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Chapter 1.Introduction
1.1 Purpose of the Guidebook

Publication 852, TSMO Guidebook, Part II: Design, focuses on the design process and guidelines for the

deployment of TSMO Strategies, including Intelligent Transportation Systems (ITS). This publication supplements
Publication 647, Civil and Structural Standards for Intelligent Transportation Systems. The purpose of this
publication is to ensure the proper deployment of ITS field devices to support the Pennsylvania Department of
Transportation (PennDOT or Department) operations program.

1.2 Acronyms

Many abbreviations and acronyms are used in TSMO, with several of the common ones listed below:

Abbreviation/Acronym Term

AASHTO American Association of State Highway and Transportation Officials
AC Alternating Current
AMPS Amperes
AMR Automatic Meter Reader
ARLE Automated Red-Light Enforcement
ASCII American Standard Code for Information Interchange
ATMS Advanced Traffic Management System
AWG American Wire Gauge
AWZSE Automated Work Zone Speed Enforcement
BOO Bureau of Operations
BODD Bureau of Design and Delivery
BPR Bureau of Planning and Research
C2C Center-to-Center
C2F Center-to-Field
CAV Connected and Automated Vehicles
CCTV Closed Circuit Television
CE Categorical Exclusion
CLD Camera Lowering Device
CMS Changeable Message Sign
ConOps Concept of Operations
COPA Commonwealth of Pennsylvania
C-VsX Cellular Vehicle-to-Everything
DC Direct Current
DFV Design Field View
DM Design Manual
DSRC Dedicated Short-Range Communications
DTMF Dual Tone Multi Frequency
ECMS Engineering and Construction Management System
EVDO Evolution-Data Optimized

AT S TSMO :
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Abbreviation/Acronym Term

FCC Federal Communications Commission
FDOM Final Design Office Meeting
FHWA Federal Highway Administration
FRE Fiberglass Reinforced Epoxy Conduit
GHz Gigahertz
GIS Geographic Information Systems
GLG Green-Light-Go
HAR Highway Advisory Radio
HDPE High-Density Polyethylene Conduit
HSPA High Speed Packet Access
HSPA+ Evolved High Speed Packet Access
HSTOD Highway Safety and Traffic Operations Division
IEDC Infrastructure and Economic Development Delivery Center
IP Internet Protocol
ITS Intelligent Transportation Systems
JB Junction Box
KHz Kilohertz
LED Light-Emitting Diode
LRTP Long Range Transportation Plan
LTE Long-Term Evolution
MAC Media Access Control
Mbps Megabits per second
MHz Megahertz
MUTCD Manual on Uniform Traffic Control Devices
NEC National Electric Code
NEMA National Electrical Manufacturers Association
NEPA National Environmental Policy Act
NESC National Electric Safety Code
NPDES National Pollutant Discharge Elimination System
NTCIP National Transportation Communications for ITS Protocol
OA/OIT Office of Administration - Information Technology
gz:::-)tg;rez: Pennsylvania Department of Transportation
PS&E Plans, Specifications, and Estimates
PVC Polyvinyl Chloride Conduit
RF Radio Frequency
RFI Radio Frequency Interference
RFID Radio Frequency Identification
RFP Request for Proposals
RFQ Request for Qualifications
ROP Regional Operations Plan
RSU Roadside Unit
RTMC Regional Traffic Management Center

2 s 2 5l TSMO
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Abbreviation/Acronym Term

RTVD RFID Tag Reader Vehicle Detector
SER Systems Engineering Report
SFP Small Form-Factor Pluggable
STMC Statewide Traffic Management Center
TCP Transmission Control Protocol
TE Traffic Engineering (designation for a standard Form)
TIP Transportation Improvement Program
TMC Traffic Management Center
TSMO Transportation Systems Management and Operations
UAT User Acceptance Testing
ubp User Datagram Protocol
UPS Uninterruptible Power Supply
Vv Volts
VDS Vehicle or Video Detection Systems
VMS Video Management System
VPD Vehicles per Day
VPN Virtual Private Network
VSL Variable Speed Limit

1.3 References

TABLE 1: PENNSYLVANIA RESOURCES

Reference Description

Publication 647, Civil and Establishes standards for the infrastructure elements that support ITS

Structural Standards for design and construction. The publication should be used by all Districts

Intelligent Transportation and their consultants for all ITS projects.

Systems

Publication 10A, Design Manual Describes the engineering procedures required to support PennDOT's

(DM) Part 1A: Transportation project development process. Although these procedures may be used

Engineering Procedures (Dual in Planning, Prioritization and Programming, or Maintenance and

Unit) Operations, their primary applications are in the Design and
Construction phases of project development.

Publication 13M, DM, Part 2: Provides the current, uniform procedures and guidelines for the

Highway Design application and design of safe, convenient, efficient, and attractive

highways that are compatible with their service characteristics and
that satisfy optimally the needs of highway users while maintaining
the integrity of the environment.

Publication 14M, DM, Part 3: Promotes uniformity in the preparation of plans by establishing the

Plans Presentation general format and presenting the detailed information which is
required for each type of plan sheet required in the maintenance and
construction of highway facilities. The guidance provided shall also
assist the designer in avoiding errors and omissions which
consequently would require excessive alterations and corrections.

Publication 15M, DM, Part 4: Establishes standard policies and procedures in the preparation of
Structures design and construction plans for highway structures.

Additional national ITS resources:

- e Systems Engineering for Intelligent Transportation Systems e—

4 S TSMO B B
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(https://ops.thwa.dot.gov/publications/seitsguide/index.htm)

¢ Federal Highway Administration, Office of Operations Publication List
(https://ops.thwa.dot.gov/publications/publications.htm)

e ENTERPRISE, Warrants for the Installation and Use of Technology Devices for Transportation Operations
and Maintenance (http://enterprise.prog.org/itswarrants/)

1.4 Manual Organization

This Guidebook includes six chapters and in organized as described below.

e Chapter 1: Introduction: Overview of the manual and its contents, list of acronyms, PennDOT
organizational structure and contact information, and general document disclaimer

e  Chapter 2: Project Development Process: Overview of the PennDOT ITS project development process

e Chapter 3: Device and Infrastructure Design: Design guidance for supporting ITS infrastructure
including power service, communications, conduit, conduit access, and enclosures

e Chapter 4: Maintenance Considerations: Overview of the PennDOT maintenance processes and items to
be considered during design

e Chapter 5: Plan Preparation: Typical ITS plans, specifications, engineer’s estimate, and design guidance
for common PennDOT ITS elements

e Chapter 6: System Integration: Overview of the process for integrating ITS devices into ATMS during
the construction phase of a project

1.5 Department Organization

Districts & Operations Regions

PennDOT Engineering Districts are responsible for the state-maintained transportation network within their
respective counties. Each District also works with local governments, elected officials, stakeholders, and the public
on keeping people and goods moving safely and efficiently. The Districts are typically project owners and manage
the project delivery process. From an operations standpoint, seven of the eleven engineering districts maintain some
level of a Traffic Management Center (TMC). Regional Traffic Management Centers (RTMC) are located within
four of the districts to ensure 24/7 operations statewide by supporting their member districts throughout the day or
during off-hours for a local TMC. There are four Operations Regions: Southeast Region (District 6-0), Eastern
Region (District 4-0, District 5-0, and District 8-0), Central Region (District 2-0, District 3-0, and District 9-0), and
the Western Region (District 1-0, District 10-0, District 11-0, and District 12-0). Additionally, a Statewide Traffic
Management Center (STMC), located in Harrisburg, is responsible for oversight, support, and coordination of issues
and needs of statewide significance. Figure 1 illustrates the Districts and Operations Regions.

Al S TSMO
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FIGURE 1: DISTRICTS AND REGIONS
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Each of the eleven Engineering Districts includes a traffic engineering unit that collaborates with project managers
during the design process. If individual District contacts are not known, a request can be made by the designer
through the Transportation Systems Maintenance and Operations (TSMO) resource account at TSMO(@pa.gov.

Bureau of Operations

Within the Bureau of Operations (BOO), the Highway Safety and Traffic Operations Division (HSTOD) is
responsible for the development of policies and guidance for traffic engineering and operations within Pennsylvania.
HSTOD is also reasonable for managing statewide programs such as Automated Work Zone Speed Enforcement
(AWZSE), Green-Light-Go (GLG), Advanced Traffic Management System (ATMS), and Automated Red-Light
Enforcement (ARLE), Highway Safety, and Permits. There are four sections within HSTOD which are provided in
Figure 2 below.

A omTSMO >
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FIGURE 2: HSTOD ORGANIZATION CHART
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The TSMO - Operations & Performance Section and the TSMO - Arterials
& Planning Section are responsible for the programing and maintenance of
ITS devices. Each Engineering District is responsible for project delivery.

Transformational Technology Program

The Transformational Technology Program within PennDOT is dedicated to furthering the state in the field of
emerging technologies including Connected and Automated Vehicles (CAV). A link to PennDOT’s program
website has been provided below:

PennDOT’s Transformational Technology program website and contact information:

https://www.penndot.gov/ProjectAndPrograms/ResearchandTesting/Autonomous%20_Vehicles/Pages/Automated%
20Vehicle.aspx

Bureau of Design and Delivery and Bridge Office

The Bureau of Design and Delivery (BODD) and the Bridge Office provides policy and guidance for the design of
bridges and highways within the Commonwealth. This includes environmental, right-of-way and utility
requirements, bridge, and sign structure inspection, and CADD resources.

PennDOT’s BODD website and contact information:
https://www.penndot.gov/ProjectAndPrograms/RoadDesignEnvironment/Pages/RoadDesignEnvironment.aspx

PennDOT’s Bridge Office website and contact information:
https://www.penndot.gov/ProjectAndPrograms/Bridges/Pages/default.aspx

Planning

Planning leads many multimodal programs and initiatives and serves as a valuable resource to the Commonwealth's
Metropolitan and Rural Planning Organizations, the State Transportation Commission, Transportation Advisory
Committee, local governments, and the public. Planning consists of three bureaus: the Center for Program
Development and Management, the Office of Public Private Partnerships, and the Bureau of Planning and Research

A B TSMO
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(BPR). The BPR provides big data and visualization tools, new products research, Geographic Information Systems
(GIS) services, and transportation planning. BPR manages the PennDOT OneMap and provides much of the data
used during the project development process.

The Center for Program Development and Management and BPR’s website and contact information:
https://www.penndot.gov/ProjectAndPrograms/Planning/Pages/default.aspx

To learn more about the planning process for operations projects refer to Publication 851 — TSMO Guidebook, Part
1: Planning.

1.6 Office of Administration

Office of Administration - Information Technology (OA/OIT) oversees investments in and performance of all IT
systems across the Commonwealth, which includes ITS deployments. OA/OIT establishes and implements policies,
standards, and guidelines regarding planning, management, acquisition, and security of IT assets in all
Commonwealth agencies under the Governor’s jurisdiction. OA/OIT is responsible for the issuance and
management of IT procurement, including hardware, software, services, and telecommunications. The office
provides enterprise IT technology support, including direct oversight for large, enterprise-wide initiatives, such as IT
consolidation, Commonwealth shared services, and cyber security. Coordination with OA/OIT’s Infrastructure and
Economic Development Delivery Center (IEDC) and the Network Operations Division is required during the
planning, design, and integration phases of a project that will upgrade or change the existing ITS equipment or
network communication infrastructure.

Coordination Process

Ongoing coordination with OA/OIT during the project delivery process allows for more efficient integration of the
ITS deployment into the Commonwealth’s network during construction and can help avoid project delays, costly
change orders, and redesign. Figure 3 outlines the coordination process between the designer and OA/OIT.

ISR TSMO 7
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FIGURE 3: OA/OIT COORDINATION PROCESS
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Refer to Publication 10C, Transportation Engineering Procedures

System Integration
» OA/OIT required collaborator

At Project Scoping the designer is required to submit Form TE-154 — Traffic Signal/ITE Device Remote
Communications Scoping Form (Appendix A) to the District including a project description and, if available, a
conceptual plan. The District will route the form to OA/OIT for approval. Based on the project complexity, OA/OIT
should be invited to the Scoping Field View as an optional attendee. Initial contact to OA/OIT should be done
through the resource account: FiberReview(@pa.gov. During Preliminary Engineering, OA/OIT is required to be a

reviewer and/or collaborator in the development of the System Engineering Report (SER) and a required reviewer
of the Design Field View (DFV) plans. OA/OIT should be an optional attendee at the Safety Review Meeting and
the DFV meeting based on the project complexity. The project complexity should be determined by the designer
and discussed with OA/OIT during the initial outreach at project scoping.

In Final Design and Construction, OA/OIT is a required reviewer of the Pre-final plan submission, the Plans,
Specifications, and Estimates (PS&E) submission, and is a required collaborator during integration. Additionally,
OA/OIT should be invited to the Final Design Office Meeting (FDOM).

