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1.0 Introduction

1.1 Background —Understanding the Challenge

Road construction and maintenance activities that require lane or shoulder closures are not always
reported to operations staff for dissemination to traveler information systems and the traveling public.
The provision of construction information to transportation management center (TMC) staff, particularly
for shorter duration and/or mobile work zones, if any, can be challenging given the fast-changing and
temporal nature of those work zones. Details about the timing of the lane closures or the location of the
closure in real time may vary with little notice, but are needed for posting specific messages for the
traveling public.

Gathering and reporting information can be time consuming for staff. When construction information is
known, TMC staff must often manually enter it into Road Condition Reporting Systems (RCRS). Likewise,
assembling precise (i.e., detailed, timely, and accurate) information can be difficult and time consuming
for staffin the field who have other responsibilities. Some agencies require contractors to provide real-
time information from the field with some utilizing a specific smart phone application for this purpose,
however getting this information on a consistent basis has remained a challenge.

The current state of practice generallyresults in limited detailed information available for agency use or
traveler information. Lacking precise, consistent, and reliable details about time and location of work
zone-related closures, TMC staff can only post genericinformation to dynamic message signs (DMS)and
traveler information dissemination systems, if anything at all. Consequently, the traveling public often
has limited information about lane closures during or in advance of a trip. Additionally, agency
practitioners desire more detailed records on the start time, end time, and location of lane closures for
improved post work zone analysis of the transportation management plan (TMP) and performance
measurement. Given anticipated deployment of connected vehicles, driver notifications of work zone-
related lane closures via in-vehicle displays offer opportunities for increased safety, but alsoincreases the
need for accurate information about active lane closures.

1.2 A Candidate Solution

Arrow boards are routinely used in advance of active work zones to designate lane closures in the field,
and display the most current information to approaching motorists. Although no off-the-shelf system
currently automaticallyintegrates arrow board statusesinto traveler information mechanisms for dis play
to motorists, available technology could report the location and operation of Arrow Boards to TMC staff
for improved traveler information dissemination and performance reporting, without requiring
significant time of agency staff in the field or at the TMC.

1.3 The Vision

The vision of this project is that, in the near future, state and local DOTs will competitively procure systems
to integrate Arrow Board status information into existing and future traveler information systems. This
vision will be recognized by an initial set of agencies (the ENTERPRISE Pooled Fund members) working
together to define common requirements for systems to integrate Arrow Board status information into
traveler information systems that will enable Arrow Board manufacturers and third party integrators to
develop systems to meet the needs of multiple agencies.
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The primary benefits expected include:

e Detailed, consistent, andreliable real-time information about lane closures disseminatedto
travelers upstream of the closure through Dynamic Message Signs (DMS), traveler information
mediums, and connected vehicle applications;

e Improved situational awareness by TMC operators of real-time lane closures in the field;

e Improved project management opportunities, including the ability to verify contractor work
status todocument lane closure times for use on lane rental projects or enforce restricted hours
or to cross check any lane closure updates that are required of the contractor;

e Increasedarchived data available for evaluation, performance management, andresearchto
better understand work zone mobility impacts and exposure for reporting purposes, use for
future work zone planning efforts, analysis of TMPs, and for performance-based specifications.

e Foundational communication technology for Arrow Boards to broadcast display status andlane
closure-related information to Connected and Automated Vehicles.

Depending on the amount of manual involvement by field staff, a secondary benefit of this systemis the
potential for faster response timein the field for maintenance needs, including times when the Arrow
Boardwas hit by a passing vehicle or blown out of place by strong winds, given notifications to field staff
of system functionality. The reporting of Arrow Board usage may alsoimprove quality of the device, i.e.,
the system canreport if the arrow board is level and plumb, the location can be more readily verified by
field personnel.

1.4 Intent of This Project

The overall intent of the ENTERPRISE Integrating Active Work Zone Notifications into Traveler
Information Dissemination Mechanisms (Phase 1) project is for multiple states to collaborate together to
follow a systems engineering process to develop anITS solution that integrates active work zone
notifications regarding lane closures from Arrow Boards into agency traveler information dissemination
systems. During this process, the project team identified a focus on integrating real-time information
from Arrow Boards in the field; therefore, the Model Con Ops and Model Requirements documents have
been titled to reflect this focus: Real-Time Integration of Arrow Board Messages into Traveler
Information Systems.

1.5 Objective of This Document

This document provides system requirements for the real-time integration of Arrow Board messages
into traveler information systems. The intent of this document is to be utilized by agencies during the
procurement and design process. This document is written with flexibility to be adapted to various
agency practices and confidence regarding system automation versus manual verification.

This document, together with its companion document Real-Time Integration of Arrow Board Messages
into Traveler Information Systems — Model Concept of Operations (provided as Appendix A), can be used
by agencies while performing the systems engineering analysis for test planning purposes.

This document provides both functional and non-functional requirements. Functional requirements
define how the system must operate, stating specific functions that must be performed by the system.
Non-functional requirements include related requirements for overall performance, communications,
operations, and maintenance.
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The system requirements designated as optional in this document are intended to provide flexibility for
agencies to incorporate various degrees of automation during the design process. Agencies may initially
consider deploying a system with manual verification, and that cantransitiontoa more automated system
after the agencies gain confidence in the reliability of Arrow Board messages. The associated optional
requirements may or may not be included in an agency’s final design.

1.6 Context of this Document

This document titled Real-Time Integration of Arrow Board Messages into Traveler Information Systems
— Model Requirements presents system and functional requirements, and completes Phase | activities
for this project. It builds upon the preceding document titled Real-Time Integration of Arrow Board
Messages into Traveler Information Systems — Model Concept of Operations, which provided user needs,
roles and responsibilities, and operational concepts and scenarios describing how the systems will
perform.

Existing requirements for ITS devices or systems, such as those defined by the National Transportation
Communications for ITS Protocol (NTCIP) 1203, could also be adapted for the development of
requirements for this concept as it pertains to Arrow Boards. As with all stages of the systems
engineering process, ongoing stakeholder input and support is essential for the successful development
of a useful system that effectively addresses user needs.

Phase Il will subsequently evaluate existing system integration deployments and/or use these system
engineering documents to support the deployment, coordination, or evaluation of deployments of this
technology. The purpose of Phase Il will be to facilitate a deployment of the “Integrate Active Work
Zones” concepts in one or more ENTERPRISE member states and evaluate the process, lessons learned
and benefits. Specifically, the current plan is for approximately 5-10 Arrow Board Reporting Systems to
be deployed in up to four states for approximately six months.
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2.0 System Overview
The requirements presented in this document are presented separately for two independent systems,
which are depicted in Figure 1:

1) Portable Arrow Boards and the connected Arrow Board Reporting Systems, which gather and
communicate data, and

2) Transportation Management Center (TMC) Systems, which includes data communication and
processing capabilities and encompasses the Road Condition Reporting System (RCRS), Advanced
Traffic Management System (ATMS), and traveler information dissemination systems and data
archives.

Given the possible variations for how an Arrow Board Reporting System may operate due to differing DOT
policies, procedures, and capabilities, some requirements are noted to be optional or allow for flexibility.
In general, the Arrow Board device is deployed, tested, and activated in the field as in the current state
(i.e., with no functionality to communicate its status beyond locally, to oncoming traffic), with the
exception that it is equipped with an Arrow Board Reporting System.

Portable TMC Systems Traveler
Arrow Board —Database Information
Indicates Lane - “LEET LANE Dissemination
Closure Road Condition Systems

. CLOSED ON
Reporting System 511 Phone &
® 0000 2ND AVE |1 e
‘. “Event” AT 42ND AV

Created

Mobile Apps
Social Media

Advanced Traffic )
Management System bM

Location
& Other Data Conn_ected
P ings Vehicles
Status rocessing Systems

Figure 1: The systems of interest for these System Requirementsinclude Portable ArrowBoards and
TMC Systems, which encompass Road Condition Reporting Systems, Advanced Traffic Management
Systems, and traveler information disseminationsystems.

Figure 2illustrates examples of the possible options for Arrow Board Reporting Systems functionality. The
Arrow Board Reporting System will vary in design by manufacturers, but is likely to include a physical
device thatis either a component attachedto the Arrow Board or functionality integratedinto the Arrow
Board. The Arrow Board Reporting System will include wireless communications capabilities, and a
centrally located server to perform some post-processing of the data before it is relayedto TMC System:s,
which include RCRS, ATMS, and/or other related back-office data processing systems. The centrally
located server could be any of a variety of configurations, ranging from vendor specific central servers
supporting multiple states, toa state or local DOT-operated server supporting Arrow Boards from multiple
vendor.
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One option is that vendors would operate central servers to communicate with Arrow Boards
In the field. This would enable DOTs to pull data from each vendor’s central server

~
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multiple State X DOT Other

vendors’ TMC Systems Vendors’
central servers Central Servers
(only regarding

Arrow Boards
Other DOTs pull  iehin State X)

data in their state

Vendor A
Central
Server

Another option is that DOTs would operate a proxy server to enable Arrow Boards to report directly
to the proxy server, or to communicate via. Vendor operated central servers. This would allow the
TMC Systems to pull data from their own Proxy Server.

m\
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Nendor A \\\ VardorA Pulls or receives State X
Arrqw Board P Central pushed data from State X DOT DOT
REPICIG SRS chig Arrow Boards or Proxy Server
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Figure 2: lllustration of Possible Options for Arrow Board Reporting Systems
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3.0 Arrow Board Reporting System Requirements

Table 1 and Table 2 respectively list functional and non-functional requirements for Arrow Board
Reporting Systems. These requirements describe how the system will operate, stating specific functions
that must be performed by the system.

The columns in Table 1 and Table 2 contain the following information:

e Column 1: Contains the identifying number (ID) of the requirement.

e Column 2: Contains eachrequirement, starting with the phrase “The systemshall...” for mandatory
requirements or “The system may...” for optional requirements. Optional requirements may or may
not be included in the final design of site-specific deployments, based upon direction from the
deploying agency. During design, agencies should include the selected optional requirements they
wish to deploy and strike those that will not be included in the deployment, based on the Guidelines
for Implementation of Optional Requirements in Section 5.0 of this document.

e Column 3: Contains the numerical designation of one or more operational concepts to which the
requirement applies. Operational concepts are located in Section 6.0 of the Real-Time Integration
of Arrow Board Messages into Traveler Information Systems — Model Concept of Operations
document.

e Column 4: Includes additional notes and sources, including design guidelines or standards, that may
be applicable to the requirement.
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Table 1: Functional Requirements for the Arrow Board Reporting System

Functional Requirements for the Arrow Board Reporting System

. Operational
Req. ID Requirement Concept(s) Notes
AB.1 The systemshall periodically prepare data messages when the deviceis active.
AB.1.1 The systemshall prepare an initial data message upon being activated by field personnel. 6.1.1
AB.1.2 The systemshall report Arrow Board device ID with each communicated data message. 6.1.1;6.1.4
AB.13 The systemshall report Arrow Board display status with each communicated data 6.1.1:6.1.5
message.
The system shall report Arrow Board display status as one of the following options:
o Rightflashing arrow, sequential arrow, flashing double arrow, or sequential chevrons
o Left flashing arrow, sequential arrow, flashing double arrow, or sequential chevrons
o Flashing caution or alternating diamond caution to indicate caution within existing
AB.1.4 6.1.5
closure area and shoulder work =
o Othersin compliance with MUTCD Figure 6F-6
o Error
o Off or blank
The system shall determine and report current Arrow Board location as the
AB.1.5 ) ) o ) 6.1.1;6.1.6
latitude/longitude of the Arrow Board device with each communicated data message.
The system may determine and report additional Arrow Board location information, such
AB.1.6 L . . 6.1.6
as a text description of the location, e.g., road and milepost, or nearest address. —
The system may determine and report Arrow Board direction of travel that the Arrow Either AB.1.70or TMC.2.4
AB.1.7 . . . . . . 6.1.1;6.1.7 -
Board device display is facing with each communicated data message. shall be met
AB.1.8 The system shall determine and report Arrow Board display orientation by describing 6.11:6.1.8
o whether the Arrow Board device display is visible to motorists, or in the down position. !
AB.1.19 The sys‘tem shallreport a timestamp on each message todescribe when datais 6.3.2
transmitted. -
AB.2 The systemmay provide status messages when the device is inactive.
AB.2.1 The system may contain a power source that allows the cellular modem to remain active 6.1.9;
- when the Arrow Board device is inactive. 6.3.15.1

ENTERPRISE Real-Time Integration of Arrow Board Messages into Traveler Information Systems
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Functional Requirements for the Arrow Board Reporting System

. Operational
Req. ID Requirement Concept(s) Notes
AB.2.2 The system may determine and report battery status whenthe device is powered down. 6—6?;11'2;1
AB.2.3 The system may determine and report Arrow Board location as the latitude/longitude of 6.1.9;
o the Arrow Board device when it is inactive. 6.3.15.1
The system may determine and report additional Arrow Board location information, such 6.1.9;
AB.2.4 as a text description of the location, e.g., road and milepost, or nearest address whenit is 6.3.15.1
inactive.
AB.3 The systemshall periodically communicate messages.
AB.3.1 The systemshall deliver an initial data message upon being activated by field personnel. 6.1.1
AB.3.2 The system shall communicate data messages tothe TMC Systems. 6.1.1;6.1.2
AB.3.2.1 The system may automatically communicate the data messages tothe TMC Systems 6.1.1:6.1.2 Either AB.3.2.1,AB.3.2.2,
77" | directly via a DOT-operated server. —" === |or AB.3.2.3 shall be met
Either AB.3.2.1,AB.3.2.2,
AB.3.2.2 The system may communicate the data messages tothe TMC Systems directly upon 611:6.12 |° AB.3.2.3 shall be met,
777 |receipt of a “ping”. ——" === |and corresponds to
TMC.1.9.2
AB.3.2.3 The system may automatically communicate the data messages tothe TMC Systems via a 6.11:6.1.2 Either AB.3.2.1, AB.3.2.2,
777 | proxy server. —" === |or AB.3.2.3 shall be met
e.g., aport may be
AB.3.3 The system may be capable of providing local, one-way communication broadcast, via 6.1.1 provided to allow a future
e DSRC or other suitable communication means. — connection toenable
DSRC broadcasts
e.g., communication
The system shall be configurable to communicate updated data messages whenthe 6.1.3;6.4.6; frequency may.be
AB.3.4 T i > . ) . . reduced following an
device is active at pre-defined intervals given operational conditions. 6.5.5 .
hour of no changein
operational status
AB.3.5 The system may communicate updated status messages at pre-definedintervals when the 6.1.9

device is inactive.
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Functional Requirements for the Arrow Board Reporting System

Req. ID Requirement ?:zi::t;:g ?l Notes
AB.4 The system shall automatically send notification messages to DOT staff, ifthe TMC systemdoes not.
The system may automatically generate and send messages directly tofield staff regarding Either AB.4 or TMC.6shall
AB.4.1 . 6.1.10 i —
the Arrow Board Reporting System. - be met
AB.4.2 The system may automatically generate and send messages directlyto RCRS operator staff 6.1.10 Either AB.4 or TMC.6shall
o regarding the Arrow Board Reporting System, when RCRSis present. EE— be met
AB.4.3 The system may automatically generate and send messages directly to ATMS operator 6.1.10 Either AB.4 or TMC.6shall
staffregarding the Arrow Board Reporting System, when ATMS is present. - be met
AB.4.4 The system may send messages via mobile application, text message, pager, and/or email, 6.1.10 Either AB.4 or TMC.6shall
as desired by the deploying agency. — be met
AB.AS The system may send automated notification messages regarding initial activation of an 6.2.3;6.3.8; |Either AB.4or TMC.6shall
Arrow Board device. 6.4.2;6.5.2 |be met
ABAG The system may send automated notification messages when the Arrow Board deviceis  [6.2.3;6.3.13;|Either AB.4 or TMC.6 shall
Y determined to be part of a mobile work zone. 6.4.4;6.5.4 |be met
AB.A7 The system may send automated notification messages whenthe Arrow Board device is  |6.2.3;6.3.13;|Either AB.4 or TMC.6 shall
o moved to a different lane. 6.4.4;6.5.4 |be met
The system may send automated notification messages when the Arrow Board device is Either AB.4 or TMC.6shall
determined to have a maintenance need, such as being out of place, i.e., due to strong 6.2.3;6.3.13;|be met
AB.4.8 . . . . . . .
winds or being hit by a passing vehicle, or sending an error message orincomplete or 6.4.4;6.5.4
inaccurate data.
AB.4.9 The systerp may send automated notification messages whenthe display of the Arrow 6611”%%' E:P:;?B_A or IMC.6 shall
Board device changes. 6.5.4.6.5.6
The system may send automated notification messages whenthe Arrow Board deviceis  |6.2.3;6.3.15;|Either AB.4or TMC.6shall
AB.4.10 . . . - T
determined to be inactive. 6.4.7;6.5.6 |be met
AB.4.11 The system may send automated notification messages whenthe Arrow Board device is  |6.2.3;6.3.15;|Either AB.4 or TMC.6 shall
determined to be powered down. 6.4.7;6.5.6 |be met
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Functional Requirements for the Arrow Board Reporting System

Req. ID Requirement ?:zi::t;:g ?l Notes
e.g., the stakeholder
groups and number of
individuals within those
AB.4.12 The system shall be configurable to allow agencies to specify who receives any 6.1.10: 6.3.g |Broups may vary by
automatically-generated messages that are sent from the Arrow Board. ’ agencyand area: TMC
Staff, contractors, DOT
inspectors, workzone
managers, etc.
e.g., text messages,
AB.4.13 The §ystem shall be c.onfigura ble, to allow agencies to specify how stakeholders will 6.1.10 E?ng;;;'hznr:: Izla'pplication
receive any automatically-generated messagesthat are sent fromthe Arrow Board. EE— e
notification, pop-up
window in software
The system shall be configurable to allow agencies to specify the frequency that e.g., field staff may prefer
AB.4.14 |stakeholders receive automatically-generated messages that are sent from the Arrow 6.1.10 [fewer notifications than
Board. TMC Staff.
e.g., latitudeand
AB.4.15 The system mayinclude pre-processed location information (e.g., latitude and longitude) |6.3.9;6.3.14;|longitude; either AB.4.15,
in notification messages. 6.3.1 AB.4.16, TMC.6.16, or
TMC.6.17 shall be met.
e.g., highway, direction,
AB.4.16 The system mayinc!ude posF—pr'ocess.ef:I (e..g., highway, direction, milepost, intersecting |6.3.9;6.3.14; ;2!3?2?2:2;:2?2;215’
road, etc.) location information in notification messages. 6.3.16 AB.4.16, TMC.6.1—6, or
TMC.6.17 shall be met.
AB.4.17 |The systemshallinclude Arrow Board display status informationin notification messages. | 6.4.2;6.5.2 E:;dr\s;tAB_Aor TMC.6shal
AB.5 The systemmay indicate that it is no longer active.
AB.5.1 The system may communicate a final message to TMC Systems when field staff turn the 6.1.9

Arrow Board off indicating that the device is no longer active.
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AB.5.2 The system may communicate an updated display status toindicate that the lane or
e shoulder closure is no longer active

)
=
o
)
=
©

AB.5.3 The system mayreceive an updated display orientation status from the Arrow Board to
e indicate that the lane or shoulder closureis no longer active

o
=
00
o
=
©

AB.5.4 The system may employ other methods to communicate to TMC Systems that the device
T is no longer active, if it is not possible to communicate a final message.
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Table 2: Non-Functional Requirements for the Arrow Board Reporting System

Non-Functional Requirements for the Arrow Board Reporting System

Operational

multiple-lane closure.

