost comparisons are made

Table 5. Examples of benefits for various work zone ITS.

more difficult by factors that may differ between regions,
such as labor rates and availability of certain types of
communications.

The cost of ITS in work zones can vary widely and

is influenced by the scope of the overall work zone,
procurement method, the type of system, and system
goals:

* Scope of the overall work zone — The relative cost of
ITS seems to be largely dependent on the scope of the
overall work zone, such that the portion of the cost due
to the ITS may be smaller in larger work zones and
vice versa.

* Procurement Method — The cost of the work zone ITS
can be very different for a system that is leased versus
one that is purchased, or even a data purchase.

* Type of system — A more labor-intensive, complex,
and specialized system is likely to be more expensive
than a more standard work zone ITS deployment.

» System goals — Although sometimes agencies will
develop a general plan and then inquire about the
costs associated with implementing the plan, an

Work Zone ITS Issue(s) being Addressed I?;:::;;"g';;‘:ﬁ:ii&t Example of Benefits

Real-time Traveler e Congestion CA, DC, NE, OR 16-19% reduced traffic volumes (diversion)
Information e Delay on affected route (CA)
e Safety
Queue Warning e Safety (crashes) IL Significantly reduced speed variance;
reduced vehicle conflicts; queuing crashes
reduced 14% despite an increase in both
lane closures and vehicle exposure.
Dynamic Lane Merge ® Delay FL, MI, MN Reduced forced and dangerous merges by
(early merge, late merge) Aggressive driving behavior factors of 7 and 3, respectively (Ml)
e Travel speed
e Safety
® Queue length
Incident Management ® [ncident clearance time NM Reduced average time to respond and
o Bela clear incident from 45 minutes to 25
y minutes (NM)
Variable Speed Limits ® Speed management VA, UT Greater speed compliance vs. static signs;
(VSL) e Safety reduced average speed and variation (UT)
Automated Enforcement @ Speed management MD, 1A, IL, OR Significantly reduced speeds by 3-8 mph
(L)
Entering/Exiting Vehicle e Safety MN, PA Signs warn drivers of a slow-moving

Notification

'Additional information on these case studies can be found at: http://www.ops.fhwa.dot.gov/wz/its.

construction or emergency vehicle entering
or exiting the roadway to reduce crash risk.

Source: Battelle
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agency will be better able to develop an estimate if it
has clearly defined its system goals and objectives
and the concept of operations.

These factors can cause the cost of work zone ITS to
range from several thousand dollars to several million
dollars. As a rough estimate, purchasing a few sensors
to add to an existing TMC might cost about $5,000 plus
an additional $5,000-$10,000 for integrating them with

the existing system. Purchasing a larger system that
includes four sensors, a PCMS, and some operations
support for communications and data software for a
simple queue warning system might cost about $125,000,
while doubling this to a system with eight sensors and two
PCMS might increase the costs to about $200,000.

There are several ways an agency may achieve potential
cost savings. As already discussed, any existing ITS
infrastructure and resources can be used to help manage
work zone conditions, reducing the need for some
temporary resources. During a work zone project, some
agencies choose to accelerate deployment and use of
ITS components intended for a future permanent system.
In both of these cases, the permanent ITS is not an
additional cost for the work zone project, other than any
additional capabilities that may be used for work zone
management. Finally, the modularity of the work zone
ITS can be assessed to separate “wants” from “needs”
to accomplish system goals and objectives. Identifying
essential ITS elements in the system up front can help

to avoid excessive cuts that compromise the value of a
system just to save money.

Several tools are available to help agencies develop an
accurate estimate of ITS alternatives. The ITS Benefits
and Unit Costs Database'® contains unit cost estimates for
over 200 ITS technologies. In addition, ITS Deployment
Analysis System (IDAS) is a software tool that estimates
the costs and benefits of ITS investments.””  Finally,
FHWA's “Operations Benefit/Cost Analysis Desk
Reference” might serve as useful guidance to agencies.'®

Note that early project estimates are often insufficient to
cover work zone ITS needs, and the funding amount is
difficult to change by the time those who would identify a
need for work zone ITS are involved in a proposed project.
This re-emphasizes the need to engage stakeholders
early, including staff that handle permanent ITS within

the transportation agency, and to conduct work zone

ITS deployment considerations with the context of TMP
development so they are included in traffic management
cost estimates.

Available at: http://www.benefitcost.its.dot.gov.

2.5 What are potential institutional and
jurisdictional challenges?

Institutional and jurisdictional challenges are often more
difficult to overcome than the technical issues associated
with technology deployment. Typical institutional or
jurisdictional challenges for deploying an ITS application
in a work zone include:

* Lack of adequate funding provided in the construction
contract

* L ack of staff expertise in work zone ITS design,
deployment, or operations

* Effects of delays or traffic diversion on other routes or
neighboring jurisdictions

* Coordinating operations and incident response
between agencies during incidents within the work
zone

* Issues relating to command and control of existing ITS
assets, when using existing ITS infrastructure for work
zones

* Potential duplication of roles already performed by
different departments

* Changing long standing operational procedures
¢ Increased or new maintenance requirements
* Convincing management to try something new

* Acknowledging and quantifying end user benefits for
justification of work zone ITS

* Assuring acceptable system performance.

The best means of identifying and mitigating many of
these challenges is to be as inclusive as possible during
the development of system objectives and the overall
system strategy. Discussions with all key stakeholders
can help to identify potential issues at the earliest stage
of the system development process. This is especially
important when planning ITS to be used in work zones
near jurisdictional boundaries. Agencies in the adjacent
jurisdiction should be contacted at the earliest possible
point in the project planning stage. Furthermore, these
initial contacts should take advantage of any existing
inter-agency relationships. By engaging stakeholders
early to identify possible issues, time is more likely to

be available to make any necessary adjustments in
staffing, policies, or resources prior to the work zone
ITS deployment. These discussions can lead the way
to not only avoiding problems during the duration of the
work zone, but can also lead to long-term coordination
between jurisdictions on a wide variety of other issues.

"More information about IDAS can be found at: http://idas.camsys.com. IDAS is available for purchase from the
McTrans Center for Microcomputers in Transportation at the University of Florida at: http:/mctrans.ce.ufl.edu.

"®Available at: http://www.ops.fhwa.dot.gov/publications/fhwahop12028.
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For many agencies, a major barrier to the deployment of
ITS in work zones is the reluctance to try something new.
This could stem in part from a lack of staff expertise.
Information is available on different types of systems
and potential benefits to help educate decision-makers
and practitioners to overcome this barrier. Peers at
other agencies may be useful resources. The FHWA
Peer-to-Peer Program for Work Zones can provide

peer connections, and conducted a work zone ITS

peer exchange in May 2013 that provided valuable
information exchange amongst peers.” The deploying
agency should seek multiple resources to gain a fuller
understanding of any unfamiliar system. One barrier

to ITS use can be that DOT staff with ITS expertise are
in a different department from those doing road design
and construction, and those two groups often do not
interact regularly. Sharing expertise between those who
know ITS and those who know work zones can increase
the chances for an effective ITS procurement and
deployment. In some cases, it may be desirable to hire
staff that have more expertise and familiarity with work
zone ITS for this and future deployments.

2.6 Addressing legal and policy issues

A number of legal issues must be considered in planning
to use ITS in work zones. The most obvious question is
whether the type of system being designed is permitted
in the current laws and regulations. For example, if the
agency desires to use automated enforcement as part
of a VSL deployment, it is important to know whether
automated enforcement legislation is in place in that
jurisdiction. Other legal issues to be considered include
the potential increased liability for placing ITS equipment
in the work zone and archiving of certain data collected
by ITS components. For example, some agencies

have discovered legal implications related to collecting
and storing video images of crashes. Additionally, the
agency should consider possible liability issues about
how warnings and messages are given (e.g., if the

ITS fails to detect a queue and issue the appropriate
warning, has liability been increased?). In considering
these issues, the agency should also consider the
overall benefits of having a system and any work zone
risks (e.g., for crashes) it may help mitigate as well.