General Guidance

The following information should be considered during the design process when connecting to the Commonwealth
Network.
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e No direct fiber connections are allowed by third parties not under the jurisdiction of OA/OIT into the
Commonwealth Network due to OA/OIT security concerns. Municipalities and other third parties that need
to connect directly to the Commonwealth must have a network with the capacity to either support a secure
VPN or connection to a paid subscription to the Commonwealth’s business partner network. Access to the
Commonwealth Network is provided only to those with Commonwealth accounts with CWOPA
credentials. CWOPA accounts may be established for stakeholders including municipalities, signal owners
or their designees, consultants, contractors, and manufacturers.

e Desired video or other data from outside partners, including municipalities, needs to be brought back to a
single headend location (the master location for receiving communications). The headend will be connected
to the Commonwealth Network via a MPLS connection.

e Districts should not purchase any routers that rely on connecting devices, over the public internet, to the
Commonwealth Network. All connection requests must be made through OA/OIT.

e Direct connections of field devices (including traffic signals) to the Commonwealth Network should be on
a secure network such as a MPLS network connection. Cellular devices are approved for traffic signal,
Highway Advisory Radio (HAR), and Changeable Message Sign (CMS) applications. All exceptions
should be discussed with OA/OIT.

Network Connection Types

The typical network connection types are provided below and illustrated in Figure 4.

e Condition 1 is the connection of a single isolated or multiple field devices back to the Commonwealth
Network through a PennDOT-owned connection

e Condition 2 is the connection of a single isolated or multiple field devices back to the Commonwealth
Network through a single third-party connection

For Condition 2, devices should be connected within a field network to the maximum extent feasible to minimize the
number of third-party connections due to the ongoing recurring costs to provide communication service.
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FIGURE 4: NETWORK CONNECTION TYPES
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Construction Deployment Options

e Option 1 — PennDOT-Owned Equipment and Connecting Back to PennDOT (PennDOT and Business
Partners working on our behalf access the cabinet)
o  All Network Connection Types (Figure 4) are permitted
o OA/OIT approved network router to connect to the Commonwealth Network
o Commonwealth Network connection through the PennDOT telecom contract
e Option 2 — Connecting Municipal-owned field devices back to PennDOT Network (PennDOT and
Municipal Business Partners access the cabinet)
o Network Connection Type (Figure 4) Condition 2 is permitted if a secure MPLS network connection
can be established
= Only permitted if the ITS/Traffic Signal field network is physically isolated from all other
networks
o OA/OIT approved network router to connect to the Commonwealth Network
o No direct connection of field network to municipality’s network
=  The municipality must use OA/OIT VPN to access field devices
o No direct connection to the Commonwealth Network
e  Option 3 — Other
o Coordination OA/OIT is required to develop an approach
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To request a Department VPN, the designer should contact the Systems and Performance Unit (BOO, HSTOD).
Contact information can be requested through the TSMO resource account: TSMO@pa.gov.

1.7 Disclaimer

Standards change rapidly in the field of ITS so portions of the manual may become outdated between updates.
PennDOT assumes no liability for its contents or use thereof. All PennDOT ITS plans, specifications, and engineer’s
construction estimates should be prepared by or under the direct supervision of a professional engineer licensed to
provide engineering services in the Commonwealth of Pennsylvania. PennDOT does not endorse products or

manufacturers. Trademarks of manufacturers’ names appear herein only because they are considered essential to the
object of this manual. The contents do not necessarily reflect the official policy of PennDOT.
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Chapter 2.Project Development Process
2.1 Project Types

Stand-Alone ITS Projects

Stand-alone ITS projects are typically led by the design consultant, who is responsible for all management tasks that
would traditionally be handled by a roadway group on a roadway construction project. Significant coordination with
other functional groups will be required as a part of design (survey, design, geotechnical, signals & lighting,
structures, signing, right-of-way, utilities, etc.). The designer will also need to obtain required input from other
groups for items including Safety Review, DFV, and PS&E submittals, which may require environmental
documentation, right-of-way acquisition, and many other considerations. The designer will need to coordinate
reviews with other functional groups at various milestones throughout the project and is responsible for the final
submittal to the District. Since development of the ITS plans is not tied to a larger project, there is more flexibility in
when the milestone submittals need to occur and in the ITS components that are included in the final design based
on project budget considerations.

ITS as Part of a Larger Project

For ITS design that is part of a larger project, the designer is responsible for only the ITS plans and coordinates with
other functional groups as needed. All management tasks are handled by the roadway group project manager, who
will need to coordinate with all the other functional groups. The development of the ITS plans will be more
prescribed in following the overall project schedule, where ITS design plans are typically not started until after
Safety Review.

2.2 Project Delivery Methods

Design-Bid-Build

Design-Bid-Build is the traditional project delivery method in which PennDOT designs, or retains a designer to
furnish complete design services, and then advertises and awards a separate construction contract based on the
designer’s completed construction documents. In Design-Bid-Build, PennDOT “owns” the details of design during
construction and as a result, is responsible for the cost of any errors or omissions encountered in construction. ITS
design is completed as part of the overall plan set and follows the traditional review process. The ITS design on a
Design-Bid-Build project may be completed either by PennDOT or by a consultant and is the typical project
delivery method.

Design-Build

Design-Build is a project delivery method in which PennDOT procures both design and construction services in the
same contract from a single, legal entity referred to as the design-builder. The method typically uses Request for
Qualifications (RFQ)/Request for Proposals (RFP) procedures rather than the Design-Bid-Build invitation for bids
procedures. A RFQ is the process of pre-qualifying potential bidders for a project. Only those bidders who
successfully respond to the RFQ and meet the qualification criteria will be included in the subsequent RFP
solicitation process. An RFP is a funding announcement for which bidders compete for a project. The Department
process for procurement is dependent on project requirements.
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In Pennsylvania, a third party typically develops a conceptual 30% design package with items and specifications so
the design-builder can bid to complete the design and construction. The design-builder controls the details of final
design and is responsible for the cost of any errors or omissions encountered in construction. On Design-Build
projects, each functional group design is typically developed and approved as a separate design package. There may
be separate design packages for signing, traffic signals, pavement markings, maintenance of traffic, ITS, roadway,
drainage, and many others. There may also be multiple ITS design packages that are constructed at different times
according to the overall construction staging. PennDOT staff are heavily involved early in the project developing the
ITS related components of the RFP for a Design-Build project. Once the Design-Build project is awarded, the ITS
design is completed by the design-builder, so PennDOT provides an oversight role on these projects and conducts
more reviews throughout the design process. The development of design packages on Design-Build projects is
accelerated compared to Design-Bid-Build projects. PennDOT typically does not utilize Design-Build for Stand-
alone ITS projects but may use this method on larger construction projects that may have an ITS component.

Public-Private-Partnership

Public-private partnerships involve collaboration between PennDOT and a private-sector company that can be used
to finance, build, and operate projects. Financing a project through a public-private partnership can allow a project
to be completed sooner or make it a possibility in the first place. Public-private partnerships often involve
concessions of tax or other operating revenue, protection from liability, or partial ownership rights over nominally
public services and property to private sector, for-profit entities.

Department Led

Department led ITS projects are typically designed and constructed using one of the four regional ITS Maintenance
contracts. Each Operations Region utilizes an ITS maintenance provider, or team, to maintain its devices in the field
and in the TMC/RTMC/STMC. There are provisions in each contract allowing PennDOT to replace or add new
equipment. The ITS Maintenance contractor will perform the design and construction. These projects are considered
minor and may include deployment of a Type A mounted CMS or a CCTV camera using Department standards.

2.3 Systems Engineering Approach

All PennDOT ITS design projects must follow the Federal Highway Administration (FHWA) systems engineering

process (23 CFR 940.11). In this recommended approach, the specification, procurement, design, operation, and
maintenance needs are effectively and efficiently applied to implement advanced technologies to transportation. As
shown in the V-Diagram (Figure 5), the systems engineering process begins with the study of the feasibility and
conceptual overview of an ITS project. At this time, an initial project scope is developed based on the local and
regional needs for the system. Continuing down the left side of the V-Diagram, the process progresses from the
general definition of an initial concept and definition of system requirements through the detailed final design and
ultimately arriving at the project construction phase. Progressing along the right side of the “V”, components of the
completed ITS system are tested and integrated into the region’s overall ITS network. Finally, the completed system
is validated to determine how well it is meeting the needs as defined during the development of the Concept of
Operations. The lateral connections indicate the overlap between processes initiated in the early stages of the project
with those that occur later. For example, the system verification and deployment phase of a project determines if and
how well the system requirements are being met through system acceptance testing.
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FIGURE 5: V-DIAGRAM
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The Systems Engineering Process concludes with the approval of a Systems Engineering Report (SER). A SER
should include the following sections: Project Overview/Scope, Description of Existing System (if applicable),
Concept of Operations, System/Functional Requirements, Proposed Device Locations and Justification, ITS
Architecture Conformance, Communications Plan, Systems Integration and Testing, Systems Operations and
Maintenance, Preliminary Cost Estimate, and System Procurement. The SER should be discussed with the District
and include input from OA/OIT during project scoping. A sample SER can be requested from the District/Region to
assist the designer in preparation.

Regional ITS Architecture

AILITS design projects should be completed in accordance with corresponding regional ITS architecture. This guide
will not cover the specifics of each regional ITS architecture. PennDOT expects that the designer will evaluate the
regional architecture during the systems engineering phase and incorporate all necessary requirements in the overall
design. There is no Statewide ITS Architecture; however, each regional ITS architecture was developed in
consultation with statewide stakeholders to maintain a shared vision of how each region’s systems work together by
sharing information and resources to enhance transportation safety, efficiency, capacity, mobility, reliability, and
security throughout the Commonwealth.

Regional Operations Plans

A Regional Operations Plan (ROP) is available for each of the four Operations Regions that were developed based
upon the guidance from Publication 851, TSMO Guidebook, Part I: Planning. The ROPs allow each region to
prioritize operations projects for funding. Each document will enable Pennsylvania to:

e Meet federal requirements related to ITS planning (23 CFR 940)

e Incorporate statewide TSMO goals for operations planning at the regional level

o  Utilize an objective-driven, performance-based planning process for operations and congestion
management planning
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e Integrate ITS and operations planning into the overall transportation planning process
e Identify and prioritize TSMO capital projects as part of the Transportation Improvement Program (TIP)
e  Manage funds for the TSMO operations and maintenance (O&M) in future years

It is anticipated that this ROP will be updated every four or five years. Similar to the Long-Range Transportation
Plan (LRTP), the ROP should, at a minimum, identify which projects could be undertaken within the first four years,
aligning these projects for potential inclusion in the TIP.

ROPs are available through the Departments TSMO website:
https://www.penndot.pa.gov/ProjectAndPrograms/operations/Pages/default.aspx.

2.4 Planning and Pre-Design

Concept of Operations

The Concept of Operations (ConOps) is a description of how the system will be used. It is non-technical and
presented from the viewpoints of the various stakeholders. Typical stakeholders include operators, users, owners,
developers, maintenance, and management. The ConOps should be developed to be easily reviewed by the
stakeholders. There are several reasons for developing a ConOps.

e  Obtaining stakeholder agreement identifying how the system is to be operated
o Who is responsible for what?
o  What are the lines of communication?
e  Defining the high-level system concept and justification when compared to other alternatives
e Defining the environment in which the system will operate
e Developing high-level requirements, especially user requirements
e Providing the criteria to be used for validation of the completed system

The greater the expected impact on operations, the more detailed the ConOps needs to be. For example, automating
operations that were formerly manual or integrating activities that were formerly independent will require the
involvement of the various operators, clear and detailed description of their new procedures, and possibly
examination of alternative approaches. This is especially true if modifications or new modules are required in
ATMS.

The ConOps should include the following critical information

e s the reason for developing the system clearly stated?
e  Are all the stakeholders identified and their anticipated roles described?

o This should include anyone who will operate, maintain, build, manage, use, or otherwise be affected by
the system.
e  Are alternative operational approaches described and the selected approach justified?
e s the external environment described?
o Does it include required interfaces to existing systems?
e Is the support environment described?
o Does it include maintenance?
e Isthe operational environment described?
e Are there clear and complete descriptions of normal operational scenarios?
e  Are there clear and complete descriptions of maintenance and failure scenarios?
e Do the scenarios include the viewpoints of all involved stakeholders?
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o Do they make it clear who is doing what?
e  Are all constraints on the system development identified?
e Coordination requirements with the Systems and Performance Unit regarding software

System/Functional Requirements

System requirements are the foundation for building ITS networks. The system requirements should be:

e Developed based on the ConOps
e Discrete (i.e., isolate requirements to minimize combinations)
e The basis for traceability of the system.

