23 CFR 940 Documentation for Dayton FMS Early
Deployment Project for Maintenance of Traffic
During Major Roadway Reconstruction

SYSTEMS ENGINEERING ANALY SIS
PID # 82712 — D07 ITS FY 2008

I ntroduction and Background

The Freeway Management System (FMS) for the Dayton metropolitan areais programmed for
implementation in 2011. The Dayton area and the I-75 corridor in particular, in addition to I-70
and US35, will undergo several major reconstruction projects within the next few years:

US35 MQOT-35-15.07 (Widening)
1-70 MOT-70-17.04 (Widening)
I-75 Phase 1A MQOT-75-13.11 (Reconstruction)
I-75 Phase 1B MQOT-75-11.00 (Reconstruction)
[-75 Phase 2 MOT-75-12.00 (Reconstruction)

These projects will result in impacts on capacity, access, shoulder availability and other criteria
which will affect the ability of the traveling public to move through and within the Dayton area
for the next severa years. The construction will also affect the ability of emergency responders
to arrive on scene, particularly in areas with portable concrete barrier or reduced shoulder widths.

To mitigate these construction impacts, an Early Deployment Project (EDP) was developed to
complement Maintenance of Traffic (MOT) during construction. Some elements of the EDP will
be permanent, while others may be rel ocated as necessary due to impacts of the various
construction projects. The EDP isnot afull deployment of FMS, but rather a partial deployment
of the Intelligent Transportation System (ITS) elements which can feasibly be implemented at
thistime. It is anticipated that al of the elements of the EDP will be assimilated by the full FMS
deployment in 2011, which will provide the additiona instrumentation needed to result in afully
functional FMS. Design of the 2011 FMS will beginin FY 2008.

The EDP project provides an acceleration of three of the permanent FM S subsystems with
associated communications: Dynamic Message Signs (DMYS), Closed Circuit Television (CCTV)
and Highway Advisory Radio (HAR), with the associated communication necessary for remote
operation by Traffic Management Center (TMC) operators.

This document provides information on the proposed operations of the EDP elements and
demonstrates the use of Systems Engineering Analysis (SEA) for the design of the project.
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ODOT has developed FM S concepts and standards based on lessons learned in Ohio and other
states and uses well developed, proven technologies and operations. When changes are made, it
is in response to new objectives and process improvements. New devices are thoroughly
investigated, and new processes and methods are researched for demonstrable benefits before
they are implemented in any system.

Each major metropolitan area, through its MPO, has prepared a Regional ITS Architecture and a
Detailed Project Plan (DPP) for aFMS. A DPPisessentially apreliminary engineering study for
application of a FMS in an urbanized area. Each DPP is consistent with the Regional ITS
Architecture and ODOT operations. Interoperability is an essential element to achieve ODOT’s
goal of auniform system. Building on the DPP, ODOT generaly designs FM S projects with the
help of a design consultant. In these cases, ODOT requires that a qualified design firm provide
an ITS design, specifications and cost estimates. Construction of FM S projects are competitively
bid to pre-qualified construction firms.

To minimize risk, advanced technology devices common to FM S will be placed on the Qualified
Providers List (QPL). This allows contractors to be aware of devices certified for use in Ohio
and avoids complications when attempting to provide products which might not function
properly in our systems.

Historically, ODOT had focused ITS on urban operations since this is where most of the
congestion problems are located. Therefore, when the formal ITS program began in 2000/2001,
emphasis was placed on the major metropolitan areas of the state. Columbus, Cleveland,
Cincinnati, Akron-Canton, Dayton-Springfield, and Toledo were the six major areas selected for
the deployment of ITS. Instead of addressing al of the federal ITS “market packages’, ODOT
selected FM S, incorporating certain features to combat recurring and non-recurring congestion
and to aid in the identification and clearing of incident (crash) related delays. In each FMS
devices would be used for norma traffic monitoring and surveillance. Several congestion
mitigation initiatives have aready been implemented which complement the EDP. These
programs include urban freeway reference markers, freeway service patrols, and the
“QuickClear” educational initiative, which are considered indispensable elements of the urban
program. These programs greatly help with non-recurring congestion and incident management.

Dayton

The Dayton region is unigue due to the extent of roadway construction scheduled for the next
several years. Specifically, the major segments of 1-75 in the downtown area will be completely
rebuilt prior to the planned deployment of the regiona FMS. This level of complexity and
impact on the region necessitated consideration of an early deployment of advanced technologies
for MOT with the associated opportunity to provide greater benefits than traditional MOT
efforts. The installation of infrastructure and devices for use in the projects, in advance of the
regional FM S offers considerable advantages.*

! Other areas, such as Cleveland, will also undergo significant major roadway construction in the future. However,
theregional FM S is scheduled to be in place in advance of this construction.
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The roadway construction projects can efficiently and cost-effectively incorporate the basic
underground infrastructure installation (conduit, pull boxes, laterals) required for the regional
FMS. Installation during roadway construction is less expensive and less intrusive to traffic than
installation of the FMS infrastructure after roadway construction is completed. Even though the
complete FMS will not be constructed until FY 2011, the in-ground infrastructure installation
will occur during the reconstruction of 1-75 to avoid alterations to the newly replaced pavement
and roadway infrastructure when the regional FMS system is constructed. It would be
unfortunate to completely rebuild 1-75 and then come back shortly after to impact traffic and the
roadway for the full FM S construction. The MOT provides field devices to ease the congestion
during the reconstruction of severa major routes through the Dayton area before the full FMS
can be implemented. 1-70, the I-75/1-70 interchange, US 35, and 1-75 downtown area either
under construction at this time or will be within several years. It will be essentia to use the
MOQOT provided by the EDP to help mitigate the impact of the reconstruction.

Items used for MOT such as wood poles for CCTV installation, semi-permanent HAR, as well as
permanent DMS can be easily transitioned into the regiona FMS deployment. Devices
purchased through existing construction projects will be used to support the traffic through those
projects and will aso be used to assist motorists prior to initiation of the I-75 corridor
reconstruction. These devices will collect real-time traffic information for dissemination to the
public viathe ODOT network. The information collected and disseminated by these devices will
be controlled through the TMC. The interim TMC will be the ARTIMIS facility in Cincinnati,
and will be operated by ARTIMIS staff. There will be no TMC located in Dayton until the full
FMS regional deployment is complete.

The following sections of this document provide information about items 1-11 of ODOT's TEM
Part 13 which addresses the SEA required by 23 CFR 940. Item 12 will be provided after the
completion of construction, for the purpose of updating the Dayton/Springfield Regional ITS
Architecture by the Miami Valley Regional Planning Council (MVRPC).
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SEA Item #1

“Define the scope of work for the project (the general location, conceptual
alternative, and logical termini or service area of the proposed proj ect).
Scoping shall also include inter -coor dination and possible effects on
neighboring jurisdictions.”

The scope of the project is to provide a system of surveillance, data collection, and information
dissemination to support the MOT efforts for the I-75 reconstruction projects through an early
deployment of a portion of the regional FMS in Dayton. The remaining portions of the FMS are
scheduled for construction in 2011.

The 1-75 reconstruction projects include US35, I-70, 1-75 Phase 1A, 1-75 Phase 1B, and I-75
Phase 2. The Dayton 75 project Phase 1A involves 3 continuous through lanes, increase spacing
between ramps, and removes geometric deficiencies. All of the early deployment of the FMS
will take placein thisarea. In the future, the FMS will be expanded to include more of the
Dayton/Springfield region.

The I-75 project reconstruction limits encompass approximately 4 miles, however the MOT
limits are closer to 6 miles. The original requirements for the EDP included the placement of
two permanent DM S approximately 8 miles apart with one at each end of the I-75 project and
before the traditional MOT device locations. The addition of HAR as a functional requirement
permitted an expansion of the EDP areato severa miles beyond I-75 and included several
additional roadways. The limits of the next version of the EDP were defined by placement of
devices in advance of system-to-system interchanges either on 1-75 or one of the major roadways
intersecting with the corridor.

The service area of the EDP will be the downtown and the surrounding interstate in Dayton. The
project is targeted to inform the motoring public about traffic events in Dayton including
incidents and construction. The motoring public includes commuter traffic and commercial
traffic through Dayton for the purposes of the EDP. Any event that impacts traffic will be a
targeted event for information dissemination done through HAR, DMS and the Buckeye Traffic
website. For more information on this subject please see the following sections.

All the neighboring jurisdictions will be impacted by this project, but all impacts should be
positive. The neighboring jurisdictions will be able to utilize the information being disseminated
through the system, but this information will impact traffic in the surrounding areas so measures
may need to taken to mitigate the impacts. Impacts will mainly come from motorists choosing
different paths for travel when incident occur which may include roadways in neighboring
jurisdictions.

Coordination between many agenciesin many jurisdictions will be needed for incident
notification and response. Each jurisdiction will handle incidentsin a different way, but all
agencies will need to work together for an effective system.
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SEA Item # 2
“Identify portions of the Regional I TS Architecture being implemented.”

The primary objective of the regional FMS and this EDP is to assist in operating the freewaysin
the Miami Valley Region more effectively by leveraging detection and surveillance technologies
to enhance safety, reduce congestion and facilitate multi-agency coordination.

The diagram below is a summary of the Miami Valley Regional ITS Architecture from the

MV RPC website (www.mvrpc.org). Highlighted systems indicate implementation by the
Dayton EDP. Theletter “P” indicates a dataflow is applicable to the Dayton EDP. The entire
modified Regional ITS Architecture, as applicable to the Dayton EDP, can be found in Appendix
A. The Dayton EDP interfaces with the ARTIMIS center in Cincinnati, Ohio. The Dayton EDP
field devices will be operated by the ARTIMIS center. Other elements and data flows from the
Regional ITS Architecture may be implemented viathe Dayton FMS or other future projects.

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional 1TS Architecture until it has been
determined that they will not apply in the future.
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The following graphic shows a high level view of the Dayton EDP functions.
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Traveler

Info ARTIMIS

Roadway

Of the user services described in the Regional 1TS Architecture Concept of Operations, the EDP
provides the following:

Pre-trip Travel Information through BuckeyeTraffic.org

En-route Driver Information through DMS and HAR

Incident Management

Traffic Control through CCTV

The project will provide functional capability to aid in the maintenance of traffic and incident
management during and after completion of the major roadway construction. To the extent
possible, devices will be retained for use in the full FMS. Some devices may need to be relocated
and the additional deployment of devices will be accomplished as part of the 2011 FM S project.

Two area Metropolitan Planning Organization (MPO)s are involved in the ultimate FM S project:
Miami Valley Regiona Planning Commission (MVRPC) and
Clark County Springfield Transportation Coordinating Committee (TCC).

The full FM S provides field elements in both regions, while al of the EDP elements serve to
provide traveler information for areas under construction, which fall within the MVRPC region.
MVRPC is currently updating the Regional TS Architecture and has been provided this
information for inclusion in the update. It is anticipated that the update of the architecture will
be complete by mid 2008.
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Asthis project evolved, the Regional ITS Architecture was supplemented by a DPP, as had been
developed for each of the regions programmed with afuture FMS. In the Dayton area, this
report istitled Dayton/Springfield FMS ITS Architecture, Strategic Plan and Integration
Strategy, finalized on April, 2003. With development of the DPP (Strategic Plan/Integration
Strategy) as a concurrent task with the Regional 1TS Architecture development, many of the
EDP elements are addressed in the architecture for the appropriate user services. The report
documents further analysis of functionality and a greater level of detail, which was used for
locating field devices proposed in the EDP.

User Services that apply to the Dayton EDP project are as follows:
Pre-trip Travel Information through BuckeyeTraffic.org
En-route Driver Information through DMS and HAR
Incident Management
Traffic Control through CCTV
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SEA Item #3
“Providealist of all stakeholders, including the roles and responsibilities of
each and the Operational Concept and Concept of Operations.”

The main stakeholdersin the region are listed below with a brief description of their roles and
responsibilities as they relate to this project:

ODOT Centra Office— Planning & Design
Will be responsible for the planning and design of the project.
Will be required to determine the locations of devices and will discuss the impacts
of adeviceinitslocation. Any device location changes will be submitted to the
Office of Traffic Engineering and to the District 7 Office.
All construction design changes will be submitted to the Office of Traffic
Engineering and District 7.

ODOT District 7 — Operations
Will be responsible for informing ARTIMIS of any construction events or
incidents in the FM S region.
Will be the main contact to ARTIMIS. All information that isto be posted on
DMS sign or disseminated through HAR must first be submitted to District 7 for
review and initial configuration.
Will format and send messagesto ARTIMIS for use on the DMS and HAR. For
more information on messages please see Section 11 of this document.

ODQT District 8 — Operations
Will be responsible for the operation of the FMSin Dayton. Thiswill take place
through ARTIMIS using current ARTIMIS staff.
Will inform District 7 if an incident is detected via CCTV or through other
incident detection methods.
Will confirm all incidents reported by District 7 through the use of CCTVs.
Will reformat all DM S messages into the appropriate configuration.

City of Dayton - Use of Infrastructure
Will be responsible for identifying and responding to incidents. All incident
communication should go through District 7.
Will notify District 7 of any planned events that may impact traffic.

City of Vandalia- Use of Infrastructure
Will be responsible for identifying and responding to incidents. All incident
communication should go through District 7.
Will notify District 7 of any planned events that may impact traffic.

Montgomery County - Use of Infrastructure
Will be responsible for identifying and responding to incidents. All incident
communication should go through District 7.
Will notify District 7 of any planned events that may impact traffic.

Thelocal stakeholders can provide access to facilities for device installation, power, and
communications. It isthe responsibility of all stakeholdersto take an activerolein the
management of the FMS. If thisis not done, the project will never properly function.
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The primary goal of the EDP system isto collect travel time information and to disseminate it
along with other pertinent information to the traveling public based on the location of travel.

Travel time collection will include avariety of mechanisms, including travel time and speeds
generated by a cell phone travel time vendor. This information will be provided to ODOT as a
service purchased through a contract separate from the EDP. The information will be evaluated
and verified by ODOT in the near term based on the GPS floating car method, and by a future
research project.

These travel timeswill be displayed by ARTIMIS personnel on the appropriate DM S and will be
included in the appropriate HAR messages.

Traffic flows have been evaluated for the primary routesin the EDP area. These flows indicate,
for example, that the majority of traffic eastbound on I-70 at a point west of I-75 continues
eastbound on I-70 beyond I-75 and only a small portion is diverted to I-75, which is essentially
equal on northbound and southbound 1-75. For this example, during normal traffic conditions,
travel time for a section of eastbound I-70 east of 1-75 will be the primary focus of the DMS on
I-70 eastbound. Similarly, HAR messages will include this primary information near the
beginning of the HAR message loop. Since the HAR has the ability to provide more information
than the DM'S, information about other routes will be included also.

ITS (Intelligent Transportation System) components will be utilized to provide real time
information to motorists about current traffic conditions primarily on 1-75, but will also include
[-70, 1-675, and US 35. DMS (Dynamic Message Signs) will be the most visible component of
the system. These are placed at strategic locations which will inform motorists of downstream
problems and potential alternate routes. HAR (Highway Advisory Radio) will provide similar,
but more detailed information than the DMS.

Information about traffic conditions will be gathered through three primary means. traffic flow
data (a separate service contract); closed circuit televison cameras (CCTV); and anecdotal
information from ODOT forces and emergency response personnel. Using this information
travel times for various routes in the Dayton area will be displayed on the DM S and broadcast on
the HAR.