Req. ID Requirement Concept(s) Notes
AB.6 The systemshallnot require duties from field staffin addition to their current activities in order to operate.
The system shall be able to be placed in the field by field staff, as in the current state with
AB.6.1 . . 6.2.1
no additional effort required. -
Additional skills may be
The system shall be able to be activatedin the field by field staff, asin the current state . . 'y
AB.6.2 . s i 6.2.1 required to maintain and
with no additional effort required. E— .
repair system components.
AB.6.3 The system shall be able to adjust the display as conditions changein the work zone as a 6.9.4
e part of normal operations, as in the current state with no additional effort required. E—
AB.6.4 The system shall be able to be moved in the field by field staffas a part of normal mobile 6.9.4
"7 |work operations, as in the current state with no additional effort required. I
AB.6.5 The system shall be able to be powered down in the field by field staffat the end of the 6.2.5
"7 [shoulder or lane closure, as in the current state with no additional effort required. I
The system shall be able to be removed from the roadway by field staff at the end of the
AB.6.6 . . . . 6.2.5
shoulder or lane closure, as in the current state with no additional effort required. I
AB.7 The systemshallbe presenton all Arrow Boards indicating lane closures within a single work zone.
The system may be present
on Arrow Boards reportin
The systemshall be present on all Arrow Boards that are used to indicate a lane and . . P &
o . . . . caution mode in a work
AB.7.1 [shoulder closure within a single work zone, in order to facilitate determination of a 6.2.2

zone to supplement other
Arrow Boards thatindicate
lane and shoulder closures.
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4.0 TMC System Requirements
Table 3 and Table 4 respectively list functional and non-functional requirements for Arrow Board Reporting Systems. These requirements describe
how the system will operate, stating specific functions that must be performed by the system. These requirements are written for the TMC

System with the expectation that agencies willadapt the language or strike requirements, as necessary, depending upon their use of RCRSand/or
ATMS.

The columns in Table 3 and Table 4 contain the following information:

e Column 1: Contains the identifying number (ID) of the requirement.

e Column 2: Contains each requirement, starting with the phrase “The systemshall...” for mandatory requirements or “The system may...” for
optional requirements. Optional requirements may or may not be included in the final design of site-specific deployments, based upon
direction from the deploying agency. During design, agencies should include selected optional requirements and strike those that will not be
included, based on the Guidelines for Implementation of Optional Requirements in Section 5.0 of this document.

e Column 3: Contains the numerical designation of one or more operational concepts to which the requirement applies. Operational concepts
are located in Section 6.0 of the Real-Time Integration of Arrow Board Messages into Traveler Information Systems — Model Concept of
Operations document.

e Column 4: Includes additional notes and sources, including design guidelines or standards, that may be applicable to the requirement.

Table 3: Functional Requirements for the TMC Systems

Functional Requirements for the TMC Systems

Requirement . Operational
D Requirement Concept(s) Notes
TMC.1 The systemshallbe capable of receiving Arrow Board Reporting System status data.
TMC.1.1 The system shall be capable of receiving data describing Arrow Board device ID. 6.3.2
TMC.1.2 The system shall be capable of receiving data describing Arrow Board display status. 6.3.2
TMC.1.3 The system shall be capable of receiving data describing Arrow Board location as the 6.3.2
o latitude/longitude of the Arrow Board device. —
The system may be capable of receiving additional data describing Arrow Board location Required if AB. 1.6
TMC.1.4 information, such as a text description of the location, e.g., road and milepost, or nearest 6.3.2 . q —_—
— implemented
address.
The system may be capable of receiving data describing Arrow Board direction of travel Required if AB.1.7is
TMC.1.5 . . . 6.3.2 . —
that the Arrow Board device display is facing. - implemented
ENTERPRISE Real-Time Integration of Arrow Board Messages into Traveler Information Systems 13
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
e.g., visible to travelers or
TMC.1.6 The system shall be capable of receiving data describing Arrow Board display orientation. 6.3.2 |n a doxvn position, where
— down” could vary by
vendor
The system shall be capable of receiving the timestamp that describes whenthe Arrow
TMC.1.7 . 6.3.2
Boardtransmitted the data message. E—
TMC.1.8  |The systemshallb ble of receiving data describing the Arrow Board battery stat 6.1.5; |i.e., when the Arrow
1. e systemshallbe capable of receiving data describing the Arrow Boardbatterystatus. | —=0") g 0 0 e
TMC.1.9 The system shall be capable of receiving Arrow Board data messages. 6.3.1
TMC.1.9.1 The system may be capable of automatically receiving Arrow Board data messagesfrom 6.3.1 Required if AB.3.2.1is
7777 | the equipped Arrow Board. —— |implemented
The system may be capable of periodically sending a “ping” directly to the equipped Required if AB.3.2.2is
TMC.1.9.2 6.3.1 . -
Arrow Boardto request an Arrow Board data message. - implemented
The system may be capable of periodically sending a “ping” to a proxy server to request Required if AB.3.2.3is
TMC.1.9.3 6.3.1 . -
an Arrow Board data message. — implemented
The systemshall be capable of adding a timestampto each Arrow Board message to
TMC.1.10 . 6.3.4
document when data was received. E—
TMC.2 Thesystemshall process received Arrow Board Reporting System data.
TMC.2.1 The system shall process Arrow Board data immediately upon receipt. 6.3.12
TMC.2.2 The system shall archive raw Arrow Board data as received. 66 i 1112’
TMC.2.3 The system shall archive processed Arrow Board data. 6.3.11
T™MC.2.4 The system s.haII deterrnlne when data is received from an Arrow Board device ID that 6.3.8
was not previously active. —
TMC.2.5 The system may determine the Arrow Board direction of travel that the Arrow Board 6.1.1:6.1.7 Either AB.1.70or TMC.2.5

device display is facing.

shall be met
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Functional Requirements for the TMC Systems

Requirement

Operational

Requirement Notes
ID Concept(s)
TMC.2.6 The system shall determine when there is a multiple-lane closure (including shoulder lane 6.9.2:6.3.3
o plus one otherlane) based on the location, status and proximity of Arrow Boards. —
The system shallassume the use of multiple Arrow Boards reporting caution mode are
TMC.2.7 . o . . 6.3.3
redundant, e.g., being used within a lane closure where no additional lane is closed. —
The system shall determine when an Arrow Board is in motion, including calculating the 6.2.4
TMC.2.8 speed and direction of the Arrow Board device using latitude/longitude location data 6.3‘1'
points and associated timestamps. —
This requirement allows
for a device with a
The system shallautomatically determine whether the speed of the Arrow Board device 6.2.4; e ) .
TMC.2.9 . . .. jittery” GPS but that is
is greater than a configurable minimum speed thresholds. 6.3.1 .
— | not actually moving to
register as stationary.
The system shall automatically determine whether the speed of the Arrow Board device
TMC.2.10 is less thana configurable maximum speed threshold based on the roadway and location 6.2.4
to identify a mobile work zone.
The system shall automatically determine whether the speed of the Arrow Board device
is greater thana configurable maximum speed threshold based on the roadway and
TMC.2.11 . e o . 6.2.4
location that would indicate the device is being transported and no longer active for a -
lane closure situation.
The system shall allow for TMC staff to configure different minimum and maximum 6.2.4
TMC.2.12 . . S
speed thresholds for different conditions, such as roadway type. 6.3.12
TMC.2.13 The system shall determine when the display of the Arrow Board device has changed. 66—32»11'2
TMC.2.14 The system shall determine the direction of travel that the Arrow Board device is facing. 6.3.7
TMC.2.14.1 The system may determine the direction of travel that the Arrow Board device is facing 6.3.7
from the Arrow Board data messages. -
TMC.2.14.2 The system may determine the direction of travel that the Arrow Board device is facing 6.3.7

using sufficiently accurate latitude/longitude.
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Functional Requirements for the TMC Systems

Requirement

Operational

Requirement Notes
ID Concept(s)
TMC.2.14.3 The system may determine the direction of travel that the Arrow Board device is facing 6.3.7
77 by relating its location to existing road work events in the RCRS or ATMS database. Ea—
i.e., TMC.2.14.1,
TMC.2.14.2, or
The system may use multiple data inputs to confirm the direction of travel that the Arrow TMC.2.14.3; priority by
TMC.2.14.4 . . 6.3.7 —

Board device is facing. E— accuracy would have to
be assignedin the case of
different results.

The system shall determine when the Arrow Board has been inadvertently moved out of L€ bya? 5|gn|f|c'a nt

TMC.2.15 lace. e.2. bvwind or when hit by a passing vehicle 6.2.3 changein location or
place, €.g., by wi W 't by a passing venicie. direction it is facing

The system may determine when an Arrow Board has a maintenance need due to receipt

TMC.2.16 of anerror message, or a message thatis lacking data or contains data outside of 6.1.11

expected parameters.

The inventory may purge
device IDs that have not

The system may maintain an inventory of Arrow Board Reporting Systems that logs the 6.1.12; [transmitteda message

TMC.2.17 . . . .

device ID and timestamp of most recent message received. 6.3.2 regarding a lane closure
within a specified period
of time.

TMC.3 The systemshall prepare processed Arrow Board Reporting Systemdata foringest to the RCRS, when an RCRS is present.

The systemshall search RCRS events to compare correlate Arrow Board location and

TMC.3.1 . e ) 6.3.5
timestamp data to a pre-existing event, when an RCRSis present. —
TMC.3.2 The system may automatically merge new Arrow Board information with a corresponding|6.3.3; 6.3.5;
e RCRSevent to provide additional or updated information within the existing event. 6.5.2
TMC.3.3 The system may provu‘:le a rfecomme.nd‘ed update for RCRS operator staffto mergeinitial [6.3.3;6.3.5; Requires manual action.
Arrow Boardinformation with an existing RCRS event. 6.5.2
The system mayrequire RCRS operator staffapproval to merge initial Arrow Board 6.3.3; 6.3.5;|System completes on
TMC.3.4 . . . . -
information withan existing RCRS event. 6.5.2 approval.
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
TMC.3.5 The system may automaticallyingest processed data into the agency RCRSas a new 6.3.3:6.5.2
event.
The system may provide a recommended new event for RCRS operator staffto createin ) . ,
T™MC.3.6 the RCRS upon receipt of the first processed Arrow Board information. 6.3.3;6.5.2 | Requires manual action.
The system mayrequire RCRS operator staffapproval to create the recommended new System completes on
TMC.3.7 . 6.3.3;6.5.2
event in the RCRS. approval.
TMC.3.8 The system may automatically update an existing RCRS event based on updated Arrow 6.3.14;
e Board information. 6.5.2;6.5.4
TMC.3.9 The system may provide a recommended update for an ex.lstmg RCRSeventto RCRS 6.3.14; Requires manual action.
operator staff on based on updated Arrow Board information. 6.5.2;6.5.4
TMC.3.10 The system may require RCRS operator staff approval to update an existing RCRS event 6.3.14; |Systemcompletes on
e based on updated Arrow Board information. 6.5.2; 6.5.4|approval.
TMC.3.11 The system may automatically close an RCRS event when the shoulder or lane closure is 6.3.16;
- determined to be no longer active based on updated Arrow Board information. 6.5.6
TMC.3.12 The system may recommgnd to RQRS operator staff that an RCRS event be closed based 6.3.16; Requires manual action.
on updated Arrow Board information. 6.5.6
TMC.3.13 The system mayrequire RCRS operator staffapproval to close an event in the RCRS. 6.3.16; | System completes on
6.5.6 approval.
This archived log of
changes to RCRSevents
can be used to audit
TMC.3.14 The system may archive a log of manual and automatic changes made to existing RCRS 6.6.2 activityand measure

events that are based on Arrow Board information.

performance of arrow
board in improving
traveler information
quality.
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
TMC.4 Thesystemshall prepare processed Arrow Board Reporting System data to beingested by the ATMS, when an ATMS is
) present.
T™C.4.1 The system shall be able to match Arrow Board location and timestamp data to existing 6.3.5
o ATMS events, when an ATMSis present. E—
The system may automatically merge initial Arrow Board information with a matched 6.3.3:6.3.5-
TMC.4.2 existing ATMS event to provide additional or updated information within the existing —6’42_,
event. 4.
TMC.4.3 The system may provu.:Ie a r.ecomme.nd.ed update for ATMS operator staffto mergeinitial |6.3.3;6.3.5; Requires manual action.
Arrow Boardinformation with an existing ATMS event. 6.4.2
TMC.4.4 The system may require ATMS operator staff approval to merge initial Arrow Board 6.3.3; 6.3.5;| System completes on
o information with an existing ATMS event. 6.4.2 approval.
TMC.A.5 The system may automaticallyingest processed Arrow Board data into the agency ATMS 6.3.3;6.4.2
as a new event. -
The system may recommend a new event for ATMS operator staffto createin the ATMS
TMC.4.6 ¥ . ¥ . " Wev P ! 6.3.3; 6.4.2 | Requires manual action.
upon receipt of the first processed Arrow Board data message. '
T™MC.4.7 The sy;tem may require ATMS operator staff approval to create the recommended new 6.3.3;6.4.2 System completes on
event in the ATMS. approval.
TMC.4.8 The system may automatically update an existing ATMS event based on updated Arrow 6.3.14;
T Board information. 6.4.2:6.4.4
The system may provide a recommendation to ATMS operator staffto update an existing | 6.3.14; . .
TMC.4.9 * IR | action.
ATMS event based on updated Arrow Board information. 6.4.2;6.4.4 equires manuat action
TMC.4.10 The system may require ATMS operator staff approval to update an existing ATMS event 6.3.14; |Systemcompletes on
o based on updated Arrow Board information. 6.4.2;6.4.4|approval.
The system may automatically close an ATMS event when the shoulder or lane closure is 6.3.16;
TMC.4.11 .
no longer active. 6.4.7
TMC.4.12 The system may recommend tq ATMS operator staffthat an ATMS event be closed on 6.3.16; Requires manual action.
updated Arrow Board information. 6.4.7
TMC.4.13 The system mayrequire ATMS operator staffapproval to close an event in the ATMS. 6('534'1176’. ?F/)sr;c:zor\'r;aclompletes on
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
TMC.5 Thesystemshall prepare processed Arrow Board Reporting System data for present traveler information systems.
The system shall be able to match Arrow Board location and timestamp data to existing
TMC.5.1 . . . . 6.3.5
events in traveler information systems (e.g., phone, website, DMS). -
Thg s.ystem maTyautomat.lcaIIy merge initial Arrow Bo§rd |nfo.rr.nat|on with a matched 6.3.14: |Not including DMS
TMC.5.2 existing event in traveler information systems to provide additional or updated P— .
. . L . 6.5.2 messaging.
information within the existing event. -
The system may provide a recommended update for TMC staff to merge initial Arrow 6.3.14; Requires manual action.
TMC.5.3 . ; . . . . —_- - |Does not include DMS
Boardinformation with an existing traveler information system event. 6.5.2 .
E— messaging.
The system mayrequire TMC staff approval to merge initial Arrow Board information 6.3.14; System completes on
TMC.5.4 . - . . approval. Does not
with an existing traveler information system event. 6.5.2 ) .
— include DMSmessaging.
TMC.5.5 The system mayautomaticallyingest processed data into the agencytraveler information 6.3.3:6.5.2 Does not include DMS
e systems as a new event. ~’ === |messaging.
The system may provide a recommended new event for TMC staffto createin the
TMC.5.6 traveler information systems upon receipt of the first processed Arrow Board 6.4.5; 6.5.2 | Requires manual action.
information, including DMSmessaging.
TMC.5.7 The system mayrequire TMC staff approval to create the recommended new event in the 6.4.5:6.5.2 System completes on
e traveler information systems, including DMS messaging. ——"=——|approval.
The system may automatically update an existing traveler information systems event 6.3.14; |Does not include DMS
TMC.5.8 . . P .
based on updated Arrow Board information. 6.5.4 messaging.
The system may provide a recommendation to TMC staffto update an existing traveler 6.3.14:
TMC.5.9 information systems event based on updated Arrow Board information, including DMS 6 mé 4 Requires manual action.
messaging. — =
TMC.5.10 The system may require TMC staff approval to update an existing traveler information 6.3.14; |Systemcompletes on
e systems event based on updated Arrow Board information, including DMS messaging. 6.4.5;6.5.4approval.
TMC.5.11 The system may automatically close a traveler information systems event when the 6.3.16;
e shoulder or lane closure is no longer active, including DMS messaging. 6.4.8;6.5.6
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
The system may recommend to TMC staff that a traveler information systems event be 6.3.16; . )
T™MC.5.12 closed, including DMS messaging. 6.4.8;6.5.6 Requires manual action.
The system may require TMC staff approval to close an event in the traveler information 6.3.16; |[Systemcompletes on
TMC.5.13 . . .
systems, including DMS messaging. 6.4.8;6.5.6|approval.
TMC.6 The systemshallautomatically provide notification messages to DOT staff.
6.1.10;
TMC.6.1 The system may automatically generate and send messages directly tofield staff 6.2.3;6.3.8;| Either AB.4 or TMC.6shall
e regarding the Arrow Board Reporting System. 6.3.13; |be met
6.3.15
6.1.10;
The system may automatically generate and send messages directlyto RCRS operator 6.3.8; Either AB.4 or TMC.6 shall
TMC.6.2 . . 6.3.13; -
staffregarding the Arrow Board Reporting System. 6.3.15. be met
6.4.4;6.4.7
6.1.10;
, . 6.3.8; )
The system mayautomatically generate and send messages directly to ATMS operator Either AB.4or TMC.6 shall
TMC.6.3 . . 6.3.13; —
staffregarding the Arrow Board Reporting System. 315 be met
6.5.4;6.5.6
6.1.10;
TMC.6.4 The system may send messages via mobile application, text message, pager, and/or 6.3.8; Either AB.4 or TMC.6shall
e email. 6.3.13; |be met
6.3.15
6.3.8; Note: TMC.6.5shall be
6.3.13; |met;it does not have a
TMC.6.5 The system shall provide notifications via the RCRS user interface, when one is present. 6.3.15; |corresponding
6.4.2; 6.4.4;|requirement as part of
6.4.7 AB.4.