They determine what the system must do and drive the system development. System requirements are used to
determine if the project team built the system correctly. The system requirements development process identifies the
activities needed to produce a set of complete and verifiable requirements.

Traffic Signal System/Functional Requirements

Functional requirements identify what the traffic signal system should do. Consider the following functional
requirements for accessing traffic signals through the Commonwealth network. The communication system may:

e Allow remote time synchronization among controllers to establish a common time reference to provide a
common cycle length and to establish appropriate offsets

e Allow remote upload and download of timing plans and other database parameters to the field controller

e Allow remote monitoring of field equipment status and reporting of equipment malfunctions

e Allow remote selection and implementation of timing plans

e  Support adaptive traffic signal control technology

¢ Allow remote monitoring and control of video information from the central location

e Allow remote configuration, monitoring and control of detectors

e Allow remote upload of logs developed by emergency vehicle signal preemption equipment

e  Support transit signal priority

e Allow remote monitoring and control of traffic signal controller conflict monitor

e Allow remote retrieval of high-resolution event log for Automated Traffic Signal Performance Measures
(ATSPM)

Device Placement and Justification

As projects identified in the ROPs progress through the planning process, the designer will start laying out
preliminary locations for the proposed ITS devices. Included below are important components for developing the
pre-design/conceptual ITS device locations. Device placement should be coordinated with the District and is
finalized as part of the Systems Engineering process.

o Freeways & Aerials: At the initial planning stage for determining placement of proposed ITS devices, the
designer should review aerial imagery to identify possible conflict areas and desired placement locations.
These factors may include sight lines, bridges, and other geographical characteristics.

e Preliminary Layout: The designer should create a roll plot with an aerial background showing in place
utilities and ITS infrastructure to start pencil-sketching proposed ITS device locations, possible fiber optic
trunk line routing, possible source of power locations, and any other required elements.
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e Field Visit: After completing the initial draft of the preliminary layout, the designer should perform a field
visit to collect photos and review proposed ITS device locations. For example, a proposed cabinet may be
shown on a steep slope while there is a flatter area nearby that would work better.

2.5 General Design Guidance

Clear Zone Requirements

Refer to Publication 13M (DM-2) — Highway Design, Chapter 12, for guidance on procedures and guidelines related
to clear zone requirements. It is recommended that the designer not apply rigid adherence to the calculated clear
zone distance. The designer should not use the clear zone distances as boundaries for introducing roadside hazards
such as non-breakaway sign supports or poles. These should be placed as far from the roadway as practical. ITS
devices should be placed outside the clear zone whenever possible, and in cases that it is not possible or feasible, the
ITS devices must be placed behind guide rail except if breakaway supports are utilized. Use of breakaway supports
within the clear zone in certain applications (e.g., Type A CMS) are acceptable in accordance with guidance
provided in Publication 13M (DM-2) Chapter 12.

Survey and Core Borings

Whenever survey and soil borings are required, the designer will need to submit formal requests to the appropriate
groups. Soil borings are required for every foundation of a proposed sign structure (Overhead, Center-mount, and
Cantilever), and the geotechnical group will complete those requests and provide a report that recommends whether
a special foundation be used or if the standard design is adequate. Additional geotechnical review is also
recommended in areas where shallow bedrock is anticipated as a part of Type A sign design and Closed Circuit
Television (CCTV) camera locations because special foundations may be required, or the sign location may be
moved to avoid the bedrock. Additional geotechnical review may include a review of historic soil borings in the
area, ground penetrating radar, or additional soil borings. Core borings are not typically required for CCTV camera
foundations but may be necessary to verify soil conditions.

Utility Coordination

The utility coordination process is designed to help reduce the time that designers spend on utility relocation. By
identifying early milestones for utility coordination meetings and follow up, project managers and designers can
avoid time-consuming efforts to resolve utility issues that often occur later in the project delivery process. PennDOT
staff members across multiple disciplines play important roles to execute successful utility accommodation and
coordination. The process encourages early and ongoing communication with utility owners. PennDOT often
collaborates with consulting engineers on the design of highway transportation projects. As a result, consulting
engineers are involved with many aspects of utility coordination, including project management.

On ITS projects, the full utility coordination process is not typically followed. Most in-place public or private
utilities will not be impacted, and under that scenario the utility listings in the plan set will note all in-place utilities
as “XXXXXX”. The designer will need to perform a Pennsylvania One Call (palcall.org) to locate and obtain a list
of all utility owners in the project area. It should be noted that Pennsylvania One Call will not designate Department
owned utility infrastructure. If power source modifications or new power sources will be required as part of the ITS
design, the designer and PennDOT will need to coordinate with the power company to determine locations for
obtaining power.
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Environmental Coordination

National Environmental Policy Act (NEPA) requires the examination and avoidance, minimization, or mitigation of
potentially adverse impacts to the social and natural environment when considering approval of proposed
transportation projects. Stand-alone ITS projects generally do not require significant environmental coordination and
typically requires a Categorical Exclusion (CE) Evaluation. The designer should consult Publication 10B (DM-1B) —
Post-TIP NEPA Procedures and discuss environmental requirements with the District Environmental Manager
during project scoping.

A National Pollutant Discharge Elimination System (NPDES) permit is required for any point source discharge to
waters of the Commonwealth. Pennsylvania’s Department of Environmental Protection (DEP) issues the majority of
NPDES permits. For stand-alone ITS projects, the design should coordinate with DEP during project scoping to
determine permit requirements.

Functionality

The proposed ITS device(s) should be designed to adequately address the existing problems that have been
identified in the ROPs. For example, if a series of video cameras are proposed to be added, the designer needs to
ensure that the proposed camera locations minimize blind spots (assuming they cannot be avoided), or for a
proposed CMS, the designer needs to ensure that the CMS is located optimally to facilitate major traffic diversions
due to a crash downstream of the CMS.

Constructability

The designer needs to consider the constructability of ITS devices when determining proposed ITS device locations.
For example, all ITS infrastructure and construction equipment should have a minimum clearance to overhead
power lines per utility service provider guidelines. The designer needs to consider common construction methods
that contractors use to construct the ITS devices and make sure that the design is realistic and practical.

Maintainability

The designer should consider the maintainability of ITS devices when determining proposed ITS device locations.
The two most important considerations are access and safety, and if possible, the designer should use standard
PennDOT approved components so there is consistency in ITS devices throughout the entire system. The designer
should assess the safest way to access an ITS device whether it is constructing a wide shoulder or access road,
installing a lowering device, a ladder/catwalk, or utilizing a front access sign or walk-in. Maintenance access should
be well planned and lane closures or restrictions to traffic should be avoided. Alternate locations should be
considered if site-specific device maintenance creates unsafe conditions or impacts mobility. Another consideration
regarding ITS device locations is the ease and complexity of underground utility locating.

Device Collocation

If multiple different ITS devices (CCTV camera, CMS, etc.) are proposed for a certain area, the designer should
evaluate whether it would make sense to place them at the same site. This could reduce the number of
communications and power source locations, the number of equipment enclosures, and the number of mounting
structures. This could also simplify maintenance operations such as mowing.
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2.6 Design Review Process

Publication 851: TSMO Guidebook, Part I: Planning covers the portion of the Department’s project delivery process
for identifying projects for the TIP. This manual provides design guidance for projects post-TIP. Project design is
completed over two major phases: Preliminary Engineering and Final Design and Construction. Preliminary
Engineering activities include scoping field view, engineering studies, NEPA documentation, and DFV. DFV

approval indicates that all preliminary engineering requirements have been met and the preferred alternative is
approved for final design (NEPA approval). Final Design and Construction activities include design development,
plans preparation, and contract management. Typical design submissions include:

e  Post-TIP Scoping - Scoping Field View

e Preliminary - Line, Grade, and Typical Sections
e  Preliminary - Safety Review (30%)

e  Preliminary - Design Exception Request

e  Preliminary - Design Field View (60%)

e Final - Pre-Final/FDOM (90%)

e Final - PS&E (100%)

Refer to Chapter 1, Office of Administration, Coordination Process, for when the designer should coordinate with
OA/OIT during the project delivery process.

Scoping
During initial design scoping between PennDOT and the designer, several items should be considered to ensure that
all applicable integration coordination and required activities within the overall project are included:

e ITS Systems
o  Should be cross-referenced with capabilities and modules currently available in PennDOT’s Video
Management System (VMS) and Advanced Traffic Management System (ATMS).
o Ifnew types of devices and software systems are required, the additional effort to design and integrate
these systems should be included in the design scope.
e ATMS Modifications/Enhancements
o The designer should coordinate with PennDOT to determine if any aspects of the existing ATMS must
be modified or enhanced as part of the project (e.g., deployment of new device type/system, or need
for new ATMS module/capability, such as an algorithm or operational feature).

The Systems and Performance Unit manages the ATMS vendor contract. All coordination regarding design,
enhancements, modifications, and integration related to ATMS, or related software platforms, must be coordinated
through BOO, HSTOD.

The designer should make all efforts to utilize standard components, means, and methods during the design and
integration process to maintain consistency to avoid cost impacts to projects.

Safety Review (30 percent)

Safety Review is one of PennDOT's primary review points for quality control on highway design projects. The
purpose of Safety Review is to detect and correct safety deficiencies and incorporate necessary safety features into
the design as early in the process as possible. Safety Review and Design Field View (DFV) submissions may occur
simultaneously based on the project complexity and/or Engineering District. Locations of any proposed sign
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structures may be required at this phase; however, ITS elements of a design project are usually not required for
Safety Review. For ITS projects the Safety Review phase is used for the development of the SER. During this phase,
the design team will determine all operational use cases and functional requirements for each system to be included
in the project. The design team should evaluate all requirements to integrate the project systems based on the
requirements of the regional ITS architecture.

e Coordination: The design consultant should coordinate with PennDOT District ITS staff to determine if a
streamlined process can be utilized for the development of any systems engineering documents, such as the
ConOps, SER, or any functional or systems requirements documents. Often these documents include
boilerplate language that may be able to be a reference rather than included in each document.

e New ITS Systems: If the systems engineering process determines that any new ITS systems must be
deployed to meet PennDOT’s operational or functional needs, the new systems should be coordinated with
PennDOT District ITS staff, OA/OIT and the Systems and Performance Unit to determine if any additional
requirements should be included in the design.

e ATMS Modifications/Enhancements: Once the systems engineering process has been completed for the
project, the design team should again cross-reference the system requirements for the project against the
current capabilities of PennDOT’s ATMS. It is possible that the system engineering process will identify
additional modifications or enhancements needed for ATMS that were not evident during project scoping.
o If ATMS modifications/enhancements are required as a part of the project, these requirements should

be developed during the system engineering process. In these instances, the design team should be
coordinating with both OA/OIT and the Systems and Performance Unit. This will be critical in the
determination of the performance requirements needed for successful development and integration of
the ATMS enhancements during the integration phase of the project.

Design Field View (60 percent)

The DFV phase of an ITS project is typically when the design team will begin to develop high-level bid items that
will be included in the project. The bid items will vary depending on what systems are included in the design. Some
the of the key integration items that should be considered during the DFV phase are described below:

e 3" Party Data Systems: If the ITS project includes a system that requires ATMS to integrate directly with
a 3" party vendor system to obtain the system data, a memo should be developed outlining the various
inputs and outputs, including protocols, that will be required for ATMS integration. An example of this is
the inclusion of 3™ party travel time or speed data.

e CMS: If the ITS project includes CMS, the project team should refer to Publication 200 — Changeable
Message Sign (CMS) Operating Standards for message requirements during the DFV phase of the project.
Coordinate with the Systems and Performance Unit for any non-standard items (e.g., special graphics or
colors).

e CCTV: If the ITS project includes CCTV, the design team should coordinate the optimal camera view with
the District. This coordination allows for the desired performance of the CCTV.

o New Systems: If the project includes new ITS systems, the design team should coordinate with OA/OIT
and the Systems and Performance Unit to determine what bid items are needed to procure the new systems
as a part of the project. These bid items will likely require the development of special or modified items
and system specific special provisions.

e ATMS Modifications/Enhancements: If the ITS project includes any software procurement or the
modification/enhancement to the existing ATMS, these items should be finalized during the DFV phase.
During this phase, the design team and PennDOT should make a final decision as to whether new software
is required to operate the project systems or if an update can be made to existing ATMS.
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o Ifanew software system is desired, coordination with the Systems and Performance Unit is required to
determine whether that software will be procured and implemented under the construction contract or
through separate procurement.

o If the project will modify/enhance existing ATMS, coordination with the Systems and Performance
Unit is required to determine whether the updates will be procured under the construction contract or
through the existing statewide ATMS contract.