Example: Automated Speed Enforcement
in work zones.

Several states, including lllinois, Maryland, Washington,
and Oregon, allow the use of automated speed
enforcement in work zones. Each of these states has
required enabling legislation before deployment of these
systems. As an example, the legislation for Washington
state* includes:

* Restrictions on the locations where automated speed
enforcement would be allowed

* Specified only images of the vehicle and vehicle license
plate were allowed

* Requires the automated speed enforcement zone be
clearly marked

* Specifies the method for notifying registered vehicle
owner and vehicle owner responsibilities

*See Engrossed Substitute House Bill 1175 of the 62nd Legislature, 2011 Regular
Session for Washington: http://apps.leg.wa.gov/documents/billdocs/2011-12/Pdf/Bills/
House%20Passed%20Legislature/1175-S.PL.pdf

2.7 How can project feasibility be
established?

Based on the steps outlined above, key stakeholders
should assess the overall feasibility of the original
approach and the need to revisit overall objectives for
the system. For example, objectives for the system
may simply be outside the available budget, in which
case objectives might be constrained. Another key
consideration in assessing project feasibility is whether
ITS is the best TMP strategy to deploy to address the
identified needs, or if other non-ITS options may be
better for the given situation.

Assessing project feasibility is especially important when
planning work zone applications that involve more risk,
such as larger deployments that involve more cost or
deployments that may involve sensitivities. Examples

of these types of deployments may include automated
speed enforcement (in this case, due to higher political
risk) or route diversion from highways to local roads.
Such applications are more likely to draw additional
scrutiny, encounter additional challenges, and may incur
higher costs that should be considered when assessing
project feasibility.

®For more information, including the materials from the work zone ITS peer exchange, see: http://www.ops.thwa.dot.gov/wz/p2p/index.htm.
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In addition to the project manager, key stakeholders that
should participate in this step include senior agency
managers, contracts personnel, and engineering staff.
Senior managers are needed because they may have
originally defined the operating strategy that may have
to be revised, and because they can provide accurate
information on the availability of funding and other key
resources. Contracts personnel can identify various
contracting options available, as well as discuss
advantages and disadvantages of each of these
options. Engineering staff may be needed if questions
arise regarding the feasibility of the project schedule or
technical approach. In some cases, it may be helpful

to have engineering staff perform modeling to help
establish the need for a system and to assess how likely
impact mitigation is to occur in the event that a system
is deployed. For example, modeling of the work zone
may show long queues that become manageable if 10
percent of traffic diverts, which may be achievable with
real-time traveler information provided by ITS.

Numerous sets of criteria have been developed and
could be used to establish project feasibility. Some
criteria, such as those developed by Michigan DOT,
are specific to various ITS, e.g., dynamic lane merge
system, real-time information system, and PCMS

with radar capabilities. Similarly, criteria have been
developed for advanced traveler information systems
under the Smart Work Zone Deployment Initiative.
These criteria consider factors such as queue lengths,
average daily traffic (ADT) and peak period traffic
volumes, availability of alternate routes, and sight
distances. North Carolina DOT developed criteria for
use of an ITS-based SMARTZONE system in work zones
based on whether the location is urban/suburban, rural,
or mountainous.

FHWA drafted a general set of scoring criteria that
agencies can tailor as desired for their use as one
possible way to assess the feasibility for ITS (see
Table 6). The intent for these criteria was to assist
decision makers by providing a structured approach
to considering the need for work zone ITS on specific
projects. For each result, other mitigation treatments
should be considered, as applicable, in addition to
work zone ITS since ITS is only one possible solution for
stakeholders to use to address a given issue in a work
zone and may not be the best alternative.

Table 7 presents another possible way to consider
when to use work zone ITS. It can be used as a general
application guide to assess the characteristics and
conditions existing or anticipated in a given work zone
that would help justify implementation of one or more of
the systems.

Table 7 attempts to illustrate how some of these
applications may be designed to address certain
conditions, but could also address other conditions
through some modifications to the typical deployments
or the introduction of a human operator who could make
real-time adjustments in how the systems respond.
Similarly, some work zone issues could be addressed
through more than one type of system. As an example,
a real-time traveler information system could address
work zone conditions where unexpected or variable
periods of travel delays and congestion will arise, and
there is potential to encourage route, departure, and
mode choice diversions through the provision of real-
time information. However, these same conditions
could also be addressed through implementation of a
work zone incident management system. Whereas a
typical work zone traveler information system will operate
autonomously based on a limited set of rules, the
incident management system would rely on an operator
present to monitor and detect incidents to also modify
the information dissemination devices if needed to
encourage diversion.

An ITS application may not be appropriate for every work
zone nor be the best solution for a given issue. Other
alternatives should also be examined. The expected
project location, project impacts, and project duration
are likely to influence whether or not a particular ITS
solution merits consideration. Other factors like traffic
volumes and project layout will also influence whether or
not work zone ITS are applicable for a particular project.
For example, if the concern is potential congestion in

a work zone, one solution can be to use ITS to monitor
traffic conditions and provide traveler information. Some
other possible mitigation strategy alternatives to using
ITS are a public information campaign to reduce travel
demand in the area; maintaining more lanes by using
the shoulder to carry traffic; conducting work at night
when traffic volumes are generally lower; including

lane closure restrictions in the contract to affect less
traffic and minimize impacts; a motorist assist patrol to
quickly identify and address vehicle breakdowns and
other incidents; or using a movable barrier to provide an
additional lane for peak period traffic flow.

2See “Criteria for Portable ATIS in Work Zones” by Alan J. Horowitz at: http://ssom.transportation.org/Documents/2005_horowitz_atis_criteria.pdf
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Table 6. Example set of scoring criteria to establish feasibility of work zone ITS. (Source: FHWA)?!

o | o
Factor 1 — Duration of work zone: Long-term stationary work will have a duration of:
e >1 construction season (10 points)

e 4-10 months (6 points)
e <4 months; procurement and installation timeline is available prior to work starting (3 points)

Factor 2 — Impact to traffic, businesses, other destinations, or other users (e.g., extremely long delays,
high risk of speed variability, access issues) for the duration of work is expected to be:

e Significant (10 points)
e Moderate (6 points)
e Minimal (3 points)

Factor 3 — Queuing and Delay: Queue lengths are estimated to be:
e =2 miles for periods =2 hours per day (8 to 10 points)
e 1-2 miles for periods of 1-2 hours per day (6 to 8 points)

e =<1 mile, or queue length estimates are not available but pre-construction, recurring congestion
exists for periods <1 hour per day (4 points)

Factor 4 — Temporal Aspects of Traffic Impacts: Expected traffic impacts are:
e Unreasonable for a time period that covers more than just peak hours (10 points)
e Unreasonable during most of both morning and afternoon peak hours in either direction
(6 points)
e Unreasonable during most of a peak hour in either direction (3 points)
o Unpredictable; highly variable traffic volumes (1 point)

Factor 5 — Specific Issues Expected (0 to 3 points each based on judgment)
o Traffic Speed Variability
e Back of Queue and Other Sight Distance Issues
o High Speeds/Chronic Speeding
e Work Zone Congestion
o Availability of Alternate Routes
e Merging Conflicts and Hazards At Work Zone Tapers
o Work Zone Hazards/Complex Traffic Control Layout
e Frequently Changing Operating Conditions for Traffic
e Variable Work Activities (That May Benefit From Using Variable Speed Limits)
e Qversize Vehicles (Percent Heavy Vehicles >10%)
e Construction Vehicle Entry/Exit Speed Differential Relative to Traffic
e Data Collection for Work Zone Performance Measures
e Unusual or Unpredictable Weather Patterns Such as Snow, Ice, and Fog

Total Score

If the total score is:
e =>30-ITS is likely to provide significant benefits relative to costs for procurement
e >10and <30 - ITS may provide some benefits and should be considered as a treatment to mitigate impacts
e <10-ITS may not provide enough benefit as a treatment to justify the associated costs

2'This is not the only way or criteria that could be used. Agencies can tailor this to their needs or use their own criteria.
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Table 7. Possible work zone ITS applications to consider for various critical project characteristics.