ENTERPRISE Real-Time Integration of Arrow Board Messages into Traveler Information Systems
Model Requirements — February 2017

20




Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
6.3.8; Note: TMC.6.6 shall be
6.3.13; |met;it does not have a
TMC.6.6 The system shall provide notifications via the ATMS user interface, when one is present. 6.3.15; |corresponding
6.5.2; 6.5.4;| requirement as part of
6.5.6 AB.4.
The system may send automated notification messages regarding initial activationof an |6.2.3;6.3.8;| Either AB.4 or TMC.6 shall
TMC.6.7 . e — —
Arrow Board device. 6.4.2;6.5.2 | be met
TMC.6.8 The system may send automated notification messages whenthe Arrow Board device is 663L13?: Either AB.4 or TMC.6shall
determined to be part of a mobile work zone. 6.4.4:6.5.4 be met
TMC.6.9 The system may send automated notification messages whenthe Arrow Board device 663L133, Either AB.4 or TMC.65shall
location changes. 6-m5-4 be met
The system may send automated notification messages whenthe Arrow Board device is 6.1.11;
determined to have a maintenance need, such as being out of place, i.e., due to strong 6.2.3; Either AB.4or TMC.6shall
TMC.6.10 . . . . . . . — —
winds or being hit by a passing vehicle, or sending anerror message or incomplete or 6.3.13; |be met
inaccurate data. 6.4.4;6.5.4
6.2.3;
The system may send automated notification messages when the display of the Arrow 6.3.13; |Either AB.4or TMC.6shall
TMC.6.11 . -
Board device changes. 6.4.4;6.4.7;| be met
6.5.4;6.5.6
I L 6.2.3; .
TMC.6.12 The system may send automated notification messages whenthe Arrow Board device is 6.3.15: Either AB.4 or TMC.6shall
determined to be inactive. 6.m5.6 be met
I . 6.2.3; .
TMC.6.13 The system may send automated notification messages whenthe Arrow Board device is 6.3.15: Either AB.4or TMC.6shall
o determined to be powered down. 6 mé 6 be met
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Either AB.4or TMC.6shall
be met
An example may be that

TMC.6.14 The system shall have the capability to send Arrow Board status notification messagesto| 6.1.10; |Arrow Boards locatedin a
e different distribution lists of DOT staff. 6.3.8 particular region only
send update messages to
DOT staff within that
region.
. . R 6.1.10; .
The system shall be configurable to limit the number of notification messages sent over a Either AB.4 or TMC.65shall
TMC.6.15 . . . 6.3.8;6.4.6; -
defined period of time per each user group. 655 be met
6.3.9; e.g., latitudeand
. Lo L A 6.3.14; |longitude; either AB.4.15
TMC.6.16 Th t lud - dlocat f t tificat . - ! —
e system mayinclude pre-processed location information in notification messages 6.3.16. |AB.4.16, TMC.6.16, o
6.4.2;6.5.2| TMC.6.17 shall be met.
e.g., highway, direction,
6.3.9; . .
63_14' and milepost; either
TMC.6.17 The system mayinclude post-processed location information in notification messages. ——— |AB.4.15, AB.4.16,
6.3.16;
P TMC.6.16,0rTMC.6.17
6.4.2;6.5.2
———"===|shall be met.
Either AB.4 or TMC.65shall
TMC.6.18 The systemshallinclude Arrow Board display status informationin notification messages.| 6.4.2;6.5.2 bemet
Note: not a part of AB.4.
Examples may include
TMC.6.19 The system mayinclude the status of RCRS events impacted by Arrow Boarddata in 6.4.2 “automaticallyingested,”

notification messages to RCRS operators.

“automatically updated,”
or “requires operator
action.”
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
Note: not a part of AB.4.
Examples may include
TMC.6.20 The system may include the status of ATMS events impacted by Arrow Board data to 6.5.2 “automaticallyingested,”
e ATMS operators in notification messages. —— | “automatically updated,”
or “requires operator
action.”
TMC.7 The system may provide the most recent Arrow Board device updatesto DOT staffon demand.
The system may provide the most recent Arrow Board device updates to RCRS operator
TMC.7.1 6.4.6
staffon demand. —
The system may provide the most recent Arrow Board device updates to RCRS operator
TMC.7.1.1 . . 6.4.6
staffas icons on the RCRS user interface. —
The system may provide the most recent Arrow Board device updates to RCRS operator
TMC.7.1.2 . 6.4.6
staffas a map layer on the RCRS user interface. E—
The system may provide the most recent Arrow Board device updates for all Arrow Board
TMC.7.1.3 |devices simultaneously that meet select criteria, e.g., geographicarea, jurisdiction, 6.4.6
roadway, used for maintenance project, usedfor incident response, etc.
The system may provide the most recent Arrow Board device updates to ATMS operator
TMC.7.2 6.5.5
staff on demand. —==
TMC.7.3 The system may provide location information as part of the Arrow Board device updates 6.4.6,6.5.5
to DOT staff. I —
T™MC.7.4 The system may provide device statuses as part of the Arrow Board device updates to 6.4.6,6.5.5
DOT staff.
TMC.7.5 The.system may provide the timestamps of the data given as part of the Arrow Board 6.4.6;6.5.5
device updates to DOT staff.
TMC.8 The systemshalldetermine when an Arrow Board is no longer active.
TMC.8.1 The system may receive a final message whenfield staff turn the Arrow Board off 6.1.9 Required if AB.5.1
e indicating that the device is no longer active. E— implemented.
TMC.8.2 The system mayreceive an updated display status from the Arrow Boardto indicate that 6.1.5:6.1.9 Required if AB.5.2

the lane or shoulder closure is no longer active.

implemented.
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Functional Requirements for the TMC Systems

Requirement Requirement Operational Notes
ID Concept(s)
The system mayreceive an updated display orientation status from the Arrow Board to Required if AB.5.3
TMC.8.3 . . . 6.1.8;6.1.9{. -
indicate that the lane or shoulder closureis no longer active. implemented.
Required if one of the
TMC.8.4 The system may determine that the device is no longer active after not receiving an 6.1.9 following are not
o updated status fromthe Arrow Board device. . implemented: AB.5.1;
AB.5.2; AB.5.3; AB.5.4.
TMC.9 The systemshallbe capable of storing and providing historical data when queried.
TMC.9.1 The system shall contain a database to archive raw and processed data from the Arrow 6.3.11;
e Board Reporting System. 6.6.1
The system may archive raw and processed data from the Arrow Board Reporting System
TMC.9.1.1 |, 6.6.1
in the RCRS event database. -
TMC.9.1.2 The system may archive raw and processed data from the Arrow Board Reporting System 6.6.1
777 lin the ATMS event database. E—
The system may archive raw and processed data from the Arrow Board Reporting System
TMC.9.1.3 |. . e L 6.6.1
in a separate event database created specifically for Arrow Board notifications. S
The system shall contain a database that is capable of providing historical lane closure
TMC.9.2 . 6.6.1
data for DOT staff queries. -
TMC.9.2.1 The system may contain a database that is capable of providing historicallane closure 6.6.1
777 | data for DOT staff queries by road segment. E—
TMC.9.2.2 The system may contain a database that is capable of providing historical lane closure 6.6.1
7777 | data for DOT staff queries by geographic area. Ea—
The systemshall contain a database that is capable of providing historical lane closure
TMC.9.3 ) . 6.6.2
data regarding the location of the start of eachlane closure. —
The system shall contain a database that is capable of providing historical lane closure
TMC.9.4 . . 6.6.2
dataregarding the time the lane closure began. -
The systemshall contain a database that is capable of providing historical lane closure
TMC.9.5 . . 6.6.2
data regarding the time the lane closure ended. -
TMC.9.6 The system shall allow for configuring how long archived data is retained. —22;
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Table 4: Non-Functional Requirements for the TMCSystems

Non-Functional Requirements for the TMC Systems

Requirement . Operational
D Requirement Concept(s) Notes
TMC.10 The systemshallbe flexible in how automatic messages are transmitted, if sent from TMC Systems.
e.g., the stakeholder groups and
number of individuals within
TMC.10.1 The system shall be configurable to allow agencies to specify who receives 6.3.8 those groups may vary by
7T lautomatic messages regarding the Arrow Boards from the TMC. E— agency: TMC Staff, contractors,
DOT inspectors, work zone
managers, etc.
e.g., text messages, pagers,
The system shall be configurable to allow agencies to specify how stakeholders email, smartphone application
TMC.10.2 . - S 6.3.8 e . .
receive messages regarding the Arrow Boards from the TMC. B notification, pop-up window in
software
TMC.10.3 The system shall be configurable to allow agencies to specify the frequency that 6.3.8 e.g., field staff may prefer fewer
777 [stakeholders receive messages regarding the Arrow Boards from the TMC. B notifications than TMC Staff.
TMC.11 The systemshall allow staff to access historical ArrowBoard data.
TMC.11.1 The system shall allow staffto query and view the historical data via a database 6.6.1
access tool. B
TMC.11.2 The system may allow staff to query and view the historical data by staff-selected 6.6.1
road segment. ==
TMC.11.3 The system may allow staff to query and view the historical data by staff-selected 6.6.1
geographicarea. —
. . . Examples of event types include
The system shall allow staffto query and view the historical data by the type of
TMC.11.4 ¥ query ! y vp 6.6.1 mobile work zone, right-lane
Arrow Board event. Ea—
closure, left-lane closure, etc.
TMC.11.5 The sf\(stem shallallow staffto query and view the historical data thatis relatedto 6.6.1
specific RCRSand/or ATMS events. —
TMC.11.6 The system shall provide staff with lane closure details, including closure start and 6.6.2

end locations, start and end time and duration, and related RCRS or ATMS events
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5.0 Guidelinesforthe Implementation of Optional Requirements

A number of optional requirements have been presented in this document to allow for flexibility in system
design and implementation. This section is intended to assist agencies by identifying all optional
requirements and providing some additional explanation about them. As such, these optional
requirements are re-organized here to provide side-by-side comparisons in an effort to provide
practitioners a better understanding of various considerations and trade-offs. Every requirement
presented here links back to the place itis originally listed in the previous sections.

The optional requirements that are selected will vary for each agency, based in part on the existing
capabilities and resources available, such as the capabilities of their TMC systems. The availability of
agency staff or support staff to assist with integrating an Arrow Board reporting system with the TMC
systems couldimpact what requirements are included in RFP bid specifications that are issued to vendors,
and what is done under a separate contracting mechanism or by the agency itself.

Optional Contingent Requirements:

Optional Contingent Requirements represent a set of “optional” requirements where one “optional”
requirement fromthe set must be met in order to ensure complete systemfunctionality. Thus, despite
being labeled as “optional” requirements, it is up to the deploying agency to decide which “optional”
requirement from the setto select as its mandatory requirement. As an example, both AB.4and TMC.6
are optional requirements stating “the system may automatically send notification messages to DOT
staff”. While it is mandatory that the system automatically send notification messages to stakeholders,
the messages may originate from either the Arrow Board Reporting System (i.e., AB.4) or the TMC Systems
(i.e., TMC.6). The choice is left to the deploying agencyto decide during systemdesign in order to allow
for flexibility and adaptationin accordance with existing DOT policies and procedures. Additionally, with
this example, there are a series of sub-requirements (i.e., AB.4.Xand TMC.6.X) that are similarly “optional”
with an understanding that the selection of AB.4 would naturally resultin the selection of all AB.4.Xsub-
requirements, forinstance. Table 5 identifies these contingent “optional” requirements that, if one of the
two was not deployed, would prevent other requirements from being feasible.

|”

Other Optional Requirements:

Optional Requirements Based on Preference allow agencies flexibility in how to implement and
integrate Arrow Board notification systems, such as the frequency and quantity of automated
notifications sent to various agency staff. These remaining optional requirements are presented
separatelyin Table 6 for the Arrow Board reporting system and Table 7 for the TMC system.

Policy-Based Considerations Based on Agency Preference:

Agencies may also have to considerimplementing new guidelines, policies, and procedures associated
with deploying an Arrow Board notification system. Decisions about the following considerations

could help agencies prepare for development of a RFP bid specifications and actual deployment of an
Arrow Board notification systems. These considerations include:

e Deployment of multiple Arrow Board devices in the field, i.e., whether Arrow Boards that are
reporting caution mode in a work zone to supplement other Arrow Boards that indicate lane and
shoulder closures also need to be equipped with the Arrow Board Reporting System.

e The verification of maintenance needs identified from Arrow Board notification system
information, and repair of Arrow Board equipment (e.g., being blown out of place, struck by a
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passing vehicle, inaccurate or incomplete data in Arrow Board messages). The prioritization of
maintenance needs identified by TMC Systems and established thresholds for generating a
maintenance need alert will need to be determined by the deploying agency, as well as how the
maintenance need is verified, e.g., whether or not to send staffto the device or contact field staff.

e Receiving Arrow Board notifications, specifically who receives automatic messages, how theyare
received, and how frequently various stakeholders receive them. Each agency will likely identify
a different set of relevant stakeholders to receive messages and these stakeholders may change
for each agency. Further, various groups of stakeholders and each agency will have different
preferences based on the technologies used and work location, for example. Finally, some
stakeholder responsibilities may give preference to more frequent updates, while others might
prefer fewer in order to not be overwhelmed.

e Generating new or updated events in the RCRS with missing units of information, e.g., anticipated
event end time, extent of closure.

e Minimum speed thresholds for the determination of whether the Arrow Board is part of an active
shoulder or lane closure that is stationary versus part of a mobile work zone, as well as maximum
speed thresholds for the determination of whether the Arrow Board is part of an active shoulder
or lane closure that is part of a mobile work zone versus inactive and being transported. These
would likely vary by road type and location (e.g., urban vs. rural).

e Managing the inventory of active Arrow Board devices in order to understand maintenance needs
and when Arrow Board devices are placed in and out of service.
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Table 5: Contingent Optional Requirements, One of Which Shall Be Met

Req. IDs Onerequirement shallbe met such that... Difference
AB.1.7; The system shall determine the Arrow Board direction of . .
TMC.2.5 travel that the Arrow Board device display is facing. Determined either at the Arrow Board or by TMC Systems.
AB.3.2.1; The system shall communicate data messages tothe TMC The ArrOV\{ Board may communicate the data messages tothe TMC
AB.3.2.2; Systems directly via a DOT-operated server automatically or upon
—_ Systems. (AB.3.2) . P .
AB.3.2.3 — receipt of a “ping”, or via a proxy server.
Th t hallaut ticall d notificati t
AB.4; TMC.6 © systémshaflautomatically send notitication messages to Sent either from the Arrow Board or TMC Systems.
——' —— |DOT staff.
AB.4.1: The system shall automatically generate and send messages
m’l directly to field staffregarding the Arrow Board Reporting Sent either from the Arrow Board or TMIC Systems.
EEEE—— System.
AB.4.2: The system shallautomatically generate and send messages
— directly to RCRS operator staff regarding the Arrow Board Sent either from the Arrow Board or TMC System:s.
TMC.6.2 . .
I Reporting System, when RCRSis present.
AB.4.3: The system shallautomatically generate and send messages
— directly to ATMS operator staff regarding the Arrow Board Sent either from the Arrow Board or TMC Systems.
TMC.6.3 . .
I Reporting System, when ATMS is present.
AB.4.4; The systemshallsend mess:?\ges via mobile application, text Sent either from the Arrow Board or TMC Systems.
TMC.6.4 message, pager and/or email.
AB.4.5; The sys‘tertn §ha|l sepd a‘utomated notification me§sages Sent either from the Arrow Board or TMC Systems.
TMC.6.7 regarding initial activation of an Arrow Board device.
AB.A.E: The system may send automated notification messages when
W'S the Arrow Board device is determined to be part of a mobile |Sent either from the Arrow Board or TMC Systems.
E— work zone.
AB.4.7; The system may send automated notification messages when .
TMC.6.9 the Arrow Board device is moved to a different lane. Sent either from the Arrow Board or TMC Systems.
The system may send automated notification messages when
AB.4.8: the Arrow Board device is determined to have a maintenance
m'lo need, such as being out of place, i.e., due to strong winds or [ Sent either from the Arrow Board or TMC Systems.

being hit by a passing vehicle, or sending an error message or
incomplete or inaccurate data.
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Req. IDs Onerequirement shallbe met such that... Difference
AB.4.9; The system may send automated notification messages when ,
TMC.6.11  |the display of the Arrow Board device changes. Sent either from the Arrow Board or TMC Systems.
AB.4.10; The system may send automated notification messages when .
— Sent either from the Arrow Board or TMC Systems.
TMC.6.12  [the Arrow Board device is determined to be inactive. y
AB.4.11; The system may send automated notification messages when .
— Sent either from the Arrow Board or TMC Systems.
TMC.6.13  [the Arrow Board device is determined to be powered down. Y
The system shall have a mechanism that enables specific
TMC.4.12; |individuals to receive messages about specific Arrow Board .
TMC.6.14  |devices updates of interest within their jurisdiction when the Sent either from the Arrow Board or TMC Systems.
systemis used to send messages.
AB.4.14; The system shall have the capability to limit the number of i
E— ¥ P ¥ Sent either from the Arrow Board or TMC Systems.
TMC.6.15 messages sent.
AB.4.15; . .
—_— . . L. S Sent either from the Arrow Board or TMC Systems, location
AB.4.16; The systemshallinclude location information in notification |, . . .
—— information may be pre-processed (i.e., GPS coordinates) or post-
TMC.6.17 processed (i.e., highway, direction, milepost).
AB.4.17; The syste.:m s.haII |r!c.lude.: Arrow Board display status Sent either from the Arrow Board or TMC Systems.
TMC.6.18 |information in notification messages.
Implementation of this requirement is dependent upon the
TMC.1.9.1; The svstem shall receive Arrow Board data messages manner in which AB.3.2is implemented, such that the system may
TMC.1.9.2; (TMCyl 9) v W 8es. receive data directly from the Arrow Board (given AB.3.2.1),senda
TMC.1.9.3 |— —— “ping” to the Arrow Board for a data message (given AB.3.2.2), or
send a “ping” to a proxy server for a data message (given AB.3.2.3).
TMC.2.14.1;
P E— The direction of travel may be determined by any suitable
TMC.2.14.2; |The system shall determine the direction of travel that the alternative. including a co:/n ass reading or stfﬁc.zentl accurate
TMC.2.14.3; |Arrow Board device is facing. (TMC.2.14) latitude an<,:I lon ituge for i:stance & y
TMC.2.14.4 gItuae, '
TMC.3.2; The system shall merge new Arrow Boardinformation witha |This maybe done automatically, require manual action, or be
TMC.3.3; matched existing RCRS event to provide additional or updated [ completed after approval by RCRS staff, respectively. It may be
TMC.3.4 information within the existing event. desired that this can be done in more than one way.