Final Design (90 percent)

The Final Design phase of an ITS project is typically when the design team is developing the pre-final version of the
design. It is during this phase that the design team should finalize the project bid items and special provisions to be
included for the ITS system and integration requirements. Some of the key items for consideration during this phase
of the project are noted below.

e 37 Party Data Systems: If the ITS project will require ATMS to integrate with a 3™ party system to obtain
project data, the design team should have approval of the memo for direct connection to the 3" party data
source.

o The project team will should coordinate integration into ATMS with the Systems and Performance
Unit. For example, any bid items, specifications, or special provisions for travel time integration may
not be required.

e Special Provisions/Bid Items: During Final Design, the design team should review the existing PennDOT
standard specifications (Publication 408, Section 1200) to determine if any modifications to these
specifications is required based on the system requirements. One of the key items that should be
coordinated during this process is determining if the standard specifications for ITS Integration (Section
1202) covers all the information the ATMS vendor will need to integrate the project systems. The
information required to integrate existing systems into PennDOT’s ATMS are currently outlined in Section
1202. As previously noted, the project may need a special item to support the integration of complex
deployments.

o Another key item to be coordinated during this time is the item for ITS testing. The design team should
be sure to coordinate with PennDOT to determine if any modified language needs to be added to
Section 1201 to ensure all testing and operational support/maintenance is completed during the
construction phase.

o During this phase of the project, the design team should review the system requirements with the
Systems and Performance Unit to determine if any additional information is required for integration. If
additional information is needed, modified language would need to be developed as a special provision
to be included in the integration bid item.

o New Systems: If the project includes new ITS systems, these systems will also need to be procured using
special provisions and bid items. The final design submission should include these items in the submission.
These items should be reviewed by OA/OIT and the Systems and Performance Unit to ensure compliance
into the ATMS.

e ATMS Modifications/Enhancements: Based on the previous coordination that has occurred during the
design phase, the project team should have decided by Final Design if new software is required or if the
existing ATMS can be modified.

o Ifnew software is needed to be procured during construction to operate the project systems, then the
project team will develop a project bid item and special provision covering the requirements, identified
in the systems engineering process, to procure the software.

o If modifications are required to the existing ATMS, then a scope should be developed by the Systems
and Performance Unit identifying how the additional enhancements will be completed and at what
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cost. This scope should also outline the milestones and schedule that the enhancements will be
completed.

o Ifany ATMS modification or new software is to be procured for a project, the design team will need to
coordinate the scope and budget for this bid item. The scope of these services should be used to
determine if a pre-determined amount (PDA) item should be used for the bid. The scope should be
coordinated with the Systems and Performance Unit and include a detailed response to how the
requirements are to be met as well as the milestones and schedules for all software design and
development activities.

o Proprietary Approval Letter: If the project team determines that any proprietary systems will be
required, the design team shall draft a proprietary approval letter to be submitted to PennDOT during the
design phase. A proprietary approval could be required as a part of any ITS project based on the need to
specify a specific product by name based on system requirements. Proprietary requests dealing with ITS
devices shall be electronically submitted to the TSMO resource account, TSMO(@pa.gov after being
approved by the applicable Engineering District.

Plans, Specifications, and Estimate (PS&E) (100 percent)

The final PS&E submission should include all final design items, specifications, and documents necessary for the
contractor to integrate the proposed systems during construction. Some of the key aspects that should be included
are described below:

e Special Provisions/Bid Items: The final design document should include all required bid items and special
provisions necessary for the contractor to integrate the systems into ATMS.

e ATMS Modifications/Enhancements: If a scope for the existing ATMS vendor was coordinated for a bid
item, then the ATMS vendor scope should be included on ECMS in the bid documentation (less any
information that is proprietary/needs to be redacted).

e Proprietary Approval Letter: If the project requires a proprietary approval, then the signed letter should
be included on Engineering and Construction Management System (ECMS) in the bid documentation.

Additional Input and Reviews

Traffic Unit

If maintenance and protection of traffic, traffic signal, signing, or pavement markings are required as part of the
project, the traffic group should review the plans at all submittals (Safety Review, DFV, Pre-Final, and PS&E).

Survey Unit

If right-of-way information is not available and needs to be obtained, or if there are any other concerns that may
require surveying, the survey unit will need to review the plans. The survey unit should review the plans throughout
the project delivery process/right-of-way process, preferably at the Safety Review, DFV, and Pre-Final submittals.

Construction and Maintenance Units

The construction and maintenance units should review the plans during constructability and value engineering
submittals and throughout the process, preferably at the Safety Review, DFV, Pre-Final, and PS&E submittals.
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Bridge Unit

If there are any new bridge-mounted structures, such as a CMS installation, the structures unit should review the
plans at the DFV, Pre-Final, and PS&E submittals.

If there is any proposed structural steel work on any existing or proposed structures, the structures unit should
review the plans at the DFV, Pre-Final, and PS&E submittals.

If soil borings are required for sign structures (Overhead, Center-mount, and Cantilever) and the geotechnical report
recommends that a special foundation design is required, the bridge group should review the plans in the Pre-Final
submittal.

Coordination with Other Disciplines and Projects

When the ITS design is being done as part of a larger project, the designer will need to coordinate with other
disciplines including drainage and utilities. This coordination needs to occur so the proposed ITS design does not
conflict with wetland areas, proposed ponds, drainage structures, and other utilities.

The designer needs to ensure that early in the design process all disciplines are aware of each other’s proposed
design and that regular coordination happens throughout. Any groups that need to be coordinated with should also
participate in the review process described above.

The designer must be aware of other projects that are being designed by others that may affect their own project, so
any items that may require coordination during design or construction are addressed and incorporated into the plans
and Special Provisions.

2.7 Construction Support Services

As part of the project, contractors are required to submit as-built plans. Preferably, these as-built plans should have

GIS location for all new devices installed. The Department requires that the contractor submits an as-built plan set
that includes mark-ups showing additions, deletions, and other changes made during construction. As-built plans are
to be prepared in accordance with Publication 408 Section 1201.2(i), Documentation. The 60-Day Test will not end
until the as-built drawings are submitted and approved by the Department.

The Engineering District is responsible for updating the ITS asset inventory in TSAMS when the as-built
information is received.

2.8 General Design Steps

As described in the Design Review Process section of Chapter 2: Project Development Process, the key stages of a

PennDOT ITS design project are as follows:

e Scoping

o Safety Review (30%)

e Design Field View (60%)

e  Final Design (90%)

e Plans, Specifications and Estimate (100%)

The following figures illustrate the critical items that the designer should evaluate during the project development
process.

e Figure 6: Design Process for a Project with Typical ITS System Deployments
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e  Figure 7: Design Process for a Project with New ITS System Deployments
e Figure 8: Design Process for a Project with ATMS Modification/Enhancement

It should be noted that more than one flowchart may need to be referenced, depending on the systems included in a
project. Each flowchart follows the same key milestones during the design process.

FIGURE 6: DESIGN PROCESS FOR A PROJECT WITH TYPICAL ITS SYSTEM DEPLOYMENTS
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FIGURE 7: DESIGN PROCESS FOR A PROJECT WITH NEW ITS SYSTEM DEPLOYMENTS
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FIGURE 8: DESIGN PROCESS FOR A PROJECT WITH ATMS MODIFICATION/ENHANCEMENT
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2.9 Durations

There are multiple timelines that need to be considered throughout all projects, including letting schedules,
construction timeframes, and lead times for materials such as steel or fiber optic cable. When a project is initially
setup in the Department’s project scheduling software, there are minimum time periods inputs that are required for
project letting. If the design falls behind schedule, it could have significant impacts on the project letting and award
dates, procurement of materials, and when construction of the project occurs.

This section provides a typical timeline for each phase in the ITS design process and is intended to be used as a
scheduling guide as all design schedules will vary based on the project. ITS design projects are often not stand-alone
and are instead included as an ALSO plan set within a larger design project. Overall project schedules and
deliverable dates should always be coordinated with the Department.

Design timelines for minor, moderate, and complex ITS projects are provided in Table 2. For the purposes of this
guidebook, these categories are defined as follows:

e  Minor Project
o Consists of only a small number of device installations.
o Device types have been deployed previously (e.g., CCTV, CMS, Detector, or HAR).
o Deviations from design standards are not anticipated.
o Requires very little coordination between design disciplines and with other projects (e.g., may be a
standalone ITS project).
e Moderate Project

5 Mo 88 TSMO




TSMO Guidebook, Part II: Design
September 2023

Consists of 10 or more ITS device installations.

May require minor deviations from design standards.

Requires relatively straightforward communications and integration elements to be detailed.
May or may not be part of a moderately complex roadway or bridge project.

e  Complex Project

Consists of many ITS device installations.

Most likely includes new device types and/or systems.

Significant modifications to design standards are anticipated.

Requires communications network and TMC integration design elements.

Device deployments, integration, and testing may be phased and dependent on other aspects of the
project.

May or may not be part of a large roadway or bridge project.

o May or may not require substantial change to or creation of a new software module in ATMS.

TABLE 2: ITS DESIGN TIMELINE

O O O O

O O O O O

@)

Phase Minor Moderate Complex

Scoping 0-1 Months 1-2 Months 2-4 Months

30% / Safety Review 1 Month 1-2 Months 3-6 Months

60% / DFV 3 Months 3-6 Months 3-12 Months

90% / FDOM (Pre-final) 2 Months 2-3 Months 3-12 Months

100% PS&E 2 Months 2-3 Months 3-6 Months
Total Design Time 8-9 Months 9-16+ Months* 14-40+Months*

*Phasing for ITS projects that are a component part of roadway and bridge projects may be subject to the submission schedule
of the overall roadway/bridge design.

2.10 Deliverables

This section provides the project deliverables and stakeholder responsibilities during each stage of the ITS design
process. It should be noted that some of these indicated deliverables may not be required on every ITS design
project; however, this should be used as a starting point when developing the design scope and budget with
PennDOT. Table 3 provides general ITS project deliverables and Table 4 provides deliverables specific to certain
ITS devices.

TABLE 3: PENNDOT ITS DESIGN DELIVERABLES

Phase Deliverables/Steps Responsibility Reviewer Approval Agency
Scoping Design Scope/Budget Designer / PennDOT | District ITS staff District ITS staff
PM Central Office FHWA
30% /Safety Review| Systems Engineering Designer District ITS staff District ITS staff
(Systems Report (SER) Central Office Central Office FHWA
Engineering Process) OA/OIT OA/OIT
30% Plans Designer District ITS staff District ITS staff
60%/DFV Device Locations Staked / Designer District ITS staff District ITS staff
Submission Finalized OA/OIT
Communication / Power District ITS staff District ITS staff
Identified OA/OIT
Utilities Identified District ITS staff District ITS staff
———— — e 27
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Phase

Deliverables/Steps
Draft Quantities and Bid

Responsibility

Reviewer
District ITS staff

Approval Agency
District ITS staff

Items Identified OA/QOIT
Proprietary Items Identified District ITS staff Central Office
OA/OIT
Safety Report Completed District ITS staff Central Office
Environmental Clearance District ITS staff District ITS staff DEP

Documents Submitted

Designer to Support

Software Modifications or Designer District ITS District ITS staff
Procurements Identified staff, Central Office Central Office
OA/OIT
90%/FDOM Draft Special Provisions Designer District ITS staff District ITS staff
Submission Central Office
OA/OIT
Draft Proprietary Item District ITS staff | Central Office FHWA
Letter Central Office OA/OIT
Draft Bid Tabs, Item List District ITS staff District ITS staff
Central Office
OA/OIT
Power and Communications District ITS staff District ITS staff
Details (equipment, wiring, Central Office Central Office
routing, architecture, OA/OIT
integration)
Utility Conflicts Identified / District ITS staff District ITS staff
Resolved Central Office
TS&L Approved Designer District ITS staff Central Office
Draft Cost Estimate Designer District ITS staff District ITS staff
Central Office
Software Modifications or Designer District ITS staff Central Office
Procurements Finalized Central Office OA/OIT
with Vendor
100%/PS&E All FDOM Comments Designer District ITS staff District ITS staff
Addressed and Included in Central Office Central Office
Final Bid Package
Software Modification Designer Central Office Central Office

Procurement Incorporated
into Bid Package

OA/OIT

Proprietary Items Approved

Central Office

Central Office
FHWA
OA/OIT

Bid Package Uploaded to
ECMS

District ITS staff CM

District ITS staff

Central Office

All Required Forms, Pre-bid
Schedules, etc. are
Completed and Uploaded

to ECMS as Needed

Designer and District
ITS staff CM

District ITS staff

Central Office

Note: ROW and Utility clearance documents should be completed prior to 90%/FDOM Submission
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TABLE 4: DEVICE SPECIFIC DESIGN DELIVERABLES

DR ey Responsibility Reviewer Approval Agency

Device Type Phase Steps
District ITSstaff District ITSstaff

Designer
Central Office

60%/DFV | Memo outlining the
Central Office

3 Party Data
Integration Submission | various inputs and
outputs, including OA/OIT
protocols.
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Chapter 3.Device and Infrastructure Design

This chapter provides design guidance for various ITS devices and related infrastructure. This includes power
distribution, communications, conduit and junction boxes, equipment enclosures, ITS devices, and supporting
infrastructure.