A separate procurement of real time traffic information (speed and travel times) will provide the
data and coverage necessary to utilize all of the HAR and DMS. The CCTV cameras will be
used to confirm conditions and also identify incidents. The DMS will display travel times for
multiple routes and also incident information. The HAR will provide the same information, but
in much greater detail. Severe weather warnings will also be broadcast. The HAR sites are
designed to transmit customized information for specific routes and are not intended to overlap
or provide redundancy between areas. While there will be some overlap of the broadcasts
resulting in a degradation or loss of signal, thisis acceptable since the target audience is inbound
traffic and the overlap areas are much further downstream, usually beyond diversion route
locations.
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In cases of incidents, there will be several means of detection available. These include speeds or
travel times received from the cell phone travel time vendor which are indicative of an incident.
The cell phone vendor may aso provide information about a concentration of cell based 911
calls, also indicative of an incident. Freeway Service Patrol (FSP) will detect someincident in
thelir routine patrol routes and relay thisinformation directly to ARTIMIS, aswell asto the
County Manager and other responders. ARTIMIS operators will discover some incidents as a
part of viewing and manipulating the CCTV. Information can be provided by emergency
agenciesin several ways, including data capture by a Computer Aided Dispatch (CAD) system,
data capture by a cellular 911 PSAP, or responder communication with FSP, ARTIMIS operators
or other ODOT personnel. All of the means of identifying an incident will be implemented in
the EDP. Thiswill provide avery strong base of information for incident detection.

During major events, the ODOT County Manager, District 7 PIO, the ODOT Emergency
Management Coordinator, and other ODOT and agency management and staff will be involved.
In these cases, the District 7 PIO will maintain frequent communication with the media. The
District PIO, FSP operators and other ODOT and agency staff will funnel incident information
through the County Manager. The ODOT Montgomery County Garage and County Manager are
the primary sources of incident information for ARTIMIS. Local emergency responders and
DPS will also contact the County Manager so that the information may be transmitted to
ARTIMIS. If ARTIMIS detects an incident, they will contact the County Manager and compose
and post amessage. If ARTIMIS detects an incident during nights, weekends or holidays, they
will aso contact the OEMA Radio Room in Columbus and compose and post a message.

When incidents are reported to ARTIMIS, the operators will manipulate the CCTV to verify the
incident location, description, and other relevant information that can be shared with responding
agencies. They will also use the webcams to supplement CCTV images.

The ARTIMIS operators will compose and post a message on one or more DMS, use the text to
speech conversions software to create HAR messages for one or more HAR transmitters. The
incident messages will have priority over all other DM S messages. Information will also be
input to the Buckeye Traffic website.

The ARTIMIS operators will need to perform some additional communication activities during
nights, weekends and holidays, including contacting the ODOT Radio Room at the Ohio
Emergency Management Center (OEMA) and the County Manager for incidents which block
lanes or impede traffic flow.

The ODOT BuckeyeTraffic.org website is undergoing a major overhaul. In the future, rather than
functioning as aweb portal to other websites, the website will provide accurate, timely,
geographically based information on incidents, normal traffic flow speeds and travel times, in
addition to construction and wesather related information. The webcams which are currently
operating in the Dayton areawill continue to provide still frame images, which will be routed via
the ODOT network and will be available on the website. The images will be used to supplement
the images from the CCTV.
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For effective use of the EDP, public confidence must be established and maintained. The
information provided to the public must therefore be correct, current, reliable and as detailed as
necessary for the situation. District 7 construction staff are committed to providing advance
construction information to ARTIMIS. When possible, this construction information will bein
email format, to facilitate conversion for DM S and website display and for HAR broadcasting.
ODOT construction project managers will provide updatesto ARTIMIS on aweekly basis, with
more frequent updates when traffic impacts are expected. ARTIMIS will provide current and
accurate information about travel time, incidents, and construction events.

Basic categorl es of messages to be displayed on DM S include
Travel Time during normal traffic flow. Thiswill be the default message during hours of
6AM to 8PM Monday through Friday.
Public Service and informational announcements as approved by the Director of ODOT
Amber Alert messages, according to the Amber Alert message policy and procedures.
The DMSwill typically state that an Amber Alert isin effect and will indicate which
frequency of HAR to tuneto for information. ARTIMIS operators will be informed that
no 511 capability exists in the Dayton area, so messages on DMS in Dayton cannot refer
to 511.
M essages relating to major events expected to be high traffic generators
Scheduled changesin traffic flow or traffic control in the work zone, such as lane
closures and other important construction related messages. Lane closures due to
construction will typically occur during nights and weekends. Construction advisory
messages will be posted in greater detail on BuckeyeTraffic.org.
Incident notification. For major incidents, with lengthy anticipated closures, DMS
messages will suggest driverstake an aternate route. DM S message will not generally
suggest a particular alternate route unless the ARTIMIS operators know the status of the
alternate route. Since alternate routes in the Dayton area are not yet instrumented, the
message will not suggest a particular route.
Any of the messages listed above may a so include directions to tuneto HAR
The DM S will be blank and no messages will be displayed when the criterialisted above

do not apply.
See sample messages in the scenario description.

For thefirst 30 days after testing and beginning normal use of the DM S, messages will be
displayed to suggest that drivers tuneto the HAR for additional information. The intention is for
commuters and those who frequently drive on these freeways to become accustomed to tuning to
the HAR. Messages about the availability of information on BuckeyeTraffic.org will also be
posted during this timeframe.

HAR will allow lengthier messages to be transmitted as opposed to the limitation on DM S
dlsplay
Travel Time during normal traffic flow. Thiswill be the default message during hours of
6AM to 8PM Monday through Friday.
Public Service and informational announcements as approved by the Director of ODOT
Amber Alert messages, according to the Amber Alert message policy and procedures
M essages relating to major events expected to be high traffic generators
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Scheduled changesin traffic flow or traffic control in the work zone, such as lane
closures and other important construction related messages
Incident notification. Incident information will be placed at the beginning of the message
loop.

See sample messages in the scenario description.

ARTIMIS will compile and transmit al customized HAR messages to the field transmitter. This
will include information that is added to the automated travel time and other email generated
HAR messages.

|-75 Construction Zone Incident Procedure

Scenario

It is 10:00am on a Tuesday morning on Interstate 75 in Dayton, Ohio. Traffic is steadily moving
through the construction work zone with no backups. A semi carrying aload of toys enters the
work zone at approximately 10:10am traveling southbound. Asthe semi slowly makesit way
through the corridor asmall red car swervesin front of the semi causing it to lose control and
jackknife, spilling itsload and 200 gallons of diesel fuel onto the roadway. No oneis severely
injured, but all travel lanes are immediately impassible.

A Freeway Incident Response Service Team (FIRST) truck encounters the incident on its
prescribed route on Interstate 75 northbound and notices a large queue forming because of the
incident. No other responders are on the scene. The FIRST driver contacts ARTIMIS to notify
them of the accident. Seconds prior to the notification, the operators at ARTIMIS had noticed
extremely low speeds with their traffic flow detection software. The average speed in the
corridor dropped to only 15mph and then to Omph within 5 minutes. At this point, the operators
began manipulating the CCTVsin the areato verify that there was indeed an incident and to
gather additional information about the incident for use in notifying the public and providing
additional information to the responders.

Asthe FIRST truck makes it way along the shoulder, passed the miles of traffic backup, the
dispatchers of local responding agencies are notified of the incident through phone calls from
ARTIMIS, FIRST drivers and other first responders, in addition to numerous calls from
motorists viacell phone. All responders are on their way to help with the cargo and diesel clean
up while ARTIMIS works to mitigate the growing queue as best they can.

Moments after the FIRST truck discovered the incident, the TMC composed and posted
messages on the DM S signs located around the Dayton area. The DM S on 1-75 southbound at
Northwoods Blvd. had the following message posted:

ACCIDENT
SI-715 AT LEO ST
USEALT ROUTE

X\FREEWAY OPERATIONS\Dayton EDP\cfr 940 documentation\dayton edp 23 cfr 940 12
document gs 01-02-08.doc



The DMS on 1-75 southbound at Needmore Rd had the following message posted:

ACCIDENT
SI-75SAT LEO ST
STOPPED TRAFFIC AHEAD

The DMS on 1-70 westbound had the following message posted:

|-75 CLOSED
AT LEO ST
USE I-675

Both northbound DM S on I-75 continued to post travel times through the corridor.

Three of the four HARs in the area broadcast messages succinctly describing the incident and
providing travel times for suggested alternate routes in the area along with travel timesfor the
Interstate 75 corridor. If the length of closure has been estimated by responders, this information
can be provided aso. The messages were very similar, but they were carefully crafted to provide
the most appropriate information to motorists on specific segments on the highway.

As traffic waits and first responders work to clear the scene, motorists who have not yet reached
the incident area begin to detour away from the crash location decreasing congestion in the area
and also reducing fuel, time and money wasted while decreasing the likelihood of secondary
crashes. The TMC staff continually update the DM S and HAR based on reports of the incident
clearance progress.

Detection

The incident described above is very involved and would require the coordination of many
agencies. Each agency involved would have to do their part to clear the incident and help the
motorists. ODOT’s main challenge, more specifically ARTIMIS' s challenge, during an incident
involves detecting an incident, redirecting traffic, providing information to motorists and
informing other first response agenciesin the area.

Thefirst step to any incident is detection. Many times, ODOT will be the first organization to
detect anincident in a TMC equipped area because of CCTV cameras and 911 call capture
capabilities. The detection software will send out an incident alert when travel speeds drop
below 25mph indicating that an incident may have occurred. A tour of the cameras will be
monitored by TMC operators who are trained to spot incidents on the interstate. When an aert is
received the operators will begin to closely monitor the specific camerasin the area of the alert
to verify that thereisindeed anincident. The 911 call capture capability allows the amount of
911 callsto be monitored from a specific segment of the roadway. If alarge number of callsare
received from acertain area, it islikely that an incident has taken place. An aert will go off for
this type of incident detection as well.
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ODOT dso detects incidents through personnel. For example, in the scenario above, a FIRST
truck detected theincident. This could also be done by other first responders who happen to be
traveling through an area at the time of an incident. The Dayton Police Department and the
Montgomery County Sheriff, in addition to the FSP, typically contact the ARTIMIS operators
directly. For the Dayton EDP to work properly, it is essential that these detections are reported in
atimely manner so that the TMC can verify that thereis an incident and can begin addressing the
situation. For Dayton, the TMC will be located about 50 miles away in Cincinnati. While this
may seem like alarge distance, al coordination and appropriate incident clearance can be
effectively achieved if all agencies follow proper incident response procedures and
communication practices.

When the Dayton FSP driver encounter incidents, they currently notify the County Dispatch
using the MARCS radios first, the cell phone second and the state two way radio third. After
implementation of the Dayton EDP, the FIRST drivers will also contact the ARTIMIS operators
directly through the use of MARCS radios. If the drivers know that a certain agency will be
involved they also contact them directly via cell phone. For example, id the police department is
needed they will be directly contacted.

If the incident is amajor incident they will follow the same procedure listed above but they will
also place a cell phone call to the Montgomery County Manager and will call the ODOT Radio
Room in Columbus at OEMA using the MARCS radios.

The Dayton area FSP drivers have an excellent rapport with the State Highway Patrol (OSP) and
the City of Dayton Police Department. They can directly contact SHP using the MARCS radios
or the City of Dayton Police with a hand held analog provided by the City of Dayton for
notification. The dispatchers will notify the proper jurisdictions for assistance and response.

Verification

Once an incident has been detected, it isthe TMC operators' responsibility to verify that thereis
indeed an incident. Many times the operators will verify an incident using CCTV cameras.
Sometimes the actual incident may not be available in the view of a camera, but the queue
associated with it will bevisible. If either the actual incident or only the results of an incident
arevisible, it is acceptable to assume there is an incident present.

Verification may also be completed by ODOT staff. Thiswould include FIRST team members,
County Managers and their staff. These positionsin ODOT have the ability and knowledge to
identify incidents that require TMC coordination. When personnel are involved, the detection
and verification steps may be concurrent. After an incident has been verified through CCTVsor
personnel, the TMC must begin the notification process as soon as possible to reduce queuing
and secondary crashes.

Notification
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Notification in the Dayton areawill be handled a number of ways. Notification may be
completed using BuckeyeTraffic.org, HAR, DMS or by the District 7 PIO contacting the media.
Each of these methods will inform a different group of people and will be beneficial in different
ways. Ideally, each of these methods will be employed for major incidents.

To notify the traveling motorists the HAR and DMS will be essential. The TMC operators will
post messages on these devices that will redirect and inform motorists so that they can make
educated decisions about which route to use. The travel times posted and the aternate routes
suggested give motorists an option to help mitigate future problems.

Motorists may elect to habitually visit BuckeyeTraffic.org prior to leaving for work and home
and other destinations. This section of the public will be able to monitor incidents and travel
times. This application will allow for motorists to better plan trips to avoid current incidents
before they are on the roadway.

Other forms of natification will be handled by the District 7 PIO. The PIO will be responsible
for notifying the media of incidents and will be responsible for keeping agencies updated as
incidents are cleared and travel lanes are opened. The media can then inform the public through
television or radio of the incident events. The PIO will also be responsible for notifying the
transit (RTA) and school districts of any major interstate closures. Many times the RTA and
school bus routes will use the interstate. These transportation providers must be promptly
notified of any major closures or backups to help better plan their routes for the day. Conversely,
these drivers, in addition to postal carriers, freight transporters and a multitude of others can
provide incident information very quickly. In winter weather, these drivers are likely to have
information about ice and snow conditions which would aso be valuable to ODOT.

If anincident is detected or verified by another agency, it will be essential that ARTIMIS and
ODOT are notified of theincident. The primary contact for providing information to ARTIMIS
will be the Montgomery County Manager. The District 7 PIO can provide information to
multiple recipients simultaneously. Many times this communication can be through a mass email
which would be sent by the PIO to local jurisdiction and all response agenciesin the area. When
the TMC detects and verifies an incident they will also be required to send emails to the
appropriate response agencies. These include the local fire departments, police departments, the
ODOT District Office, the ODOT Central Office Radio Room, OSP and other response agencies
that may need to assist with specific incidents. For incidents with special circumstances, it may
be more effective to place direct phone calls to these agencies. For example, in the scenario
above ODOT would be responsible for directly calling OEPA and notifying them of the diesel

spill.
Response

Incident response routines will not be changed to any great degree in Dayton because of the
EDP. Rather, incident detection and coordination will be improved. Each incident will require a
different level of coordination and clearance. It isunrealistic to categorize incident responses
because each incident is so unique. The key to reducing queues and the associated congestion
and secondary crashes is early detection and prompt response. The key to an effective response
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will be communication. Communication between responders and especially communication
with the TMC will improve the incident clearance. It will be the responsibility of the first
responders including the FIRST truck, to notify the TM C when changes occur related to incident
clearance. These changes will then be reported to the public to help them make informed
decisions about their travel routes. While the response for each incident will be different, the
stepsinvolved with detection, verification, and notification will all be the same.