ENTERPRISE Real-Time Integration of Arrow Board Messages into Traveler Information Systems

Model Requirements — February 2017

29



Req. IDs Onerequirement shallbe met such that... Difference
TMC.3.5; The system shallingest processed data into the agency RCRS This may be done automatically, require manuaI‘act|on, or be
TMC.3.6; as a new event completed after approval by RCRS staff, respectively. 1t maybe
TMC.3.7 ) desired that this can be done in more than one way.
TMC.3.8; The system shall update an existing RCRS event based on This may be done automatically, require manual‘actlon, or be
TMC.3.9; undated Arrow Board information completed after approval by RCRS staff, respectively. It maybe
TMC.3.10 P ) desired that this can be done in more than one way.
TMC.3.11; The system shall close an RCRS event when the shoulder or This may be done automatically, require manual'actlon, or be
TMC.3.12; lane closure is no longer active completed after approval by RCRSstaff, respectively. It maybe
TMC.3.13 g ) desired that this can be done in more than one way.
TMC.4.2; The system shall merge initial Arrow Boardinformation with a | This may be done automatically, require manual action, or be
TMC.4.3; matched existing ATMS event to provide additional or completed after approval by ATMS staff, respectively. It maybe
TMC.4.4 updated information within the existing event. desired that this can be done in more than one way.
TMC.4.5; The system shallingest processed data into the agency ATMS This may be done automatically, require manual .actlon, or be
TMC.4.6; a5 3 new event completed after approval by ATMS staff, respectively. It maybe
TMC.4.7 ) desired that this can be done in more than one way.
TMC.4.8; The system shall update an existing ATMS event based on This may be done automatically, require manual ?ctlon, or be
TMC.4.9; undated Arrow Board information completed after approval by ATMS staff, respectively. It maybe
TMC.4.10 P ) desired that this can be done in more than one way.
TMC.4.11; The system shall close an ATMS event when the shoulder o This may be done automatically, require manual fa\ctlon, or be
TMC.4.12; lane closure is no longer active completed after approval by ATMS staff, respectively. It maybe
TMC.4.13 J ’ desired that this can be done in more than one way.
TMC.5.2; Iﬁhaizzzzegiss?ian” ngﬁf il:l?rzlvzlr;?\il\rll fifsqr:tlig?::iz:qr; E’:th | This may be done automatically, require manual action, or be
TMC.5.3; 1Ing . . ¥ 8- completed after approval by ATMS staff, respectively. It maybe
e — phone, website) to provide additional or updated information , i )
TMC.5.4 - . desired that this can be done in more than one way.
—_— within the existing event.
TMC.5.5; The systemshall ingest processed data into the agency This may be done automatically, require manual action, or be
TMC.5.6; traveler information systems (e.g., phone, website) asa new |completed after approval by TMC staff, respectively. It maybe
TMC.5.7 event. desired that this can be done in more than one way.
TMC.5.8; The system shall update an existing traveler information This may be done automatically, require manual action, or be
TMC.5.9; systems event (e.g., phone, website) based on updated Arrow | completed after approval by TMC staff, respectively. It may be
TMC.5.10 |Boardinformation. desired that this can be done in more than one way.
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Req. IDs

Onerequirement shallbe met such that...

Difference

TMC.5.11; |The systemshallclose atravelerinformation systems event |This maybe done automatically, require manual action, or be
TMC.5.12; [when the shoulder or lane closure is no longer active, completed after approval by TMC staff, respectively. 1t maybe
TMC.5.13 |including phone, website, and DMS message. desired that this can be done in more than one way.

TMC.8.1; This may be done in one or more ways, either through receipt of a
TMC.8.2; The system shall determine when an Arrow Board is no longer | specific message or data element from the Arrow Board given one
TMC.8.3; active. (TMC.8) or more of the optional requirements AB.5.1; AB.5.2; AB.5.3;0r
TMC.8.4 AB.5.4, or by a determination of TMC systems.

TMC.9.1.1; |The systemshallcontain a databasetostore r‘awand The archived data may be storedin the RCRS, ATMS, or a new
TMC.9.1.2; |[processeddatafrom the Arrow Board Reporting System. event database

TMC.9.1.3 [(TMC.9.1) '

TMC.9.2.1; The _f,y.stem.shal‘l contain a database that is capable of . Data may be queried by geographic area, road segment, both, and
— .~ - - |providing historical lane closure data for DOT staff queries. .

TMC.9.2.2 potentially by other means.

—=== |(TMC.9.2)

TMC.11.2; The system shall allow staffto query the archived data. Data may be queried by geographicarea, road segment, both, and
TMC.11.3 potentially by other means.

Table 6: Other Optional Requirements for Arrow Board Reporting System

Req. ID Optional Requirement Notes
The systgm may determine and rgpgrt additional Arrow Board Iocatlon. Agency staffmay also desire other additional
AB.1.6 information, such as a text description of the location, e.g., road and milepost, |. .
or nearest address. information.
. L . If desired, additional optional requirements may be
AB.2 The system may provide status messages whenthe device is inactive. selected: AB.2.1; AB.2.2; AB.2.3; AB.3.5.
AB.33 The system may be capable of providing local, one-way communication e.g., aport may be provided to allow a future
E— broadcast, via DSRC or other suitable communication means. connection toenable DSRC broadcasts.
AB.3.5 The system may communicate updated status messages at pre-defined Agency staff may desire to know device location even
— intervals when the device is inactive. when the device is inactive.
Notification from the Arrow Board will increase
certainty that system s inactive versus in need of
AB.5 The system mayindicate thatit is no longer active. maintenance. If desired, additional optional
requirement needed to specify how: AB.5.1; AB.5.2;
AB.5.3; AB.5.4.
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Table 7: Other Optional Requirements for TMCSystem

Req.ID Optional Requirement Notes
The system may be capable of receiving additional data describing Arrow
TMC.1.4 |Boardlocation information, such as a text description of the location, e.g., Required if AB.1.6is implemented
road and milepost, or nearest address.
TMC.1.5 The system may be capable of recgwmg data 'descr.lbmg Arrow Board direction Required if AB.1.7 is implemented
— | of travel that the Arrow Board device display is facing. E—
The system may determine when an Arrow Board has a maintenance need The system may “flag” this information or it may be
TMC.2.16| due to receipt of an error message, or a message that is lacking data or left to TMC staff to identify incomplete or inaccurate
contains data outside of expected parameters. information.
The system may maintain an inventory of Arrow Board Reporting Systems that The mvgntory maypurge dewc_e IDs that have not‘ .
TMC.2.17 . . . transmitted a message regarding a lane closure within
——|logs the device ID and timestamp of most recent message received. e . )
a specified period of time.
The system mayarchive a log of manual and automatic changes made to This archlve.d log ,O,f changes to RCRSevents canbe
TMC.3.14| . .. . . used to audit activityand measure performance of
——— | existing RCRS events that are based on Arrow Board information. o . . ) .
arrow board in improving traveler information quality.
TMC.6.19 The systerT\ may_mclu@g th_e RCRSevent status of Arrow Board datato RCRS Note: not a part of AB.4.
— | operators in their notification messages. B
The system mayinclude ATMS event status of Arrow Board datato ATMS
TMC.6.20 y . y‘ I Note: not a part of AB.4.
——— | operators in their notification messages. —
If desired, additional optional sub-requirements are
TMC.7 The system may provide the most recent Arrow Board device update to DOT |provided regarding what information is provided

staffon demand.

(TMC.7.3; TMC.7.4; TMC.7.5) towho (TMC.7.1;
TMC.7.2)and how (TMC.7.1.1, TMC.7.1.2,TMC.7.1.3).
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Appendix A - Real-Time Integration of Arrow Board Messages into Traveler
Information Systems: Model Concept of Operations
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1.0 Introduction

1.1 Background —Understanding the Challenge

Road construction and maintenance activities that require lane or shoulder closures are not always
reported to operations staff for dissemination to traveler information systems and the traveling public.
The provision of construction information to transportation management center (TMC) staff, particularly
for shorter duration and/or mobile work zones, if any, can be challenging given the fast-changing and
temporal nature of those work zones. Details about the timing of the lane closures or the location of the
closure in real time may vary with little notice, but are needed for posting specific messages for the
traveling public.

Gathering and reporting information can be time consuming for staff. When construction information is
known, TMC staff must often manually enter it into Road Condition Reporting Systems (RCRS). Likewise,
assembling precise (i.e., detailed, timely, and accurate) information can be difficult and time consuming
for staffin the field who have other responsibilities. Some agencies require contractors to provide real-
time information from the field with some utilizing a specific smart phone application for this purpose,
however getting this information on a consistent basis has remained a challenge.

The current state of practice generally results in limited detailed information available for agency use or
traveler information. Lacking precise, consistent, and reliable details about time and location of work
zone-related closures, TMC staff can only post genericinformation to dynamic message signs (DMS) and
traveler information dissemination systems, if anything at all. Consequently, the traveling public often
has limited information about lane closures during or in advance of a trip. Additionally, agency
practitioners desire more detailed records on the start time, end time, and location of lane closures for
improved post work zone analysis of the transportation management plan (TMP) and performance
measurement. Given anticipated deployment of connected vehicles, driver notifications of work zone-
related lane closures via in-vehicle displays offer opportunities for increased safety, but alsoincreases the
need for accurate information about active lane closures.

1.2 A Candidate Solution

Arrow boards are routinely used in advance of active work zones to designate lane closures in the field,
and display the most current information to approaching motorists. Although no off-the-shelf system
currently automatically integrates arrow board statusesintotraveler information mechanisms for display
to motorists, available technology could report the location and operation of Arrow Boards to TMC staff
for improved traveler information dissemination and performance reporting, without requiring
significant time of agency staff in the field or at the TMC.

1.3 The Vision

The vision of this project is that in the near future, state and local DOTs will competitively procure systems
to integrate Arrow Board status information into existing and future traveler information systems. This
vision will be recognized by an initial set of agencies (the ENTERPRISE Pooled Fund members) working
together to define common requirements for systems to integrate Arrow Board status information into
traveler information systems that will enable Arrow Board manufacturers and third party integrators to
develop systems to meet the needs of multiple agencies.
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The primary benefits expected include:

e Improved situational awareness by TMC operators of real-time lane closures in the field;

e Detailed, consistent, andreliable real-time information about lane closures disseminated to
travelers upstream of the closure through Dynamic Message Signs (DMS), traveler information
mediums, and connected vehicle applications;

e Improved project management opportunities, including the ability to verify contractor work
status todocument lane closure times for use on lane rental projects or enforce restricted hours
or to cross check any lane closure updates that are required of the contractor;

e Increasedarchived data available for evaluation, performance management, andresearchto
better understand work zone mobility impacts and exposure for reporting purposes, use for
future work zone planning efforts, analysis of TMPs, and for performance-based specifications.

e Foundational communication technology for Arrow Boards to broadcast display status andlane
closure-related information to Connected and Automated Vehicles.

Depending on the amount of manual involvement by field staff, a secondary benefit of this systemis the
potential for faster response timein the field for maintenance needs, including times when the Arrow
Boardwas hit by a passing vehicle or blown out of place by strong winds, given notifications to field staff
of system functionality. The reporting of Arrow Board usage may alsoimprove quality of the device, i.e.,
the system canreport if the arrow board is level and plumb, the location can be more readily verified by
field personnel.

1.4 Intent of This Project

The overall intent of the ENTERPRISE Integrating Active Work Zone Notificationsinto Traveler
Information Dissemination Mechanisms (Phase 1) project is for multiple states to collaborate to follow a
systems engineering process to develop an ITSsolution that integrates active work zone notifications
regarding lane closures from Arrow Boards into agency traveler information disseminationsystems.
During this process, the project teamidentified a focus on integrating real-time information from Arrow
Boards in the field; therefore, the Model Con Ops document has been titled to reflect this focus: Real-
Time Integration of Arrow Board Messages into Traveler Information Systems: Model Concept of
Operations.

1.5 Objective of This Document

This model concept of operations (ConOps) presents an overview of the current system, identifies the
relevant stakeholders, translates current challenges into specific needs, outlines an operational concept,
suggests likely roles and responsibilities, and describes scenarios for integrating active work zone lane
closure information from Arrow Boards into agency traveler information dissemination systems.

1.6 Context of this Document

This document will serve as a foundation for the development of system requirements, which will
complete Phase | activities. Existing requirements for ITS devices or systems could serve as examples to
encourage standardized implementation. National-level requirements for ITS communications with the
TMC, such as those defined by the National Transportation Communications for ITS Protocol (NTCIP) 1203
for DMS or 1207 for ramp metering, might be adapted for the development of requirements for this
concept as it pertains to Arrow Boards. Thus, as with all stages of the systems engineering process,
ongoing stakeholder input and support is essential for the successful development of a useful system that
effectively addresses user needs.
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Phase Il will subsequently evaluate existing system integration deployments and/or use these system
engineering documents to support the deployment, coordination, or evaluation of deployments of this
technology. The purpose of Phase Il will be to facilitate a deployment of the “Integrate Active Work
Zones” concepts in one or more ENTERPRISE member states and evaluate the process, lessons learned
and benefits. Specifically, the current plan is for approximately 5-10 Arrow Board Reporting Systems to
be deployed in up to four states for approximately six months; it should be noted that costs are sometimes
higher for pilot efforts of innovative technologies than for later, more widespread deployments.
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2.0 System Overview

The system of interest in this ConOps is comprised of two largely independent systems: 1) Arrow Boards
and 2) traveler information dissemination systems and data archives. This section provides a brief
description of those systems, as depictedin Figure A-1.

2.1 Arrow Boards

The Manual of Uniform Traffic Control Devices (MUTCD) includes recommendations for the use of Arrow
Boards to provide warning and directional information for the traveling public through a work zone with
a lane or shoulder closure. As a possible substitute, the MUTCD notes that Portable Dynamic Message
Signs (PDMS) can also perform the role of an Arrow Board. For the purposes of this ConOps, references
to Arrow Boards are inclusive of PDMS functioning as an Arrow Board, but not PDMS performing other
functions. Arrow Boards are routinely deployed for lane or shoulder closures on multi-lane roadways.
Arrow Boards are typically locally operated, and are generally mounted on either trailers or trucks; truck-
mounted Arrow Boards may be used for mobile work zones.

2.2 Traveler Information Dissemination Systems and Data Archives

Traveler information dissemination systems and data archives in this context comprises the databases,
road condition reporting systems, and advanced traffic management systems used by transportation
agencies to collect, process, disseminate, and store traffic data and information for use by the traveling
public and agency stakeholders. Specifically, this traveler information may be available via DMS, 511
phone or web, mobile apps, social media, or as part of the connected vehicle environment. Incoming data
and posted information is frequently archived in a database for some period of time for later analysis, as
needed.

Portable TMC Systems “LEET LANE Travele'r
Arrow Board CLOSED ON I'nfornTatlc?n
Indicates Lane — HWY ## Dissemination

Road Condition Syst
Closure ) FROM MP ## ystems
Reporting System 511 Ph &
O.. X X ] Web

Location
&
Status

“Event”
Created

Database
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Figure A-1: The systems of interest for this ConOps include Portable Arrow Boards, Road Condition
Reporting Systems, Advanced Traffic Management Systems, and traveler information dissemination

systems.
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3.0 Stakeholders

For this project, stakeholders are defined as follows:

3.1 Primary Stakeholders

Primary stakeholders are direct end users of the eventual technology deployed to integrate the
information from Arrow Board Reporting Systems into traveler information dissemination mechanisms.
Additionally, these stakeholders are involved in the development of the ConOps and Requirements, and
will be influenced directly by the deployment of Integrated Work Zone Notification systems. Specific
stakeholders described below are more grouped into four more general categories that are used
throughout this document: Transportation Management Center (TMC) staff, ITSvendors and owners, field
staff, and archived data users.

TMC Staff

e Advanced Traffic Management System (ATMS) Operator Staff. ATMS operator staff are
responsible for controlling the various systems used to manage traffic. They are stakeholders to
this project because they often are not informed of temporary lane closures and would benefit
from increased notifications of these lane closures. They may react by posting messages on DMS
upstream of the lane closure, monitoring traffic congestion upstream of the lane closure, or by
taking other actions.

e Road Condition Reporting System (RCRS) Operator Staff. The department of transportation (DOT)
staff members that are responsible for traveler information systems are stakeholders to this effort
because the systems they manage areintended to inform travelers about events impacting traffic,
including lane closures. While work zone activities are typically entered into RCRS to feed the
various traveler information dissemination mediums, the work zone descriptions often lack
details about temporary lane closures. The systems deployed as a result of this project may create
data and information that is automatically insertedinto RCRSs, or manually entered by a variety
of staffresponsible for creating traveler information.

ITS Vendors and Owners

e System Integrators. These stakeholdersinclude RCRSvendors and ATMS vendors, as well as any
DOT staff, that will have arole in modifying the TMC systems per agency needs to accommodate
the new data collection, processing, and archiving requirements that support Arrow Board
Reporting System functionality.

e Fquipment Owners. Equipment owners may be the DOT, work zone contractors, or other vendors
who facilitate the deployment, and also verify and validate operations of the Arrow Board. They
can assist with making the deployment easy and simple for other users to operate, minimizing
costs, and addressing security needs.