Work Zone ITS Applications

Critical Project Characteristics

Queue warning

Real-time traveler
information

Incident management
Dynamic lane merge
Variable speed limit
Automated enforcement*
Construction vehicle
entrance and exit warning
Temporary ramp metering
Performance
measurement

Frequent planned lane closures are expected, which will create queues that cause high
speed differentials between queued and approaching traffic

Emergency shoulders will be closed through the work zone and frequent stalls and
fender-benders are expected to occur that will cause queues because they cannot be [} [} [}
quickly moved to the shoulder

Travel times and delays through the work zone will be highly variable and real-time in-

formation can improve pre-trip and real-time route choice, departure time, and possibly [ ) o
mode choice decisions

Roadway access for emergency response vehicles will be significantly constrained by

the project, increasing response and clearance times

Frequent incidents are expected to occur within the project o [ ]

[
[
o
[

Having an operator able to view an incident within the project and assist responders in
bringing appropriate equipment to the site will significantly reduce incident duration

A long-term lane closure will create a v/c condition that is very close to 1.0, and
improved flow rates through the lane closure could reduce the likelihood that a queue ([ ] ([ ]
would form, or reduce its duration significantly when a queue did form

The potential exists for queue spillback from the work zone into upstream interchanges
or intersections (and resulting increase in cross-street congestion and rear-end crash-
es) due to an unequal utilization of all lanes, such that the encouragement of the use of
all lanes for queue storage would reduce that probability of spillback conditions.

Work activities will frequently occur for which lower speed limits would be beneficial to
have on a temporary basis (i.e., during temporary lane closures on freeway mainlanes,
for temporary full road closures, during periods construction vehicle/equipment access
into and out of the work space from the travel lanes, etc.)

Traffic speeds through the project vary widely due to oversaturated conditions during
the peak period, and the timing and extent of congested travel will vary significantly day o [}
to day

A reduced speed (and thus speed limit) is believed to be necessary because of work
zone hazards that are not readily apparent to motorists and so will not likely result in [
lower speeds driven

The project plans limit ability of enforcement to operate (no shoulders, barrier on both
sides, long stretches between interchanges)

Access to and from the work space occurs directly from the travel lanes

A high number of construction vehicle deliveries into the work space will be required

during the project

The location and design of the access points could create confusion for motorists (i.e.,

access to the work space looks like an exit ramp and is near an existing actual exit o [
ramp)

Little or no acceleration lane is available for construction vehicles entering the travel
lanes from the work space

Capacity reductions in the work zone now create an oversaturated condition due to
merging ramp vehicles

Temporary ramp geometrics have constrained acceleration lane lengths

Work activities have temporarily disabled one or more permanent ramp meters within
the limits of an operational ramp metering system

Work zone ITS is already being deployed for other purposes [

Project documents include traffic mobility performance requirements (i.e., maximum
allowable delays) that must be monitored to ensure and quantify compliance and
subsequent incentives or penalties to be issued (performance specifications of mobility
impacts [delay or queues]

The agency chooses the project for assessment purposes as part of its federally-man-
dated bi-annual process review

* Assumes that the state transportation code allows use of automated speed enforcement in work zones Source: Battelle

@ Characteristic could be addressed with this work zone ITS application
O Characteristic could be addressed with this work zone ITS application if some modification(s) were made or real-time actions taken by an operator.
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Key Point: Whether to use ITS to address a work
zone need has to be assessed because work zone

ITS may not be the only or best way to address a
particular issue.

For example, project staff at case study sites in Effingham
and Mount Vernon, IL considered whether to use ITS

the need for queue warning. Because on the need

for automatic queue warning and delay information
dissemination, staff at both projects considered alternatives
and decided early on that some type of work zone ITS
would be deployed. There had been previous efforts by
lllinois DOT to warn drivers approaching a work zone with
queues through the use of either enforcement personnel
positioned upstream of the work, or through the use of
lllinois DOT staff with truck-mounted CMS. The difficulties of
predicting when queues would occur, having sufficient staff
available to schedule during those times, and keeping the
warning device (enforcement vehicle or the truck-mounted
CMS) in the proper location relative to the end of the queue
reduced the practicality of these approaches. lllinois

DQOT staff were also concerned with the potential liability
associated with sometimes, but not always, being able to
have an enforcement vehicle or truck-mounted CMS present
when queues were expected.

Stakeholders should consider the differences in costs,
as well as benefits that each alternative would provide.
For example, even though an ITS deployment would
likely cost more than a public information campaign, the
ITS deployment provides real-time information and can
monitor the work zone status. While a public information
campaign is good for steady state conditions or specific
events, ITS is good for a dynamic work zone in which
roadway configuration may change on a frequent basis.

In weighing the benefits and cost of different strategies
for addressing work zone issues, it is helpful to keep

in mind that work zone ITS can give multiple benefits
that sometimes exceed the primary objectives. For
example, a work zone ITS deployment may enable traffic
management in real-time, better deal with changing
traffic conditions, and provide data for both performance
monitoring and assessment of benefits, even though
initial objectives may have been focused on providing
information to travelers. More benefits may be provided
by work zone ITS than cheaper alternative solutions
(e.g., public information campaigns that only addresses
the initial objective).

Several analytical tools have been developed for

use in evaluating work zone traffic control strategies.
The FHWA has developed a traffic impact analysis
spreadsheet, known as QuickZone.?? QuickZone can
estimate the delay impacts of various work scheduling
or configuration alternatives, such as doing work at
night instead of during the day or of diverting the traffic
to various detour routes during different phases of the
construction. The FHWA Traffic Analysis Toolbox includes
guides for work zone modeling and simulation.?® These
documents provide guidance on using analytical tools
in work zone planning and management, including
work zone analysis, selecting a modeling program, and
approach.

2.8 How can buy-in be obtained from
stakeholders and other agencies?

Ideally, buy-in from core stakeholders should be
achieved during Step 1. However, some agencies

may choose to wait until the vision for the system is
more mature before bringing in the entire spectrum of
stakeholders listed previously. The size and magnitude
of the work zone, as well as the expected complexity and
scale of deployed ITS technology in the work zone, will
impact the timing. For example, if a simple off-the-shelf
system is being deployed, a general notification to key
stakeholders should be sufficient. However, other cases
will require more active participation, closer coordination,
and stakeholder buy-in earlier, such as a case where
ramp metering or a transit or truck bypass is being
considered for a work zone.

The scope of the work zone project will affect the level of
stakeholder buy-in required, as well as how difficult it will
be to attain it. Buy-in for temporary or short-term work
zone projects that do not affect long-term operations

will generally be easier to obtain than similar buy-in

for long-term projects requiring permanent changes

in procedures or staffing responsibilities, although the
costs may be harder to justify for shorter-term projects.
As complexity or duration of the project increases, so too
does the requirement for greater contact with affected
agencies.

Peer-to-peer contact, i.e., developing inter-agency
relationships among staff at the same level, is

typically the most effective form of interaction. These
relationships should be developed at the line supervisor
and even the operator level, depending on the scope

of the project. Cross-training, i.e., having staff from a
different agency work alongside host agency staff for

2More information about QuickZone is available at http://ops.fhwa.dot.gov/wz/traffic_analysis/quickzone/. QuickZone is available for purchase from the McTrans Center
for Microcomputers in Transportation at the University of Florida at: http:/mctrans.ce.ufl.edu.
2More information on the FHWA Traffic Analysis Tools, specifically Work Zone Modeling and Simulation Guidance in Volumes VIII, IX, and XII can be found at: http://ops.

fhwa.dot.gov/trafficanalysistools.
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a fixed period of time, has been effective in fostering for each individual agency being recruited. Answering
better working relations and understanding of key needs. the question “What’s in it for me?” is an effective way to
Another useful tool in obtaining buy-in from varying elicit support from other agencies.

stakeholders is to communicate the estimated benefits

LGAELCEVEVS]

* The main product of Step 2 is a concept of operations report. This report builds on information gathered and established in
Step 1, and documents a vision for the system, such as the one illustrated in Figure 11. It should incorporate the goals and
objectives of the system and the system strategy, and serve as a guide for system development. The report should also
provide a summary of the processes in Steps 1 and 2 and document stakeholder input. The report should be scalable to
the extent and complexity of the system.