Planned Events

Planned events will also require adifferent level of coordination with the public and the TMC.
All planned construction events that impact traffic will need to be presented by the ODOT
District 7 Project Manager to the PIO weekly. These events may include lane shifts, closures or
any other activities that will impact traffic in some way. If additions or changes are made to the
weekly plan, the Project Manager will be responsible for contacting the PIO about the changes.
It will be the responsibility of the PIO to contact the mediaincluding television, radio and
newspapers, ARTIMIS, MV RCP, the public and emergency response agencies about these
events.

The PIO will also be responsible for verifying that all the planned events are reflected in
BuckeyeTraffic.org. These advance warnings will help agencies and the public prepare for any
incidents that may occur as aresult of the changes.

The planned events will be posted on DM S and transmitted through HAR is advance of the event
so that the motoring public will be aware of the changes. Thiswill help to decrease incidents
that may result from alack of notification and advance warning. It isunrealistic to expect that
these notices will eliminate all incidents, but they will help to decrease the likelihood and
severity.

The Operational Concept will be available as a separate document.
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SEA Item #4

“Define the functional requirements of the project. Provide

inter face/communication requirementsfor all stakeholdersin the project.
(Thisincludesthe existing systems already deployed in theregion).”

The system implemented will collect real time travel time information using vender generated
travel time data.

Video surveillance will be used to detect and verify conditions on the roadway. This may
include incidents, construction or other factors that impact traffic. CCTVswith pan tilt zoom
(PTZ) capabilitieswill be use to accomplish this.

Incidents will be identified in the area through a multitude of methods. Incidents may be
identified using CCTV's, FSP notification/verification, 911 call capture techniques or any other
methods which may bring incidents to the attention of the TMC operators. See SEA Item #3 for
more details. As described earlier, ARTIMIS will be responsible for notifying District 7 of an
incident that they detect, and District 7 will be responsible for notifying ARTIMIS of an incident
so that the proper messages can be disseminated to the public.

The dissemination of real time information to motorists will be akey element of the project. The
information will be distributed using HAR, DM S and website applications. All information
disseminated through ARTIMIS and through these devices will come from District 7. All devices
in the construction area must be non-intrusive and must not interfere with any aspect of the
construction. There will be no longitudinal wiring for communication used during this project.
All communications will be conducted wirelessly or through leased line communications.
Currently in the area, there some webcams which are operated using wireless and leased line
communications. These devices will continue to operate in this same manner.

Effective information dissemination is achievable only when datais collected, collated, and
examined in real time and in acomprehensible form. The central software product,
TransCommander, will need to integrate many functions to make it possible for aminimum
number of workstation operators to distribute as much information as they can.

Functional regquirements of the Dayton EDP are based on the applicable Market Packages and are
listed below.

Market Packages:

ATISO1 Broadcast Traveler Information
- Basic Information Broadcast
- ISP Traveler Data Collection
- Remote Basic Information Reception

ATM S04 Freeway Control
- Roadway Basic Surveillance
- Roadway Traffic Information Dissemination
- Collect Traffic Surveillance
- TMC Traffic Information Dissemination
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ATMS06 Traffic Information Dissemination
- Roadway Traffic Information Dissemination
- TMC Traffic Information Dissemination
ATMS08 Traffic Incident Management System
- Roadway Incident Detection
- TMC Incident Detection
ATMS21 Roadway Closure Management
- Emergency Response Management
- Roadway Basic Surveillance
- Roadway Traffic Information Dissemination
- Roadway Work Zone Traffic Control
- Collect Traffic Surveillance
- TMC Traffic Information Dissemination

Functional Requirements:

The list presents high level functional requirements. More specific requirements are addressed in
other contract documents, including plan insert sheets and the specia provisions.

1.

10.

11.

12.

The center shall disseminate traffic and highway condition information to travelers,
including incident information, detours and road closures, event information,
recommended routes, and current speeds on specific routes.

The center shall disseminate maintenance and construction information to travelers,
including scheduled maintenance and construction work activities and work zone
activities.

The center shall disseminate event information to travelers.

The center shall provide the capability for a system operator to control the type and
update frequency of broadcast traveler information.

The center shall collect, process, and store traffic and highway condition information,
including incident information, detours and road closures, event information,
recommended routes, and current speeds on specific routes.

The center shall collect, process, and store maintenance and construction information,
including scheduled maintenance and construction work activities and work zone
activities.

The public interface for travelers shall receive traffic information from a center and
present it to the traveler.

This public interface for travelers shall receive evacuation information from a center and
present it to the traveler.

The public interface for travelers shall receive wide-area alerts and present it to the
traveler.

The public interface for travelers shall provide the capability for digitized map data to act
as the background to the information presented to the traveler.

The field element shall collect, process, and send traffic images to the center for further
analysis and distribution.

The field element shall include dynamic messages signs for dissemination of traffic and
other information to drivers, under center control; the DMS may be either those that
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

display variable text messages, or those that have fixed format display(s) (e.g. vehicle
restrictions, or lane open/close).

The field element shall include driver information systems that communicate directly
from a center to the vehicle radio (such as Highway Advisory Radios) for dissemination
of traffic and other information to drivers, under center control.

The field element shall provide operational status for the driver information systems
equipment (DMS, HAR, etc.) to the center.

The field element shall provide fault data for the driver information systems equipment
(DMS, HAR, etc.) to the center for repair.

The center shall monitor, analyze, and distribute traffic images from CCTV systems
under remote control of the center.

The center shall respond to control data from center personnel regarding sensor and
surveillance data collection, analysis, storage, and distribution.

The center shall remotely control dynamic messages signs for dissemination of traffic and
other information to drivers.

The center shall remotely control driver information systems that communicate directly
from a center to the vehicle radio (such as Highway Advisory Radios) for dissemination
of traffic and other information to drivers.

The center shall collect operational status for the driver information systems equipment
(DMS, HAR, €tc.).

The center shall collect fault data for the driver information systems equipment (DM S,
HAR, etc.) for repair.

The center shall provide the capability for center personnel to control the nature of the
datathat is available to non-traffic operations centers and the media.

The center shall provide strategic emergency response capabilities provided by an
Emergency Operations Center for large-scal e incidents and disasters.

Thefield element shall provide operational status and fault data for the incident detection
devices to the traffic management center.

The field element shall collect, process, and send traffic images to the center for further
analysis and distribution.

The field element®video devices shall be remotely controlled by atraffic management
center.

The field element shall collect, process, and send work zone images to the center for
further analysis and distribution, under center control.

Under traffic and maintenance center control, the field element shall include driver
information systems (such as dynamic messages signs and highway advisory radios) that
advise drivers of activity around the work zone through which they are currently passing.
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SEA Item #5 - “ Provide analysis of alternative system configurations and
technology optionsto meet requirements, including rationale for technology
selection.”

Development of the project began with two basic questions - “How will data be collected?’ and
“How will the data be distributed?” After much deliberation it was determined that non-intrusive
devices would be used for data collection and video would be used to monitor traffic flow.
Subsequently, the best way to distribute information in the area involved the use of DMS, HAR,
and a website (such as BuckeyeTraffic.org). Each of these outlets would provide essentially the
same information but in different levels of detail.

After several iterations, the final design included the following:

Information dissemination - 5 DMS and 4 HAR

Freeway Surveillance - 13 CCTV

Traffic Flow/Detection — Cellular Telephone V ehicle Probes

Traffic Management Center — ARTIMIS OCC

Device Communications — Ethernet over broadband wireless and telephone

The 1-75 Dayton Sub-Corridor Study was used as the basis for evaluating ITS device locations.
This document was a project planning study of the entire corridor, performed in 2004, and
included phases 1A, 1B and 2. The District 7 Production Administrator and the Central Office
Traffic Administrator developed the concept of an ‘early deployment’ of parts of the Regiona
FMS Plan including the devices used to affect traffic on those parts of the corridor which would
be under construction. In 2005 preliminary efforts for the early deployment project (EDP) began
with abasic design. The Sub-Corridor Study was used to establish the (EDP) project limits and
to help determine the placement of certain devices so they would not interfere with construction
activity within the right-of-way. The first concept (March 2005) included 2 DMS, 7 CCTV and
atravel time system.

A Request For Information (RFI) for a non-intrusive means of collecting traffic travel time data
was issued. Innovative means of collecting traffic flow data were required since the traditional
deployments of sensors would be an on-going problem during construction of 1-75. The
responses to the RFI generally were based upon either license plate capture and matching
programs or acquiring data from tracking cellular telephones (vehicle probes) in use on I-75.

The DMS locations were proposed to be located outside the active work zone but close enough
to the work zone that reliable travel times could be posted. Locating CCTV cameras on |-75
within the construction limits became an issue. Field work resulted in few possibilities given the
constraints. A promising option was the use of the Montgomery County building’'s roof as a
camera location. This building is located adjacent to 1-75 in the downtown area and would
afford a view which could cover a significant stretch of 1-75, particularly the areas built on
structures.
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With preliminary locations of DMS and CCTV cameras having been determined, the next step
was to evaluate the extent and quality of information which could be provided to motorists.
Information provided directly to the motorist was limited to the 2 DMS as the
northbound/southbound travel through the work zone was deemed the most important element of
the system. When considering possibilities beyond the 1-75 corridor, it became apparent that
with additional devices, a greater impact over a much larger area could be realized. The
attributes of Highway Advisory Radio (HAR) are well-known, particularly when used in a
proper manner with capable equipment. When the technological aspects of the newer
generations of HAR were investigated, it was determined that it appeared to be reliable enough
for daily operation. HAR could be used within the region and could give information to people
before they reached the I-75 corridor and the construction zone.

In April 2005, 4 HAR were added to the system plans. The first HAR site was east of SR 4/Enon
Rd on [-70. This location provided the desired broadcast target area and was close to the
required electric and telephone utilities. A CCTV camera was added to obtain more information
about traffic flow conditions entering the area. Additional sites were at key entry points into the
region on mgjor facilities. The HAR were located in such a way that they were ahead of logical
“system-to-system” detour routes. While the DMS would still have travel time information and
incident and lane closure aerts, the HAR would provide continuous, detailed, information over a
greater range of the main routes providing access to the region.

Throughout the EDP design process, a series of meetings were held with the local MPO, District
7 personnel, Central Office personnel and consultants. During this same time frame coordination
between multiple design consultants for Phases 1A, 1B, and 2 was taking place. The
incorporation of fiber optic conduit infrastructure into the 1-75 reconstruction designs was
necessary as this would be the only opportunity to place the conduit in optimum locations. Once
constructed, the 1-75 segments through the downtown area would not be accessible for conduit
placement if the infrastructure was not accommodated in theinitial projects.

The design for the regional FM'S was not scheduled until FY 2008, therefore some estimate of
device locations and quantities for the full system needed to be determined to facilitate conduit
lateral placement in the I-75 projects. The locations of the DMS were determined using the
Dayton-Springfield Detailed Project Plan (DPP) which had been prepared severa years earlier.
The plan is essentially a preliminary engineering analysis.

The two DM S locations which were part of the origina EDP design were determined, in part, by
the DPP. While permanent CCTV cameras were not part of the EDP, the Detailed Project Plan
was consulted regardless to ensure consistency of the temporary CCTV locations. Fiber optic
communications was not a viable option for the EDP, therefore wireless radio, T-1 telephone,
and wireless broadband services were selected as the primary means of device communications.
Because the EDP is not inclusive of the entire region, no fiber optic cable is being used, and the
TMC will not be near the actual project, al field devices will communicate with the ARTIMIS
Operations Control Center (OCC) in Cincinnati via the ODOT servers in Columbus. ODOT is
positioning real time traffic data as a statewide resource. As such, ODOT hosts data and web
sites on computer servers located in Columbus. Broadband communications with traffic
management centers and other ODOT facilities exist between the ODOT equipment in Columbus

X\FREEWAY OPERATIONS\Dayton EDP\cfr 940 documentation\dayton edp 23 cfr 940 21
document gs 01-02-08.doc



and each traffic system. This topology provides a resource for management of the video and
data from the Dayton are for this project at moderate cost. Use of third-party
telecommunications providers is controlled by state contracts ensuring competitive and attractive
rates for bandwidth.

In May 2007 the EDP developed into atotal of 5 DMS, 13 CCTV and 4 HAR along with atravel
time system. All CCTV cameras will be installed on wooden poles which will make them
temporary. The cameras can be moved during or after construction as needed. The HAR are
semi-permanent and can be relocated if necessary. The operational effectiveness of the HAR
locations will be continually evaluated during the EDP operation. For device location
information please see the three maps provided in Appendix C. With expansion of the system, it
became apparent that a detection technology would be needed which could provide
complimentary coverage of the new device locations. License plate matching requires multiple
sets of devices to capture travel over several roadways and segments. The number of devices
increases proportionally with the mileage added to the system. Cellular telephone vehicle probes
require a basic setup and installation with system expansion becoming a nominal cost. This
detection method, while fairly new, offered the best combination of continuous coverage at a
reasonable cost. Cellular telephone-based data collection was chosen to provide the data needed
to cover over 100 miles of roadways in the region to support the information dissemination
component of the system.

The selection of a Traffic Management Center (TMC) became yet another challenge during
development of the EDP. Initially the Vandalia Office of D7 was determined to be an optimum
location. It was owned by ODOT, provided sufficient space for equipment and operators, and
was in very close proximity to one of the major roadway corridors. During the EDP design it
was learned that the district could not make along-term commitment to the Vandalia office. Due
to the technical nature of the field device communications system, it was possible to actually
locate the temporary TMC anywhere. However, no other potential sitesin the region offered the
amenities as did the Vandalia location. Since communications with the field devices was not a
constraint, the existing ARTIMIS TMC proved to be the best given the circumstances. The
ARTIMIS operators are already familiar with the tasks required to run a TMC and should
quickly adapt to the added area. Additionally, ARTIMIS is a 24/7 facility, which will provide
the same service hoursto the Dayton EDP.

The use of the ARTIMIS OCC to serve as the Dayton EDP traffic management center presents a
unique opportunity for this scheme to be a “strawman” for the future Dayton-Springfield
regiona freeway management system. ODOT’s long-term concept of operations for its regional
traffic management centers focuses on the requirement for interoperability and remote operations
of each system. Thiswould permit ODOT to consolidate regional centers to save on staffing and
other operational costs, either full time or for situations such as overnight and weekends. Dueto
several uncertainties however, the future of the Dayton-Springfield FMS TMC is till
unresolved. The location of the TMC is an integral part of the scope of work for the design
phase of the regional FMS for the area. The fiber optic communication system design is equally
important. ODOT’s design concept for regiona freeway management systems requires
consideration of the extent of fiber-based communication paths and the connectivity to the
regiona TMC. If the ARTIMIS OCC were to serve as the permanent location of the Dayton-
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Springfield FMS operations, connectivity of all Dayton field devices would be required in
Cincinnati. This can be accomplished in two ways — @) direct fiber connection from Dayton to
Cincinnati and, b) routing of devices through Columbus and then transferred to Cincinnati (as
will be done for the EDP).

The communications between the Dayton EDP field devices and the ODOT servers in Columbus
is based upon Ethernet over individual circuits on twisted-pair and wireless utilizing private-
sector infrastructure (telephone). The bandwidth using this infrastructure is adequate but not
preferred for long-term or future use. The communications medium between Columbus and
Cincinnati is aleased broadband service. All of the individual Dayton-to-Columbus circuits are
consolidated on the ODOT servers and then transferred over the broadband serviceto ARTIMIS.
While the broadband service obviously has more capacity than individual telephony circuits, it
still has limitations. These limitations (cost and bandwidth availability) are constraints which are
not desired for full-time operations of aregiona FMS. Therefore the strawman concept of the
EDP operations from ARTIMIS evolving into the regional operations component is not practical
at thistime. It will be one of the options considered in the Dayton-Springfield FM S design.