Field Staff

e Arrow Board Operators. Arrow Board operators could consist of either DOT staff, local agencies,
utility companies, or contractors and are identified as stakeholders because they are responsible
for activating and maintaining Arrow Boards, and any field activities identified would be their
responsibility.

e WorkZone Inspectors. Work zone inspectors are in the field and aware of the timing and location
of lane closures in real time, versus the plans anticipated by the contractor. These stakeholders
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could verify lane closures in ATMS or RCRS, or confirm generated email alerts, in order to assist
with calculating the lane rental for the contractor’s performance-based specifications.

Construction Managers. Construction managers are responsible for the overall work zone, but
may also be responsible for several other construction sites and would benefit from having alerts
when not on site. These stakeholders would need to receive real-time alerts when an Arrow
Board Reporting System is activated, as well as any status changes regarding display, location, or
being powered down.

Archived Data Users

Work Zone Planners and Managers. Work zone planners and performance management staff are
stakeholders to this project because they write specifications, review the actual operations of
work zones, and compare actual operations to what was planned in the Work Zone TMP. The
information about the start/endtime and locations of lane closures will assist inthis analyses.

Traffic Operations Group, Congestion and Performance Managers, and Archived Data Users.
These stakeholders focus on minimizing congestion and conduct analyses and review of archived
data available, including that from portable or temporary systems used in work zones. These
stakeholders also develop new performance requirements that might be applied to work zones
to minimize congestion. Additional stakeholders within this group include researchers, MPOs,
contractors, contract administrators, and contract inspectors who may also be interested in
accessing and analyzing archived data.

3.2 Secondary Stakeholders
Secondary stakeholders are end users that do not interface directly with the system but will benefit from
the information that becomes available as a result of the system integration.

Travelers. Travelers and other consumers of the information such as law enforcement and freight
carriers are identified as a stakeholder group in this project. While they will not interface directly
with the Arrow Board Reporting System data communications, they will be the recipients of
information disseminated on either TMC controlled DMS or traveler information systems.

Third Party Information Dissemination Providers. Private sector information service providers that
access data feeds from the DOTs and disseminate information using their own systems (e.g.,
Waze, Google) are secondary stakeholders in that the data feed theyaccess at the DOTs will most
likely be enhanced to include the additional detail about lane closures.
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4.0 Challenges

Identification of relevant challenges facing the stakeholders described above will facilitate the specified
needs and provide context for any potential constraints to consider when defining the needs.

Table A-1: Challenges Facing Stakeholders
|# Challenges Facing Stakeholders

1 [Details about the location and timing of lane closures is difficult and time consuming toassemble into
traveler information systems, often resulting in general messages describing work zone impacts.

2 [Traffic Management Center (TMC) Staff often are not aware when lane closures begin, and therefore
are not able to post messages on upstream DMS or take other actions.

3 | The exact timing and locations of lane closures are often not known in advance, and field personnel
performing the roadwork and closing the lanes have many other responsibilities such that manually
reporting a lane closure is often not possible.

4 |Travelers lack detailed information, and are only given general information because known
information is not accurate enough.

5 [No off the shelf equipment or communications technology is currently available to automatically
communicate lane closures toa centrallocation.

6 | Detailed records of the location, start and end time for lane closures is not always recorded, and this
can impact the ability to do post work zone analysis of the TMP and performance measures.

An Overarching Challenge of Acceptable Levels of Automation

An additional challenge facing stakeholders that will deploy Arrow Board Reporting Systems will be the
degree to which the Arrow Board messages received by the RCRS and ATMS systems are automatically
insertedintothe systems versus manual verification or acceptance of messages. There is no debate about
the need for Arrow Boards to report automatically without field staff activation, but agencies will likely
differ in their comfort level of disseminating information without human verification. A prescribed
approach for automated or manual acceptance of messages is not included in this document in order to
provide flexibility for agencies to adopt practices that are consistent with their current systems and
comfort levels. There are severaltradeoffs that are worthy of consideration, for example:

e Inafully automatedsystem where the agency TMC Systems accept Arrow Board messages evenif no
one can provide visual verification, either in-person or via traffic camera, there is an increased
likelihood of false reports, however this approach will likely accomplish an increased number of
reports of lane closures disseminated to travelers with minimal operator involvement. Full
automation also depends on the capabilities of each agency’s individual ATMS and/or RCRS. Agencies
may experience challenges with accurately linking detailed Arrow Board messages with higher-level
ATMS and/or RCRS reports that do not require so much detail, which might hinder automated
reporting.

e Asystemthat requires manualverification or message approval before messages are disseminated to
the public will have a decreased likelihood of false reports, but will have an increased likelihood that
limited staff availability (or staff fatigue from receiving notifications that are not relevant to that
individual) would cause more Arrow Board messages to be neglected and not be posted to ATMS,
RCRS, and/or traveler information dissemination systems at all. For instance, given that many lane
closures occur as a part of night-time work zones and not all TMCs operate 24 hours, requiring manual
intervention by TMC staff could limit the provision of traveler information.
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The initial intent of this ConOps was to provide for a fully automated system that could inform ATMS,
RCRS, and/or traveler information dissemination systems of shoulder or lane closures, with minimal
manual intervention in order to not place additional responsibilities on staff that are already busy.
However, it is expected that operator and/or field staff verification will occur during acceptance testing
to validate and gain confidence in the Arrow Board reports. After acceptance testing, some agencies may
opt for a fully automated system, while others may not be comfortable or confident in the accuracy of the
Arrow Board messages and continue to require verification. For example, some agencies may leverage
available CCTV camera coverage of the areas where Arrow Boards are used, or may routinely have staff
in the field, e.g., inspectors or district staff, who could verify the Arrow Board messages, although this
may not be an option for other agencies. Agencies might also consider requiring manual intervention by

TMC staff during business hours, and utilizing a more automated Arrow Board Reporting System during
hours when the TMCiis closed.

Anticipated Connected Vehicle Challenges

In a connected and automated vehicle environment, it is likely that Arrow Board display status regarding
lane closures would be a valuable data input. The system developed as a part of this ConOps would
provide a foundational technology that could be readily adapted for use by connected and automated
vehicles in the future.
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5.0 Needs

Three categories of Stakeholder Needs have been identified, and are presented in Table A-2, Table A-3,
and Table A-4 below:

e EndUserStakeholderNeeds —describe the needs of end users of the information to be provided
from the Arrow Board Reporting Systems in the field. These needs are identified to address the
challenges described above.

e Stakeholder Needs Regarding Receiving and Processing Arrow Board Reporting System
Messages — describe the needs for functions to be automatically or manually performed to make
use of data received from Arrow Board Reporting Systems in the field in order to meet the End
User stakeholder needs. In other words, the functionality of the Arrow Board Reporting Systems
to send messages will need to be accompanied by additional functions performed by other DOT
TMC Systems (e.g., ATMS, RCRS) to make use of the messages sent.

e Needs Regarding Functionality at the Arrow Board Reporting Systems —describe the needs that
would need to be addressed by either the Arrow Board or a related product connected to the
Arrow Board.

Table A-2: End User Stakeholder Needs

| 1. End User Stakeholder Needs

1-1 | Traveler Information managers need near real-time notices of lane closures to be automatically
ingested into the Road Condition Reporting System (RCRS) in order to be disseminated through
thevarious traveler information mediums fed by the RCRS (e.g., phone, web, mobile apps,
socialmedia).

Notes:| - DOTs will approach this in different ways, e.g., some will require operator verification
of the event after acceptance testing, others may not.

- Lane closures reported by Arrow Boards may be processed by the RCRSand ‘snapped’
to an existing Road Work Event alreadyin the system (perhaps adding a new element
to the Event for the current lane closure).

1-2 |TMC Operators need near real-time notices oflane closures to be automatically ingested into

their ATMS software in order for manualand/or automated consideration of upstream DMS

messages.

Note: | - Insituations where an automatedingestinto the ATMS is not possible, operators may

receive notices to be manually entered (see Need 1-3).
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1-3

Some TMC Operators and other DOT staff such as work zone inspectors and construction

managers need real-time trigger alert or notification capabilities (e.g., email, pager, existing
systemdisplay) to keep abreast of lane closure activities and potentially assess whether further
actionis needed.

Notes:

This need addresses DOTs who do not establish automated reporting into either the
RCRSor ATMS, or DOTs who also wish for additional users to receive notices of the
lane closures.

Note that lane closure data from the field may only include latitude/longitude values
as the location description (as the ‘snap’ of the latitude/longitude to a DOT operated
highway might happen in the RCRS or ATMS software). Therefore, these alerts might
not be user friendly.

If the field device or a processed message generated fromthe RCRSor ATMS is able to
convert the latitude/longitude to highway ID and milepost before sending, this would
more appropriately address this need.

Major changes in data received between successive messages could indicate a
communication or other failure in the field that requires maintenance or could
indicate the end of the active lane closure, e.g., increased device speed, missed
receipt of anticipated messages, display status change.

1-4

Work zone planningstaffneed to be able to access information describing the location, start,
and end time of lane closures associated with work zones in order to perform post-analyses.

Notes:

Analyses of work zone impacts and comparisons of Transportation Management Plans
(TMPs) against actual impacts would typically not require near real-time access, but
rather access torecent data (e.g., querying a month of lane closures, or querying a
specific highway ID) for post-analysis.

Planning staff may need more real-time information if changes in the field are
required when the work zone is active.

1-5 |Stakeholders receiving near real-time notices of lane closures need to not receive repetitive
notifications ofthe same lane closure event.
Notes:| - This ‘filtering’ to avoid operator overload would most likely occur within the RCRS or
ATMS software.
- Periodic update notifications following a reported major operational status change are
expected.
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1-6 |Stakeholders receivingnear real-time notices of lane closures need confirmation that the lane
closureis no longeractive, and to have the event end in the ATMS or RCRS.

Notes:| - Arrow Boards will periodically send updated messages toindicate operational status
to TMC stakeholders.

- Toindicate the lane closure is no longer active or terminate the event in ATMS or
RCRS, one of the following will occur:

o Arrow Boardwill sendan “end” message when turned off prior to powering down.
The device communication mechanism may remain on given the provision of a
power source, and also provide location and battery status when the Arrow Board
is inactive.

o Arrow Board message willinclude orientation of sign to indicate whether it is
visible to passing motorists, orin a down position that would indicate that the
lane closureis no longer active and terminate the event.

o Arrow Board message willinclude location, such that the speed of the device can
be calculated between the receipt of twomessages, which could indicate it is
traveling too fast to be part of a mobile work zone.

o Systemcould generate anautomatic message after several “missed” messages
from Arrow Board for field staffto confirm that the device has been turned off
and the event has ended, versus a communication or power failure.

1-7 |Stakeholders receiving near real-time notices oflane closures need to be presented with
information describing: the roadway where the closureis occurring, the lane closure
description, directionoftravel, and the number oflanes closed.

Notes:| - This information may be derived from data received from one or more Arrow Boards
thatis processedin the TMC before being viewed by operators.

- Arrow Board data will include, ata minimum:

o Latitude and longitude of the Arrow Boardsign (i.e., to indicate milepost, and
derive speed of sign, if applicable, from consecutive messages)

o If latitude and longitude is not precise enough to ascertain direction, a compass
reading or suitable alternative will be included

o Arrow Boardorientation (i.e., visible to traffic or down)

o Arrow Boardstatus message (e.g., those listed inthe MUTCD: left or right flashing,
sequential, or flashing double arrow; left or right sequential chevron; flashing
caution; or alternating diamond caution)

o Timestamp of transmission

o DevicelD

- The number of lanes closed will be automatically determined based on the number of
Arrow Boards reporting the same arrow direction from near the same location (i.e.,
one Arrow Board is needed to close each lane).

- The identification of multiple Arrow Boards reporting caution mode will be
interpreted as redundant, e.g., being used within alane closure where no additional
lane is closed.
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1-8 |Stakeholders needto be notified if the lane closure is part of amobile workzone and s in

motion along the roadway.

Notes:| - The Arrow Board itself would report status and position at a regular frequency.

- The determination of whether it is a mobile work zone or not would most likely need
to be derived by the RCRS or ATMS.

- The pre-determined speedthresholds for ascertaining a mobile work zone vs.
traveling down the roadway may vary by road type (e.g., interstate, arterial) and
location (e.g., urbanvs. rural).

- Itis possible that a device attachedtoan Arrow Board may classify it as a mobile work
zone, but this feature would likely not be available with all products.

Inorder to accomplish the above End User Stakeholder Needs, a series of needs were derived for functions
to be performed by various systems or operators when receiving and processing Arrow Board messages.
These various systems and operators are referred to as “stakeholders” in Table A-3.

Table A-3: Stakeholder Needs Regarding Receiving and Processing Arrow Board messages

2. Stakeholder Needs Regarding Receiving and Processing Arrow Board Messages

Stakeholders need a mechanismto receive wireless communications from Arrow Boards and

store the messages/data that are transmitted.

Notes: | - Datamustarrivein a useful manner for processing by the ATMSand/or RCRS
(e.g., atext message received via phone would not allow access by the ATMS or
RCRS).

- Datamaybe received by request, via a proxy server, and/or directly from the
Arrow Board on its own timing.

2-2 | Stakeholdersneed a mechanismto automatically processthe Device ID received in the Arrow

Board message.

Notes: | - Supports Need 1-5

- The Device ID can be referenced in logs for the ATMS and RCRStorecognize if this
lane closure report has already been received with a notification provided to
operators, and for comparison of new data to previously received data and

posted information.

- The Device ID may be used to look up the product type in order to process an
Arrow Board “status code”.

- Device ID (with lookup table for Device ID to include items such as manufacturer,
model, and owner of the Arrow Board) may be processed against a lookup table
of devices in order to determine the DOT shop itis assignedto.
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2-3 | Stakeholders need a mechanismto automatically process the location received as part of the
Arrow Board message.

Notes:

Supports Need 1-7

Arrow Boards may only report latitude/longitude, so the ATMS, RCRS, or other
system must be able to ‘snap’ a latitude/longitude to the appropriate roadway
and milepost, and minimize situations where an incorrect road is identified to the
extent possible.

This is typically a function performed by RCRSs and ATMS (for example, this is
currently done when RCRSs ingest law enforcement CAD reports).

If the DOT is planning to send lane closure alerts to others (beyond those with
ATMS or RCRS access) this same ‘snap’ to a highway would need to be performed.

2-4 | Stakeholders need a mechanism to automatically process the status of the Arrow Board, as
received in the message.

Notes:

Supports Need 1-7
Some Arrow Boards may output and send the status as a message describing the
Arrow Boarddisplay (e.g., “Right Arrow”).
Itis recognizedthatif thereis limited processing at the Arrow Board before the
message is sent, this might simply include a “status code” describing the Arrow
Board status selected by field operators (e.g., “Option A” is selected on the dial
which activates the “left arrow display”).
Status options are expected to incorporate those from the MUTCD, andinclude:
o Right flashing arrow, sequential arrow, flashing double arrow, or sequential
chevrons
o Left flashing arrow, sequential arrow, flashing double arrow, or sequential
chevrons
o Flashing caution or alternating diamond caution to indicate caution within
existing closure area and shoulder work
o Othersin compliance with MUTCD Figure 6F-6
o Error
o Off or blank
If only a “status code” is sent from the Arrow Board, and if different vendors use
different “status codes”, then the Device ID will be required to look up the vendor
and interpret the “status code”.

2-5 | Stakeholders need a mechanism to automatically process the timestamp, as received in the

message.
Notes: [ - Supports Needs 1-5, 1-7
- The timestamp of the first message sent describing an Arrow Board being
activated would need to be assignedto Events entered into either the ATMS or
RCRSas the “Event Start Time”.
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2-6 | Stakeholders need a mechanism to automatically process received data to determine the

direction of travel (describing the direction the Arrow Board is facing).

Notes: | -

Supports Need 1-7

The system may need to process the data received regarding the Arrow Board
status from the “status code” (e.g., right lane closed) in addition to the
latitude/longitude data with sufficient accuracy, compass reading, and/or a
suitable alternative to determine the direction of travel.

Alternatively, Arrow Board functionality could determine direction of travel,
allowing the ATMS, RCRS, or other systemto validate the direction of travel.

2-7 | Stakeholders need a mechanism to automatically maintain a history of messages sent from

each Arrow Board Device ID, in order to determine if this is a newly activated device or a
recurring message received for an active Arrow Board.

Notes:

- Supports Need 1-5

- This is to enable the ATMS or RCRSto recognize analready loggedlane
closure and not repetitively notify operators.

- The message exchange protocol and standard could include a field to indicate
that this is an update message.

- Inlieu of anindication it is an update message, Device ID, location, and status
of display could be usedto derive if it is a new deployment or update.

2-8 | Stakeholders need a mechanismto automatically determineif an Arrow Board is involved in

a mobile Work Zone.

Notes: | -

Supports Need 1-8

The system will calculate speed based on received latitude/longitude and device
timestamp information from two messages

If speedis calculated as slower thanthe typical local traffic speedfor the road
type (e.g., interstate, arterial) and location (e.g., urbanvs. rural), the device will
be assumedto be involved in a mobile work zone

This would likely be a function of the ATMS or RCRS

2-9 | Stakeholders need a mechanismto automatically determine when an Arrow Board has been

moved to a newlocation, and operators should be notified that it may no longer be displaying
in the same location and orientation, as originally placed.

Notes: [ - Supports Need 1-6

- This is for situations where the Arrow Board may have been moved from the
original location, either off the road/shoulder and is no longer visible to drivers or
to a new functioning location.

- This needs to accommodate for the potential to receive variations in
latitude/longitude data describing the location when in fact no movement has
occurred.
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2-10 | stakeholders need a mechanism to automatically determine when an Arrow Board reportis
no longer active.

Notes: | - This isto enable operators or systems to remove messages about lane closures
from upstream DMS or traveler information dissemination systems.

- Supports Need 1-6 and 3-10.

- Arrow Board will be determined to be no longer active given the following:

o Arrow Boardsign in a down position.

o The calculated speed of the device is too fast for the device to be active as
part of a mobile work zone.

o Arrow Boardtransmits a message indicating a blank display status.

o Receipt of amessage from the device communication mechanismassembled
as part of the shutdown, notifying that the device is turned off. Inlieu of a
“turned off” message, the system willassume the Arrow Boardis no longer
active after several “missed” messages.