Engage ITS staff as a source of expertise.

Achieving a broad level of consensus in this step is a prerequisite to moving to Step 3. Presenting the results of Step 2 to
a stakeholder group is essential. Agencies sometimes skip this consensus-building step and move on to requirements
and design. When that happens however, the agency will likely get mired in unanticipated questions and issues from
stakeholders later that would have been easier to address sooner.
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Figure 11. The product of this step should include concept of operations scenarios, such as this graphic for a work zone traffic
management system.
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STEP 3

DETAILED SYSTEM
PLANNING AND
DESIGN

The main objectives of Step 3 are to develop system requirements and specifications, develop performance
measures for the system objectives, and prepare plans for deployment and subsequent operations and
maintenance. The product of this step will be the overall Work Zone ITS System Plan. Sub-steps to developing the
plan are depicted in Figure 12. These steps should be done within the context of TMP development, implementation,

and evaluation for coordination with other TMP strategies.

3.1 3.2 3.3 3.4
Determining Develop- Develop- Planning
system ing the inga for opera-
require- system testing tions and
ments design strategy mainte-
and specifi- nance
cations

3.5 3.6 3.7 3.8 3.9

Determining s
staff training Planning
needs for for

those using public
and operat- outreach
ing the work

zone ITS

Planning for
evaluating

Investi-
gating
system

Estimating
system
benefits
and costs

security

Source: Battelle

Figure 12. Sub-steps to be explored in Step 3.

3.1 Determining system requirements and
specifications

The objectives of the ITS work zone application and

the manner in which it would operate to achieve these
objectives are documented in the concept of operations
developed in Step 2. The next step is to develop system
requirements. These requirements define what the
system will do. System requirements and specifications
will be most effective if they also define performance
targets and requirements. Typically, a trade-off exists
between the amount (and cost) of system features and
components (i.e., spacing and coverage of sensors,
number and types of information dissemination devices,
and services to be provided, etc.). Defining performance
targets and requirements provides a basis for deciding
what features and components are critical to achieve
system objectives. All requirements should link with
specific user needs and/or operational policies and

24For more information, see: http://www.iteris.com/itsarch/

constraints established in the concept of operations
documents to preserve traceability. No requirement
should exist that does not link to a user need, operational
policy, or operational constraint, and vice versa.

By conducting a thorough and well-focused
requirements generation process, agency staff will
better manage stakeholder expectations, ensure that
the key needs identified earlier are addressed, and gain
consistent understanding of and buy-in for the system,
and will be able to develop a more realistic estimate of
the project deployment schedule and cost. The level of
effort required for this activity depends on whether the
agency has used a system of similar capabilities in the
past and has past requirements and specifications (its
own or from a peer agency) from which to work, and how
many unique or unusual objectives exist. The National
ITS Architecture®* can help define requirements and
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specifications, and should be consulted and followed Some examples of system requirements that have been
when designing such systems. For more complex developed by state DOTs for several types of work zone
projects, the requirements documentation process ITS are available from AASHTO.2® The examples are
should be done in two levels to include first high-level from several State DOTs, including Michigan, Minnesota,
requirements, then detailed requirements. Missouri, and North Carolina, and cover real-time traveler

information systems, speed management, and dynamic
lane merge systems. An example of requirements for a
work zone ITS are presented in Figure 13 below.

Requirements will necessarily vary for various types of systems, deployments, and agencies. As an example, a Minnesota
project team developed this set of physical, functional, system, and maintenance requirements for the deployment of a
traffic monitoring system in a work zone.

Physical Requirements

1. The system shall be self-contained in a traffic barrel.
2. The traffic barrel shall be indistinguishable from other traffic barrels to passing drivers.
3. The device shall meet crash safety standards for use on the National Highway System.

Functional Requirements

1. The system shall detect speed of vehicles travelling towards the sensor.

2. The system shall detect the volume of vehicles travelling towards the sensor.

3. The system shall have a cellular modem for communication to the central office when cellular access is available.

4. The system shall have a satellite modem for communication to the central office when cellular access is not available.
5. The system shall report speeds within three miles per hour of actual speeds.

6. The system shall be configurable to report data every minute.

7. The system shall be configurable to operate in a continuous data collection mode.

System Requirements

1. Data requirements
a. The system shall report data in real time.
b.Real time data shall be available from a designated website.
c. The system shall report data to the central office.
d. The system shall report adjustable binned historical data.
i. System shall report 85" percentile speed data.
ii. System shall report 50" percentile speed data.
iiii. System shall provide a binned speed curve.
e. Binned historical data shall be downloadable from a designated website.
i. Historical data shall be downloadable in Microsoft Excel format.
f. The system shall be capable of providing per vehicle speed records.
2. Website requirements
a. Data recorded by the device shall be available on a designated website.
b. Historical data on the website shall be password protected.
c. The website shall provide a mapping function that pictorially illustrates the location of the devices.
d. The website shall provide a mapping function that pictorially displays speed data in a color-coded format.
e. The website shall provide both graphed and tabular historical data.
f. The website shall produce an XML feed that can be parsed by the DOT’s traffic management software.

Maintenance Requirements

1. System setup shall only require one person.

2. System shall be powered with a sealed 12-volt battery.

3. System shall function for a minimum of 14 days on a single battery charge.

4. System battery shall be replaceable in the field without losing data.

5. System shall recharge within a 12-hour period when connected to 120 VAC power.

These requirements can be found at: http://www.dot.state.mn.us/guidestar/2006_2010/icone/iconefinalrequirements.pdf.

Figure 13. Requirements for a work zone ITS deployment in Minnesota. Source: Minnesota DOT

»The AASHTO work zone ITS website can be found at: http://ssom.transportation.org/Pages/ITSinWorkZones.aspx.
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As part of the system requirements and specifications
process, agencies should consider the potential need
for, or opportunities of, establishing interoperability

and connectivity with other ITS components and
transportation management system components in the
region. Doing so can result in significant economies

of scale and expand the potential range of influence

of a work zone ITS. For example, a work zone

traveler information system could be designed to feed
information to an agency’s existing traveler information
website or 511 system, rather than establishing a
separate website or not making the information available
online to the public and others. A work zone incident
management system may be best accomplished by
installing temporary devices in and around the work
zone to monitor and view traffic conditions, and sending
the data and images back to the regional TMC already in
place, as depicted in Figure 14, rather than developing a
separate temporary TMC for the project or relying solely
on DOT project staff to monitor the images. The FHWA
publication Designing for Transportation Management
and Operations: A Primer would be a useful resource for
these considerations.?

Work zones are often dynamic and frequently changing
throughout a project. Consequently, the system
requirements and specification definition process
should also address if and how the system must
respond to changes in the work zone environment

over time. Whether it be a change in device location

to accommodate major traffic switches, adjustments

in the thresholds being used to activate certain control
and management functions, or provisions in a contract

that determine when the system is no longer needed,

it is important to think through and capture these
requirements at this point in the design process. With
respect to system duration considerations, work zones
can be finished ahead of schedule or be delayed.
Consequently, it is often a good idea to include
contingency plans within the system design process.
Adding a contingency plan could increase costs
somewhat, but may be preferable to having to retrofit the
system after the fact.

3.2 Developing the system design

Development of the system design will take into
consideration much of the documentation assembled
in previous steps. The concept of operations from
Step 2 describes how the system will work, and system
requirements and specifications provide more specific
details for what the system needs to do. In this step,
the hardware and software interfaces, site plans for
the system components, and the integration of the
COTS elements are designed. It is important that the
design team or contractor has access to all of this
documentation when developing the system design,
especially if innovative contracting methods are used.