Device types, locations and communications were carefully selected on the basis of proven and
reliable technology, cost, and future expansion. The design incorporates permanent and semi-
permanent installations of devicesto facilitate changesin traffic patterns and reconfiguration of
the I-75 work zones. The traffic flow data collection system is of high resolution and will
provide utility beyond the EDP.
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SEA Item#6
“Provide analysis of procurement methods consider ed including rationale for
selected option.”

Since the EDP was a new concept in Ohio, no funds were programmed in advance of the project
development. Therefore financing of the majority of the project would require the use of funds
already programmed, most notably one or more of the I-75 reconstruction projects (Phase 1A,
1B, and 2). The Dayton EDP is closely linked to the I-75 reconstruction projects. This
explanation establishes how ODOT developed this EDP project and helpsto illustrate the level
of effort used to create this as a viable project and how decisions were made. Additional
information isincluded in SEA Item 10, Change Management.

Of the various procurement scenarios listed in Table 20 (included herein) of Section 6.2.1 of the
FHWA System Engineering for ITS Handbook, it was determined that a modified Low-Bid
Contractor with Consultant Design: combined with the Commodity Supplier and Outsourcing
alternatives, would be best for the following reasons. All ODOT project devel opment staff, from
Digtrict to Central Office, are most familiar with the Design-Build Contractor with Design
Consultant alternative. Because time and budget required innovative ways to provide a PS& E
package for the Dayton EDP, and because capable staff at the District and the Office of Traffic
Engineering in the Central Office were available to provide the design and contracting
documents, it was decided that the ODOT staff would prepare the bid package as an in house
effort.

Lessons learned during the construction of a previous ODOT project suggested that the ODOT
IT staff could more effectively select, purchase and configure networking equipment for the
project, than could a designer and contractor. Networking and communication equipment
installation required for the project requires special expertise which is not available from many
contractors. Additionally, network security restrictions limit the contractor’ s access to the
ODOT network. For this and future ODOT FMS projects, the contractor will provide power and
install the equipment which requires specialized equipment for access. The ODOT IT group also
provides leased communication lines for data transmission between field devices and the TMC.

Based upon several factors ODOT determined that the communications part of the design would
benefit from ODOT taking the lead role in procurement and installation. These factors include
purchasing advantages of equipment and knowledge and experience with field installation and
configuration of these devices as part of an FMS.

This process was borne out of the recent Columbus Metropolitan FM S Phase 2 project where
ODOT forces had to assist the contractor with configuring communications devices. Some
devices were not compatible with the ODOT network and the contractor had trouble configuring
the devices. ODOT provided assistance to the contractor and was critical to ensuring proper
operation of, and communication with, the field devices. The communications equipment is
available on State Term Schedule (similar to the Federal GSA). While the equipment specified
is somewhat proprietary, state purchasing regulations still require vendor selection based upon
competitive quotes. Much of the existing ODOT communications/computer network uses the
same type of equipment, and the ODOT IT staff are well versed in the advantages, disadvantages
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and other selection criteriafor this type of equipment, in addition to the configuration,
troubleshooting and operation. The equipment was specified primarily for the purpose of
compatibility with the ODOT network.

The installation of this equipment by ODOT forces is necessitated by two primary criteria
Protection and maintenance of ODOT network security;
Familiarity with the equipment and proper configuration for usein the ODOT network.

There are severa itemsin the project which are described as “installation only”. Thisis
necessitated by the procurement of the equipment by ODOT. There are severa locations in the
plans where communications equi pment needs to be mounted or installed at alocation other than
in afield device cabinet, which requires use of a bucket truck or other equipment not readily
availableto ODOT. Therefore effective installation of certain devices in particular locations is
better accomplished by having the contractor install the devices provided by ODOT. In these
cases, ODOT IT staff will bein the field to provide guidance as necessary.

The Commaodity Supplier option typically provides alow-bid selection of prequalified packages,
applicable only for unmodified off-the-shelf software. This project does include such a package,
the HAR, but also includes the use of ODOT’ S TransCommander software. TransCommander is
intended to ultimately be the statewide FM S software.

The Systems Manager approach would be more burdensome for ODOT’ s contracting personnel
and more time-consuming and schedul e extensive for this fast track project. It was decided early
in the process that it would be advantageous to provide as much as possible of the Dayton EDP
system for usein MOT as early as possible during Phase 1A of the I-75 reconstruction. This
method is preferred for projects with significant software development, which is not the case for
the Dayton EDP.

The Design-Build Contractor with Design Consultant option was not alegal option in Ohioin
this situation.

The Consultant option requires development of a scope of work, following a specific RFP and
selection process and given the in house capability, would have resulted in unnecessary delay.

Outsourcing was selected for the travel time function, for traveler information, asit is more
conducive to this application than to a specific system.
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Table 20: Procurement Approaches for ITS Projects. Thisis an excerpt from the FHWA
Systems Engineering Handbook.

Approach
Commodity Supplier

L ow-Bid Contractor with
Consultant Design

Systems M anager

Design-Build Contractor with
Design Consultant

Consultant

Outsourcing

Key Considerations
Low-bid selection of prequalified
packages; fixed-price contract
Consultant performs 100% of design;
may provide additional services during
implementation

Low-bid selection of contractor; fixed-
price contract

No collaboration on design between
agency and contractor

Single contractor responsible for
planning, design, implementation, and
testing

Negotiated (qualifications-based) award
precludes contractor from providing
construction/equipment

Separate low-bid procurements managed
by the agency for construction and
equipment

Requirements/high-level design may be
prepared by a consultant prior to
contractor selection

Best-value contractor selected based on
price and qualifications

Single contractor responsible for design,
implementation, and testing

Contractor can provide construction
services/equipment

Negotiated (qualifications-based) award
limits consultant work to personal
services

Consultant services used for system

Comments
Applicable only for unmodified off-
the-shelf software or hardware
Conventional way to procure
construction projects

Only applicable to extremely well-
defined ITS projects

Not applicableto ITS projects with
significant software devel opment

The selected systems manager has
overall responsibility for delivering
an operationa system

Additional contracting burden on
agency

Accommodates iterative
development and collaboration
between agency and contractor

Preferred for projects with
significant software devel opment
Some agencies do not alow design-
build contracting

Loss of continuity/flexibility if
contractor does not participate in
requirements/initial design

Do not use alow-bid process to
select adesign-build contractor

Preferred for major projects with
significant construction

Used to support initial
consultant/system manager selection
in previous approaches

Can also be used to supplement in-

requirements, design, and agency support house capabilities, support systems

during system implementation (define
test plans, etc.)

Used to support acquisition of a
capability/function rather than a specific
system

Best-value (qualifications-based) or low-
bid (cost/rates-based) selection

engineering process improvement,
etc.

Outsourced functions may include
traveler information, toll collection;
may involve a public-private
partnership
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SEA Item#7
“Identify the existing I TS Standards that will beused in theproject. An
explanation isrequired for not using the applicable Standards.”

NTCIP standards will be used for the DMS and CCTV installed in Dayton. The standards can be
found at the FHWA Webpage: http://www.standards.its.dot.gov/learn_Application.asp. The
links to the actual standards are listed below:

DMS Standard - http://www.standards.its.dot.gov/app _areas.asp?id=8

CCTV Standard - http://www.standards.its.dot.qgov/app_areas.asp?id=9

The NTCIP standards mesh well with the objectives for the DMS and CCTV. ODOT has
worked with DM S and CCTYV in other applications so the desired outcomes are known.
Currently, CCTV and DMS are being used in Cincinnati and Columbus. Both of these areas are
equipped with afull FMS.

Unlike the DMS and CCTV, Ohio has never used HAR in an application like this before. HAR
have been used in construction areas and have been installed and used in Cincinnati, but they
have never been relied on as a main source for information dissemination. In construction aress,
the messages may be few and far between and in Cincinnati, 511 can be used as an alternate
method for notification. ODOT has expressed the desired functions and results of this
application in the specifications for the HAR, but since the HAR has not been used in this
manner, no standard can be directly applied at thistime. After implementation, it may be
possible to apply the standard to future FM S depl oyment.

The applicable standards for the Dayton EDP project are shown in the following table

Standard Applicable? Reason
NTCIP 1102: Octet Encoding Rules (OER) No Dayton EDP project needs to
Base Protocol interface with alegacy system
NTCIP 1103: Transportation Management No Dayton EDP project needs to
Protocol (TMP) interface with alegacy system
NTCIP 1201: Global Object Definitions Yes
NTCIP 1203: Object Definitions for Yes
Dynamic Message Signs (DMYS)
NTCIP 1204: Object Definitions for No Not developed enough to be
Environmental Sensor Stations (ESS) useful
NTCIP 1205: Object Definitions for Closed No Not developed enough to be
Circuit Television (CCTV) Camera Control useful
NTCIP 1206: Object Definitions for Data No Incompatible with operating
Collection and Monitoring (DCM) Devices system software and hardware
NTCIP 1208: Object Definitions for CCTV No Not developed enough to be
Switching useful
NTCIP 2101: Point to Multi-Point Protocol No No RS-232 equipment is
Using RS-232 Subnetwork Profile being used
NTCIP 2102: Point to Multi-Point using FSK No No FSK equipment is being
Modern Subnetwork Profile used
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NTCIP 2103: Point to Point Protocol Using No No RS-232 equipment is
RS-232 Subnetwork Profile being used

NTCIP 2104: Ethernet Subnetwork Profile Yes

NTCIP 2201: Transportation Transport

Profile

NTCIP 2202: Internet (TCP/IP and UDP/IP) Yes

Transport Profile

NTCIP 2301: Simple Transportation Yes

Management Framework (STMF)

Application Profile

NTCIP 2302: Trivia File Transfer Protocol Yes

(TETP) Application Profile

NTCIP 2303: File Transfer Protocol (FTP) Yes

Application Profile

NTCIP 9001: NTCIP Guide Yes

ITE ATC Controller 5.2: Advanced No Incompatible with operating
Transportation Controller (ATC) system software and hardware
ITEITS Cabinet: ITS Standard Specification No Incompatible with operating
for Roadside Cabinets system software and hardware
SAE J2266: Location Referencing Message No Incompatible with operating

Specification (LRMS)

system software and hardware

These standards were taken from the list of standards applicable to Dynamic Message Signs
deployments. NTCIP 1102 and NTCIP 1103 were not implemented because the Dayton EDP
project needs to interface with alegacy system. NTCIP 2101, NTCIP 2102, and NTCIP 2103
are not being implemented because no RS232 equipment is being used.
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SEA Item#8
“Identify the testing proceduresto verify compliance with the standards as
well astherequirement for interoperability.”

All field devices in the project will be tested for functionality and compatibility with the system.
DMS will betested for compliance with the NTCIP specifications. Sinceit was not feasible to
require interoperability with TransCommander for all devices, in some cases the devices may
need to have a module created in the future for integration into the system. Thisisthe case with
the HAR, which will initially be operated using vendor software until it can be integrated into the
TransCommander FMS. Both DM S and CCTV will be integrated into TransCommander as
device drivers already exist.

All devices will be tested before installation for functionality and possible damages that may
have occurred during shipping. The devices will then be tested once they have been installed
locally which will be known as adevice test. Another test will be performed when the
communications between the devices are configured. Thiswill be referred to as the subsystem
test. Once al the devices areinstalled and al the communication networks are tested, afull
system test will be conducted.

All equipment defined in this specification and supplied by the contractor will be subject to
factory testing as subsequently described. The factory test will demonstrate or provide
confirmation that all of the equipment meets the overall specifications. The contractor will
submit atest plan designed to exercise and monitor the equipment for the purpose of determining
compliance with the specifications.

All equipment and software furnished will be subject to monitoring and testing to determine
conformance with all applicable requirements and to ensure an orderly implementation of the
system. Documentation to demonstrate all hardware performance and operation in conformance
with these specifications will be furnished as part of the project prior to installation. Each
hardware/software component will be examined and tested to verify that the materials, design,
construction, operation, performance, and workmanship comply with these specifications.

Each component will be examined carefully to verify that the materials, design, construction,
markings, and workmanship comply with the requirements of these specifications. Visual
inspections will be performed on all components and subassemblies to determine any physical
defects, such as cracking, scaling, poor fastening, incorrect component values, etc. Complete
electrical testing will be performed on each component and subassembly to determine
compliance to the designed function. Housing, chassis, and connection terminals will be
inspected and mechanical sturdiness, and harnessing to sockets, will be electrically tested for
proper wiring sequence. Any missing mounting hardware, screws, bolts, or loose connections
will be noted. All such conditionswill be corrected prior to the conclusion of the test. All test
results will be documented and delivered to ODOT prior to instalation of that component.

The communications equipment and video codecs will be tested using the manufacturer’s (Cisco)
recommended installation, configuration, and testing procedures. Since the communication
network is TCP/IP, standard communication protocols (as defined by IEEE) will be used to
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determine network functionality and stability. The ODOT Division of Information Technology
(DoIT) maintains a centralized network management and operations center in Columbus. All of
the field device communications for Dayton will be routed through Columbus to the ARTIMIS

Operations Control Center. This configuration permits constant analysis of the communication

system health.

Although the video codecs are not necessarily part of the TCP/IP system, the functionality of the
encoders/decoders can be assessed locally and remotely through the network to analyze
performance. This constant evaluation of performanceis a successor to theinitial configuration
and testing of each codec.

When the communi cation system has been configured and tested, each Dayton field device will
be connected to the ARTIMIS OCC to test remote operation and control.
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SEA Item #9
“Provide atraceability matrix for documenting compliance with the above.”

Traceability matrices are provided for testing and acceptance of DMS and CCTV in Appendix B.
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SEA Item # 10
“Provide change management control.”

DESIGN

As noted under SEA Item #5, there were severad iterations of the project design. Two key
elements of ‘change’ were the overall project limits and the specific location of devices within
those limits.

Internal meetings with ODOT management precipitated the addition of devices which in turn
began to expand the project limits. Thiswas arather dynamic process as the increase in devices
provided an opportunity to provide additional services and include other routes into the overall
traffic management scheme.

As the new devices and | ocations were explored, meetings with the ODOT District office and
other stakeholders were held to elaborate upon the new concepts, further refine the project
design, and ensure that al of the objectives of the EDP were achieved within the projected
available funding. Meetings were held every several months and typically included technical
staff and management personnel.

CONSTRUCTION

Change management control extends beyond design and applies to construction and operations.
The process devel oped during design to incorporate the functional requirements will be applied
to construction and operations. For example, if field conditions were to require achangein a
device location, ensuring critical functionality of the device would be paramount. Direct and
indirect consequences of the change would be evaluated. This could result in achangein the
installation which would not be based upon least cost, but rather a change which can
accommodate the field condition while maintaining the operation of the device as designed.

The ODOT Senior ITS Engineer will approve or reject proposed changes to technol ogies and
products. The District and Central Office will approve construction schedule and budget
changes. A Central Office ITS construction liaison will provide acommunication path between
the Office of Traffic Engineering and District 7 construction personnel. District 7 will be
responsible for providing construction management and inspection services.