- Optional: The system may generate an automatic message after several “missed”
messages fromthe Arrow Board Reporting System for field staffto investigate a
maintenance need (i.e., communication or power failure), or confirm that the
device has been turned off and the event has ended.

- Optional: The device communication mechanism may remainon given the
provision of a power source, and also provide location and batterystatus when
the Arrow Board s inactive.

2-11 | Stakeholdersneed Arrow Board messages to be archived to a query-based database to enable

Work Zone management staff access to specific details and statistics about lane closures.

Notes: [ - This isrelatedto enabling the data generated by the Arrow Boardto be accessed

and used by individuals responsible for work zone performance and planning for

future work zones.

2-12 | Stakeholders need a mechanismto automatically add a timestamp for when Arrow Board

messages are received.

Notes: | - This isin addition to the timestamp created at the device in order to determine

latency using archived data for post analysis.
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Table A-4 describes the stakeholder needs for functions to be performed by the Arrow Boards.

Table A-4: Stakeholder Needs Regarding Functionality at the Arrow Boards

| 3. Stakeholder Needs Regarding Functionality at the Arrow Boards

3-1 | Stakeholders need the ‘Integration of Active Work Zone Notifications’ to be fully automated,

with no reliance on field personnel to activate or enter information, beyond what they

currently do to turn on and configure the Arrow Board.

Notes: [ - Work zone staff time is occupied withwork zone and safetyrelated actions.

- Dependence on field staffintroduces potential for the notices to not be sent for
each lane closure.

3-2 | Stakeholders need an initial message to be available upon the Arrow Board being activated,

with data describing the Arrow Board activation.

Notes: | - This would be aninitial message describing a newly activated device

- May be transmitted automaticallytoa proxy server or in response to a ping from
the central system.

- Asan example, cellular modems could be used to connect and send data.

- Couldinclude a handshake confirmation

3-3 | Stakeholders need periodic messages to be available indicating the continued status of the
Arrow Board device.
Notes: [ - The Arrow Board device may automatically send the messages toa proxy server
or the system (i.e., ATMS, RCRS, or both) may pull messages from the device.
- This will allow TMC staff or an RCRSto validate that the Arrow Boardis still
actively displaying the message.
- This would involve the receiving system(s)to maintain a history of transmissions
to trackand determine if something has changed.
- Message transmission frequency will vary based on work zone duration and type:
o Initial default frequency will be every 5 minutes, ata minimum.
o Transmissionfrequency may be reduced for a longer, stationary deployment
(e.g., hourly reporting after four hours of activation).
o Transmissionfrequency will be increasedto every 10 seconds, ata minimum,
when the system determines from successive messages that the currently
active Arrow Boardis moving at a speed reasonably assumedto be part of a
mobile work zone.

3-4 | Stakeholders need allmessages sent from Arrow Boards to include a device ID.

Notes: | - DevicelD may be assignedat the device communications mechanismattachedto
the device.

- This would be usedto manage multiple messagesreceived and maintain history
of which devices are located where.

3-5 | Stakeholders needall messages created by Arrow Boards to include a timestamp.
Notes: | This is the time that the data is assembled at the device
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3-6 | Stakeholdersneed allmessagessentfromcurrently active Arrow Boards toincludethe display

status of the device (status of device refers to what is displayed on the Arrow Board).

Notes:

- Given potentially limited processing capabilities at the Arrow Board, this may be
a “status code” describing the status selected by field operators (e.g., “Option A”
is selected on the dial is known to activate the “left arrow display”).

- Given processing capabilities at the Arrow Board, the sent message mayinclude
a pre-defined description (e.g., “right arrow”).

- Status options are expected to incorporate those from the MUTCD, and include:

o Right flashing arrow, sequential arrow, flashing double arrow, or
sequential chevrons

o Left flashing arrow, sequential arrow, flashing double arrow, or
sequential chevrons

o Flashing caution or alternating diamond caution to indicate caution
within existing closure area and shoulder work

o Othersin compliance with MUTCD Figure 6F-6.

o Error

o Off or blank

- Field personnel typically select a setting on the Arrow Board.

- The “status codes” for Arrow Boards will likely differ by vendor, therefore the
Device ID would be used to interpret any “status codes” sent fromthe Arrow
Board.

- When aPDMS s usedas an Arrow Board, a different type of “status code” or text
description may be sent from the PDMS.

3-7 | Stakeholders need allmessages sent from Arrow Boards to include the location of the Arrow

Board described using a Geospatial description.

Notes:

- The Arrow Board must include latitude/longitude information in the message to
enable central systems to determine roadwayand milepost.

- The device communication mechanism internal GPS could provide this data.

3-8 | Stakeholders need all messages sent from currently active Arrow Boards to have data for

determ

ination of direction of travel.

Notes:

- A compass reading would satisfy this requirement, but is not a feature all Arrow
Boards have.

- Inlieu of a compass reading, locationaccuracyor a suitable alternative must be
sufficient to determine direction of travel of the lane or shoulder closure,
including a shoulder closure on a two-lane roadway.

3-9 | Stakeholders needallmessages sent from Arrow Boards to include display orientation.

Notes: [ - Orientation of Arrow Board display will indicate whether or not it is visible to
passing motorists. For example, an arrow board display may be in a “down
position” or in another orientation position where the display is not visible to
passing motorists, therefore indicating that the lane closure is no longer active.
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3-10

Stakeholders need data fromthe ArrowBoard to understand when itis no longer active.

Notes:

Data must sufficiently inform operators or systems toremove messagesabout
lane closures from upstream DMS or traveler information dissemination systems.
Respecting Need 3-1, data will support an automatic determination.

Supports Need 1-6 and 2-10.

Understanding of Arrow Board status will be made based on the following:

O

More broadly, data may alsoindicate when an Arrow Boardis being placed out
of service.

Per Need 3-9, Arrow Board signs in a down position would indicate that the
lane closureis no longer active.

Given Need 3-7, the speed of the device canbe calculated by the system,
given the location of the device in two messages, toindicateit is traveling too
fastto be active as part of a mobile work zone. The pre-determined speed
thresholds for ascertaining a mobile work zone vs. traveling down the
roadway may vary by road type (e.g., interstate, arterial) and location (e.g.,
urban vs. rural).

Given Need 3-6, Arrow Boards that send a message about off or blank display
status would indicate the lane closure is no longer active.

When the Arrow Board display is turned off, the device communication
mechanism may assemble one last message for transmission as part of the
shutdown, notifying the Arrow Boardis turned off. In lieu of a “turned off”
message, the system could assume the Arrow Board is no longer active after
several “missed” messages. The device communication mechanism may
remain on given the provision of a power source, and also provide location
and batterystatus whenthe Arrow Boardis inactive.

3-11

In situations where multiple Arrow Boards are activated for a multiple lane and/or shoulder
closure, Stakeholders need all Arrow Boards deployed within a cohesive work zone to transmit
status messages.

Notes:

This allows TMC Systems receiving the messages to determine that multiple lanes
are closed (i.e., two devices displaying ‘left arrows’ would indicate the right two
lanes are closed).

This would likely be determined by TMC Systems based on the location and
proximity of adjacent Arrow Boards on the same roadway and facing the same
direction.
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6.0 Operational Concept

The operational concept is presented below to detail how the new system will impact the roles and
responsibilities of field staff, ATMS operator staff, and RCRS operator staff. The changes experienced from
the perspective of equipped Arrow Board devices and the TMC System:s, i.e., back-office data gathering
and processing systems such as ATMS, RCRS, and/or other systems, are also presented.

While the majority of concepts presented below describe actions using “will” statements, there are
severalinstances where “may” is used. This is partially because this document is a model ConOps to be
used by agencies who will differ in the approach to some aspects, either based on systems used by their
agency or their selected approach to integrating of Arrow Board reports.

One area where the approach to integrating Arrow Board reports is likely to vary by agencyis the extent
to which each agency is comfortable with a fully (or near fully) automated process of messages being
communicated from the Arrow Board and integrated into the RCRS and/or ATMS systems without
operator verification. It is expected that agencies might initially adopt a process of manual approval of
messages, particularly during acceptance testing, but over time, as comfort increases, they would
transition to accepting a more automated approach. The automated vs. manually verified synopsis
represents a possible conflict in needs, where a possible need to not disseminate unverified information
conflicts with the need to increase the information delivery while not increasing demand on existing staff.
This conflict is particularly poignant for agencies that do not have 24-hour TMC operations with staff
available to manually verify Arrow Board messages from off-hour, night-time work zones that have lane
closures.

6.1 Arrow Board Reporting System Device Perspective

The Arrow Board device is deployed, tested, and activatedin the field as in the current state (i.e., withno
functionality to communicate its status beyond locally, to oncoming traffic), with the exception that it is
equipped with an Arrow Board Reporting System. The Arrow Board Reporting System will vary in design
by manufacturers, but is likely to include a physical device that is either attached to the Arrow Board or
included as part of the Arrow Board. The Arrow Board Reporting System will involve wireless
communications capabilities, which could include a local, one-way communication broadcast (e.g., via
DSRC or other suitable communication method) to enable future connected vehicle applications, and a
centrally located server to perform some post-processing of the data before itis relayed to TMC Systems,
which includes ATMS, RCRS, and/or other related back-office data processing systems. The centrally
located server could be any of a variety of configurations, ranging from vendor specific central servers
supporting multiple states, to a state or local DOT operated server supporting multiple vendor Arrow
Boards. Figure A-2 illustrates examples of the possible options for Arrow Board Reporting Systems
functionality.
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One option is that vendors would operate central servers to communicate with Arrow Boards
In the field. This would enable DOTs to pull data from each vendor’s central server

~

Vendor A Pulls data from Pulls data from

Arrow Board multiple State X DOT Other
Reporting Systems vendors’ TMC Systems Vendors’

central servers Central Servers

(only regarding
Arrow Boards
within State X)

-
.

Other DOTs pull
data in their state

Another option is that DOTs would operate a proxy server to enable Arrow Boards to report directly
to the proxy server, or to communicate via. Vendor operated central servers. This would allow the
TMC Systems to pull data from their own Proxy Server.

m\
.

Vendor A\
Arrow Board
Reporting Systems _

Pulls or receives
pushed data from State X DOT

Arrow Boards or = Proxy Server
central servers

: (multiple vendors)

Vendor A
Central

\

Vendor B Arrow

Boards

Figure A-2: lllustration of Possible Options for Arrow Board Reporting Systems

The following section defines the operational concept from the perspective of the entire Arrow Board

Reporting System (field device and central processing).

6.1.1 When an Arrow Board device equipped with automated reporting functionality (i.e., an Arrow
Board Reporting System) is activated by field personnel, the Arrow Board Reporting System will
deliver or make available an initial message to report the Arrow Board device ID, location,
direction of travel, display status, and orientation. This message will be used by the TMC Systems,
however a local one-way communication broadcast of this information (e.g., via DSRC or other
suitable communication method) may also be desired for use by field staff or to support

6.1.2 The Arrow Board Reporting System communications and data exchanges will either be directly to
a DOT operated server or to a proxy server established between the Arrow Board and the DOT

TMC Systems. (Need 2-1)

6.1.3 As equipped Arrow Board Reporting Systems continue to operate, they will periodically collect

3-9)

6.1.4 With each message sent by the Arrow Board Reporting System to the DOT TMC Systems, the

Arrow Board Reporting System will include a Device ID. (Need 3-4)
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6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

The Arrow Board Reporting System will generate an Arrow Board status message andinclude the
status message with eachmessage delivered to the TMC Systems. (Need 3-6) The status message
will describe the current display of the Arrow Board device, as one of the following options:

e Rightflashing arrow, sequential arrow, flashing double arrow, or sequential chevrons

e Left flashing arrow, sequential arrow, flashing double arrow, or sequential chevrons

e  Flashing caution or alternating diamond caution to indicate caution within existing closure

area and shoulder work

e  Othersin compliance with MUTCD Figure 6F-6.

e  Error

e  Off or blank

The Arrow Board Reporting System will determine the location of the Arrow Board device and
include the location with each message delivered to the TMC Systems. The location will include
the latitude/longitude of the Arrow Board device, as a minimum. In addition, the location may
include a text description of the location (e.g., road and mile point, or nearest address). (Need
17,37)

The Arrow Board Reporting System will determine the direction of travel that the Arrow Board
device display is facing and include the direction of travel with each message deliveredto the
TMC Systems. (Note: In the event that an Arrow Board Reporting System is not equipped to
determine direction of travel, the TMC Systems will determine direction of travel.) (Need 1-7,
3-8)

The Arrow Board Reporting System will determine the display orientation of the Arrow Board
device and include the orientation description with each message delivered to the TMC Systems.
The orientation will describe whether the Arrow Board device display is visible to motorists, or
in a “down position”, which may vary depending on the Arrow Board manufacturer. (Need 3-9)

As field staffturn the Arrow Board off, the Arrow Board Reporting System will send a message
to the TMC Systems indicating that the message is no longer active. Ifthis functionality is not
possible with the selected Arrow Board Reporting System, alternate solutions (e.g., the central
system inferring the system s turned off after not receiving an updated status) may be
employed. The device communication mechanism may remain on given the provision of a
power source, and also provide location and battery status whenthe Arrow Board is inactive.

The Arrow Board Reporting System may automatically generate and send a message directlyto
field staff, ATMS operator staff, and RCRS operator staff when datais reported by the Arrow
Board Reporting System, using a medium such as text message, pager, or email. The approach
to sending alerts tostaff will likely be determined at eachlocation, and will need to identify a
mechanism that enables specific individuals to receive notices about Arrow Board device
activations of interest to them while not being overwhelmed with notices of Arrow Boards
outside their jurisdiction. This functionality may also be performed by the ATMSand/or RCRS
operated by the agency. (Need 1-3)

The Arrow Board Reporting System may generate system functionality status messages (e.g.,
error codes) to indicate when basic system functions are not performing properly. System
functionality status messages may be generated for the following Arrow Board Reporting
System functions: Ability to generate arrow board status messages; abilitytogenerate arrow
board location and position messages; and ability to communicate with TMC Systems. The

ENTERPRISE Real-Time Integration of Arrow Board Messages into Traveler Information Systems A-21
Model Concept of Operations— February 2017



system functionality status messages will either be available at the Arrow Board Reporting
System device (enabling field staff to troubleshoot maintenance needs at the device) or
alternatively could be deduced from the TMC Systems. (Need 1-3)

6.1.12 The Arrow Board Reporting System will have an expected service life, to be specified based on
system components, functionality, anticipated use, and environmental conditions. This
information will be used to help determine when Arrow Board Reporting System devices should
be placed in and out of service for maintenance needs, and to manage inventories of devices.
(Need 3-10)

6.2 Field Staff Perspective

Depending on the state DOT, scope of construction, and ITS contracts in place, field staff may include the
construction contractor, a separate ITS vendor or support contractor, DOT maintenance or inspection
staff, ora combination of these stakeholders. Depending onagency practices and confidence inthe Arrow
Board Reporting System messages, the system described here is automated, however additional manual
verification by field staff may be desired, particularly during acceptance testing. The following section
defines the operational concept from the field staff perspective.

6.2.1 Field staff will carryout all duties performed under the current state, including placement, testing,
and activation of the Arrow Board, without any additional expectations. (Needs 1-5, 3-1)

6.2.2 In situations where multiple lanes are closed, field staff will deploy Arrow Boards with reporting
capabilities in each lane, enabling the system to determine that multiple-lane closures are in place.
(Need 3-11)

6.2.3 Insome deployments, automated notifications will be sent tofield staff regarding the Arrow Board
location and display at activation, when location or display change, and when powered down. In
addition to providing field staff with information about the changing status of lane or shoulder
closures, these notifications may also help to identify maintenance needs or when the Arrow Board
has been hit by a passing vehicle or blown out of place by strong winds and needs to be repaired
or moved back into place. (Needs 1-3,1-7, 3-2)

6.2.4 Asinthe currentstate, field staff are responsible for moving and updating the device as conditions
changein the work zone as a part of normal operations. For example, the device may need to be
moved as part of a mobile work zone or the display changed when it is moved to the shoulder.
These changes would be automatically detected and reported by the Arrow Board Reporting

6.2.5 At the end of the lane or shoulder closure, as in the current state, field staff are responsible for
powering down the device and removing it from the roadway. (Needs 1-6, 2-10, 3-10)

6.2.6 As in the current state, designated field staff will examine the device for maintenance needs, as
necessary. Additional skills may be required to assess, maintain, and repair the new Arrow Board
Reporting System components, which could be covered by warranty or contracted to specialists
for repair needs. (Need 1-3)

6.3 TMC Systems (ATMS, RCRS, and/or other data processing systems) Perspective

TMC Systems routinely receive and process field data from devices. ATMSs typically pull data from
external systems or devices (as opposed to accepting pushed data). RCRSs either pull data or accept
pushed data, provided the protocols are followed for the data exchange. Itis expectedthatthe new data
received from equipped Arrow Board devices will be acquired in a similar manner as data from other field
devices, and will be processed according to the capabilities, practices, and policies of each agency. Itis
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possible, for example, that agencies may experience challenges with accurately linking detailed Arrow
Board messages with higher-level ATMS and/or RCRS reports, which could hinder automated reporting.
Once data is received from Arrow Board Reporting Systems (either pulled or pushed), TMC Systems may

either:

. Require some manual intervention by RCRS and/or ATMS operator staff prior to the Arrow
Boarddata being ingested or used for traveler information purposes, or
° The Arrow Board data may be automatically processed and posted to traveler information

dissemination systems and recommendations made for DMS messaging, as with other data
such as speed and travel time data.

The following section defines the operational concept from the TMC Systems perspective. However, less
detail is included for this perspective because it is expected that each agency (and vendor providing the
ATMS or RCRS) will determine their specific approach to integration of Arrow Board data.