The project team will establish the number and type
of technological components during system design,

if not already identified through the development

of the requirements and specifications in substep
3.1. Alternatively, an agency may choose to allow a
contractor to propose all or some aspects of the work
zone ITS system design, given the requirements and
specifications that the agency has developed. The
system design provides additional detail regarding

Figure 14. The Las Vegas Freeway and Arterial System for Transportation (FAST) provides regional support for work zone activities.

#This document can be found at: http://www.ops.fhwa.dot.gov/publications/fhwahop13013/index.htm

VMH4 :921n0S
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the placement of components within the project
area. Strategic placement of components such as
sensors and PCMS is important for the work zone
ITS deployment to be effective. For example, PCMS
used for a queue warning system need to be placed
upstream of the maximum expected queue length.

This is also an appropriate time to consider driver
capabilities to verify that the system being planned

for and/or designed will be satisfactory from a human
factors perspective. Motorists can only process

a limited amount of information while driving. It is
important that any messages planned for display

on CMS follow current guidance to ensure that

the information is clear, concise, and credible.
Characteristics of the devices and their deployment
locations should also be considered. For example, the
Manual on Uniform Traffic Control Devices?” provides
specifications for CMS, stipulating that the size of the
text on a message display must be sufficiently large and
visible (a minimum of 18 inch characters for freeway
conditions) so that drivers do not have to slow down to
give themselves more time to read. Message boards
should be positioned away from obstructions that might
limit viewing times, such as piers, abutments, parked
construction equipment, etc. In areas with significant
truck traffic, the agency should consider whether some
message boards need to be on the left as well as the
right side of a multi-lane road for visibility. The location
should also be far enough upstream of key decision
points to allow drivers time to process the information
and take appropriate action.

The California DOT “Systems Engineering Guidebook
For ITS” may serve as a useful reference during this
step.®

3.3 Developing a testing strategy

Development of a coherent testing strategy to validate
the functionality and accuracy of the ITS is a key
component of successful deployment of the system

in the demanding environment represented by a work
zone. (Note: testing involves validation of the ITS
functionality and accuracy before activation, while
evaluation assesses the ITS system performance after
activation.) The test plan can be prepared by an outside
contractor, but should be closely scrutinized by the
agency. The test plan does not need to be extensive

in all cases; simple validation may be sufficient for a
COTS system. Inadequate testing could fail to detect
problems in system component operation until after the
system is activated for the public.

2’Available at: http://mutcd.fhwa.dot.gov.

The test plan should be scheduled to provide sufficient
time for resolving any problems that may arise, as well
as retesting, in case any part of the system fails the
initial testing. Tests should be established for each
detailed level requirement defined in Step 2. A table
listing all detailed level requirements in one column
and corresponding tests in the adjacent column is a
useful tool for ensuring that the test plan is adequate.
There should be one test for each requirement and a
requirement for each test. If either a requirement or a
test is missing its corresponding element, the table is not
complete.

Acceptance testing typically consists of the following
tests:

* Functional testing — requirement-by-requirement
testing of the system’s ability to meet specifications as
envisioned.

* Performance testing — evaluates how well the system
performs under various conditions

* Throughput testing — measures how quickly the
system processes a discrete event of data transfer or
how quickly the system responds to operator input

* Storage testing — measures the ability of the system to
store data or handle the operation of multiple programs
simultaneously

* Stress testing — evaluates system operation under the
peak load it is expected to encounter

* Failure mode testing — evaluates the system’s ability
to diagnose, report, and respond to failures (e.g., field
devices, central system computer, power)

* Operability testing — tests the system’s ability to
operate for long periods without failing (e.g., central
software crash).

Test plans for the system should include the following
elements:

* Test schedule developed as part of the overall project
schedule, including sufficient time for resolving any
problems that may arise, as well as retesting in case
any part of the system fails the initial test

* Consistent test data used to populate files and
databases prior to collection of actual data

* Data sheets used to record test data

* Expected test results including detailed level
specifications that define expected system
operating parameters (e.g., system reporting every 2
minutes), or other expected results if not called for in
the specifications

* Requirements table listing requirements and
corresponding tests

*Available at: http://www.dot.ca.gov/newtech/docs/se_guidebook ver1-12 14 05.pdf
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* Test reports that tell the project team how well the
system performed.

3.4 Planning for operations and
maintenance

During the planning step, the agency needs to consider
what will be needed for operating and maintaining the
work zone ITS. For example, incorporation of work zone
ITS components into a permanent ITS deployment may
place additional demands on TMC staff. This needs

to be recognized during the planning process. Ideally,
these types of needs should be addressed as part of
TMP development and implementation. Automated
systems may require fewer agency operational
considerations since operations and maintenance may
be handled by the vendor.

The level of effort required for system maintenance
planning depends largely on how the ITS portion of the
work zone is procured. For example, some DOTs have
procured work zone ITS as part of a larger construction
contract, and maintenance was the responsibility of the
contractor. Operations and maintenance are frequently
overlooked in ITS application development.

In general, work zone ITS deployments tend to be
concerned primarily with corrective maintenance
issues, due to the short life span of these deployments.
Short-term maintenance issues include tasks such as
replacement of power source for the equipment (e.g.,
recharging or replacing batteries); minor adjustments
of the location of system signs and detectors to
reflect queue lengths that are different from what was
anticipated; movement of equipment due to work
zone configuration changes; and troubleshooting and
repairing malfunctions. Longer-term issues, such as
system enhancements, are less of a consideration.

Implementing agencies should carefully plan for
maintenance needs when determining the response
requirements for system uptime and penalties for system
downtime. For example, the agency should specify if
someone needs to be on-site 24/7, what response times
are expected (e.g., within 4 hours, 24 hours), and what
penalties will be assessed if a system is down and at
what point (e.g., after 2 hours) the penalties will begin.

It is also important that provisions be made to maintain
functionality of existing ITS. Many projects result in
power (and thus system functionality) being lost, for
example, unless special arrangements for maintaining
capabilities are made in advance.

Due to the limited duration typical of work zones,
operations and maintenance responsibilities can be

included with the procurement of the system. For
example, an agency can pay a contractor a “per day” fee
for the ITS application that includes operation of the ITS.
The “per day” fee technique can result in significant staff
time cost savings for the agency, as agencies are not
required to dedicate staff to these projects or maintain
inventories of spare parts. The agency should not be
overly prescriptive regarding operational aspects of the
ITS, such as requiring that the system process data on-
site; vendors may be able to more cheaply process data
off-site, and send it back to the field, as needed.

Example: Operations and Maintenance costs —

1-70/1-57 Project in Effingham, lllinois.

Operations and maintenance costs can vary significantly
for various reasons. A traffic management system was
procured as part of the overall bid by the contractor for a
work zone project on the I-70/I-57 interchange in lllinois.
This was budgeted at $1,800/month over 25 months
($45,000 total) for 70 devices. lllinois DOT intended for
the system to remain operational and used during 3
other contracts that were scheduled to occur within the
section over the next several years. The next contract
that was let also included this component, but was bid
at much a different value: budgeted at $29,767/month
over 25 months ($744,187 total) with only a few devices
added from the previous contract. Agency and contractor
understanding of desired operational conditions is
important for requesting and submission of bid requests
because the bid costs can vary greatly.

3.5 Determining staff training needs for
those using and operating the work zone
ITS

The amount of training needed will be determined by

the approach that will be taken to procure, operate,

and maintain the system. If the system will be leased,
operated, and maintained by the vendor or a contractor,
training of agency staff will focus primarily on operational
aspects of the system. This can be very important as
the agency, contractor, and vendor work to fine-tune

the system. For example, for a recent work zone ITS
deployment in lllinois, the agency, contractor, and vendor
worked together to identify ways to improve the queue-
end warning system, calibrating it to generate messages
from queue length data, and make adjustments

as necessary throughout the course of the project.
However, if the agency will be responsible for operating
and maintaining the ITS, agency staff will need to receive
in-depth training on all aspects of the system. Agency
staff will need to learn about each component of the
system, and how the components work together, as well

A-80




34 DETAILED SYSTEM PLANNING AND DESIGN

WORK ZONE ITS IMPLEMENTATION GUIDE

as system set-up, maintenance requirements, testing
techniques, and troubleshooting. The agency will need
to determine the most appropriate people to receive
the training, which would most likely be provided by the
system supplier. Redundancy in staff training should be
included to account for staff turnover and absences.