Risks of improper device placement or changes to the roadway due to construction are mitigated
through the use of temporary or semi-permanent device installation. CCTVs are placed on wood
polesin the EDP and will be mounted on traditional permanent CCTV poles during the Dayton
FMS construction. Similarly, HAR will beinstalled in a semi-permanent manner during the
EDP with the option to be installed permanently as part of the FMS construction. During the
EDP operation phase the CCTV and HAR can be relocated to avoid construction impacts or if it
appears another location would be more beneficial. Since communication is provided by T1
lines, the location changes can also be accommodated.

All work is governed by the ODOT Construction and Material Specifications (2005) and aso the
ODOT Construction Inspection Manual of Procedures (2006). The Manual of Procedures
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specifically defines the process for documenting changes in the project during construction.
These are generally governed by the following sections:

Documentation Requirements (page 10)
Administration of Construction Contracts (page 41)
Method of Measurement and Payment (page 63)
Changes and Extra Work (page 71)

These items describe in detail the process which ODOT employs for all construction projects.
The Dayton EDP isatypical construction project and will make use of the existing
documentation requirements.

OPERATIONS

The ARTIMIS Operations Control Center personnel utilize documented standard procedures for
executing the functions of the Cincinnati/Northern Kentucky freeway management system.
These procedures will be followed for operation of the Dayton EDP. Because of the differences
in the ODOT District oversight (ARTIMISisin D8 and the Dayton EDPisin D7), protocols (as
detailed in SEA Item #3) will be developed to address Dayton-specific operational procedures
for contacting district personnel as well asloca emergency response agencies.

The Dayton EDP incorporates a new device (highway advisory radio) and procedures for the use
of these devices will be documented. Generally the content will be governed by a set of rules
which are similar to those used for the dynamic message signs. All other devices are common to
ARTIMIS and will not require any specific protocols.
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SEA Item # 11

“Provide a Maintenance Plan and a funding analysis for the maintenance,
operation and funding of the system after completion. Thisincludesan
analysis of cost, personnel, and anything further required to maintain
and operate.”

During thefirst year of operation, equipment warranty provided by vendors and the prime
contractor’s project warranty will provide materials and labor to ensure operation of the portion
of the system installed through the contract. Items procured by ODOT’ s IT group, Dol T, will be
maintained and replaced as necessary by Dol T staff. For long term maintenance needs, the field
devices, such as DMS, HAR and CCTV areincluded in the ARTIMIS Field Device Maintenance
Contract, which is funded by ODOT’ s Central Office.

The ODOT IT Deputy Director and the ODOT District 7 IT Manager have committed to
providing personnel and funding to maintain the communication and networking equipment and
financial resources for leased communication linesin perpetuity, until no longer needed. ODOT
Central Office has committed to funding the maintenance and repair of the networking
equipment, located in the field and in ODOT facilities. The field devices, such asDMS, HAR
and CCTV areincluded in the ARTIMIS Field Device Maintenance Contract. This contract will
allow experienced personnel to troubleshoot, make repairs and install replacement equipment to
maintain the Dayton EDP system. ODOT Central Office has committed to providing funding to
District 8 for this maintenance contract to maintain the functionality of the Dayton EDP. District
IT attempts to resolve hardware and software issues that cannot be met will escalate to Central
Office. Thisisnot anew concept, but an extension of the services IT providesto ODOT.

ODOT IT hasin house and consultant staff who will offer the expertise and support to the ITS
functions. 1T management has committed to providing equipment, labor and any additional
requirements for full operation of the ARTIMIS and the Dayton EDP system. The State of Ohio
has a contract for networking equipment and staff to implement the requirements for the repair
and replacement of devices. ODOT IT has committed to providing ancillary software licenses.
ODOT IT will maintain the TransCommander software and the network and communication for
the FM S including Dayton EDP, data feeds to the Buckeye Traffic website and other subsystems
that are used for TransCommander. Current District 8 ARTIMIS operators will monitor the
system and operate the additional devices provided by the EDP until construction of a Dayton
TMC, which is programmed to be provided as part of the full Dayton/Springfield FM'S project in
2011.

Sincethe ARTIMIS TMC in Cincinnati operates 24/7, it isideally staffed to provide timely
information to the public. Communication with the field devices will be provided viaODOT’s
network and will interface with the Buckeye Traffic website and with ARTIMIS. The EDP
equipment will be operated through the ODOT network using the ARTIMIS infrastructure and
central control software. In case of emergency, the CCTV system could be operated remotely
from Columbus, since video will be carried on the ODOT network.
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Since ODOT operates on atwo year funding cycle and contracts for more than two years are not
afeasible option, the contracts for field maintenance and cell phone travel time will need to be
re-bid every two years.

Lifecycle Anaysis

Devicesinstalled on temporary or semi-permanent foundations will be integrated into the Dayton
FMS on permanent foundations as during design. As part of the FM S design activities, the cost
and timeframe for systematic maintenance and replacement will be considered and addressed for
the EDP devices as well as the future FM S devices.

It is anticipated that the full FM S deployment in 2011 will address any needed upgrades and will
incorporate the EDP field elements into the Dayton FMS. As part of the design of the Dayton
FMS, various topics will be considered, including the following:

Installation of a TMC in the Dayton areaor at District 7
Communications path and technology for field devicesto TMC
Communications path and technology for field devices to remote TMC for redundancy

When more FM S and TMCs are operational throughout the state using the central operating
system used in ARTIMIS, there will be opportunity for fully functional remote operations.

Maintenance Responsibilities

Ar'ﬁj';l"aéi 4| OTE DolT District 7 | District 8

Communication | $25,390 *

Utility Costs $15,840 X
Maintenance Costs $9,550 X X X
Field Devices $83,340 °

Utility Costs $11,340 X X
Maintenance Costs $72,000 X X
OPS Center -0-3 X

! Utility (leased telephone lines) and maintenance cost
2 Utility (electrical power) and maintenance cost

3 Operations of the Dayton EDP equipment will be performed with existing ARTIMIS staff. No
additional staff will be used. Operational costs for labor and equipment in the ARTIMIS OCC
will be absorbed by District 8 through normal ARTIMIS operations. District 8 receives an
allocation supplement for ARTIMIS operations from Central Office. Therefore atransfer of
funds from District 7 to District 8 isamoot point since Central Office provides financing of all
FMS operations.
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* The Office of Traffic Engineering (OTE) prepares maintenance contracts and coordinates the
funding of field device maintenance and utility costs with the Division of Finance. The district
offices administer the contracts and pay invoices.

Annual Field Device M aintenance Cost

Device Qty 10% of Cap. Cost Annual Cost
CCTV 12 $500 $6,000
DMS 5 $8,500 $42,000
HAR 4 $6,000 $24,000
Sub-Total $72,000
Codecs 24 $150 $3,600
Comm. — Switches 17 $70 $1,190
Comm. - Wireless 14 $340 $4,760
Sub-Total $9,550
Total $81,550

Note: CCTV, DMS, and HAR will be added to the ARTIMIS Maintenance Contract for Y ear 2
(all devices covered by manufacturer warranty for first year). Codecs, and communications
equipment will be maintained directly by Dol T (C.O. and D7).

Electrical Power Cost (per site)

Device Qty Monthly Cost (Ea) Annual Cost
CCTV 12 $20 $2,880
DMS 5 $125 $7,500
HAR 4 $20 $960
Total $11,340

Communication Utility Cost

Device Qty Monthly Cost (Ea) Annual Cost
T-1Line 3 $400 $14,400
Broadband Cellular 2 $60 $1,440
Total $15,840
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SEA Item #12
(To be completed after construction with documentation for MVRPC’ s revision of
the Dayton/Springfield Regional ITS Architecture.)

Documentation for revising the Regional 1 TS architecture, including revisions to the data flow
diagram, will be submitted to the appropriate MPO after completion of construction.
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Appendix A —Modified Regiona Architecture

Table 5.1 National ITS Architecture Functional Flow Diagrams

Archived Data Management

» TS Data Mart
- ITE Data Warshouss
ITS Virtual Dats Warshouss

Public Transportation

Transit Vehicle Tracking

Transit Fixed-Route Operations

Demand Response Transit Operations
Transit Passenger and Fare Management

L]
£l
®
-

Transit Security

Transit Maintenancs
Multi-modal Coondination
Transit Traveler Infarmation

Traveler Infarmation

Broadcast Traveler Information
Interactive Traveler Information
Aufonomous Route Guidancs
Dynamc Route Gusdance

- ISP Based Route Guidance

LI I

Integrated Transportafion

bz nagementRouts Guldanos
¥ ellow Pages and Reservalion
Dynamic Ridesharing
In Vehicle Signing

Traffic Management

Network Survelllance

Frobe Survelllance

Surface Street Contraol

Freeway Control

HOW Lane Management

Traffic Information Dissemination
Regilonal Traffic Control

Traffic Incident Management System
Traffic Forecast and Demand Management
Bl=cironic Toll Collsclion

Emisstons Monionng and Mansgement

Wirtual TMC and Smart Probe Data
Standard Reifrosd Grade Crossing
Advanosd Ralirosd Grade Crosaing
Radrosd Opsrafons Coondination
Parang Faality Managsment
Regional Parking Mansgament
Reversible Lans Management
Spesd Moniforing

Drawbndge Mansgament

Roadway Closurs Mansgsment

Vehicle Safety

= \ehids Safsty Moniboring

- Dimver S afety Monitoning

- Longiudinal S afety Waming

- Laterasl Safaty Waming

- Intersection Safety Waming

s  PreCrash Resiraint Deployment

Dinver Visindity Improvemsant
Advancad Vehicls Longitudinal Co ninod
Advanced Vehicls Latersl Control
Intersaction Colision Avoidancs
Automated Highway Sysism
Commerdal Vehicls Opsrationa
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Fleet Administration

Fraight Admnistrafion
El= cironic Clearance
CW Administrative Procsases

. 8 B

CWO Rest Manisnancs
HAZMAT Management
Rioadside HAZMAT Sscunty Detzction

Roadway Service Fatrols

Transportaon Infastruchre Protection

Intemationsl B order Eleconic (earance and Mitigation
- Wigh-In-Masion =  CV Dnver Sscunty Authenication
- Rosdside CVO Safety - Frebght Assignment Trackng
On-board V0 Safety and Freight Safety & Security
Emergency Operations
Ememency Call Taking and Dispatch Wide Area Alert
Emergency Routing Early Waming System
Mayday Support Dizaster Reaponae and Recoveny

Evecuation and Resntry Management
Dizaster Traveler Information

Maintenance and Construction Manage ment

- Maintenancse and Conatnection
‘Vehide Mainienancs

and Distribution

- Maintenance and Cons truction Ve hiclke
and Equipment Tra cking

- Road Weather Data Collection
- Weather Information Processing

Roadway Autbmated Treatment

Winter Maintenance

Roadwsay Maintenancs and Cons fnuction

Work Zone Management

Work Zone Safety Monitoring

Maintenance and Construction Activity
Coomdination
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5.10 ATISZ: Interactive Traveler Information

This functional flow diagram provides
tailored information in response to a
traveler  reguest.  Both  realtime
interactive reguest'response systems
and information systems that "push" a
tailored stream of information to the
traveler based on a submitted profile are
supported. The traveler can obtain
current information regarding traffic
conditions,  transit services, ride
share/ride match, parking management,
and pricing information. A range of two-
way wide-area wireless and wireline
communications systems may be used
to  support  the required  data
communications between the ftraveler
and Information Service Provider. A
variety of interactive devices may be
used by the fraveler to access
information prior to a tip or en route
including phone, kiosk, Personal Digital

Assistant, personal computer, and a
variety of in-vehicle devices. Successful
deployment of this functional flow
diagram relies on availability of real-time
transportation data from roadway
instrumentation, probe vehicles or other
means. Several Miami Valley
stakeholder agencies are planning to
implement this type of interactive
information  service. For example,
GDRTA and SCAT customers would be
able to request an email or alert if their
bus is delayed or reroutes due to an
incident. The D/SFMS would also allow
travelers to sign up for alerts when a
major incident delays traffic along the
area's freeways.

When applied to the Regional ITS
Architecture, the following functional
flow diagram is produced:

ansst Traffic Management
Management | Fanst Information R p—
mm Sarvice Provider | Soicc comdic . B o e
SCAT tamaitand i | rozd Geenty Enginoers
Greena CATS Prra——. etwerkconditons  —vemeipetEngineers:
g Fov
e ARTIMIS/Dayton EDP
Vehiste Savelor Edormation e Maintenanceand
* ; consls wosk Censtrusten
I —tedia—
B e Management
Buckeye Traffic |+ E—
Personal MatroTtrafis —hmasac s CDOT D7 and DA
Information oL HEEE-Z0HROAD POREINGF County Highway
Access e maeRantS | Municipal-Rublic-Works
siate T i
Fagoen
ROA, _ traveler information
EAN Emergency
Erl flan Monagement
Personal Computin incent
p 0 y : P - m .
HometeTraeslor amlerrequest Local Fire/Police
S QsHE
L Eavelor County ERA,
GORTA Kiosks inermation

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.
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511 ATMSO01: Network Surveillance

This functional flow diagram includes

traffic detectors, other surveillance
equipment,  the supporting field
equipment, and wireline

communications to  transmit  the
collected data back to the Traffic
Management Subsystem (e.g. planned
D/SFMS). The derived data can be used
locally such as when traffic detectors
are connected directly to a signal control
system or remotely (e.g., when a CCTV
system sends data back to the Traffic
Management Subsystem). The data
generated by this functional flow
diagram enables traffic managers to
monitor traffic and road conditions,
identify and verify incidents, detect faults

census data  for traffic  strategy
development and long range planning.
The collected data can also be analyzed
and made available to motorists and the
Information Service Provider
Subsystem. Currently, the city of
Springfield uses traffic cameras to
monitor several major intersections.
Kettering and Moraine Engineers can
view traffic images at certain
intersections  through  the  Police
Department's CCTV deployment.

When applied to the Regional ITS
Architecture, the following functional
flow diagram is produced:

in indicator operations, and collect
Traneit
Managerment
ShETA affic
SCAT Management
fraffic flos and
-GPEE”E—':AISI ; ursaiilance + traffic
M-&a-m-::l;gu-l:m,c rose » ARTAE
teatfic infaremation FUEIRa HHTREN)
cordination
SRR . -”aﬁt *  Traffic Management fraffic flow + Faffic
Service Provider images T Roadway
= fraflic
Madis " condifons m arpdsmnmantal
Buckeye Traffic e e sondtonsdata CCTV
Meates Traffic | sequestior | debieaiaiemeeaais P — Detector Stations
1-888-20HROAD o oSt “sunveillance control” | Weather Sersor
= = slomnation TR
ARTIMIS/Davton EDP

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements

of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and

interconnections should be maintained in the Regional ITS Architecture until it has been

determined that they will not apply in the future.
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514 ATMSO04: Freeway Control

This functional flow diagram provides a
basic representation of the types of
communications and roadside
equipment needed to control the major
aspects of Miami Valley's freeway
systems; e.g., ramps, lanes and
interchanges. This flow diagram is
consistent with typical urban traffic
freeway control systems. It incorporates
the instrumentation included in the
Metwork Surveillance functional flow
diagram to support freeway monitoring
and includes the capability to use

incidents on the freeway. Additionally,
this flow diagram illustrates how general
advisory and ftraffic control information
can be provided to the traveler while en
route such as the planned variable
speed limit signs on |-75.