6.3.1

6.3.2

6.3.3

6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

Depending on the type of device and TMC processes, the TMC Systems may send a “ping" to a
proxy server or the device itself to request data, or may automatically receive data from the
equipped Arrow Board. (Need 2-1, 3-1)

The TMC Systems will receive data describing Arrow Board status, including: the Arrow Board
device ID, location, direction of travel, display status, orientation, and timestamp. (Needs 3-1, 3-

Upon receiving this data, it may be automatically processed to be ingested into the agency RCRS
and/or ATMS. A multiple-lane closure would be determined by TMC Systems based onthe location
and proximity of adjacent Arrow Boards on the same roadway and facing the same direction. The
use of multiple Arrow Boards reporting caution mode will be interpreted as redundant, e.g., being

2-5, 2-6, 3-11)

Atimestamp will be addedto the data toindicate when it was received by the TMC Systems. (Need
2-12)

The TMC Systems may link this new Arrow Board information to a pre-existing event in the RCRS
and/or ATMS. This pre-existing RCRS or ATMS event might include the anticipated extent and
duration of the event. (Need 1-1)

The data received by the TMC Systems may not include any details about the extent (distance along
the road) that the lane is closed or about the anticipated end time of the lane closure. Therefore,
an approach may need to be determined to address any reliance on these data items (e.g., some
RCRSs may require an “end time” for event creation). (Needs 1-7, 3-1)

The TMC Systems may need to determine the direction of travel that the Arrow Board field device
is facing if this information is not included in the messages received, given sufficiently accurate
latitude/longitude or by snapping to existing road work events in the RCRS or ATMS database.
(Need 3-8)

The TMC Systems may automatically generate and send a message tostaff and/or alert RCRSand
ATMS operator staff via the user interface when data is received from an Arrow Board device ID
that was not previously operational. The approach to sending alerts to staff will likely be
determined at eachlocation or by Arrow Board Reporting System vendor, and will need to identify
a mechanismthat enables specific individuals to receive notices about Arrow Board activations of
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interest to them while not being overwhelmed with notices of Arrow Boards outside their

6.3.9 Alerts and messages may contain either pre- or post-processed location information, i.e., latitude
and longitude or, preferably, highway and milepost, depending on TMC System capabilities. (Need
13)

6.3.10 The TMC System may require a response from RCRSand/or ATMS operator staff prior to ingesting
the Arrow Board information into the RCRS, ATMS, and traveler information dissemination
systems. (Needs 1-1,1-2, 1-3)

6.3.11 The TMC System will archive the raw and processed Arrow Board data. (Needs 1-4, 2-11)

6.3.12 The TMC System will continue to periodically receive, process, and archive Arrow Board data,
identifying any changes to location or display status from the previous data received for each

6.3.13 When the TMC System identifies a significant change in the Arrow Board device location or display
status, which could indicate a lane change, mobile work zone, being hit by a passing vehicle, blown
out of place by strong winds, or system malfunction, a message may be automatically generated
and sent to field staff, and/or the RCRSand ATMS operator staff may automatically be alerted via
the user interface at the TMC. The pre-determined speed thresholds for ascertaining a mobile
work zone vs. traveling down the roadway may vary by road type (e.g., interstate, arterial) and

6.3.14 Alerts and messages generated from changein Arrow Board device location or display status may
contain either pre- or post-processed location information, and may require RCRS and/or ATMS
operator staff action prior to updates being made in RCRS, ATMS, and/or traveler information
disseminationsystems. (Needs 1-1,1-2, 1-3, 1-7)

6.3.15 When the TMC System receives a “power down” message from an Arrow Board or does not receive
data as expected from an Arrow Board device, a message will be automatically generated and sent
to RCRS and ATMS operator staff via the user interface at the TMC, to indicate that the Arrow
Board device is no longer active. The message may also be sent to field staff. (Needs 1-6, 2-10,
3-10)

6.3.15.1 The device communication mechanism may remain on given the provision of a power
source, and also provide location and batterystatus when the Arrow Boardis inactive, if
queried.

6.3.16 Alerts and messages generated when the Arrow Board device is “powered down” may contain
either pre- or post-processed location information, and may require RCRSand/or ATMS operator
staff action prior to the event being closed in RCRS, ATMS, and/or traveler information
disseminationsystems. (Needs 1-1,1-2, 1-3, 1-7)

6.4 ATMS Operator Staff Perspective

ATMS operator staffare sometimes alerted to planned lane closures and road work activities. However,
many road work and maintenance activities are short duration within a larger timeframe or subject to
change (e.g., due to inclement weather), and ATMS operator staff are not alerted in advance or, if so,
unaware of the precise times the closure and road work activities are underway. The role of ATMS
operator staff under the proposed system may vary based on the rules and policies set forth by the agency.
Regardless, receiving notifications from the Arrow Board devices about their display and location when
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they are activated will help ATMS operator staff to better understand real-time conditions in the field and
provide more accurate traveler information. The frequency of updates and whether verification is
required will be configurable in order to balance needs to not overwhelm ATMS operators, while receiving
sufficient updates as to maintain confidence in the Arrow Board reports. Specifically, operator verification
is expected during acceptance testing to validate and gain confidence in the Arrow Board reports. The
following section defines the operational concept from the ATMS operator staff perspective.

6.4.1

6.4.2

6.4.3

6.4.4

6.4.5

6.4.6

6.4.7

6.4.8

6.4.9

ATMS operator staff will carry out all duties performed under the current state at the TMC. (Need
12)

ATMS operator staff will view information about a lane closure when an Arrow Board has been
activated in the field through the operator interface of the ATMS. Information will include the
current Arrow Board display and location information. This notification to ATMS operator staff
may indicate that the data received from the Arrow Boards has been automatically processed and
ingested to the ATMS, matches a pre-existing event in the ATMS and provides updated
information, and/or mayrequire further action, suchas a confirmation “click” or “response” from
ATMS operator staff before being accepted by the ATMS. (Needs 1-3, 1-7, 3-2)

It is likely that additional action would be required by ATMS operator staff, either to approve a
message recommended by the ATMS for a specific DMS, or to generate a message and identify an
appropriate DMS on which to post the message. This traveler information message about the
event would be more specific than any message posted without receipt of this Arrow Board
information. (Need 1-2)

When the Arrow Board display changes or a detected change in location is significant enough to
indicate it has changed lanes, is part of a mobile work zone, was hit by a passing vehicle, or blown
out of place by strong winds, for example, a notification(s) will automatically be generated for
receipt by ATMS operator staff. While the information received in the alert will be similarto the
activation alert, whether the update is automatically or manually made to the ATMS may not be

ATMS operator staff will update any posted DMS message, as necessary. (Need 1-2)

While the Arrow Board Reporting System will periodically send messages to confirm it is still
operational, these periodic updates will not be sent to ATMS operators, thus avoiding an overload
of information. Depending upon the functionality of the ATMS, information about the most recent
update may be available to ATMS operator staff on demand; this could include icons or a map layer
showing the location, status, and timestamp of latest update of various reporting Arrow Board
devices. (Need 1-5)

ATMS operator staff will receive a notification when the Arrow Board is no longer active, upon
receipt of a final device power down message, when expected messages from the device are no
longer received, or when the display is turned off. Again, actions to close the event in the ATMS

ATMS operator staff will remove any posted DMS message regarding the lane closure event, as
necessary. (Need 1-2)

Periodically, ATMS operator staff may check the accuracy and reliability of automated re ports from
Arrow Boards. This may be done by using CCTV cameras to verify locations of closures or checking
with other DOT staff that may observe closures. (Need 1-5, 3-1)
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6.5 RCRS Operator Staff Perspective

RCRSoperator staff are sometimes alerted to planned lane closures and road work activities. However,
many road work and maintenance activities are short duration within a larger timeframe or subject to
change (e.g., due to inclement weather), and RCRS operator staff are not alerted in advance or, if so,
unaware of the precise times the closure and road work activities are underway. Receiving notifications
from the Arrow Board devices about their display and location when they are activated will help RCRS
operator staff to better understand real-time conditions in the field and provide more accurate traveler
information. The frequency of updates and whether verification is required will be configurable in order
to balance needs to not overwhelm RCRS operators, while receiving sufficient updates as to maintain
confidence in the Arrow Board reports. Specifically, operator verification is expected during acceptance
testing to validate and gain confidence in the Arrow Board reports. As such, the role of RCRS operator
staff under the proposed system may vary based on the rules and policies set forth by the agency. The
following section defines the operational concept from the RCRS operator staff perspective.

6.5.1 RCRSoperator staffwill carryout all duties performed under the current state. (Need 1-1)

6.5.2 RCRSoperator staff may be automatically be alerted when an Arrow Board has been activatedin
the field, which will include its display and location information. This notification may be received
by the RCRSand displayed to the operator staff using an RCRSalert function. This notification to
RCRS operator staff may indicate that the data received from the Arrow Boards has been
automatically processed and ingested to the RCRS and/or traveler information dissemination
systems, matches to a pre-existing event in the RCRS and/or traveler information dissemination
systems and provides updated information, and/or may require further action by the RCRS
operator staff, such as a confirmation “click” or “response” from RCRS operator staff before being
accepted by either of those systems. (Needs 1-1, 1-3, 1-7, 3-2)

6.5.3 The data delivered to RCRS operator staff may not include any details about the extent (distance
along the road) that the lane is closed or about the anticipated end time of the lane closure.
Therefore, RCRS operator staff might need to automatically or manually create RCRS events
without these specific details. (Needs 1-7, 3-1)

6.5.4 When the Arrow Board location (i.e., indicating it has changed lanes, is part of a mobile work zone,
was hit by a passing vehicle, or blown out of place by strong winds) or display changes, a
notification(s) may also be generated for receipt by RCRS operator staff. While the information
received in the notification might be similar to the activation notification, whether the update is
automatically or manually made to the RCRS and/or traveler information dissemination systems

2:9,33)

6.5.5 While the Arrow Board Reporting System will periodically send messages to confirm it is still
operational, these periodic updates will not be sent to RCRS operator staff, thus avoiding an
overload of information. Depending upon the functionality of the RCRS, information about the
most recent update may be available to operators on demand. (Need 1-5)

6.5.6 RCRS operator staff may receive a notification when the Arrow Board is no longer active, upon
receipt of a final device power down message, when expected messages from the device are no
longer received, or when the display is turned off. Again, actions to close the event in the RCRS
and/or traveler dissemination systems may be automatic or manual. (Needs 1-1, 1-3, 1-6, 1-7,
2-10, 3-10)
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6.5.7 Periodically, RCRS operator staff may check the accuracy and reliability of automated reports from
Arrow Boards. This may be done by using CCTV cameras to verify locations of closures or checking
with other DOT staff that may observe closures. (Needs 1-5, 3-1)

6.6 Archived Data Users Perspective

A variety of DOT staff will benefit from non-real-time access todata describing the lane closures.
Examples of the uses will include: understanding actual times when lane closures occurred, relating lane
closures to crashes, delays, or other operational situations, and comparisons of planned TMPs to actual.

6.6.1 DOT staff wishing to access the lane closure data will most likely utilize a database access tool to
query the data stored in the database of either the RCRS or the ATMS (or a separate database
created specifically for Arrow Board notifications). DOT staff will likely search segments of roads
or geographic areas toidentify lane closures in their query. (Needs 1-4, 2-1)

6.6.2 Datastoredin the database will enable DOT staffto learn details of the location of the start of
the lane closure, time the lane closure began, and the time the lane closure ended. Additional
details such as the extent (distance along the road) that the lane was closed will not be available.
(Needs 1-4, 2-1)
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7.0 Roles and Responsibilities

Based on the approaches selected in the operational concept, the high-level tasks for Arrow Board
Reporting Systems are further described as specific roles in this section. For each role, the parties who
may potentially be responsible for the role will vary by location and contracting mechanism. There is a
high degree of variability between and within agencies regarding stakeholders responsible for operating
and maintaining work zone devices like Arrow Boards.

The approach to this section is to assist agencies considering deploying Arrow Board Reporting Systems
by understanding the likely roles that would be performed by the following groups of individuals that were
identified as primary stakeholders in Section 3.0:

e TMC Staff. Includes ATMS operator staffand RCRS operator staff, either DOT or contractor staff,
who work with ATMS or RCRSs (whether physicallyin a TMC or not) to manage trafficand provide
traveler information dissemination.

e ITS Vendors. Includes the equipment owners and system integrators who develop and support
operations of the ATMS and/or RCRS, regardless of where it is hosted. Note thatin some states,
the DOT may be the developer of the ATMS and/or RCRS.

e Field Staff. Includes Arrow Board operators, work zone inspectors, and construction managers,
that are DOT staff and/or contractors, who perform work zone activities. May also include the
suppliers of Arrow Boards and/or Arrow Board Reporting Systems to be attached t o existing Arrow
Boards. Include local agencies, utility companies, etc. as operators.

e Archived Data Users. Includes work zone planners and managers, the traffic operations group,
congestionand performance managers, and others who may benefit from archived Arrow Board
data for quantitative analysis.

The suggestedrole of each group identified above reflects the fact that Arrow Board Reporting Systems
are primarily intended to enhance the functionalities of TMC Systems, i.e., ATMS, RCRS, and/or other data
processing systems, in order to improve traveler information and archived data. Therefore, the concepts
presented in this ConOps (and particularly the responsibilities in Table A-5) attempt to minimize the
manual actions requested of field staff.
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Up-front / One-time Roles:

Install Arrow Board Reporting System equipment on existing
Arrow Boards or procure Arrow Boards with reporting
capabilities

Table A-5: Roles and Expected Stakeholder Group to be Considered for Performing Role

Stakeholder Group to be

Considered for Performing Role

ITS Vendors and Owners; Field
Staff

Determine strategytointegrate Arrow Board reports with
ATMS and/or RCRS systems.

TMC Staff; ITSvendors and
Owners

Perform modifications to ATMS and/or RCRS systems to
integrate with Arrow Board Reporting System.

TMC Staff; ITSvendors and
Owners

Determine DOT specific approach to interfacing with Arrow
Board Reporting Systems (e.g., proxy server or direct TMC
Systems communication to vendor Arrow Boards or servers)

TMC Staff; ITSvendors and
Owners

Establish any needed proxy servers and communication
services.

TMC Staff; ITSvendors and
Owners

eeded
Periodically perform some form of manual check on the
accuracy and functionality of Arrow Boardreports (e.g., CCTV

verification).

Determine DOT specific approach for archiving lane closure TMC Staff
reports and allowing access to archived data by DOT staff
outside the TMC.
Develop and establish database for storage and data access TMC Staff
retrieval system.

| Regular Roles (Typically performed daily):
Place, activate, and operate Arrow Board (with no additional Field Staff
tasks beyond typical Arrow Board setup and field operation)
Review Arrow Board notifications as received in real-time, and | TMC Staff
take appropriate action.
Review Arrow Board messages as received in real-time. Field Staff

ITS Vendors and Owners; TMC
Staff; Field Staff

Perform any needed repairs to Arrow Board Reporting
Systems, following detection from periodic checks.

ITS Vendors and Owners; Field
Staff

Access, query, and utilize archived Arrow Board data, as
needed.

Archived Data Users
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8.0 Scenarios

This section presents a series of typical scenarios that illustrate how the Arrow Board Reporting System
functionality would be used by stakeholders. For illustrative purposes, five scenarios are described, each
highlighting various aspects of Arrow Board Reporting System functionality. The intent of the scenarios is
not to describe all possible situations, but rather to highlight specific functionality for discussion among
the project team.

8.1 Scenario 1: Arrow Board Deployment and Activation

Arrow Boards equipped with data collection and communication technologies will be deployed in the
field in a similar fashion as in the current state. However, Arrow Board activation now includes the
transmission of data messages tothe TMC for processing. Processedinformationis sentto TMC
operators and stakeholders in the field, e.g., the contractor or DOT inspector, ingested to RCRSand
ATMS systems, and posted to traveler information dissemination systems and/or upstream DMS.

1.1 At6:00a.m.,anArrow Board trailer equipped with data collection and communication
technologies is parked at the side of State Highway 32 at milepost 9.12, a 4-lane divided highway
where a planned temporarywork zone that includes alane closure is scheduled. Itis delivered to
the field in a similar fashion as in the current state, after having undergone standard testing
procedures. The data collection and communication technologies were tested upon installation,
and are inspected periodically by DOT staff or the Arrow Board supplier when the Arrow Board
device is not in the field.

1.2 At6:30a.m.,the Arrow Board device is pulled into position on the northbound left side shoulder
with a narrow median and the display board is rotated vertically to be visible to passing drivers.

1.3 At6:32a.m.,the Arrow Boardis powered on and programmedto display lights in each of the four
corners to indicate a caution message to passing drivers.

1.4 At 6:33a.m., the Arrow Board automatically collects data to assemble aninitial data message
containing: device ID, current time, latitude and longitude, display status (i.e., lights in the four
corners for caution), display orientation (i.e., visible to drivers), and sufficient data for determining
the direction the Arrow Board is facing.

1.5 The initial data message assembled by the Arrow Boardis transmitted tothe TMC. The method by
which this is accomplished will vary based on the policies and procedures of the TMC and DOT, as
detailed in the three options below.

1.5.1 Option 1: The TMC, knowing the equipped Arrow Board devices that may be deployed to
the field, has been “pinging” the devices periodically (e.g., every five minutes)to request
data. Upon receipt of this “ping”, the Arrow Board transmits the data message directly to
the TMC. The TMC may be aware of equipped Arrow Boards by referencing a dynamic
vendor-provided inventory message that contains the device IDs of all equipped Arrow
Boards.

1.5.2  Option 2: The Arrow Board Reporting System consists of the Arrow Boardin the field and a
central server operated by either the vendor or the DOT. The Arrow Boardin the field
automatically transmits data from the field to the central server where post-processing
determines the remaining data. The datais then available on the central server. The TMC
periodically pings this central server for new or updated information and collects the Arrow
Board data message.

1.5.3 Option 3: The Arrow Board Reporting System transmits data toa proxy server. The TMC
periodically checks this proxy server for new or updated information and collects the Arrow
Board data message.

1.5.4 Option 4: The Arrow Board automatically transmits the data message directlytothe TMC.
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1.6 At 6:35a.m., upon receipt of the Arrow Board data message, the datais processed. The
latitude/longitude data element is translated to generate two new data elements: highwayand
milepost (e.g., SH32, 9.12); the location, compass reading, and/or a suitable alternative is used to
generate a new data element: direction of travel (e.g., NB); and a new timestampis added (i.e., the
message now contains the time the data was collected: 6:33 a.m., and time the processed data
packageis available: 6:36 a.m.).

1.7 At6:36a.m.,the TMC System determines from the processedinformation and device ID that an
Arrow Board has been recentlyactivated and is displaying a caution message on the northbound
left side shoulder of State Highway 32 at milepost 9.12. This information may be displayed as icons
or a map layer showing the location and status of the reporting Arrow Board device(s). The TMC
System has verified that no other Arrow Board devices are transmitting information that would
indicate a current or anticipated multi-lane closure.