3.1 Power Distribution

Overview

The purpose of this section is to familiarize the designer with the National Electric Code (NEC), the National
Electric Safety Code (NESC), and PennDOT standards and guidelines for power distribution systems for ITS
infrastructure. Electric service demarcation must be located within PennDOT right-of-way and easily accessible for
servicing by both the provider and the user. All power distribution shall be coordinated with the Department. All
power distribution projects shall consider:

e Power calculations
e Coordination with power companies
e Decision tree to determine best power option

The four basic physical characteristics of electricity are voltage, current, resistance, and power. Voltage is the
difference in electrical potential between two points of an electrical circuit, expressed in volts. Voltage measures the
potential energy of an electric field to cause an electric current in an electrical conductor. Current is the rate of flow
of electricity through an electrical conductor and is measured in amperes, or amps. Resistance, measured in ohms, is
the resistance of an electrical conductor to the flow of electricity. Power is the rate at which work is done or energy
is transferred. Work can be measured using many different units but is most often measured in watts when used in
calculations for ITS infrastructure.

Electrical current can be characterized as alternating current (AC) or direct current (DC). Power supplied by an
electric company is typically AC while power provided by a battery is DC. Power can be converted from AC to DC
using a rectifier and from DC to AC using an inverter. A majority of the ITS enclosures, and subsequently ITS
devices, used by the Commonwealth are supplied by an AC power source. A smaller number of Commonwealth ITS
enclosures and ITS devices are supplied by low voltage DC power sources that may include batteries and a solar
array.

Generally, the key design steps for an ITS electrical power systems are:

e Determine the total power requirement

e Select a suitable power source based on availability

e Determine wire size, conduit size, and step-up/step-down transformer requirements, if applicable
o The need for transformers will be based on voltage drop calculations

e  Determine meter options
o  Where possible, arrange a flat rate fee with the electric utility provider

Compliance with Electric Codes and Standards

The design of all PennDOT electrical systems, including all power infrastructure for ITS elements, should adhere to
the standards and requirements included in the current version of the NEC and the NESC. The NEC is typically
updated every three years, and the NESC is updated every five years. Prior to beginning any PennDOT ITS design
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project, the designer should verify they are using the latest versions of the NEC and NESC. The designer should
notify the PennDOT project manager of all variances to the NEC and NESC, which must be reviewed and approved
by the Department. As a base, a maximum voltage drop of 3% is used for all ITS devices.

The NEC and NESC include standards for:

e  Conductor properties

e  Conductor insulation

e  Maximum recommended voltage drops and current requirements
e  Maximum conduit fill

e Junction box sizing

For additional information refer to the links below:

e NEC: https://www.nfpa.org/codes-and-standards/all-codes-and-standards/list-of-codes-and-
standards/detail?code=70
e NESC: https://standards.ieee.org/products-programs/nesc/

Electric Service Providers

Power for ITS infrastructure within Pennsylvania is provided by many electric service providers, and the electric
service provider for each ITS device will depend on the electric service provider that covers the specific area in
which that device is located. The following companies provide power in the state:

https://www.puc.pa.gov/electricity/electric-companies-suppliers/

In some instances, new ITS devices may be located near or adjacent to the dividing line between two electric service
provider service areas. There are several factors that may impact which of the two electric service providers is
preferred, including service provider reliability, rates, policies, service levels, and existing service agreements with
PennDOT. When multiple service providers are available, the designer should contact the PennDOT project
manager to determine the preferred electric service provider. In addition to the service provider, the designer should
consider several different factors when selecting an available power source to utilize. This should include:

e Location of the power source

e Difficulty in connecting to the power source

e Voltage available from the power source

e Difficulty and timeline for obtaining service from the electrical service provider

Distribution versus Transmission

Electric service providers deliver electricity to consumers in two separate phases: transmission and distribution. The
transmission phase includes the bulk movement of electrical energy from the power generation facility to a power
substation. The core difference between transmission and distribution power lines is that transmission power lines
are for long-distance, high-voltage electricity transportation, whereas distribution power lines are for shorter
distances and lower voltage electricity transportation. Power for all PennDOT ITS devices is obtained from electric
services that are installed off an overhead or underground electric distribution line.

Power Supply

When electric power supply from a utility company is used for roadside ITS deployment, the most common power
service is 240/120 Volts (V) AC (VAC), single-phase, 100A service. Higher voltage/amp service may be used at
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collocated device locations, where multiple CMS or other devices with high power demand draw from the same
power source. A higher voltage/amp service may be required when the point of service is located a significant
distance from the ITS device. Along major interstates, it is often difficult to locate a device near a power source and
meet all the operational requirements. Secondary disconnects may be required based on distance from point of
service to device. A voltage drop calculation must be performed by the designer to determine the appropriate means
of supplying power to the site.

An electrical disconnect must be available at each site and for each ITS device. For example, in most CMS
installations, the power needed to operate the CMS board (display portion of the CMYS) is fed from the related CMS
controller cabinet, and an electrical disconnect switch is typically installed outside the CMS controller cabinet.
Designer shall always contact District and power company for power coordination and spans.

Although the electric utility company is required to provide electric power service where requested, it may do so by
merely bringing the electric service to the edge of the user property, or in the case of ITS applications, the edge of
related PennDOT right-of-way. The Department is then responsible for all installations required to continue the
electric service from the point of service drop to the point of use. Where power metering is involved, the customer is
required to provide the meter base at the point of service drop, excluding the power meter itself. It is often
advantageous to include a field view with the Utility Unit as well as the Service Provider to determine upfront where
power can be obtained from and where the utility company will provide a service drop. Once power supply is made
available in the ITS device enclosure, the electric power must be converted to the voltage and format (AC or DC) as
appropriate for the used electronic devices. The designer may consider several different options to provide power to
an ITS device. Every attempt to obtain power from the electric service provider should occur during the design
process. Power runs over 1,000 feet are discouraged and require prior PennDOT approval. The following power
source options can be utilized:

o Existing Electric Service: When available and evaluated for condition (rust, enclosure’s structural
integrity, space for additional circuit breakers), the designer may obtain power from an existing PennDOT
ITS electric service. The designer will be required to verify that the existing service has sufficient capacity
to provide power to the new ITS device without negatively impacting the power being supplied to any of
the existing infrastructure currently supplied by the service. The designer should consider the distance
between the proposed ITS device and the existing service to determine if using the existing service will be
more cost effective and maintainable than the installation of a new electric service located closer to the
proposed ITS device. The designer is also required to verify there is space in the distribution enclosure and
conduits, and if the power system is on a photocell. If the electric service is through a photocell, the
designer will need to determine if the photocell can be bypassed.

o New Electric Service: If an existing ITS power service is not available, power can be obtained from a new
electric service. The point of service drop should be located as close to the ITS device as possible to
minimize the length and size of the electric conductors.

o Alternative Power Source: When power service is unavailable in the immediate vicinity of the proposed
ITS infrastructure and installing a long electric cable run is not feasible, the designer may consider an
alternate power source such as solar. Use of an alternate power source will require installation of batteries
to store electricity when the solar equipment is unable to provide sufficient power. The use of an alternate
power sources is strongly discouraged. The designer shall consider the most suitable solution and
coordinate with PennDOT and power utility companies to determine the best route for power lines.
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Metering

In locations that do not use automatic meter reader (AMR) systems, safe and convenient meter reader access for
utility personnel is an important consideration in selecting the deployment location. Roadways with small or no
shoulders should not be considered for meter location. One way to circumvent this limitation is to arrange for non-
metered (flat rate) electric service through the utility company. However, this option is not necessarily available at
all utility companies, and the ones that do support it often impose limitations on how the deployed systems may be
designed and used. Some AMR systems use short range radio-frequency (RF) communication systems, which allow
drive-by meter data collection using mobile RF units. Some AMR systems use cellular data service, which allows
utility offices to poll the meters from greater distances. Considerations for meter reading access may no longer be
necessary if an appropriate AMR system is available from the local utility company. Coordinate with the power
utility early in the design process to determine metering options. Consider the following power metering options:

e  Metered, with safe and convenient personnel access
e Non-metered, flat usage rate

e  Metered with AMR, using a drive-by RF data reader
e  Metered with AMR, using a cellular data service.

Obtaining Power Service

Power for ITS infrastructure is obtained by the contractor in coordination with the utility provider. However, the ITS
designer shall include the location of the point of service drop on the design plans. This location should be
coordinated with the Department and the utility service provider during the design process. Utility service providers
coordinate with the Department at varying levels during the design process depending on the District and locality.
The process noted below is recommended as a standard practice, but the designer should coordinate with the District
to determine project requirements for obtaining power service.

e Electric service coordination is initiated at the DFV development milestone.

e Designer creates a Utility Coordination Spreadsheet (Appendix B) and inserts information as determined.

e Designer determines the electric service provider and follows the service provider’s standard process for
obtaining the power company’s designer information and initiating the service coordination process with
the service provider. Contact the power company’s designer and provide a copy of the 60% plan sheet(s)
and fill out any necessary load sheets or other forms that the service provider requires.

e Designer coordinates a field meeting with the power company designer and the Department to discuss the
following:

o Project milestones, let date, and construction start date. Discuss milestones for when power company
designer needs to provide information to the designer (assume 1-2 months for power company
designer to determine and provide costs, easements, and design information)

Discuss the availability of 240/120VAC electric service.

Determine access requirements to meter (gate may be needed for access)

Discuss what PennDOT will furnish and install at the point of service.

Discuss that stepdown transformers are not allowed unless approved by the Department.

Discuss power risers, as needed.

In situations where there is a noise wall between the transformer and the meter, the designer will need
to install an access door into the noise wall so the power company can access the meter (if needed).

O O O O O O

e Designer obtains meter address, account number, and identification number from the power company
designer.
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e Designer updates the Utility Coordination Spreadsheet with all information determined up to this point and
provides a copy of it to the Department, power company designer, etc.

e Designer determines all equipment loads for calculating voltage drop and determines the appropriate
conductor sizes.

e Designer updates the Utility Coordination Spreadsheet with costs provided by power company designer.

e  Designer provides 100% plans and the Utility Coordination Spreadsheet to the power company designer for
final written approval. At this point, all information in the spreadsheet should be filled out except which
contractor was awarded the electrical work.

e Power company designer provides a service contract with costs and scope of work that will be signed by
the contractor.

o  After the project has been let and awarded, the construction contractor will need to contact the power
company and provide the project start date so the power company can get their portion of the work
scheduled and coordinated. The construction contractor must pay the power company to get the project
onto the power company’s construction schedule.

e Any electric service work performed by the power company on PennDOT right-of-way will need a permit.
The power company is responsible for acquiring any required permits from PennDOT.

e The service address, account number, and identification numbers have already been determined and are
included in the special provisions for the project. The construction contractor does not need to submit new
applications for service.

The designer should refer to Chapter 2, Project Development Process, Durations, and develop a timeframe for
coordination activities based on project complexity and durations.

Design Considerations

There are several principles that need to be applied when determining conductor size and required breakers for the
circuits included in an ITS design. Below is a description of several electrical principles followed by an example
problem.

Wire Gauge/Wire Size

American wire gauge (AWG) is a standardized wire gauge system used in the United States and other countries,
especially for nonferrous, electrically conductive wire. Increasing gauge numbers give decreasing wire diameters,
which is like many other non-metric gauging systems. This seemingly counterintuitive numbering is derived from
the fact that the gauge number is related to the number of drawing operations that must be used to produce a given
gauge of wire; very fine 30-gauge wire requires far more passes through the drawing dies than does a 0-gauge wire.
Note that for gauges 5 through about 14, the wire gauge is effectively the number of bare solid wires that, when
placed side by side, span 1 inch. That is, 8-gauge wire is about 1/8 inch in diameter. An AWG of 14 is the minimum
size used by PennDOT for ITS applications. Conductor sizes should be sized by design between service disconnect
and the ITS infrastructure.