The National Highway Institute (NHI) offers courses
addressing a wide variety of aspects of ITS.2 The
curriculum covers several topics of interest to project
managers of work zone ITS, including systems
engineering, project management, telecommunications,
software acquisition, and ITS procurement.

The Consortium for ITS Training and Education (CITE),*
composed of numerous university and industry partners,
offers a wide variety of ITS online courses on topics

that include incident and emergency management,
transportation management, systems engineering, and
rural ITS.

Other resources include ITS courses available through
the Local Technical Assistance Program (LTAP).3" Also,
some agencies that operate and maintain permanent ITS
have developed their own curriculum.

3.6 Planning for public outreach

An important step in the planning process is to determine
the amount and type of public outreach that the agency
wants to pursue to alert local residents and businesses
to the system and its capabilities, including web-based
information. For example, how useful would it be to
display real-time traffic information on a website if
nobody knew that the website existed or how to access
it? Carefully prepared press releases and involvement

in community meetings are some of the strategies
employed with success by state agencies.® A number of
agencies have learned that proactively working with the
media has been a highly successful means of reaching
out to the public. The media provides the agency with

a free means of disseminating information to the public.
It is important to plan for public interaction throughout
the course of the project and should be done within

the context of TMP development, implementation, and
evaluation for the project, in order to keep the public
informed and receive their feedback. An example of a
press release is exhibited in Figure 15.

The FHWA offers a guide about “Work Zone Public
Information and Outreach Strategies” that is designed
to help agencies plan and implement effective public
information and outreach campaigns to mitigate the
negative effects of work zones.*

ip: It is important to use a proactive approach in building public awareness of the project and

the information that the ITS application will provide.

Successful techniques include holding press conferences, issuing news releases, and keeping local media (especially those

the public turns to for traffic information) up to date.

®More information about the ITS curriculum is available on the ITS Professional Capacity Building (PCB) Program website at: http://www.pcb.its.dot.gov.

“More information at: http://www.citeconsortium.org.

$'The LTAP resource database can be searched at: http://www.ltap.org/resources/searchdbs.php.
#Note that the Manual of Uniform Traffic Control Devices (MUTCD) prohibits the display of website addresses on CMS and PCMS.
%This guide is available online at: http://www.ops.fhwa.dot.gov/wz/info_and outreach/public_outreach guide.pdf.
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NEWS RELEASE

STATE OF NEW HAMPSHIRE, DEPARTMENT OF TRANSPORTATION
Charles P. O’Leary, Commissioner

For Immediate Release Contact: David Rodrigue

October 8, 2007 [-93/ITS Project Manager
(603) 271-6862
Public Information Office
(603) 271-6495

NHDOT DEPLOYS “SMART WORK ZONE” ON 1-93 PROJECT IN SALEM
PURPOSE IS TO INFORM MOTORISTS OF WHAT TO EXPECT AHEAD

The New Hampshire Department of Transportation (NHDOT) has deployed a
Smart Work Zone System as part of the Interstate 93 Exit 1 rebuilding project. The
primary goal of this system is to provide a safe and efficient travel corridor through the
work zone by alerting motorists about what is happening along the road ahead.

The Exit 1 Smart Work Zone consists of changeable message signs that provide
information to motorists as they travel through the work zone, traffic sensors that measure
vehicle volumes and speed, and a mounted camera that provides images of traffic through
the construction corridor.

Motorists will be able check travel conditions in the work zone via the internet
and will receive vital incident or road construction information through changeable
message signs strategically located within three miles north and south of the project area.
Motorists will be able to use this information to prepare for stopped or slowed traffic
ahead, or they may choose an alternative route. The idea is to let the motorist decide what
action to take. Also benefiting from the Smart Work Zone will be emergency personnel
responding to incidents on I-93 in the vicinity of Exit 1 in Salem.

The Smart Work Zone has a website link that may be accessed throught the 1-93
project website at www.rebuilding 93.com. This website link provides the traveling
public an Internet location to view the messages displayed on the message signs, the
speeds measured through the work zone and an image of the traffic on I-93.

The volume, speed and queue (length of stopped or slowed vehicles) data will be
collected and used by the NHDOT to evaluate the impact of the work zone on traffic in
this portion of the I-93 corridor.

-XX-

Public Information Office - P.O. Box 483 - 7 Hazen Drive - Concord, New Hampshire 03302-0483
Telephone: (603) 271-6495 Fax: (603) 271-3914 web address: www.nhdot.com

Figure 15. Example press release for a work zone in New Hampshire.

Source: New Hampshire DOT
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3.7 Investigating system security

Agency staff need to take system security into
consideration to ensure that access to the ITS
application is protected from unauthorized intrusion.
System security is especially critical for systems
providing traveler information. Most COTS and
permanent ITS deployments rely on a multi-level
architecture that grants varying levels of access to the
system, depending on the attributes of the user. Some
users, for example, will be granted the ability to review
the system operating conditions on a website, but not
be able to change operational strategies or access more
detailed data. Other user may be designated managers
of the system, and be allowed to make certain changes
to the system. Typically, one or two users may be
designated as the system administrator, with the greatest
level of access and control privileges granted to them.

In addition, agencies also need to consider the
vulnerability of the system’s physical components.
Sturdy locks and strong passwords should be placed on
cabinet doors and computer access points, respectively,
where possible. All keys and passwords for the
equipment should be stored away from the devices.
Also, many agencies position devices in locations
where it is difficult for thieves to access and steal the
device. Although these are basic security procedures,
several locations around the country have experienced
security violations where PCMS were programmed to
display a false message (see Figure 16), which was
made possible by easily guessable or visible system
passwords. Easily portable components, such as solar
panels, trailer tires, and barrels with sensors have also
been stolen. Advances in global positioning satellite
(GPS) and other technology in recent years has made
monitoring and tracking of equipment easier, reducing
theft and vandalism problems.

Figure 16. PCMS in several states have been illegally accessed
and had messages changed.

@ Example: Work Zone ITS Security Issues.

Vandalism was a problem on the I-40 reconstruction project
in West Memphis, Arkansas. Although securely locked, the
control center trailer was broken into by vandals, who ripped
the system wires from their connections and destroyed the
monitor for the computer. The vandalism resulted in several
days of downtime while a replacement computer was

sent from the system developer, and damaged wiring was
reconnected.

At a separate project in lllinois, a set of portable traffic
sensors was stolen. However, officials used the location
tracking technology built into the device to identify their
location in the thief's garage, making apprehension and
recovery of the equipment by local law enforcement
personnel very easy.

3.8 Planning for evaluation

Evaluation is the rational assessment of how well system
goals and objectives are being achieved, and it is an
essential ingredient in good project management. The
most effective evaluations occur when the goals and
objectives for a work zone ITS are explicitly stated,
measurable, and agreed to by all stakeholders.
Considerations for evaluation at the early stage of the
project, particularly during concept development and
development of requirements, can greatly facilitate
subsequent evaluation of the system. Although
evaluation should be considered during each step of the
process, formal planning for evaluation cannot occur until
the system is well defined.

The primary purposes of evaluations are to:

* |dentify changes needed to fine tune and optimize
existing system operation or design and improve
performance. In this way, the deployment is more likely
to meet or exceed established goals and objectives.

* Understand and quantify the benefits of the system,
which can help to identify future work zone ITS
investment decisions (by documenting conditions for a
successful implementation).

* Document lessons learned.