1.8 Within seconds, the TMC System automatically sends messages containing the processed Arrow
Boardinformation to ATMS and RCRS operators and stakeholders in the field who had previously
registeredtoreceive alerts of Arrow Board activations in this area, such as contractors and/or DOT
work zone inspectors.

1.8.1 Upon receipt of the notification, the stakeholder in the field may note that the contained
information is incorrect. This might be communicated to the TMC operators and would
trigger the initiation of maintenance activities in the field to troubleshoot the issue.

1.9 Simultaneously, the TMC readies the information and ingests tothe ATMS and/or RCRS, as
appropriate. The method by which this is accomplished will vary based on the policies and
procedures of the TMC and DOT, as detailedin the five options below.

1.9.1 Option 1: Shoulder closure information is automatically posted to the ATMS and/or RCRS.

1.9.2 Option 2: Shoulder closure information is automatically checked against existing road
construction events, and automatically posted as a new event or merged with an existing
event to update it, as necessary. Thisincludes the possibility that an adjacent Arrow Board
facing the same direction on the same roadway s active as part of a work zone that
impacts multiple lanes.

1.9.3 Option 3: Shoulder closure information is automatically posted to the ATMS and/or RCRS
upon receipt of a one-click approval by the TMC operator who reviews the received
notification.

1.9.4 Option 4: Shoulder closure information is manually posted to the ATMS and/or RCRS upon
review by the TMC operator who may also edit the information after receipt of the
notification, or use the information to update anexisting event in the ATMS and/or RCRS,
which may include noting that multiple lanes are closed given reports from adjacent Arrow
Boards facing the same direction on the same roadway.

1.9.5 Option 5: Shoulder closure information may not be posted to the ATMS and/or RCRSif the
TMC operator decides existing event information in those systems is already up to date.

1.10 After the shoulder closure is logged in the ATMS and/or RCRSas a new event, a message is
automatically generated for posting to traveler information disseminationsystems, e.g.,511 phone
and website, mobile applications, and/or etc. The content included in this message will vary based
on the policies and procedures of the DOT and TMC, e.g., the information may not indicate a
shoulder closure, but be a more general roadwork message. Similarly, the method by which this
message is posted will vary based on DOT and TMC policies and procedures, as well as the option
usedin 1.9, as detailed in the five options below.

1.10.1 Option 1: Shoulder closure information is automatically postedto the traveler information
dissemination systems.
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1.10.2 Option 2: Shoulder closure information is automatically checked against existing road
construction events in the traveler information dissemination systems, and automatically
posted as a new event or merged with an existing event to update it, as necessary.

1.10.3 Option 3: Shoulder closure information is automatically postedto the traveler information
dissemination systems upon receipt of a one-click approval by the TMC operator who
reviews the message.

1.10.4 Option 4: Shoulder closure information is manually posted to the traveler information
dissemination systems by the TMC operator who may also make changes, include
additional information like the expected duration of the event, or use the provided
information to update an existing event in the traveler information dissemination systems.

1.10.5 Option 5: TMC operator decides not to post the information, e.g., ifthe TMC operator
decides existing event information is already up to date.

1.11 Upon receipt of the shoulder closure notification, the TMC operator examines whether any DMS
areimmediately upstream of the event and, if so, considering various factors (e.g., how far
upstreamthe DMSis, other messages being displayed, etc.), determines whether a message should
be posted. A DMS is located less than two miles upstreamand the TMC operator posts a message:
“Left shoulder closed ahead; Use Caution”. Alternately, ifthe ATMS used by the agencyincludes an
incident response functionality, the ATMS may automatically located upstream DMSand
recommend messages for these DMS, requiring only that the TMC operator accept or edit the
recommended displays.

1.12 Scenario 2 commences.

8.2 Scenario 2: Arrow Board Ongoing Reporting of Operational Status — No Changes
Following Arrow Board activation, ingest of information to the ATMS and/or RCRS, and posting on
traveler information dissemination systems, data will continue to be collected and periodically
transmittedtothe TMC. Received data will be processedtoidentify any changes in the Arrow Board
operational status. Pending the determination by the TMC System of no major changes, no notifications
areissued to stakeholders and no updates to the ATMS, RCRS, or traveler information dissemination
systems are necessary.

2.1 Following the initial collection of dataat6:33 a.m., the Arrow Board describedin Scenario 1 again
collects the same data at a pre-defined interval (e.g., one minute, five minutes, etc.).

2.2 The second (and subsequent) data message assembled by the Arrow Boardis transmittedtothe
TMC System. The method by which this is accomplished will vary based on the policies and
procedures of the TMC and DOT, as outlined above. Note that the timing of data collection
frequency in 2.1 will ideally be programmedto be equal or less than the timing for the transmission
frequency described here. The frequency of information updates will vary depending on the
movement and duration of the Arrow Board device, regarding a mobile or longer-duration,
stationary work zone, respectively.

2.3 Upon receipt of the second (and subsequent) Arrow Board data message, the new data is processed
as described in 1.6.

2.4 The TMC System determines from the device ID and timestamp that previous messageshave
recently been received from this Arrow Board.

2.5 The TMC System compares the current information against the previous information message to
identify changes in: location, display status, and display orientation.

2.6 The TMC System automatically makes a determination on whether action is needed.
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2.7 If no changes are identified, no notification is issuedto any stakeholders and no updates are created
for the ATMS, RCRS, or traveler information dissemination systems.

2.8 Scenario 2 repeats with data being requested / received by the TMC System pre-determined
frequency, unless status changes are detected as per Scenario 3.

2.8.11f the Arrow Board display status and location has not changed within X hours, the frequency
of requesting / receiving data from the Arrow Board will be lowered.

8.3 Scenario 3: Arrow Board Ongoing Reporting of Operational Status — Changes

Identified
Following Arrow Board activation, ingest of information to the ATMS and/or RCRS, and posting on
traveler information dissemination systems, data will continue to be collected and periodically
transmittedtothe TMC as describedin Scenario 2. Received data will be processedto determine
changes in status that mayindicate: 1) the Arrow Board is part of a mobile work zone, 2) the Arrow
Boarddisplay has changed, indicating a change in the field regarding the status of the lane closure, 3)
the Arrow Board has been hit by a passing vehicle or blown out of place by strong winds, or 4) as
detailed in Scenario 4, the lane closure is no longer active. Major status changes will be communicated
to TMC operators and stakeholders in the field, and used to update the ATMS, RCRS, and traveler
information disseminationsystems.

3.1 At 7:30a.m., the Arrow Boardis re-programmedto display a right arrow and begins moving in the
left lane as part of a mobile work zone.

3.2 Asdescribed in Scenario 2, the Arrow Board continues to collect and transmit the same data at pre-
defined intervals to the TMC System for processing.

3.3 The TMC System compares the current information against the previous information message to
identify changes in location and display status.

3.4 Because a changein location is identified, the new location is checked by TMC Systems to check that
the device has not been hit by a passing vehicle or blown out of position. [If so, a notification
message will be issued that thereis a maintenance need.] If not, the TMC systems will check that
the device is still on the roadway. [If the device is no longer on the roadway, Scenario 4 is initiated.]

3.5 Because the device is moving along the same roadway, the speedis calculated. Calculated speedis
equal or less than the speed assumed for a mobile work zone. [If the speed is calculated to be
greaterthanthe speedassumed for a mobile work zone, Scenario 4 is initiated.] The pre-
determined speed thresholds for ascertaining a mobile work zone vs. traveling down the roadway
may vary by road type (e.g., interstate, arterial) andlocation (e.g., urbanvs. rural).

3.6 The TMC System automatically generates a notification of the new Arrow Board display, previous
Arrow Boarddisplay, and the speedthe device is moving as part of a mobile work zone.

3.7 The TMC System automatically sends separate notifications to TMC operators and stakeholders in
the field, as applicable, such as contractors and/or DOT work zone inspectors.

3.7.1 Upon receipt of the notification, the stakeholder in the field may note that the contained
information is incorrect. This should be communicated to the TMC operators and would
trigger the initiation of maintenance activities in the field to troubleshoot the issue.

3.8 Simultaneously, the TMC System readies the information and ingests to the ATMS and/or RCRS, as
appropriate. The method by which this is accomplished will vary based on the policies and
procedures of the TMC and DOT, as detailedin the three options below.

3.8.1 Option 1: New lane closure information is automatically posted to the ATMSand/or RCRSto
update the earlier, related event associated with the same device ID.
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3.8.2 Option 2: New lane closure information is automatically posted to the ATMSand/or RCRS
upon receipt of a one-click approval by the TMC operator who reviews the received
notification

3.8.3 Option 3: New lane closure information is manually posted to the ATMS and/or RCRS upon
review by the TMC operator who may also edit the information after receipt of the
notification.

3.9 After the new lane closure information is updated in the ATMS and/or RCRS as a new event, a new
message is automatically generated for posting to traveler information dissemination systems, e.g.,
511 phone and website, mobile applications, and/or etc. The content included in this message will
vary basedon the policies and procedures of the TMC and DOT, e.g., the information may not
indicate the specific location of a mobile work zone, but be a more generallane closure message.
Similarly, the method by which this message is posted will vary based on DOT and TMC policies and
procedures, as well as the option used in 3.8, as detailed in the three options below.

3.9.1 Option 1: New lane closure information is automatically used to update the earlier, related
event in the traveler information dissemination systems associated with the same device ID.

3.9.2 Option 2: New lane closure information is automatically posted to the traveler information
dissemination systems upon receipt of a one-click approval by the TMC operator who
reviews the message.

3.9.3 Option 3: New lane closure information is manually posted to the traveler information
dissemination systems by the TMC operator who may also make changes or include
additional information like the expected duration or project boundaries for the event.

3.10 Upon receipt of the new lane closure notification, the TMC operator examines whether any DMS
areimmediately upstream of the event and, if so, considering various factors (e.g., how far
upstreamthe DMSis, other messages being displayed, etc.), determines whether a message should
be posted. A DMS is located less than two miles upstream and the TMC operator posts a message:
“Left lane closed ahead; Use Caution”.

3.11 The frequency for the TMC System requesting information / receiving data is automatically
adjustedto be increased given the fast-changing nature of a mobile work zone and Scenario 3
repeats toupdate location information.

8.4 Scenario 4: Arrow Board De-activation and Powering Down

At some point in time when the lane closure is ended, the Arrow Board will be de-activatedand
powered down. Depending on the Arrow Board capabilities, the TMC Systems may be directly notified
about the lane closure ending via a final message transmitted by the Arrow Board or this may be
inferred when consecutive anticipated data messages are not received. This scenariofollows Scenario 2
and/or Scenario 3.

4.1 Per Scenario 2 and Scenario 3, the Arrow Board gathers and transmits data tothe TMC Systems at
pre-determined intervals. At12:45 p.m., the lane closure ends and the Arrow Board is no longer
needed.

4.2 The TMC System processes available data (or lack thereof) and determines that the lane closure is
no longer active. Depending on the Arrow Board technology capabilities and stakeholder actions in
the field, the system may come to this conclusion as described by the following four options. Note:
when more than one Arrow Board is operational for a lane closure event, the identification of a
single Arrow Board powering down would follow Scenario 3 to modify the event, rather than end it.
4.2.1 Option 1: The Arrow Board is pulled off to the side of the road, facing away from traffic.

The display remains active. Per Scenario 3, step 3.4the TMC can make the determination
that the lane closureis no longer active.
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4.3

4.4

4.5

4.6

4.2.2 Option 2: The Arrow Board is pulled off to the side of the road and the display board is
rotated down. Per Scenario 3, step 3.3 the TMC can make the determination that the lane
closure is no longer active.

4.2.3 Option 3: The Arrow Board display is turned off. Per Scenario 3, step 3.3 the TMC can make
the determinationthat the lane closure is no longer active.

4.2.4 Option 4: The Arrow Board is transported down the highway at full speed. Per Scenario 3,
step 3.5 the TMC can make the determination that the lane closure is no longer active.

4.2.5 Option 5: The Arrow Board is fully powered down. The TMC does not receive consecutive
messages as anticipated and draws the conclusion that the device has been turned off and
determines the lane closure is no longer active.

4.2.6 Option 6: The Arrow Board is powered down and one final “turn off” messageis generated
for communication to the TMC. The device communication mechanism may remainon
given the provision of a power source, and also provide location and batterystatus when
the Arrow Boardis inactive.

The TMC System automatically generates a notification of that the Arrow Board has been powered

down and the lane closure has ended.

The TMC System automatically sends separate the notifications to TMC operators and stakeholders

in the field, such as contractors and/or DOT work zone inspectors.

Simultaneously, the TMC Systems ingest the information to the ATMS and/or RCRS, as appropriate.

The method by which this is accomplished will vary based on the policies and procedures of the

TMC and DOT, as detailed in the five options below.

4.5.1 Option 1: The respective event associated with that device ID is automatically ended within
the ATMS and/or RCRS.

4.5.2 Option 2: The respective event associated with that device ID is automatically modified
within the ATMS and/or RCRSto indicate the lane closure has ended; the event remainsin
the system until the previously assigned time or until further actionis taken, which
assumes that other construction activities may still be underway in the area or take place
on other days.

4.5.3 Option 3: The respective event associated with that device ID is automatically ended within
the ATMS and/or RCRS upon receipt of a one-click approval by the TMC operator who
reviews the received notification. This may or may not follow confirmation from
stakeholders in the field that the information is correct.

4.5.4 Option 4: The respective event associated with that device ID is automatically modified
within the ATMS and/or RCRSto indicate that the lane closure has ended upon receipt of a
one-click approval by the TMC operator who reviews the received notification. This may or
may not follow confirmation from stakeholders in the field that the information is correct.

4.5.5 Option 5: The appropriate lane closure event is manually modified within the ATMS and/or
RCRSupon review by the TMC operator. This may or may not follow confirmation from
stakeholders in the field that the information is correct.

After the lane closure event is ended or edited within the ATMS and/or RCRS, the respective event

is automatically flagged for termination or modification (per the Option selected within 4.5) within

the traveler information dissemination systems, e.g., 511 phone and website, mobile applications,

and/or etc., reflecting the change in the ATMS and/or RCRS. The method by which the message s

ended may vary based on DOT and TMC policies and procedures, as detailed in the three options

below.

4.6.1 Option 1: The relevant event is automatically ended/modified per the change in the ATMS
and/or RCRS within the traveler information dissemination systems.
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4.7

4.6.2 Option 2: The relevant event is automatically ended/modified within the traveler
information dissemination systems upon receipt of a one-click approval by the TMC
operator who reviews the message. This mayor may not follow confirmation from
stakeholders in the field that the information is correct.

4.6.3 Option 3: The relevant event is manually ended/modified within the travelerinformation
dissemination systems by the TMC operator who may also make changes or include
additional information like the expected duration or project boundaries for the event. This
may or may not follow confirmation from stakeholders in the field that the information is
correct.

Upon receipt of the notification that the lane closure has ended, the TMC operator examines

messages posted onany DMS upstream of the event and modifies or removes the message, as

appropriate.

8.5 Scenario 5: Non-Real Time Data Use

Data that is collected in the field from Arrow Boards is valuable to stakeholders for evaluation,
performance measurement, research, and future planning purposes. Both internal and external
stakeholders are interested in accessing data collected from the Arrow Boards months or possibly even
years after the work zone was active. This scenario assumes access to archived data will be through a
database maintained by the DOT.

5.1

5.2

53

5.4

5.5

5.6

5.7

5.8

5.9

Throughout the Summer 2016 construction season, per Scenario 1, Scenario 2, Scenario 3, and
Scenario 4, equipped Arrow Boards are deployed in the field and when activated collect data.
Available data regarding current device status includes device ID, latitude/longitude, display status
(i.e., arrow left or arrow right), timestamp, and, if location accuracyis insufficient to determine the
lane closure, a compass reading and/or a suitable alternative. Other data of interest from the
device may also be collected, as available.

As data is generated from activated Arrow Boards, it is transmitted tothe TMC as described in
Scenario 1, Scenario 2, Scenario 3, and Scenario 4. Data transmission may be automatic, to a proxy
server, or by request from the TMC, depending on the deploying DOT.

As described in Scenario 2, Scenario 3, and Scenario 4, this data is received, labelled with an
additional timestamp, and archived.

As described in Scenario 1, Scenario 2, Scenario 3, and Scenario 4, the datais processed for the
generation of traveler information and appropriate ingest by the RCRSand/or ATMS, pending any
approvals by TMC operators, as well as transmission of any messages to other stakeholders in the
field.

As information is made available to the RCRS, ATMS, and/or traveler information systems, as well
as the respective time of approvals and posting, itis saved for later usein the DOT data archive.
The data and information generated from the Arrow Boards, as described above, reside in the DOT
data archive for a designated period of time, per DOT policy, and supplement other data that may
be available from permanent or temporary devices adjacent to or within the various work zones
that Arrow Boards were deployed.

On October 3, 2016, DOT database managers receive a data request about work zones involving
lane closures from a work zone performance manager. The managers are interested in mobility
and safetyimpacts from these work zones in June 2016.

On October 4, 2016, DOT database managers query the data archive for information from active
Arrow Boards displaying a message fromJune 1, 2016 through June 30, 2016. Available
information includes the ATMS and RCRS logs, as well as the raw data from the Arrow Boards.
Datarecords with Arrow Board activation data and information are savedin a separate fileand
sent to the work zone performance manager.
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5.10 This Arrow Board data file allows work zone performance managers toidentify relevant traffic
counters and other available mobility data sources either within or adjacent to each work zone,
and also query other databases, with crashrecords for instance, to conduct data analysis and
generate performance measures regarding the mobility and safetyimpacts of work zones with lane
closures.

5.11 On November 14, 2016, DOT database managers receive a data request for planning purposes
about work zones in 2016 involving lane closures from a contractor developing a work zone TMP.

5.12 On November 15, 2016, DOT database managers modify the earlier query to capture all work zones
with Arrow Board activations from April 1, 2016 to September 30, 2016. Available information
includes the ATMS and RCRSlogs, as well as the raw data from the Arrow Boards.

5.13 Data records with Arrow Board activation data and information are savedin a separate fileand
sent to the contractor.

5.14 This Arrow Board data file allows the contractor tofirst separate work zones involving lane closures
on similar roadways to the roadway with the future work zone (i.e., similar traffic volumes or
functional class). Afteridentifying and collecting data from relevant traffic counters and other
available mobility data sources either within or adjacent to those work zones toanalyze the
mobility impacts, the contractor has an improved understanding of the impacts to expect for the
planned work zone and countermeasures necessary for mitigation.
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