Ampacity

Ampacity is defined as the maximum amount of electric current a conductor or device can carry before sustaining
immediate or progressive deterioration. The circuit breaker must not be rated for a larger current than the ampacity
of the conductors used in the circuit. Ampacities are listed in Table 5.
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TABLE 5: ELECTRICAL WIRE CHARACTERISTICS

Wire Size (AWG) Copper Ampacity Resistance of Copper Wire
(Amps) (Ohm/ 1000 ft)
14 15 2.57
12 20 1.62
10 30 1.02
8 45 0.64
6 65 0.41
4 85 0.26
3 100 0.21
2 115 0.16
1 130 0.13
0 150 0.10
00 175 0.08
0000 200 0.06

Typical Wire sizes for PennDOT installations are AWG 8, 6, 4, and 2

Circuit Types
Below are the definitions for service conductors and circuit types which are also illustrated in Figure 9:

e Service Point — The demarcation between the utility provider and the Department. Usually, electric
company is responsible for conductors between meter and disconnect (main breaker)

e Service Drop (overhead)/Lateral (underground) — The electric conductor between the utility distribution
lines and the service point.

e Service Conductors — The conductors that run from the service point with the electric utility to the service
disconnect (main breaker).

e Feeder Circuit — The conductor(s) located after the service disconnect switch but before the final branch
circuit overcurrent device(s) (e.g., Sub-panel).

e Branch Circuit — The circuit conductors between the final overcurrent device(s) (e.g., Main Breaker Panel
or Sub-Panel).
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FIGURE 9: TYPES OF CIRCUITS
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The electric utility company is responsible for conductors to the service point. The Department is responsible for
conductors between the service point and the ITS device. It is important that the utility coordination spreadsheet is
completed because not all power companies provide power in the same fashion.

Current Requirements

The total power requirement for an ITS application is the sum of the following:

e Device(s) (e.g., CMS, CCTV camera, detectors, signals, etc.)
e  Controller components (see Publication 408, Section 1201.2(b), for all devices and Publication 408, Section
1230.2(h), for additional CMS requirements)

Power cables and the circuit breakers should be sized based on the total current required for all ITS devices and
enclosure components being served when operating at full capacity. When determining the total current required, do
not factor both devices when those devices perform opposing functions and are not expected to operate
simultaneously (e.g., heater and air-conditioner). When determining total current required, assume that the expected
load drawn from the convenience outlet to be 12-amp at 120-volts. See Table 6 below for typical power
requirements for each device.

TABLE 6: TYPICAL POWER REQUIREMENTS (DEVICE-ONLY, NO ENCLOSURE)

Device Type Power Requirements

CCTV Typical
Camera without heater 0.5A-2A (depending on PTZ usage)
Camera with heater 3A-5A
CMS (12" RGB LED characters) (Color) Typical
e A i
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Three 12-character lines 60A
CMS (18" RGB LED characters) (Color) Typical (see vendor's recommendation)
Three 15-character lines 60A-75A
Three 18-character lines 60A-75A
Three 21-character lines 60A-75A
HAR Typical
HAR Transmitter antenna 0.15-0.5A
HAR Beacon Signal Set (LED) 0.15-0.5A
Detector Typical
Detector 0.1-5A (depends on detection system used)
Ramp Meter Typical
Detector 0.1-5A (depends on detection system used)
Signal Head (LED) 5A
Wireless Radios Typical
Wireless Radio 7A-15A

Power requirements are for estimating purposes. Actual power requirements should be obtained from the related
manufacturer(s) including devices not identified in the table. For calculating purposes utilize the greater power
requirements (manufacturer vs. typical).

Voltage Drop

To properly size the electrical conductors that will supply power to ITS infrastructure, the voltage drop across each
conductor should be calculated. It is typically not necessary to calculate voltage drop across the service conductors
since it is the electric utility company’s responsibility to provide the voltage at the service point. The voltage drop
calculation will determine the amount of voltage lost along the conductors. Calculating the voltage drop across the
system is important because it ensures the voltage is sufficient to properly operate all ITS devices, components, and
related enclosures.

The electrical conductors carrying current to the enclosures and devices have resistance. The resistance of the
conductor depends on the length of the conductor, size (gauge) of the conductor, and material. When current flows
through a conductor, the voltage drops along the length of the conductor, which results in a lower voltage at the end
of the circuit. A similar voltage drop occurs in the return current of the neutral wire which is additive to the total
voltage drop for a 2-wire circuit or unbalanced 3-wire circuit. If the resistance of the conductor is too high for the
current flowing through it, the voltage lost will impact the performance of the ITS device. General steps for
designing power supply arrangements:

1. Determine the total power requirement (Watt or VA) for the whole cabinet, including devices which are
powered from the cabinet.

2. Determine the current load and voltage capacity for the circuit and any devices to be designed. Select a wire
size from the applicable table in the NEC that has a higher ampacity rating than the current calculated above.

3. Determine the required current (amperes) that will flow through the power conductors when all devices are
operating at full capacity. In the case of 120V single-phase electric system, the current (I) is calculated as Total
Power requirement (in VA) divided by the product of applicable power voltage and the power factor. Power
factor is the ratio of active power and the total power. Generally, a power factor of 0.8 is assumed, so the
equation would be Power (VA) = Voltage (V) * Current (A) * Power Factor (0.8)

4. Voltage drop is calculated by using the following formula: The equation for calculating VD is:
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o VD=2*K*I*(D/CM) where:
= K =12.9 for copper wire and 21.2 for aluminum
= [ = Current (amperes)
= D = Distance (feet)
=  CM = Circular Mils of the wire (see NEC Chapter 9, Table 8)

5. Some of the utility power voltage is lost (voltage drop) through the power conductor. The longer the conductor,
the higher the voltage drop. When providing power to an ITS device, the NEC recommends that the maximum
voltage drop across the combined feeder and branch circuits not exceed 5% and the maximum individual
voltage drop across the feeder circuit, or the branch circuit not exceed 3%.

6. Make sure that the conduit is large enough for the power conductors. Per NEC, with three or more conductors,
the total cross section of all enclosed wires must be less than 40% of the actual cross section area of the conduit.
Average cross section of conduit and wire of different sizes are listed in NEC.

When the voltage drop across an electrical circuit exceeds the maximum recommended value, the designer may
increase the size of the electrical conductors or increase the voltage of the circuit. When the size of electrical
conductors is increased, the overall electrical resistance of the circuit will decrease, which results in a corresponding
drop in the voltage lost across the circuit. Increasing the voltage at which electrical current is transmitted through the
electric conductors will require use of a step-up transformer placed near the service drop and a step-down
transformer placed near the ITS device location. Use of step-up and step-down transformers requires PennDOT
approval.

Breaker Sizing

Per the NEC, all electrical circuits require overcurrent protection (breakers). Circuit breakers help protect against
excess current as the result of an overload or short-circuit. When the power reaches a certain level, the circuit
breaker is designed to automatically interrupt the flow of power to prevent fires, damage to wiring or electronics,
and personal electrocution. To function properly, the circuit breaker must be sized appropriately. To be sized
appropriately, the circuit breaker should be designed to handle a minimum of 125% of the maximum continuous
load and 100% of the non-continuous load. Continuous loads are loads that are expected to last three or more hours
while non-continuous loads are those lasting less than three hours. Refer to Publication 408, Section 1201.2(b), for
all devices and Publication 408, Section 1230.2(h), for additional CMS requirements for circuit breaker
requirements.

Surge Suppression

Lightning strikes are the most common cause of power surges to the ITS field system. The resulting voltage surges
can propagate long distances along the cable to the connected devices. To protect the related ITS deployment,
appropriate surge protection measures must be provided for ITS devices. These measures can be broken down into
four components:

e Lightning rods at the top of or near the support structure

e  Grounding system, usually consisting of one or more grounding rods
e  Surge suppression hardware in the control cabinet

e  Grounding conductor bonding the three above components

The provision of lightning rods is preferred for deployments involving great heights, such as CCTV cameras and
radio antenna at the top of tall poles, or CMS boards on structures that “stand out” among the surrounding landscape
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and vegetation. The use of lightning rod is usually omitted for deployments involving relatively low heights and
where taller structures are present nearby.

In general, surge suppressors provide protection from energy (electric) surges by diverting and draining the excess
(surge) energy to surrounding soil. It is therefore pertinent to combine the use of surge suppressors with a properly
designed grounding conductor and a grounding system.

The provision of one or more lightning rods over the ITS device, in conjunction with one or more grounding
conductors, can often help to divert the lightning discharges away from the field device assembly. Lightning
abatement measures such as this are only effective if the lightning rod, related terminations, and the grounding
conductors are sufficiently robust to conduct and to survive lightning discharges.

Telecommunications cables and sensor cables from nearby locations, just like the utility power cable, are subject to
the same possibility of lightning strikes. The requirement for appropriate surge protection measures must therefore
be extended to all cables brought into the enclosure of all ITS deployments.

A proper grounding arrangement must be provided at the support structure, and at the controller cabinet for the
system. Where the controller cabinet is installed at or close to the base of the support structure, both the support
structure and the cabinet may be bonded to the same grounding system.

It is important that the related grounding system can disperse the electric charge from the lightning strike quickly to
the surrounding soil. This requirement is translated in the performance requirement on the grounding system to have
grounding resistance of 25 Ohms or less.

The industry standard is to use %-inch 10-foot solid copper (or copper-clad steel) ground rod for grounding. When
multiple rods are needed to achieve the required maximum ground resistance (25 Ohms), space the ground rods at
least as far apart from each other as the length of the rods.

Grounding rods, systems, and testing procedures for each device and/or component are specified in Publication 408,
Section 1200. The designer should assess the site environmental conditions to determine if the grounding system
identified in Publication 408 is sufficient for the device location. Some devices require more robust grounding
requirements, such as highly exposed HAR transmitters or CCTV cameras located at the tops of hills and mounted
to high structures.

Power Over Ethernet

Power over Ethernet (PoE) is an alternate method used to power a device or infrastructure using direct current over
twisted-pair copper Ethernet cabling. PoE allows a single cable to transmit both data and power, eliminating the
need for two separate cables. This allows for powered devices in locations that lack electrical circuits. The Institute
of Electrical and Electronics Engineers (IEEE) has developed a series of standards that define different types of PoE
technology. Publication 408, Section 1200 provides PoE specifications for ITS applications.

Cat SE twisted-pair copper cable used by PennDOT supports PoE. To utilize PoE, the switch port that the twisted-
pair copper cable is connected to must also be capable of supporting PoE. Many wireless radios utilize PoE, as do a
few different ITS devices including video cameras and vehicle detectors. Pan-tilt-zoom (PTZ) cameras need PoE++
(upgrade of PoE+ technology) while static cameras use PoE+ (upgrade of PoE technology).

Sample Calculation

Several factors need to be considered when locating an ITS device including the power source location and resulting
conductor and conduit sizes required to serve the ITS devices at their locations. If the cables become too large, it is
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often desirable to obtain a source of power located closer to the site. Design of the power system required for an
individual ITS location will generally follow the design steps and calculations outlined below.

1. Identify an available power source and determine its suitability to provide power to the proposed ITS site.
Factors that impact suitability of the power source include whether it is located on PennDOT right-of-way and
if the required voltage can be provided. The power source may be an existing electric service or require the
installation of a new electric service.

2. The following needs to be determined for the feeder and branch circuits:

e  Current load required for each device

e Combined current load of each circuit

¢  Minimum conductor and circuit breaker size for the current load

e Any increase in conductor size required to address excessive voltage drop

Example: If there is an electric service enclosure (metered) located just on PennDOT property that provides power
to a hub enclosure located 400 feet away where branch circuits serve a device enclosure (located 250” from hub
enclosure) and CMS (located 200’ from hub enclosure), the following circuits need to be considered as a part of the
design:

e  Feeder circuit #1 is a 120/240 VAC circuit that serves a main 2-pole circuit breaker in the electric service
enclosure.
e  Branch circuits from hub enclosure are as follows:

o Branch circuit #2 (CMS) is a 120/240VAC branch circuit that serves the CMS with a 2-pole circuit
breaker located in the hub enclosure.

o Branch circuit #3 (device enclosure) is a 120VAC branch circuit that serves the device enclosure with
a 1-pole circuit breaker located in the hub enclosure.

3. Determine the total current load required for the feeder circuit and each branch circuit including the cabinet, all
internal equipment, and all ITS devices connected to the cabinet.

Determine the current load required for the branch circuits:

e  Branch circuit #2 (CMS): 35 amps on each leg

e  Branch circuit #3 (device enclosure): 2 amps (including all internal components)

e Calculate the current required for an unbalanced 3-wire circuit (based on this example):

e  Feeder circuit #1 current load on highest current leg = current on branch circuit #2 + current on branch
circuit #3

e Feeder circuit #1 current load on highest current leg = 35 amps + 2 amps = 37 amps

e Feeder circuit #1 current load on other leg = current on branch circuit #2

e Feeder circuit #1 current load on other leg = 35 amps (the 2 amps from branch circuit #3 only is applied to
1 leg since branch circuit #3 is a 120 VAC 2-wire circuit

e Feeder circuit #1 current load on the neutral = current load on highest current leg — current load on other
leg

e Feeder circuit #1 current load on neutral = 37 amps - 35 amps = 2 amps

For items with unknown current, load needs to be determined by contacting the manufacturer, reviewing
product cut sheets, or taking actual measurements.