When applied to the Regional ITS
Architecture, the following functional
flow diagram is produced:

surveillance infarmation to detect
Traffic
Management freowayconirol Roatay
daa
DISEMS = fregway confrol
OSHP el
CCTV
ARTIMIS o traffic fiow + s
traffic i #ﬁ-m‘-s;gns . . . .
Dayton EDP s dﬂvea'—m#eFmanen‘ Briver l
i — S —
~Comal +video | Detector
surveillance Stations
conirol
traffic )
opemfor Traffic
data Operations
o traffic operator Personne!
inputs -

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements

of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and

interconnections should be maintained in the Regional ITS Architecture until it has been

determined that they will not apply in the future.
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ARTIMIS/Davton EDP

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional TS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.
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Traffic
Management

ARTIMIS/Dayton EDP traffic flow

roadway control data

roadway control status
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Maintenance &

Construction Mgmt

ARTIMIS/ ODOT D7 & D8

Dayton EDP

Incident Information |
| Maint. & Construction
Response *

* These are not traditional data communication flows. These will be done using tel ephone and
e-mail, not through a dedicated and automated process.

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.
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ODOT D7 FSP

ARTIMIS/DAYTON
EDP

* These are not traditional data communication flows. These will be done using telephone and
e-mail, not through a dedicated and automated process.

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.
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State EOCs
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* These are not traditional data communication flows. These will be done using tel ephone and
e-mail, not through a dedicated and automated process.

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.

ARTIMIS/Davton EDP

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
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interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.

ARTIMIS/Davton EDP

Y ellow highlighting indicates inclusion in the Dayton EDP. A strike through indicates elements
of the Regional ITS Architecture not implemented by the Dayton EDP. These functions and
interconnections should be maintained in the Regional ITS Architecture until it has been
determined that they will not apply in the future.
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Appendix B — Traceability Matrix

CCTV Traceability Matrix FAT

Requirement

Description

OoDOT
Specification

NEMA, NTCIP
Spec. Reference

Special
Requirements

Test

Pass
Fail

Minimum of 64 presets on both zoom lens and the

lahead and one behind the electronic assembly

pan/tilt mechanism Page 3 Verify by Laboratory Testing
AI'I features controlled from central site manually Page 3 Verify by Inspection
with a control panel
All features controlled from central site by using . .

@ the software with a graphical user interface Page 3 Verify by Inspection

{=} . .

= CCTV Camera with auto focus zoom lens in . .

§ outdoor dome Page 3 Verify by Inspection

S - - - -

@ \Watertight environmental dome housing with . .

& integrated positioner for pan and tilt unit Page 3 Verify by Inspection

© N -

.E z/lozlipgllng_rh:rdware with no exposed camera Page 3 Verify by Inspection

g wiring

T [Azimuthal positioning capabilities Page 3 Verify by Inspection
Transient voltage suppression and protection Page 3 Verify by Inspection
Camera controller in control cabinet Page 3 Verify by Inspection
Coaxial and/or‘dala/wdeo cabling for camera site, page 3-4 Verify by Inspection
power supply, images and camera controls
Power cables sized to meet National Electric Code Page 4 Verify by Inspection
(NEC)
Communication cables meet minimum size and - .

2 bandwidth required by manufacturer of camera Page 4 Verify by Laboratory Testing

{=}

§ Composite camera cable outdoor NEC rated Page 4 Verify by Laboratory Testing

'g All system components accept 120VAC/60Hz Page 4 Verify by Laboratory Testing

Q.

] Devices requiring source input different that . .

_S 120VAC/60Hz convert appropriately Page 4 Verify by Laboratory Testing

§ Power supplles for camera and PTU's located in Page 4 Verify by Inspection

[m} control cabinet

>

= Each control cabinet has minimum of 2 duplex " .

UE) 120VAC industrial-grade receptacles Page 4 Verify by Inspection

"

) -

i %Enreceptacle is GFI, colored orange and marked Page 4 Verify by Inspection

@

§ Contact block within control cabinet Page 4 Verify by Inspection
Lightning transient voltage protection devices, one Page 4 Verify by Laboratory Testing
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Make a video tape
that verifies CCTV

Image sensor is a day/night camera that provides camera
9 ynig p Page 5 performance Verify by Inspection
color and monochrome images during night
conditions at five
CCTV locations
Camera video output compliant with EIA-170 and y .
NTSC standards Page 5 Verify by Laboratory Testing
2 Digital Signal Processing camera with 10-bit
2 analog/digital converter and 1/4 inch Interline Page 5 Verify by Laboratory Testing
8 Transfer CCD array
g Composite video of 1.0 Vp-p Page 5 Verify by Laboratory Testing
[ - - N N
5 47_0_hur|zonta| T\_/ lines and 350 vertical TV lines page 5 Verify by Laboratory Testing
@ minimum resolution
Q
‘3 Minimum of 724H x 494V active pixels Page 5 Verify by Laboratory Testing
g Make a video tape
E that verifies CCTV
g Sensitivity at 30% video and 1/60 seconds shutter camera
£ Page 5 performance Verify by Laboratory Testing
< speed at 3 lux color/0.3 lux mono or better . X
O during night
conditions at five
CCTV locations
Signal to noise ratio no less than 50 dB, weighted ) .
at 4.5 MHz Page 5 Verify by Laboratory Testing
Camera supports automatic white or color balance y .
\with a 0.45 contrast setting Page 5 Verify by Laboratory Testing
Shutter speed selectable from 1/60 to 1/30 of a . .
second in eight second steps Page 5 Verify by Laboratory Testing
Suppurt_s automatic and_manual iris adjustment in page 5 Verify by Laboratory Testing
steps with manual override
Iris is in a closed position when there is no power Page 5 Verify by Laboratory Testing
2 IAGC peak-average adjustable from 0 to 30 dB Page 5 Verify by Laboratory Testing
[=}
T Capable of generating and overlaying lines of . .
;f;’ English language text on the video image Page 5 Verify by Inspection
iS3
17 . .
o Minimum of twenty alphanumeric characters per Page 5 Verify by Inspection
T lline of overlaid text on the video image 9 fy by Insp
o
172}
] Page 5 Verify by Inspection
& Text overlay control available remotely and at site 9 fy by Insp
[
g Text messages stored in non-volatile memory Page 5 Verify by Laboratory Testing
g Camera ID text consist of only one line Page 5 Verify by Inspection
§ Sector text based on position of camera Page 5 Verify by Laboratory Testing
Minimum of 8 uniform sectors Page 5 Verify by Inspection
Minimum of 8 privacy zones Page 5 Verify by Inspection
Image sensor operating voltage of 24 volts Page 5 Verify by Laboratory Testing
Camera lens is motorized, and mechanically or Integrated
electrically protected from overrunning in extreme Page 5 ca'Jr\_wer?IIens Verify by Laboratory Testing
ositions combination may
P be substituted
@ Zoom lens for each selected camera location
o provides adequate CCTV corridor coverage and Page 5 Verify by Inspection
§ approved by the Department
é Approved zoom lens is compatible with array size Page 5 Verify by Laboratory Testing
[
2 Lens supports digital zoom of 10X, in 1X y .
c ’
< increments, and 18X optical Page 5 Verify by Laboratory Testing
«©
g Sr_nallest f-stop number does not exceed 1.8 at page 5 Verify by Laboratory Testing
S wide-angle
o
Zoom lens provides focal length of 0.14 to 3.2
inches that provides full coverage of the corridor Page 5 Verify by Laboratory Testing
mainlines and shoulders
Minimum focusing distance is 4 feet Page 5 Verify by Laboratory Testing
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Minimum aperture of f/1.2 and 1/4 inch with 10

controllers

preset position points Page 6 Verify by Laboratory Testing
Supports optical zooming ranging from 2.5° . .
telephoto (maximum) to 25° wide angle (minimum) Page 6 Verify by Laboratory Testing
Camera supports zooming from minimum to . .
maximum focal length in less than 4 seconds Page 6 Verify by Laboratory Testing
Cgmera supports laummallc focus adjustments, Page 6 Verify by Laboratory Testing
with manual override
1%}
s Vibration or ambient temperature changes do not
kS affect the automatic iris function, focus Page 6 Verify by Laboratory Testing
2 mechanism, and zoom mechanism
3
&
2 Camera/lens combination supports automatic ler;ls rgtstijtrigi torit:f
g recovery from over and under voltage conditions, Page 6 p P Verify by Laboratory Testing
P B to the over/under
3 when power is returned to normal values voltage condition
g
o
Dome Ien_s shall be optically clear, impact resistant Page 6 Verify by Laboratory Testing
and acrylic
Certification showing dome lens does not yellow,
|ntroducelappre5|able light loss, or dlsltprj over a 10| Page 6 Verify by Laboratory Testing
year service life when exposed to anti-icing
chemicals
Dome lens is of anti-fog design with nominal light
loss of no greater than 5 percent and geometric Page 6 Verify by Laboratory Testing
distortion of no more than 1 percent
PTU is dome integrated motorized, remotely . .
12}
_é controlled Page 6 Verify by Inspection
E] —
= O o ) ) S Software limits
== 3§0 _Contlnuous rotation capability in either Page 6 provided for pan Verify by Inspection
=] direction.
T o mode
awn
S5 90° of tilt movement, video rotation at 90° down . .
g .E with auto-flip. Page 6 Verify by Inspection
© =
O Pan Speed (Operator Control): Variable from . .
o
% 0.1%/s to 80 °/s Page 6 Verify by Laboratory Testing
5 Pan Speed (Preset Control): minimum 200°/s Page 6 Verify by Laboratory Testing
=50 Tilt Speed (Operator Control): Variable from 0.1°/s . .
E < ,5 t0 40 °/s Page 6 Verify by Laboratory Testing
S= 3
% 22 Tilt Speed (Preset Control): 60°/s Page 6 Verify by Laboratory Testing
[
E= 3 Minimum sixty-four preset positions with . .
8 5& repeatability within + 0.1° Page 6 Verify by Laboratory Testing
Provides a single point interface for control and
V|de9 communications gnd for prime power that Page 6 Verify by Inspection
provides power protection, conversion, and
distribution to the camera assembly
1%}
_§ RCA component output for local video monitoring Page 6 Verify by Inspection
g
'g USB 2.0 ports and joystick inputs for local control Page 6 Verify by Inspection
j=N
[
5 RS-422, RS-485 and RS-232 serial ports Page 6 Verify by Inspection
3 -
= Receives, process and control camera, zoom lens, . .
s and PTU central commands Page 6 Verify by Inspection
o
©
5 Uses non-volatile memory to store the required . .
[
é information for presets, camera ID, and sector text Page 6 Verify by Laboratory Testing
o
Manufacturer with publishable protocol Page 6 Verify by Inspection
One joystick provided for up to five camera Page 6 Verify by Inspection
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Camera Environmental Enclosure

Specifications

/Ambient operating temperature of -40 to 140 °F (-
40 to 60 °C) with 100 percent relative humidity

Page 7

Verify by Laboratory Testing

Provides complete protection for the camera and
zoom lens assembly from moisture and airborne
contaminants

Page 7

Verify by Laboratory Testing

Protects the camera's electronics and zoom lenses
from blowing rain at storm rates, blowing sand,
blowing dust, temperature, and solar loading, with
an internal heater and blower

Page 7

Verify by Laboratory Testing

Corrosion resistant, and mounted in a manner,
which leaves no exposed cabling

Page 7

Verify by Inspection

Maximum outside diameter of the dome is 9 inches
(230 mm), with a maximum overall dimension of 15|
X 15 in (380 x 380 mm)

Page 7

Verify by Inspection

Housing’s lower section is site-coated with Rain-X
or an equivalent product

Page 7

Verify by Laboratory Testing

Camera Construction

Specifications

Messenger wire used for all overhead wiring of
lcomposite cable

Page 7

Verify by Inspection

Composite cable is attached to messenger wire as
per plan sheet TC-24.81.

Page 7

Verify by Inspection

If it was determined that radio frequency
interference (RFI) was degrading the quality of the
video images being transmitted by the camera
lassembly or its components, if was required by the
Department, ferrite coils or other radio frequency
(RF) suppression devices furnished and installed
for RFI dampening

Page 7

Verify by Inspection

XA\FREEWAY OPERATIONS\Dayton EDP\cfr 940 documentation\dayton edp 23 cfr 940
document gs 01-02-08.doc

54



DMS Traceability Matrix FAT

Requirement

Description

NDOT
Specification

OoDOT
Specification

NEMA, NTCIP
Spec. Reference

Special
Requirements

Test

Pass
Fail

Sign is constructed of aluminum alloy 5052-H34,

with a relative humidity of up to 95 percent non-

condensing

171 5052-H32, 3003-H14 or better Page 5 Verify by laboratory testing.
Sign is constructed of aluminum alloy not less than

1.7.1 1/8 inch thick, unless specified differently in NDOT Page 5 Verify by inspection.
Specification
Framing structural members, rod, bar and

1.7.1 extruded aluminum is Type 6061-T6, 6063-T6 or Page 5 Verify by laboratory testing.
better
Stainless steel sheets comply with ASTM

171 designation: A666 for Type 304, Grades A or B Page 5 Verify by laboratory testing.

1.7.1 All cold roll steel is plated Page 5 Verify by laboratory testing.
Cadmium plating meets Federal Specification QQ- N .

1.7.1 P-416C, Type 2 Class 1 Page 5 Verify by laboratory testing.
Zinc plating meets Federal Specification QQ-Z- . .

1.7.1 3258, Type 2 Class 1 Page 5 Verify by laboratory testing.
Cold rolled steel sheet, rod, bar, and extruded is

1.7.1 Type 1018/1020 Page 5 Verify by laboratory testing.
Welding is in accordance with the American N .

171 Welding Society Standards, ANS/AWS D1.2-97 Page 5 Verify by laboratory tesfing.

1.7.1 All materials are new and corrosion resistant Page 6 Verify by laboratory testing.
Sign face is non-glare polycarbonate panels of GE

1.7.2 Lexan Type 5300-12 or KYNAR 500 coated Page 6 Verify by laboratory testing.
aluminum mask over a clear glazing

1.7.2 Front panels are not greater than 24 square feet Page 6 Verify by inspection.

172 grf(;r:tpanel short side dimension does not exceed Page 6 Verify by inspection.