Planning for evaluation should begin with a determination
of the appropriate scope for the evaluation. The

scope for the evaluation establishes the extent of the
assessment (e.g., effort, level of detail, how frequently
evaluation will be done for the project) and might be

¢ based on the complexity of the system, as well as the

duration and scale of the project.

A-83




WORK ZONE ITS IMPLEMENTATION GUIDE

DETAILED SYSTEM PLANNING AND DESIGN 37

Quantifying benefits need not be overly complex: for
example, a North Carolina Smart Work Zone system
was observed to have fewer crashes compared to other
work zones without the technology.®* Another example
of quantified benefits was documented in the case of a
California automated work zone information system that
reduced traffic demand through the work zone, having

a maximum average peak delay 50 percent lower than
expected.® Public satisfaction is also valuable, and
comments and feedback from the public can be a useful
gauge of the value of a system. In Little Rock, Arkansas,
for example, 82 percent of drivers surveyed agreed that
an Automated Work Zone Information System improved
their ability to react to slow or stopped traffic.¢

An evaluation includes, at a minimum, periodic
monitoring of the data and analysis of performance
measures, which necessitates a plan to collect and
archive relevant data to adequately assess system
performance. For example, an evaluation of a traveler
information website might include counting hits or user
sessions. Tracking visitor sessions or “visits” to the
website is recommended as a tool to easily compare
between sites. Trends on website usage may also assist
in evaluating other facets of the work zone project, such
as the effectiveness of a public awareness campaign
and whether a website is a good investment that should
be included on future ITS deployments.

Evaluation can benefit the agency responsible for

the deployment of the work zone, as well as the
traveling public. The lessons learned can be used for
adjustments to the current system and can also be
incorporated into future work zone applications. By
framing a plan for a robust evaluation early, an agency
can plan data collection activities, rather than piecing
together available shreds of data after the project. This
is also a time to consider data needs for agency process
review. In addition, evaluation results can serve as a
valuable resource for other agencies and planners. In
general, the need exists for more data collection to
better quantify benefits. Ensuring that work zone ITS
will archive data in a format and level of completeness
to allow the analyst to drill down to detailed impacts will
allow agencies to better quantify those types of impacts,
and develop strategies to minimize their occurrence in
the future.

Several FHWA documents provide useful guidance for
the use of work zone safety and mobility performance
measures. First, A Primer on Work Zone Safety and
Mobility Performance Measurement® offers information
for understanding data requirements for generating
useful performance measures. A companion document,
the Work Zone Performance Measures Pilot Test®®
summarizes lessons learned through the identification
and testing of a candidate set of work zone mobility-
related performance measures at five projects
nationwide. A third document, Guidance on Data Needs,
Availability, and Opportunities for Work Zone Performance
Measures® provides more in-depth information and
guidance on the usefulness of various measures, and
the data necessary to develop and use them effectively.

Tip: Helpful hints for planning an evaluation.

¢ Evaluations can be either qualitative or quantitative;
however, the best evaluations employ a combination of
both types of information.

* Examining the role of research in the evaluation step of
the project will help clarify the types of analyses that can
be performed to produce benefits data.

* The most effective evaluations occur when the goals
and objectives for a work zone ITS are explicitly stated,
measurable, and agreed to by all stakeholders.

e |t is helpful to provide a mechanism for the public to
offer feedback on the project. Several agencies have used
comment sections on the project websites to collect this
feedback.

* The formality and magnitude of an evaluation should
match the level of the ITS deployment. An informal
evaluation may be sufficient for simple systems, while a
more formal evaluation would be better suited for a
larger-scale deployment.

The ITS JPO at USDOT has developed a six-step
process for evaluating ITS projects, which is shown
graphically in Figure 17, and should be considered at
this stage of the project. Some of these steps will be
carried out later during and after system deployment, but
the planning should occur now.

3¢Additional information can be found at: http://www.itsbenefits.its.dot.gov/ITS/benecost.nsf/ID/AADOAG4995FF6FFA8525733A006D

5298?0OpenDocument&Query=Home.

%5Additional information can be found at: http://www.itsbenefits.its.dot.gov/ITS/benecost.nsf/ID/F1F2919AE17E081285257172005C8

569?0OpenDocument&Query=Home.

%Additional information can be found at: http://www.itsbenefits.its.dot.gov/ITS/benecost.nsf/ID/76 COF2DE2BF5DB1D85257603004E

031D?0penDocument&Query=Home.

S"This is available online at: http://ops.fhwa.dot.gov/wz/resources/publications/fhwahop11033/fhwahop11033.pdf.
%This is available online at: http://www.ops.fhwa.dot.gov/wz/resources/publications/fhwahop11022/.
PFHWA-HOP-13-011, February 2013, http://www.ops.fhwa.dot.gov/wz/decision_support/performance-development.htm.
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Form the * Choose an evaluation
Evaluation * Discuss access to data
Tream * Discuss questions of independence

Identify project objectives (what)
Develop the Id'entify evaluation objegtives
Evaluation Dlscuss.general e\{aluatlon approach (how)
Strategy * Technical Analysis

* Institutional Analysis

* Economic Analysis

Formulate hypotheses about system
performance

* Identify Measures of Effectiveness
* |dentify data sources

* |dentify evaluation time frame

» Coordinate with project staff

Develop the
Evaluation
Plan

Develop One » Specify how test will be conducted

or More Test * |dentify staff, equipment, supplies,
Plans procedures, schedules, and resources

* Implement each test plan

* Carefully consider the need for cooperation
among partners

* Discuss before and after data
* Set stage for long term monitoring

Collect and
Analyze
Data and
Information

Prepare + Distribute to relevant stakeholders and

decision makers

¢ Submit to ITS Benefits and Unit Cost
Database

Final
Report

Figure 17. Overall evaluation process for ITS applications in work zones.

The ITS Evaluation Resource Guide? contains a more satisfaction. Sample evaluation strategies, evaluation
detailed explanation of this six-step process, as well as plans, test plans, and final reports are also available for
a discussion of evaluation measures that correspond downloading from the website. Table 8 presents some
to overall ITS goal areas — safety, mobility, efficiency, example criteria that might be used for a work zone ITS
productivity, environmental impacts, and customer evaluation.

“°Available online at: http://www.its.dot.gov/eval/eguide resguide.htm.
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Table 8. Example evaluation criteria.

Evaluation Objective Hypothesis Measures of Effectiveness Required Data

The ITS will reduce
travel time through
the corridor during

Mobility — Reduce
delay and optimize
travel times through

the construction construction.
corridor by providing o
advanced traveler
information

[ ]
Safety — Improve The ITS implementation e

will reduce crash risks
during construction.

traveler safety in the
construction corridor

The ITS will result in .
improved satisfaction
among corridor users.

Customer
Satisfaction -
Improve travel
satisfaction for
corridor users during
construction

The ITS will result in o
improved coordination
among implementing
agencies.

Institutional —
Improve coordination
among implementing
agencies.

3.9 Estimating system benefits and costs

A key part of system planning is estimating system
benefits and costs. In estimating the benefits that the
system will have on traffic, mobility and safety are both
key factors to consider. Estimation of these impacts
will become easier as results become available from
more ITS in work zone deployments. At present, traffic
modeling and traffic flow theory can be used to estimate
impacts on delay through factors such as diversion

of traffic around the work zone. The level of effort
spent to evaluate potential system impacts should be
proportional to the size, duration, and complexity of the
work zone. A complex 25-mile, 3-year work zone would
require a more extensive evaluation of system impacts
than that for a simple 1-mile, 2-month work zone. In

e Change in travel time over
baseline conditions in the
primary direction during
construction

Change in the overall
corridor-wide travel time
reliability

Change in travel time on
recommended or viable
alternate routes

Changes in the number of
crashes or crash severity
occurring in the corridor

Changes in speed variability
along the corridor during
construction

Change in the number of
conflicts that occur in the
corridor during construction

Corridor traveler
perceptions

Corridor traveler behavioral
response to system
components

Update frequency and
perceived accuracy of
provided information

Number of institutional
issues

e Observed corridor

travel time during
construction

Observed travel time
variability

Observed alternate
route travel times
during construction

Observed queue
lengths before and
after ITS on mainline
routes

Historical crash data
Real-time crash data

Observed speed
variability during
construction

Observed number
of conflict situations
occurring during
construction

Opinions of corridor
travelers serving on a
panel survey

Traffic volumes on
alternate routes and
mainline

Wide distribution of
customer satisfaction
surveys

Documented
institutional issues

Source: Battelle

estimating system impacts, it is important to consider the
whole area that the ITS deployment will influence (see

Figure 6).