4. Calculate the voltage drop across the electrical conductors. If the voltage drop exceeds recommended values,
the size of the electrical conductors should be increased.
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5. Calculate the voltage drop and size the conductors to not exceed the maximum preferred voltage drop for the
feeder and branch circuits as follows:

Branch circuit #2 (CMS):

e Assume a #6 AWG wire initially (see Wire Gauge for minimum conductor size).
e  Voltage drop on highest current leg = 35 * [(210)/1000] * 0.41

e  Current load = 35 amps from step 3

e Distance factor = Distance/1000

e Distance = 200 feet so use 210 feet to account for slack

e Resistance of wire = 0.41 using value for #6 AWG

Voltage drop on highest current leg =3.01 VAC

e Voltage drop on neutral =0 VAC
e Total voltage drop =3.01 VAC + 0 VAC

Total Voltage drop =3.01 VAC
Does the voltage drop exceed the preferred maximum voltage drop?

e  Preferred maximum voltage drop = .03 * 120
e  Preferred % drop = 3% since this circuit is a branch circuit
e  Voltage of circuit = 120/240 volts for this DMS

Maximum preferred voltage drop =3.60 VAC

Since 3.01 is less than the maximum preferred voltage drop of 3.60, the #6 AWG wire size is adequate.

Alternative Energy Options

Solar

In remote rural areas, obtaining a service drop can be very expensive if there are no electrical utilities in the area.
For some low power ITS applications, solar power is an option. Factors include:

e Amount of power the system needs

e Percent of time the system is operating

e The amount of time the system must operate in the absence of any sunlight
e  The geographic location, which affects the amount of sunlight received

A solar power system is typically comprised of solar panels, a battery bank, cabling, and a power convertor/charging
system that converts power generated from the solar panel to storage, and then converts this battery power to the
connected operating loads. A solar power system such as this may be used as a stand-alone power source, or as a
supplement to installations where the electric power, from the utility company, is only available during part of the
day (such as the case with a highway lighting circuit which is collectively controlled based on a day-light sensor or
timer).

A solar power system may only be used in areas where sufficient sun light is generally available. Solar power
systems must therefore not be used for areas with less than three 8-hour sun lit periods per week. If the longitude
and latitude coordinates of the deployment site are known, related average insulation data can be acquired from the
NASA Surface Meteorology and Solar Energy (SSE) division (https://power.larc.nasa.gov/data-access-viewer/).
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To receive the maximum amount of sunlight each day and throughout the year, deployment sites in the Northern
Hemisphere must include solar panels oriented to face south. The inclination of the solar panel(s) should roughly
correspond to the latitude of related deployment site. As an example, the solar panels used near Philadelphia
(approximate latitude 39.9N) should be mounted at approximately 39.9 degrees from the azimuth, facing south.

The battery bank and the solar-panel assembly of a solar powered system must be of sufficient sizes to support full
operation of the connected loads for the time periods listed in Publication 408, Section 1200. If operating
requirements are not provided in Publication 408, Section 1200, the battery bank and solar panel assembly should be
sized to support full operations for a minimum of 24 hours for applications where daily maintenance service is
performed, and for a minimum of seven days for other conditions.

Due to the above sizing requirements, the use of a solar power system is generally limited to devices requiring 100
Watts or less to operate. Devices requiring higher wattage for brief periods may also be considered. In all cases,
credible solar panel and battery sizing calculations for power requirements, at all expected usage patterns, must be
provided by the system provider prior to acceptance of the design.

Devices which are potential/feasible candidates for solar power are:

e HAR beacons

e HAR Transmitters

e  Detectors

e Portable devices (HAR, Detectors, CMS)

e CCTV cameras (typically portable) that do not include a heater

Typical battery voltage used in ITS deployments is 12 Volts per unit; if higher voltages are needed, the simplest way
to achieve it is by connecting batteries in series. Where feasible, choose a voltage equal to a whole number
multiplied by 12 Volts (e.g., 12V, 24V, 36V, 48V, etc.) as the main operating voltage of the device enclosure.

Foliage grown over the solar panel reduces the amount of solar energy received by the solar panels. Foliage that
obstructs solar panels must be trimmed. Such trimming must be repeated at least once a year, especially in the
summer.

Energy-delivery performance of the batteries diminishes at extreme high and low temperatures and rapid
temperature swings. Ensure that explicit mechanical measures are provided to isolate the batteries from extreme
ambient temperatures.

Note that solar power should ONLY be used as a last resort; use it where points of service are extremely expensive,
or where there is no power available. Perform detailed calculations to determine the required load of the device and
the appropriate number of batteries. Obtain explicit approval from the Department prior to proceeding with a solar
installation. Solar installations shall also consider snow accumulations and will require a design that limits the
amount of snow in the panels and will require additional maintenance.

Batteries

ITS applications that utilize solar to generate power will require an array of batteries connected to the power
generation system to capture and store power for future use. The total number of batteries required for an individual
ITS application will vary depending on the power required to operate the ITS application, the number and type of
batteries utilized, the duration of time the ITS application will need to remain fully functional under 100% battery
power, the ambient temperature and battery correction factor, the age of the battery, and the depth and duration of
battery discharge cycles. When selecting and designing an ITS application that will require battery power storage,
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the designer should consider long term battery maintenance costs and life cycle replacement. The estimated life of a
typical 100A-hour battery will vary but, on average, it has been observed an average lifespan of three years. Trailers
use 6V batteries in a 12V array and static equipment uses 12V batteries in a 24V array.

Back-up Power

Frequent shutdowns and restarts of the electronic devices generally cause the electronic device to fail prematurely.
Intermittent device shutdowns are generally triggered by low power-supply voltage, which are often the result of
brief drops in supply voltage (brownouts) lasting seconds, and to lesser degrees complete power outage (blackouts)
lasting more than a few minutes.

An Uninterruptible Power Supply (UPS) is required as part of the ITS Enclosure specification in Publication 408,
Section 1201. The provision of a UPS is part of the power-supply arrangement to help bridge periods of short and
intermittent drops in power voltages. Most commercial UPS products also include other desired features such as
power conditioning. Power conditioning helps to filter out unwanted fluctuations in power quality and delivers
“clean” power to the connected loads.

The Publication 408 specification for UPS requires that the UPS be capable of powering all critical enclosure
equipment at 100% for a period of 30 minutes. UPS can also be used to bridge power outages at the site until
maintenance can be notified. To provide the appropriate UPS, coordinate with the District to determine the length of
time necessary for a UPS to power the device location. Consideration should be given to any ITS maintenance
contract response timeframes for system outages.

The following guidance must be followed when designing the UPS component of the power conditioning system:

e Isthe UPS only required for the purposes of “power conditioning”, keeping the controller and
communication interface in operation? If so, the Publication 408 UPS specification is adequate.

e  The Department may consider additional back-up power requirements for critical devices (e.g., along key
detour routes or tolling equipment).

Back-up Power Generators

Consider adding a provision for an ITS deployment to include the means of accepting power from a mobile
generator as an alternate, temporary power source. This provision usually involves the following:

e A twist-lock power receptacle behind a lockable window to accept the power cord from this alternate
power source

e A selector switch behind the lockable window that allows the choice between regular and alternate power
sources

e A notch at the lower edge of the lockable window to allow passage of the extension cord with the window
closed and locked

Utility Billing
In most ITS construction projects, the utilities are set-up in the contractor’s name since the ownership of the

device/system resides with the contractor until the project is complete. Once the 60-day Operational Test has been
conducted and accepted, ownership and billing will be transferred from the Contractor to the Department.

These utility subscription accounts must be transferred officially and properly to PennDOT when the period for
which the contractor is responsible expires. Such transfers may require official endorsement by the existing account
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holder, and therefore cannot be arranged by PennDOT, even though the latter may be more expedient. At this stage,
the contractor is usually most interested in receiving the related payment, so small outstanding contract scopes such
as transferring the account may be forgotten. Include submission of documented proof of official transfers (to
PennDOT) of subscription to power, communication, and other utility services as a payment condition for the
related contract phase. To ensure that the transfer of the utility subscription account is completed in an expedient
manner, documented proof of such transfers could be included as a payment condition for the related contract phase.

3.2 Communications

Design Considerations

Generally, the key design considerations for Center-to-Field (C2F) or Center-to-Center (C2C) communications
system for an ITS deployment are:

e  Determine the required bandwidth (in Kbps or Mbps)

e Determine the communication interval (real time vs. non-real time)

e Investigate what telecommunication options are available at/near the planned deployment site(s)

e Coordinate with the District to ensure that their requirements are being met

e When using 3™ party telecommunications options, the Department must perform all coordination to
establish the connection through the statewide contract. The District must coordinate with OA/OIT to
establish these connections

e Compare the related costs, benefits, redundancy, reliability, and security aspects of different
communications options. Select a suitable communication means based on the options available at the
deployment site.

e Incorporate the chosen communication means into the overall design.

e Communications routed through the public networks are acceptable only on a case-by-case basis. Any
connection using public networks must be coordinated through OA/OIT.

e Any new communication systems for ITS project requires a review to determine the communication type
preferred by PennDOT.

e To avoid technology obsolescence, routers for communication shall be procured through OA/OIT rather
than being bid as part of the construction contract. The construction contract will only include the
installation of these devices.

Traffic Signal Communications

Remote communication connection between traffic signal system(s) and any central location established with State
or Federal funds must use the Commonwealth communications network. Any traffic signal owner in Pennsylvania
can leverage the Commonwealth’s communications network for remote communication.

For projects funded with State or Federal Funds, PennDOT is responsible for assessing the needs for remote traffic
signal system communication with input from the signal owner. For other projects, signal owners are responsible for
assessing the needs for remote signal system communication with input from the PennDOT District during the
scoping meeting. Factors including traffic volume and congestion at the intersection/corridor and the importance of
the corridor to the region should be considered during the needs assessment. Once it is determined that a particular
traffic signal system requires remote access, the PennDOT District will inform the Arterial Operations Unit (BOO,
HSTOD) of the need for remote communication, which in turn will communicate the need to OA/OIT.
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The field network for traffic signal systems is typically maintained by the signal owner, and the remote
communication system (backhaul) will be operated and maintained by OA/OIT.

Types

Serial

Many older ITS devices utilize serial communications. Serial communications can be either uni- or bi-directional
and transmit one communication bit at a time. Some ITS devices utilize serial communications but can be connected
via an Ethernet cable when a serial to Ethernet converter is used. Detector cards in some traffic signal and ITS
enclosures utilize serial communications. ITS devices that utilize serial communications typically use
communication cables that include several different types of connectors including RS-232, RS-422, and RS-485.
The Department no longer utilizes this communication type.

Transmission Control Protocol (TCP)/Internet Protocol (IP)/User
Datagram Protocol (UDP)

All new ITS devices installed by PennDOT are connected to the statewide communications network using TCP/IP
communications. TCP/IP or Transmission Control Protocol/Internet Protocol is a series of communications
protocols used to connect devices on a network. TCP/IP governs how the data is exchanged. It also includes
information on how that data is to be broken up into smaller packets and how that data should be addressed,
transmitted, and routed through the network to its destination. Each ITS device on the network is then assigned a
specific IP address. A UDP device on the other hand is a communications protocol that is primarily used to establish
low-latency and loss-tolerating connections between applications on the internet. UDP speeds up transmissions by
enabling the transfer of data before an agreement is provided by the receiving party. TCP is a connection-oriented
protocol, whereas UDP is a connectionless protocol. A key difference between TCP and UDP is speed, as TCP is
comparatively slower than UDP.

Network Topology

Physical

The physical network layer, often referred to as Layer 1, includes physical network hardware (repeater, media
converter, etc.) and communications cables that have no knowledge of the data bytes or frames being transmitted.
Data in a Layer 1 network is transmitted to all hardware ports and across all communications cables.

Logistical

The Layer 2 and Layer 3 differences are mainly in the routing function. A Layer 2 switch works with Media Access
Control (MAC) addresses only and does not care about IP address or higher layers. A Layer 3 switch, or multilayer
switch, can do all the jobs of a Layer 2 switch and additional static routing and dynamic routing as well. Beyond the
physical network layer, more advanced networks utilize Layer 2 and Layer 3 technology. Layer 2, often referred to
as the data link layer, provides direct data transfer between two devices within a network. Layer 3, often referred to
as the network layer, includes the addition of network routing. The following sections are isolated instances of
common topologies; however, topologies are typically combined to develop the actual network. The designer shall
also consider potential leased communication services from internet providers and coordinate with PennDOT on
preferred alternatives.
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POINT TO POINT
Point to point is the simplest topology and is simply two points connected with a direct D_D

% A
connection. Point to point is of limited use in larger installations as it is non-redundant and only connects two points.