181 Component parts of the sign are accessible for page 6 Verify by inspection.
inspection and maintenance from inside sign

181 Test points provided for checking essential page 6 Verify by inspection.
voltages

1.8.1 Designed for a minimum service life of 20 years Page 6 Verify by laboratory testing.

181 Constructed to present a clean and neat Page 6 Verify by inspection.
appearance

181 All cables are securely clamped or tied within the page 6 Verify by inspection.
sign housing

. . . . Including visibility

Performance is not impaired due to continuous

181 vibration caused by wind, traffic, or other factors Page 6 and Iegi':g;g/m the Verify by laboratory testing.
All 120 VAC service lines inside housing are

1.8.1 independently protected by thermo magnetic circuit] Page 6 Verify by inspection.
breakers
All 120 VAC wiring is located in conduit, pull boxes,

181 electrical raceways or control cabinets as required Page 6 Verify by inspection.
by the National Electric Code (NEC)

181 No 120 VAC wiring is exposed inside or outside of Page 6 Verify by inspection.
sign housing
Presence of power transients or electromagnetic

1.8.1 fields have no deterious effect on the performance Page 7 Verify by laboratory testing.
of the system
Does not conduct of radiate signals that will

1.8.1 adversely affect other electrical or electronic Page 7 Verify by laboratory testing.
equipment

1.8.1 Electrical grounded per the National Electric Code Page 7 Verify by inspection.
Complies with the AASHTO standard
Specifications for Structural Supports for Highway

181 Signs, Luminaries and Traffic Signals, 4th Edition Page 7 Verify by laboratory testing.
(2001) basic wind speed 90mph

181 Mounting brackets and hardware composed of page 7 Verify by laboratory testing.
galvanized steel materials
Components are capable of operating without any
decrease in performance over a temperature

1.8.2 range from -35 °F to +165 °F (-37 °C to + 74 °C) Page 7 NEMA TS-1 Verify by laboratory testing.
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Field equipment designed to withstand 90 mph

1.8.2 (145 km/h) winds with 30% gust factors without Page 7 Verify by laboratory testing.
permanent deformation or other damages.
All components conform to the latest edition of
NEMA TS-1, Section 2, Environmental Standards
182 and Test Procedures, or equivalent MIL Page 8 Verify by laboratory testing.
specifications.
Field equipment enclosures designed to withstand
the effects of sand, dust, and hose-directed water . .
182 per the hose down test described in the latest Page 8 Verify by laboratory testing.
edition of the NEMA Standards Publications 250
1.8.2 All connections are watertight. Page 8 Verify by laboratory testing.
Incoming power to the DMS assembly will be
183 single-phase, 120/240 +15 VAC, 60 #3Hz Page 8 Verify by laboratory testing.
Total power requirement for the DMS sign and
sign controller does not exceed 4,000 watts during
183 the operation of a full matrix, with all pixels being Page 8 Verify by laboratory testing.
displayed, and with all ventilation and heaters on
1.8.3 Solar panels are not used Page 8 Verify by inspection.
184 DMS case constructed of unfinished, welded page 8 Verify by inspection.
aluminum
All seams continuously welded in accordance with
1.8.4 ANSI/AASHTO/AWS D1.2-97 Structural Welding Page 8 Verify by inspection.
Code
DMS case has anodic coating that conforms to MIL|
1.8.4 A-8625C (Anodic Coatings for Aluminum and Page 8 Verify by laboratory testing.
Aluminum Alloys)
DMS case constructed to provide 6° forward or " . .
1.8.4 rearward il for sign displa Page 8 Verify by inspection.
184 i;sfeeet 4 inch maximum outside length of sign page 1 Verify by inspection.
1.8.4 8.75 feet maximum outside height of sign case Page 8 Verify by inspection.
1.8.4 48.0 inch maximum outside depth of sign case Page 8 Verify by inspection.
6.0 feet minimum clear internal height along
1.8.4 \walkway at obstructions Page 8 Verify by inspection.
184 6.5 feet minimum height along walkway without page 8 Verify by inspection.
obstructions
184 2.0 feet minimum clear internal walkway width at page 8 Verify by inspection.
obstructions
2.5 feet minimum clear internal walkway width
1.8.4 without obstructions Page 9 Verify by inspection.
184 2.5 feet.x 2.5 feet minimum clear internal landing Page 9 Verify by inspection.
area adjacent to doors
184 4000 Ibs maximum dead load for sign case and all page 9 Verify by laboratory testing.
contents
184 Number of obstructions do not exceed one for page 9 Verify by inspection.
every 4 feet of walkway
184 Electrical devices are not placed within the internal Page 9 Verify by inspection.
walkway
184 lA‘jl(lj:asrlma\ry components are removable without page 9 Verify by inspection.
184 S:glosure has two entrance doors, one at each page 1 Verify by inspection.
1.8.4 Entrance doors withstand 200 Ibs vertical load Page 9 Verify by laboratory testing.
o
184 E;Jé:nrs have catches to hold door open at 90° and page 9 Verify by inspection.
1.8.4 Door includes gaskets in channels or L brackets Page 9 Verify by inspection.
1.8.4 Door gaskets are made of non-absorbent materials| Page 9 Verify by laboratory testing.
184 Door gaskets maintain resiliency after long term page 9 Verify by laboratory testing.
exposure to outdoor environment
184 Door lock and key systems shall match that of the page 9 Verify by inspection.

ITS cabinet
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1.8.4 Doors have switch and contact closures Page 9 Verify by inspection.

1841 Equipped with a positive pressure ventilation page 10 Verify by inspection.
system

1.8.4.1 Drain holes are filtered Page 10 Verify by inspection.

1841 Filters are changeable and cleanable from within page 10 Verify by inspection.
sign housing

1841 |Ventilation system provides a minimum of one Page 10 Al filters installed Verify by laboratory testing.
complete air volume change in one minute

1.84.1 Fan system hgs a_t Ieast_ ?che as many fans as are Page 10 Verify by laboratory testing.
needed to maintain positive pressure

1.8.4.1 Fans controlled thermostatically Page 10 Verify by inspection.

1841 Esﬂrssused for positive pressure cycle every four page 10 Verify by laboratory testing.
Fans have ball or roller bearings that are

1.8.4.1 permanently lubricated Page 10 Verify by inspection.
Fans are positioned to maintain ventilation system

1.8.4.1 in the event of a fan failure Page 10 Verify by laboratory testing.

1841 Central control receives notification of fan failure page 10 Verify by inspection.
from sign controller
Fan system is thermostatically controlled to not

1.8.4.1 permit temperatures inside the enclosure to Page 10 Verify by laboratory testing.
exceed 135 °F
Manually activated ventilation system provided to

1.8.4.1 keep inside temperatures of the sign case within Page 10 Verify by laboratory testing.
10° of ambient outside temperatures

1841 Temperature sensor provided to measure ambient page 10 Verify by inspection.
outside temperatures

1.8.4.1 No air conditioning provided Page 10 Verify by inspection.

1841 Manually activated ventilation system uses one page 10 Verify by inspection.
hour timer maximum
Minimum of two temperature displays designed for

1.8.4.1 use in hot environments provided within sign at Page 10 Verify by inspection.
each entrance
Temperature displays are easily visible and

184.1 readable by a person with 20/20 corrected vision Page 10 Verify by inspection.

1841 Temperature displays are digital and in degrees of page 10 Verify by inspection.
Fahrenheit
Temperature readings on displays are accurate

18.4.1 within three degrees Fahrenheit Page 10 Verify by laboratory testing.

1841 Current t.emperé.nure readings are sent to central Page 11 Verify by inspection.
control via the sign controller

1842 Heater strips are provided to keep the front face page 11 Verify by laboratory testing.
free from fogging and condensation

1842 Heater strips are controller both thermostatically page 11 Verify by inspection.
and manually
Heating provided to raise the temperature 30°

1.8.4.2 above ambient outside temperatures during Page 11 Verify by laboratory testing.
maintenance
Maintenance heaters controlled by central control,

1.8.4.2 sign controller or manual 1 hour timer inside Page 11 Verify by inspection.
housing
Sign case interior lighting provided along full length

1.8.4.3 of the interior of DMS case Page 11 Verify by inspection.

1.8.4.3 Interior lighting is fluorescent and use standard two| Page 11 Verify by inspection.
prong four-foot lamps

1843 h:{ﬂs:sare enclosed in heavy-duty protective page 11 Verify by inspection.

1.8.4.3 Ballast for lamps is "rapid start" rated for 0° F Page 11 Verify by laboratory testing.

1.8.4.3 Manual switch for interior lighting at each door Page 11 Verify by inspection.
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Cable is furnished to allow for NBS operation of
1.8.4.4 sign controller from within DMS case and ITS Page 11 Verify by inspection.
cabinet
1844 Cable is shielded, extended range cable installed page 11 Verify by inspection.
in conduit
Cable is terminated with a connector that mates . . .
1.8.4.4 with the NBC interface Page 11 Verify by inspection.
1844 Suff|C|er_1t ;Iack provided in sign case to reach all page 11 Verify by inspection.
areas within case
Elevated, 15" wide by 36" fold up or pull out flat
1845 surface of shelf provided in sign housing Page 11 Verify by inspection.
1.8.45 Utility shelf located within 4 feet of a duplex outlet Page 11 Verify by inspection.
120 VAC, duplex convenience outlets provided
1.8.4.6 with integral ground fault interrupt (GFI) and Page 11 Verify by inspection.
protected by a circuit breaker.
Receptacles are NEMA Type 5-15 R and shall
have a spring-loaded cap and positioned so that ~
1846 no electrical hazard shall exist when used by Page 11 NEMATS-1 Verify by inspection.
service personnel.
One duplex outlet located on each end of the DMS
1.8.4.6 case and at 8 feet (2.4 meter) minimum spacing Page 11 Verify by inspection.
along the sign case
1.8.5.1 DMS display is LED full matrix type Page 11 Verify by inspection.
1.8.5.1 Capable of displaying a maximum of three lines Page 11 Verify by inspection.
1.8.5.1 18 5x7 Pixel user-selected characters per line Page 11 Verify by inspection.
1.85.1 Display comprised of removable character Page 11 Verify by inspection.
modules
Eye height of 3.5
feet within a 30°
. . cone of vision
Three lines of 18 characters forming words are . .
1.85.1 readable within a range of 200 feet to 1000 feet Page 12 under norm_al Verify by laboratory testing.
atmospheric
conditions and any
lighting conditions
1851 DMS appears to display the entire sign page 12 Verify by inspection.
instantaneously
1.8.5.1 100% pixel monitoring remotely available Page 12 Verify by inspection.
Display modules are comprised of individual light
1.8.5.2 emitting display elements (pixels) Page 12 Verify by inspection.
Space between pixels is the same horizontally and
1.85.2 vertically and the columns is perpendicular to the Page 12 Verify by inspection.
rows
1.85.2 Display module includes the LED display circuit Page 12 Verify by inspection.
board(s)
Necessary electronics provided to control pixel " .
1.85.2 data and read pixel status Page 12 Verify by laboratory testing.
LED modules and circuit boards are fully
interchangeable and do not require any address
1852 switches or adjustment when interchanged or Page 12 Verify by inspection.
placed in service
LED's mounted so that their mechanical axis is
1.8.5.2 normal +/- 1,00 degree to the face of the sign Page 12 Verify by laboratory testing.
Each pixel has a device attached to the printed . . .
1852 icuit board (PCB) to hold and protect the LEDs Page 12 Verify by inspection.
Pixel protection device holds the LEDs
1.85.2 perpendicular to the display modules within 0.5 Page 12 Verify by laboratory testing.
degree
Pixel protection device prevents the LEDs from
1.8.5.2 being crushed or bent during handling Page 12 Verify by laboratory testing.
Pixel protection device protects the LEDs from
1.85.2 damage when the display module is laid on the Page 12 Verify by laboratory testing.
front surface
1852 Pixel protection device is easily removable from page 12 Verify by inspection
T the display module PCB without any tools g Y insp )
Pixel protection device does not put any stress on
the LEDs due to differentials of expansion and . .
1852 contraction between the device and the LEDs over Page 12 Verify by laboratory testing.
the herein specified temperature range
Pixel protection device does not become loose or . .
1852 fall off during handling or due to vibrations Page 12 Verify by laboratory tesfing.
1852 Pixel protection device not block airflow over the page 13 Verify by laboratory testing.
|leads of the LEDs
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Pixel protection device securely holds each LED

while allowing a gap between the device and a " .
1.85.2 minimum of 95% of the body of each LED for Page 13 Verify by laboratory testing.

airflow

Pixel protection device does not block the light
1852 output of the LEDs at the required viewing angle Page 13 Verify by laboratory testing.
1.8.5.2 Pixel protection device is black in color Page 13 Verify by inspection.
1.8.5.2 LED's are not Epoxy encapsulated Page 13 Verify by inspection.
1.8.5.2 Hoods or visors are not used Page 13 Verify by inspection.

LEDs protected from the outside environmental
1.8.5.2 conditions, including moisture, snow, ice, wind, Page 13 Verify by laboratory testing.

dust, dirt, and UV rays

Voltage to the LED modules and associated . .
1.85.2 electronics not exceeding 30 VDC Page 13 Verify by laboratory testing.

Power supplies paralleled in a diode or

configuration such that one supply may completely
1.8.5.2 fail and the sign will still be supplied with enough Page 13 Verify by laboratory testing.

power to run 100% of all pixels at

100% duty cycle at 149 degrees F (65 degrees C)

Failure of any single power supply produces no " .
1.8.5.2 noticeable effect of the message displa Page 13 Verify by laboratory testing.
1.8.5.2 Supplies current-share to within 10% Page 13 Verify by laboratory testing.

The combined effect of line (97 to 135VAC) and
1.8.5.2 load (10% to 100%) on the power supplies not Page 13 Verify by laboratory testing.

exceeding 1.0%

Efficiency of the power supplies is 75% or greater
1.85.2 at 120 VAC and maximum load Page 13 Verify by laboratory testing.

The power supplies have a power factor of
1.85.2 0.95 or greater at 120 VAC from 50% to 100% of Page 13 Verify by laboratory testing.

maximum load

Power distribution system provided that connects

each display module to all power supplies and
1852 minimizes the voltage drop over the Page 13 Verify by inspection.

face of the sign

Voltage measured at the display modules not

varying more than 50 millivolts over all the display
1852 modules in the sign with 50% of its pixels on at Page 13 Verify by laboratory testing.

100% intensity in each and every display module
1.8.5.3 DMS pixels constructed with discrete LEDs Page 13 Verify by inspection.
1853 !_ED s.are AI.InGaP, non-tinted, non-diffused, high- page 13 Verify by inspection.

intensity, solid-state lamps
1853 :EODXLenses fabricated from UV light resistant page 13 Verify by inspection.
1853 The LED lens diameter is 0.2 inches (5 mm) page 14 Verify by inspection.

LEDs emit amber (yellow-orange) light that has a ~
1.8.5.3 peak wavelength of 590 + 4 nm Page 14 NEMA TS-1 Verify by laboratory testing.
1853 Color sorting performed by the LED manufacturer Page 14 Verify by inspection.
1853 Is_lI)ErIt)s obtained from a one-bin luminous intensity page 14 Verify by inspection.
1853 Intensity sorting performed by the LED page 14 Verify by inspection.

manufacturer

Half-power viewing
angle is defined
such that, at a
given distance from
the LED, luminous
intensity measured
g at any point at an
1.85.3 LEDs have a minimum half-power viewing angle of Page 14 angle of 7.5 Verify by laboratory testing.
15 degrees
degrees from the
LED’s center axis is|
no less than half
the luminous
intensity measured
directly on the
LED's center axis
1853 Ir_nlilznptackage style shall be through-hole flush- page 14 Verify by inspection.
1853 All LED’s used from the same manufacturer and of page 14 Verify by inspection.
the same part number
1.8.5.3 Pixel has output 40 candelas at 20mA Page 14 Verify by laboratory testing.
1.8.5.3 LEDs in each pixel clustered Page 14 Verify by inspection.
1.8.5.3 Pixels have equal color and on-axis intensity Page 14 Verify by laboratory testing.
1.8.5.3 Pixel contain two strings of LEDs Page 14 Verify by inspection.
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1.85.3

The pixel strings powered from a regulated DC
power source and the LED current is
maintained at 28 milliamperes or less per string

Page 14

Verify by laboratory testing.

1.85.3

Failure of an LED in one string within a pixel does
not affect the operation of any other string or pixel

Page 14-15

Verify by inspection.