By this stage, the general cost estimates developed in
Step 2 can be refined based on better-defined system
characteristics. When refining cost estimates, agencies
should be sure to consider ancillary costs such as
required training, agency labor, outreach activities, and

system maintenance.

It is also recommended that

agencies include a reserve or contingency fund to pay
for unexpected items, such as fixing system integration
and communications problems (e.g., costs for cellular

modems and pagers, etc.).
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System costs will vary widely depending on whether The ITS JPO maintains an ITS Benefits and Unit Cost
the system is purchased or leased, and whether labor Database to assist users with estimating system and
associated with operating and maintaining the system unit costs of ITS elements and deployments across the
is provided internally by agency staff or by an outside country.4!

contractor. These procurement options and issues will
be discussed further in the next section.

Key Takeaways

* The main products of Step 3 are detailed system plans that build on the concept of operations from Step 2. The concept of
operations describes the objectives of the system and how it would operate to achieve the objectives. Step 3 develops the
system requirements and specifications that define what the system will do and ideally include performance targets.

* Documentation should include plans for system testing, operating the deployed system, the staffing approach, any
necessary public outreach, system security considerations, and evaluation throughout and at the conclusion of the project.
It is important to plan for each of these aspects to avoid issues later with system deployment and to ensure that data will be
available for system evaluation.

* The most effective evaluations occur when the goals and objectives for a work zone ITS are explicitly stated, measurable,
and agreed to by all stakeholders. Then it is much easier to pick appropriate performance measures for evaluation and to
know what data to collect to best determine system success and value.

“The database is available online at: http://www.benefitcost.its.dot.gov; the website has instructions on how to contribute.
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STEP4

PROCUREMENT

The obijective of Step 4 is to procure the work zone ITS. This requires first considering a number of options, based
on the type of deployment being procured. Sub-steps to developing the plan are depicted in Figure 18.

4.1 4.2

Assessing Deciding
procurement direct

options or indirect
procure-
ment

4.3

Determining Issuing a Selecting the

the procure- request for preferred vendor,
ment award proposals consultant, or
mechanism contractor

Figure 18. Sub-steps to be explored in Step 4. Source: Battelle

4.1 Overview of procurement approaches

In many ways, the procurement options available for
work zone ITS depends on the characteristics of the
ITS needed. Traditionally, ITS procurement for work
zone applications has primarily been for either COTS
or customized ITS solutions. An agency or contractor
would obtain the equipment, software, and operational
expertise to gather, process, and use data to monitor
conditions, measure performance, disseminate
information to drivers, and otherwise manage traffic
through and around the work zone. However, the
potential now exists for agencies and contractors to
purchase data collected by private-sector data providers
for similar purposes.

An agency can directly procure ITS equipment, services,
and/or data for its own use and dissemination as part of
work zone safety and mobility management efforts, or
can procure these items indirectly through specification
of the ITS needs as part of the roadway construction

or maintenance contract. A number of alternatives

then exist within these two basic approaches. These
approaches and alternatives are described in the
following sections. [t is important to realize that the type
of work zone ITS selected will influence the procurement
options, which will impact the choices for procurement
award mechanisms in the next step, as shown in Figure
19.
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Select Work Zone Select Procurement Select Award

ITS TYPE Method Mechanism

Commercial-Off-The
Shelf (COTS) Products

Customized Work
Zone Solutions

Direct
Purchase

> Lease

Indirect
Third Party Data or Requirement for ITS in bid Best-Value Selection
Services document

Change order to add
ITS to existing contract

As a value-added element

To measure performance
criteria requirements

Low Bid Selection

Negotiated Selection

Sole-Source Selection

Source: Battelle

Figure 19. Agencies must select the work zone ITS type first, which could impact the type of procurement
method and award mechanism that are used.

Procuring private-sector data

The procurement of private-sector data is a relatively new
approach for agencies. Two types of private-sector data
providers exist:

* Private-sector information providers that supplement
their motorist travel time information to meet agency
needs; or

* Vendors who install, operate, and maintain sensors for
the agency and provide the data from the sensors to
the agency in the desired format.

The first type is the private-sector information service
providers who focus on providing real-time travel time
information to drivers on an ongoing basis. These
providers typically rely heavily on probe-based travel
time data sources, and have developed sophisticated
data fusion and travel time and congestion location

dissemination capabilities. Recently, these providers
have begun marketing their data to agencies who wish
to establish or supplement traffic condition monitoring
or performance measurement capabilities on various
routes in their jurisdiction. In essence, these companies
license the data to the agencies rather than sell the
data, as restrictions often exist in how the data can be
used or distributed by the agency.*? As of 2013, the
number of contracts (non-work zone) established to
obtain this type of data has been limited and is generally
negotiated between the data provider and the agency.
In one example, the agency paid $800 per mile per year
for access to the data in real time (plus an initial $200
per mile the first year).*® If the agency is only interested
in historical data (for computing a priori work zone
performance metrics as an example), it is anticipated to
cost less to have access to the data.*

“2Turner, S. et al. Private Sector Data for Performance Measurement — Final Report. Report No. FHWA-HOP-11-029. FHWA, U.S.

Department of Transportation, Washington, DC. July 2011.

“Middleton, D. et al. Synthesis of TxDOT Uses of Real-Time Commercial Traffic Data. Report No. FHWA/TX-12/0-6659-1. Texas Trans-

portation Institute, College Station, TX. January 2012.

“Edwards, M.B. and M.D. Fontaine. Investigation of Travel Time Reliability in Work Zones with Private-Sector Data. In Transportation
Research Record: Journal of the Transportation Research Board No. 2272. TRB of the National Academies, Washington, DC. 2012.

pp. 9-18.
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The second type of private-sector data availability
involves the installation, operation, and maintenance
of sensors at locations requested by the agency.

This type of private-sector data allows the agency

to leverage private-sector experience, supplement
existing resources, and lower agency risk. One vendor
offered bi-directional spot speed data to agencies

for $110 per location per month in 2012, providing all
installation, operation, and maintenance of the sensors,
and providing the data in the format designated by the
agency.*®

Key Point: Procurement of ITS need not
conform to a traditional approach.

The Minnesota DOT issued a stand-alone, design-bid-build,
best-value contract to facilitate work zone ITS for a set of
three simultaneous construction projects with separate
contractors on a single stretch of highway. This mechanism
helped assure contractor qualifications and expertise for
designing, deploying, and operating a single, quality ITS,
along with performance-based considerations for the
projects.

The Minnesota DOT has also discussed issuing a general
contract to have an ITS contractor on call. The ITS
contractor would engage stakeholders and provide input
and recommendations for work zone ITS early on for
selected projects the agency believes will require it, stay
abreast of rapidly changing technologies, and help the
agency use ITS to its maximum potential.

4.2 Deciding between direct or indirect
procurement
Direct Work Zone ITS Procurement Approaches

An agency has the option of directly purchasing work
zone ITS from a vendor or consultant, or leasing it. The
difference between these two approaches is in the
duration of availability of the equipment/service/data,
and who owns it, and in the operations and maintenance
responsibility.

Purchase: The agency owns the equipment/service
provided/data and is free to use it for as long as

deemed necessary. An agency typically also has

the responsibility for maintenance of the system, and
replacement of any components that become inoperable
due to accidents, wear, or neglect. This maintenance
could be performed by in-house staff if properly trained,
or purchased from a service consultant.

Lease: The vendor owns the equipment/services
provided/data, and the agency obtains the equipment/
service/data for a predetermined length of time (i