1.85.3

Pixel power drawn from the DC supplies not
exceeding 1.5 watts per pixel, including the driving
circuitry

Page 15

Verify by laboratory testing.

1.85.3

Automatic adjustment of the LED

brightness occurs in small enough increments so
that the brightness of the sign changes smoothly,
with no perceivable

brightness change between adjacent levels

Page 15

Verify by inspection.

1.85.3

Brightness is manually settable from the front
panel of the sign controller and remotely from the
central computer in 1% increments (0-100%)

Page 15

Verify by inspection.

1.85.3

Three (3) photocells are installed on the sign

1.85.3

Page 15

Verify by inspection.

Photocells mounted in a manner to measure front,
rear and ambient light conditions

1.85.3

Page 15

Verify by inspection.

Photoelectric cells located such that they are easily]|
accessible for maintenance

1.85.3

Page 15

Verify by inspection.

If one or more photocells fail, the sign remains in
the normal brightness mode

Page 15

The
sign controller
transmits the failure
state back to the
central computer

Verify by inspection.

1.85.4

Pixel test and a pixel read status feedback
provided to the central computer

Page 15

Verify by inspection.

1.85.4

Pixel test performed from the central
computer or laptop on command and automatically
once a day

Page 15

Verify by inspection.

1.85.4

During a pixel test, the full operational status of
each string of LEDs in each pixel is tested and
then transmitted to the central computer or
laptop

Page 15

Verify by inspection.

1.85.4

Pixel status test distinguishes the difference
between half out, full out; half stuck-on and fully
stuck-on pixels

Page 15

Verify by inspection.

1.85.4

List of defective pixels is provided, listing pixel
status, line number, module number, column
number and row number for each defective pixel

Page 15

Verify by inspection.

1.85.4

Pixel test disturbs the displayed message for no
more than 0.5 seconds

1.85.4

Page 16

Verify by inspection.

The pixel read is performed when a message is
displayed and during every sign poll from the
central computer or laptop

Page 16

Verify by inspection.

1.85.4

The pixel read performs a real-time read of the
displayed message and returns the state of each
pixel to the central computer through the sign
controller as it is currently displayed to the
motorist, including any errors

Page 16

Verify by inspection.

1.85.4

During a pixel read, the state of each pixel (full-on,
half-on or off) in the sign is read by the sign
controller to allow the central computer or laptop
computer to show the actual message, including
static, flashing and alternating messages, that is
visibly displayed on the signin a WYSIWYG
format

Page 16

Verify by inspection.

1.85.4

Pixel reading takes place while a message is
displayed on the sign without disturbing the
message in any way

1.85.4

Page 16

Verify by inspection.

Pixel read is an actual real time read of the current
flowing through each string of LEDs at the time of

the associated sign poll or message download and
is not be accomplished by simulating errors based
on the last pixel test

1855

Page 16

Verify by inspection.

The signs are capable of displaying ASCII/ANSI
character codes 32 through 126 at any location in
a message line

Page 16

Includes all English
upper and lower
case letters,
punctuation
characters, such
as:.,” "' 1?, other
characters, such
asi#&+/()<>"~|
$ % * and digits
from0to9

Verify by inspection.

1.855

DMS displays standard Triple Text Line
Alphanumeric (5 x 7 nominal pixel resolution per
character)

Page 16

Verify by inspection.

1855

DMS displays compressed Triple Text Line
Alphanumeric (4 x 7 nominal pixel resolution per
character)

Page 16

Verify by inspection.

1.85.5

DMS displays double Stroke Triple Text Line
Alphanumeric (7x7 nominal pixel resolution per
character)

Page 16

Verify by inspection.

1.855

DMS displays double Text Line Alphanumeric
(7x10 nominal pixel resolution per character)

1855

Page 16

Verify by inspection.

DMS displays single Text Line Alphanumeric
(11x24 nominal pixel resolution per character)

1855

Page 16

Verify by inspection.

The spacing options are one, two or three pixel
columns

Page 16

Verify by inspection.

1.855

Text justification (left, center, right, top and bottom)|
provided

Page 16

Verify by inspection.

1.855

The character display modules are rectangular,
and shall have an identical horizontal and vertical
pitch between pixels

1.85.5

single display module
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1855

The separation between the last row of one
module and the first row of the next equal to the
horizontal distance between the rows of a
single display module

1855

Page 17

Verify by inspection.

The brightness and color of each pixel and the
characters legible under all light conditions at a
distance of 1000 feet (305 meters) to 200 feet
(61 meters) within a 30 degree cone of vision for
each pixel

Page 17

The cone
perimeter defined
by its 50% intensity
points

Verify by laboratory testing.

1855

The sign is the proper brightness in all lighting
conditions for optimum legibility

186.1

Page 17

Verify by laboratory testing.

Sign controller controls all sign functions

Page 17

Verify by laboratory testing.

186.1

Sign controller stores messages, as required

Page 17

Verify by laboratory testing.

186.1

Sign controller monitors sign display and
equipment status

Page 17

Verify by laboratory testing.

1.86.1

Sign controller communicates with the central
computer and, via a separate port, a laptop using
the NTCIP MIB provided in Appendix A of NDOT
Specification

Page 17

Verify using NTCIP compliant exerciser

18.6.1

Sign controller is located inside DMS housing

Page 1

Verify by inspection.

1.8.6.1

The sign controller performs a message display
verification process and formats a message
display status message for transmission to central
computer

Page 17

Verify by laboratory testing.

1.8.6.1

This sign controller contains its own power supply

Page 17

Verify by inspection.

1.8.6.2

The sign controller has separate serial
interfaces for communication with the central
computer and a laptop

Page 17

Verify by inspection.

1.8.6.2

Sign controller is able to communicate concurrently]
with both the central computer and a laptop so that
all central command and monitor functions may
emulated via the laptop software while
communication between the sign controller and a
central computer is on-going

Page 17-18

Verify by inspection.

1.8.6.2

The sign controller equipped with at least one
Ethernet interface in support of point-to-point
protocol (PPP) NTCIP-compliant communications

Page 18

Verify using NTCIP compliant exerciser

1.8.6.3

The sign controller communicates with the
central computer and the laptop using the NEMA
National Transportation Communications for ITS
Protocol (NTCIP)-compliant MIB specified in
Appendix A of NDOT specification

Page 18

Verify using NTCIP compliant exerciser

1.8.6.3

Sign controller is capable of communicating via
Twisted-wire pair (TWP) copper cable

Page 18

Verify by inspection.

1.8.6.3

Sign controller is capable of communicating via
Single mode fiber optic cable

Page 18

Verify by inspection.

1.8.6.3

Sign controller is capable of communicating via
Plain old telephone service (POTS) dial-up lines

Page 18

Verify by inspection.

1.8.6.3

Sign controller is capable of communicating via
CDMA-based cellular service

18.6.3

Page 18

Verify by inspection.

Analog-based cellular service

Page 18

Verify by inspection.

1.8.6.3

Sign controller is capable of communicating via
Spread spectrum radio (900 MHz, 2.4 GHz, 5.8
GHz)

Page 18

Verify by inspection.

1.8.6.3

Sign controller is capable of communicating via
700 MHz / 800 MHz radio via a M/A-COM Ericsson
Data Gateway

1.8.6.3

Page 18

Verify by inspection.

Sign controller is capable of communicating via
Radio Frequency (RF) communication using the
Microwave Data System (MDS) Model 9710A (or
100% equivalent) asynchronous serial RF
communication modems

Page 18

Verify by inspection.

1.8.6.3

Sign controller has the ability to communicate with
the central computer using the
point-to-multipoint protocol (PMPP)

Page 18

Verify by inspection.

1.8.6.3

1.8.6.3

serial interfaces are used

For PMPP-based communications, sign controller

Page 18

Verify by inspection.

Sign controller has the ability to communicate with
the central computer using the point-to-point
protocol (PPP)

Page 18

Verify by inspection.

1.8.6.4

It is possible for a unique address to be
assigned to each Sign controller

1.8.6.4

Page 19

Verify by inspection.

\With the exception of broadcast messages,

all messages from the central control location sent
to this Sign controller contain the assigned unique
address per the MIB specification.

Page 19

See the MIB
provided in
Appendix A of the
NDOT
Specifications for
address formats
that
shall be used

Verify by inspection.

1.8.6.4

With the exception of broadcast messages, the
sign controller compares the address contained
within the message with its unique address and
sends a message back in response to the
command only if the addresses match

Page 19

Verify by inspection.

1.8.6.5

As a minimum, the sign supports PMPP based
data transmission between the sign controller and
the central control system at 1200 to 56,000 baud

Page 19

Verify by laboratory testing.

1.8.6.5

PMPP data transmission rates between the sign
controller and the central control system

are user-selectable at both locations

Page 19

Verify by inspection.
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1.8.6.5

The sign controller supports PPP based data
transmission between the sign controller and the
central control system at a minimum of 10

N its/second (1.5 megabyt ond effective
throughput)

Page 19

Verify by laboratory testing.

1.8.6.6

The sign controller is capable of storing in its
random access memory (RAM) messages sent to
it from the central communication location or from

a laptop

Page 19

Verify by inspection.

1.8.6.6

The sign controller is capable of displaying all
messages stored in its RAM in response to
commands from central communication or a laptop

Page 19

Verify by inspection.

1.8.6.6

Independent of the font type and size used in the
messages stored in RAM, the sign controller is
able to store a minimum of twenty two-page
messages of 108 text characters each in RAM

Page 19

Verify by inspection.

1.8.6.6

All internal stored messages stored with
justification (i.e. left, center, or right)

Page 19

Verify by laboratory testing.

1.8.6.6

Sign controller is capable of storing a minimum of
twenty two-page, full matrix/graphics messages in
RAM

Page 19

Verify by laboratory testing.

1.8.6.6

Each of the messages (text and full matrix) are
addressable from the central control computer
though the communications system

Page 19

Verify by inspection.

1.8.6.6

Forty (40) messages shall also be addressable via
the front panel control switches of the sign
controller and a laptop

Page 19

Verify by inspection.

1.8.6.6

In the event of a power failure, upon power
recovery, the sign display blanks out and the
display remains blank until a message is activated
via a command from central, via an entry in a
locally stored schedule, or via the control switches
on the sign controller front panel

Page 19

Verify by inspection.

1.8.6.6

In addition to RAM storage, the sign controller is
capable of storing twenty additional Text and/or full
matrix messages (in any combination) in flash
prom memory

Page 19-20

Verify by inspection.

1.8.6.7

The front panel of the sign controller a clearly
labeled On/Off Switch: This switch controls the
power to the DMS and the controller

Page 20

Verify by inspection.

1.8.6.7

The front panel of the sign controller a clearly
labeled Message Selection Switch: This switch
consists of a three thumbwheel switch (or
functional equivalent) capable of allowing the
selection of any one of the sixty messages stored
in the sign controller

Page 20

Verify by inspection.

The message pre-stored for each flash prom
|memory position is documented

Verify by inspection.

1.8.6.7

The front panel of the sign controller a clearly
labeled Sign Display Shut-Off: This switch allows
the sign display to be shut off (blanked) and allow
all other DMS assembly equipment to remain
operational

Page 20

Verify by inspection.

1.8.6.7

The front panel of the sign controller has a
“Controller on" LED display

Page 20

Verify by inspection.

1.8.6.7

The front panel of the sign controller has a LED
indicator that a message is being actively

displayed

Page 20

Verify by inspection.

1.8.6.7

The front panel of the sign controller has a What
You See Is What You Get (WYSIWYG) thin film
transistor (TFT) active matrix screen display
showing the status of each display pixel

Page 20

Verify by inspection.

1.8.6.7

The front panel of the sign controller has a LED
display showing Number of message displayed

1.8.6.7

Page 20

Verify by inspection.

The front panel of the sign controller has a LED
display showing Error fault detected along with an
indication of type of error or fault

Page 20

Verify by inspection.

1.8.6.7

The front panel of the sign controller has a LED
display showing Local or remote mode

1.8.6.7

Page 20

Verify by inspection.

The sign controller front panel LEDs have a
minimum 100,000-hour life and are amber or
green in color with a minimum of 0.3 candela
brightness

Page 20

Verify by laboratory testing.

1.8.6.8

The DMS, with sign controller, can display three
types of messages: Static Message, Blinking
Message (flashing), or Alternating Messages (two-
page)

Page 20-21

1.8.6.8

For alternating messages, a selected portion of the
chosen sign (character, word or line of text)
displays two messages alternately with an
intervening (off) interval from a user-selectable O to|
25 seconds in 0.1-second increments

Page 21

Verify by laboratory testing.

1.8.6.8

As a minimum the duration between each
message displayed is user selectable in 0.5-
second increments from 0.5 to 60 seconds

Page 21

Verify by laboratory testing.

1.8.6.8

DMSs and sign controllers operating together do
not exhibit the “ghosting” effect

Page 21

Verify by laboratory testing.

1.8.6.9

The sign controller has power supply monitor
circuitry included to detect power failure

1.8.6.9

Page 21

Verify by laboratory testing.

The sign controller detects an under voltage
condition

Page 21

Verify by laboratory testing.

1.8.6.9

The sign controller detects data transmission

errors by performing longitudinal redundancy

checks and parity checks on all transmissions
received

Page 21

Verify by laboratory testing.

1.8.6.9

The sign controller detects a fan failure

Page 21

Verify by laboratory testing.

1.8.6.9

The sign controller detects a photocell failure

Page 21

Verify by laboratory testing.
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1.8.6.9

The sign controller detects ITS Cabinet door open

Page 21

Verify by laboratory testing.

1.8.6.9

The sign controller detects a DMS case door open

Page 21

Verify by laboratory testing.

1.8.6.9

The sign controller detects a LED module failure

Page 21

Verify by laboratory testing.

1.8.6.9

Whenever one or more failure is detected and the
sign controller is configured for dial-up operation,
the sign controller initiates a call to central to
transmit a status message that contains the
associated failure indicator(s)

1.8.6.9

Page 21

Verify by inspection.

For dial-up configurations, the sign controller
retries sending unreported active failure status
indicators to central for a user-settable number of
times and at a user-settable periodicity, default to
ninety-six (96) retries, one every fifteen (15)
minutes

Page 21

Verify by laboratory testing.

1.8.6.9

If the active failure status remains unreported after
the number of retries has been exhausted,

sign controller saves the failure status and report it
to central when next polled by central

Page 21

Verify by laboratory testing.

1.8.6.9

For non-dial-up configurations, failure status
indicators are transmitted to central in response to
each valid transmission received from central that
includes the uniquely assigned sign controller
address for as long as the failure status remains
active

Page 21

Verify by laboratory testing.

1.8.6.10

The sign controller transmits a return message

to the central control system whenever it receives
a valid transmission that includes its uniquely
assigned address

Page 21-22

Verify by inspection.

1.8.6.10

The text of any message being actively displayed
on the sign includes in the return message as part
of the sign’s status

Page 22

Verify by inspection.

1.8.6.11

After power is turned on, the sign controller causes
the sign display to be blank until a command to
display a message is received from the central
control location, a laptop, a locally stored schedule
(if supported), or from the control switches on the
sign controller front

panel

Page 22

Verify by inspection.
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Appendix C — System Maps

This diagram indicates device placement for the Dayton EDP.
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This diagram indicates preliminary conceptual design for the Dayton EDP, as developed during
the Detailed Project Plan, shortly after the Regional ITS Architecture.
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