DAISY CHAIN

Daisy chain is a type of topology that involves chaining of point-to-point L;-I_Iz-l_l-;-l_l-;-l

networks to connect additional devices. In a daisy chained network, all devices except the end devices pass

communications along to the next device until the information gets to the intended recipient. Daisy chains are non-
redundant and simple. It can also form as a ring by connecting the first and the last devices.

MULTI-DROP
Multi-drop is like a daisy chain, except that all devices L—J

communicate on a common line. Multi-drop systems require a | | |

method to address collisions as multiple devices are attempting

L

to “talk” at the same time. Multi-drop has been used to connect devices but is not being used moving forward in
favor of topologies that support Ethernet — TCP/IP communications.

RING

Ring topology is like a daisy chain except the ends are connected back either through a loop
back or both ends being connected to a router. Rings are redundant; when a device or link is
disabled working devices are kept online. When a ring is “broken,” it becomes two daisy
chains. A ring is only redundant for a single failure. A second failure isolates devices
between the breaks.

MULTI-POINT/MESH -

A multi-point topology consists of devices that have multiple connections to many other

devices. Multi-point topology is common in newer wireless devices to allow redundancy

if a device becomes unavailable. Multi-point is the most redundant topology as each

connection has multiple redundant paths; however, it requires multiple connections to

each device and is impractical for field devices on fiber optic communications in an ITS =

system. =

STAR

A star topology consists of one central device being connected to multiple other devices by a ] L]

direct connection. A star is non-redundant; however, when an outage occurs, only devices on \é_
that leg of a star are affected. For systems, only one or two devices are placed on a leg of the I:I/E _I:I

star so that the impact is limited if an outage occurs. A star requires less cable as only one line
is required for outlying devices.

CLOUD

Using the “cloud” is not a topology in the same sense as the others discussed, but for the ITS
designer, it can be thought of in a similar manner. Using the cloud through either a wired or

wireless internet service provider allows communication back to the ATMS or another device {

D_
g

through the internet with a leased service for F2C Connections. Cloud based connections allow

for a connection where there is no existing owned infrastructure; however, it does place reliance
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on a third party to maintain the connection. In addition, there are recurring costs for the connection in the form of a
monthly service fee. Many connections are also limited in available bandwidth. It works well for small clusters of
isolated devices, or as a temporary connection.

The pros, cons, and typical applications by PennDOT of each topology reviewed is provided in Table 7.
TABLE 7: COMPARISON OF COMMON COMMUNICATION TOPOLOGIES

Topology Pros Cons PennDOT Example Uses

bandwidth issues

Point to Point  Simple No redundancy, only 2 Single isolated camera using
devices connected MPLS
Daisy Chain Simple No redundancy can have Traffic signals/ITS field

device networks

Multi-Drop

Allows for devices to be
offline without disabling the
network

Lower bandwidth, not
compatible with Ethernet

Traffic signals/ITS field
device networks

Redundant as one device
going offline allows
communication in the other

Rings are limited in size due
to spanning tree issues in
the deployment

ITS field device network or
an ITS backbone network

direction
Highly redundant

Multi-Point Requires lots of ports and Wireless Network

independent connections

Star Fairly simple No redundancy, but impacts  Field Hub to devices
of an outage are limited
Cloud Accommodates lack of Lower bandwidth than Cloud based systems/Future

owned communications
infrastructure

typical fiber connection,
monthly fee, reliant on ISP

Technologies

Copper

Although PennDOT does not typically install new copper communications for long range, twisted pair copper is still
used by PennDOT to communicate with some legacy devices in the field.

Fiber Optic Cable

All new trunk fiber optic communications installed by PennDOT are single-mode fiber optic cables. Single mode
fiber has a smaller core than multimode and is suitable for long haul installations. Single mode systems are generally
more expensive. Multimode fiber has a larger core and is recommended for fiber runs less than 1,300 feet. It is
typically used for traffic signals and found in older ITS systems. The designer shall always coordinate with
PennDOT to note requirements for fiber assignments. There are several locations in the field where PennDOT is still
using legacy multi-mode fiber optic communications. All PennDOT fiber optic cable assemblies for fiber optic cable
shall comply with USDA RUS CFR 1755.900 (Specification for Filled Fiber Optic Cables)
(https://www.govinfo.gov/content/pkg/CFR-2009-title7-voll 1/pdf/CFR-2009-title7-voll 1-sec1755-900.pdf). The
designer should refer to Publication 408, Section 1204 (ITS Communications) for PennDOT fiber optic cable

specifications.

Designer shall also consider the type of connector (LC, SC, or ST) to be used. LC was designed as a push-pull
connector that locks in place with a latch. While being faster and easier to operate is an advantage, the main draw of
LC is its small size. Being about half the size of other fiber optic connectors, LC can be used on devices that would
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otherwise have too little room to support a fiber optic connection. SC is arguably the most common type of fiber
optic connector used today. Designed to be simple to use and inexpensive to produce, SC uses a push-pull design
like LC, but utilizes a locking tab instead of a latch to secure the unit. The cost-effective design of SC makes it a
popular choice with industries that frequently use fiber cables, such as telecom and datacom. ST uses a locking
mechanism like coax connectors but is starting to see less and less use in favor of LC and SC. LC is the current
standard on all new field equipment for the Commonwealth.

For all fiber optic cable installations, refer to statewide PennDOT Fiber Details (Appendix C).

Ethernet

IEEE 802 Ethernet is a standard communications protocol, or set of rules, used for connecting devices in a Local
Area Network (LAN). Many ITS devices and infrastructure used in traffic signal and highway management systems
utilize Ethernet communications. These devices and equipment often include Ethernet ports and are connected using
Ethernet cables. Ethernet ports allows a direct connection to a device or piece of equipment without the need for a
protocol converter (e.g., serial to Ethernet). The maximum allowable transmission distance for Ethernet cables is
300 feet. A field hardened ethernet extender can be used to lengthen the maximum allowable transmission distance.
The designer should ensure all network equipment used is field-hardened when not installed in a climate-controlled
environment. Some devices might also be powered over ethernet (PoE) and shall be considered during the design.

Wireless

There are three main types of wireless radio systems: 900 MHz, 2.4 GHz, and 5 GHz. The 900 MHz radio system
works at a lower frequency and has a larger range and travels through surfaces more easily. In comparison, 2.4 GHz
systems are more reflective and tend to be affected more by bodies, foliage, or moisture that can attenuate the signal.
5 GHz systems provide less coverage than a 2.4 GHz system but transmits data at faster speeds.

UNLICENSED SPREAD-SPECTRUM RADIO

Spread-spectrum radio wireless communications are commonly used for ITS applications because they are often
cost effective when compared with wired communications. Radios using spread-spectrum wireless communications
do not require Federal Communications Commission (FCC) paperwork or licensing to deploy, which allows them to
be easily and quickly installed.

With spread-spectrum wireless communications, the designer must perform a site survey to examine the line of sight
between each radio pair. If the site survey is done in the winter, conditions are liable to change in the spring when
foliage returns to trees. The designer should be careful to consider things that are likely to change in the future, like
annual growth of trees and/or places where new buildings or infrastructure could be built in the line of site between
radios. One additional consideration for spread spectrum wireless communications is Radio Frequency Interference
(RFT). As the number of wireless devices exponentially increases over time, the area in which the wireless devices
are installed may be competing with various other sources of ’noise” that will diminish the communication
capabilities.

LICENSED WIRELESS RADIO

In some scenarios, the RFI in an area may be so severe that licensed wireless radio communications are required in
lieu of standard spread-spectrum radios. Licensed wireless communications are generally reserved for use on
backhaul links, over long-distance, or on communications links that require a large amount of bandwidth. The
advantage of a licensed wireless radio is that for the frequency (or frequencies) used, the spectrum must be licensed
for a limited use in the area in which the device will be operating. This prevents other wireless radios from operating
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on the same frequency and limits the amount of RFI. Licensed wireless communications are part of an evolving field
with multiple competing technologies. ITS devices currently used by PennDOT that qualify as licensed wireless
radios include Dedicated Short-Range Communications (DSRC) and tolling antennas. If either of these devices are
proposed on a project, the designer will need to follow the FCC Part 90 filing process (47 CFR Part 90 — Land
Mobile Radio Service (https://www.ecfr.gov/current/title-47/chapter-1/subchapter-D/part-90)).

24 GHZ WIRELESS RADIO

In areas that do not require long distances but require higher bandwidths and constant latency, a 24 GHz radio can

be considered. These devices are capable at longer distances and allow for multiple radios to reach field devices due
to higher bandwidths. The 24 GHz band is much less prone to interference compared to 2.4 GHz or 5.8 GHz bands

Cellular

In many places, especially in rural areas, point-to-point wireless communications infrastructure may not be feasible.
In these situations, cellular communications may be utilized to provide connectivity to ITS devices without having
to deploy an extensive communications network. Current cellular technology relies mostly on Evolution-Data
Optimized (EVDO), High Speed Packet Access (HSPA), Evolved High Speed Packet Access (HSPA+), and Long-
Term Evolution (LTE) technologies to deliver download speeds of up to 50 Megabits per second (Mbps) and upload
speeds up to 20 Mbps. Cellular coverage may not be available in some areas and will vary by cellular carrier.
Another possible limitation to cellular communications is data usage caps set in place by carriers, which can limit
applications that can use cellular communications technology (e.g., video streaming, large data drops, etc.). Cellular
devices are approved for traffic signal, HAR, and CMS applications. All exceptions should be discussed with
OA/OIT.

3.3 Conduit and Junction Boxes

Conduit

Types

PennDOT utilizes several different conduit types and sizes for ITS related applications. The type and size of conduit
is dependent on the specific location and case for which the conduit will be installed. The following list includes
different types of conduits used by PennDOT:

e Rigid Steel Conduit

e Fiberglass Reinforced Epoxy (FRE) Conduit
e  Polyvinyl Chloride (PVC) Conduit

e High-Density Polyethylene (HDPE) Conduit
e  Multi-Duct Conduit

e UV Rated Fiberglass Conduit

For underground applications, Schedule 40 PVC satisfies the specifications. For above ground (i.e., exposed) or
concrete encased, PennDOT utilizes a rigid steel conduit as the standard. PennDOT utilizes conduit sleeves (rigid
steel) for application that are jacked, augured, or bored beneath a roadway. The designer must coordinate with the
District Bridge Unit when conduit will be attached to an existing or proposed bridge structure.

The designer should review the individual specifications and dimensions for each conduit type to make sure it meets
the requirements of the application and the cables that will be installed inside it. For conduit under railroad, the
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designer should use conduit as specified by the railroad authority. Power and communication cables should be
installed in separate conduits except in extreme or unique circumstances. In these circumstances and with PennDOT
approval, power and communication cables may be combined. No conductors besides power company conductors
are allowed on the power company side of the service equipment. Any conduit crossing a railroad will also require
coordination with the District and the railroad company. Designer must follow procedures outlined in the
Underground Utility Line Protection Law (PA One Call Law).

Fill Ratio

Per the NEC, for conduits with three or more conductors, the total cross-sectional area of all enclosed wires must be
less than 40% of the actual cross-sectional area of the conduit. Therefore, the maximum conduit fill ratio for all
PennDOT power and communications conduit should not exceed 40% of the cross-sectional area of the conduit. A
sample conduit fill calculation is provided in Table 8 for determining the conduit diameter by type (rigid steel
conduit or PVC) based on the total number of wires of each type to be included in a conduit. The maximum fill
requirements are primarily driven by NEC standards and the need to provide a means of dissipating the heat
produced by power cables inside a conduit.

TABLE 8: EXAMPLE CONDUIT FILL CALCULATIONS

Total # of Type of Wire/Cable Wire/Cable Total Cross-
Wires/Cables Wire/Cable Diameter Cross-Sectional Sectional Area
(inches) Area (sq. in) (sq. in)
16 2/C No. 14 0.36 0.10174 1.6278
3/C No. 8 0.67 0.35239
3/C No. 20 0.30 0.07065
3/C No. 12 0.46 0.16611
1 3/C No. 14 0.40 0.12560 0.1256
4/C No. 14 0.45 0.15896
4/C No. 18 0.33 0.08549
5/C No. 12 0.59 0.27339
5/C No. 14 0.48 0.18095
2 6/C No. 14 0.53 0.22051 0.4410
12/C No. 12 0.79 0.48992
12/C No. 14 0.71 0.39572
6PR No. 19 0.55 0.23746
FO cable 0.91 0.65037
Microfiber 0.26 0.05309
Cat 6 0.27 0.05725
No. 3/0 0.67 0.35239
No. 2/0 0.59 0.27326
No. 1/0 0.55 0.23746
No. 1 0.51 0.20418
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Total # of Type of Wire/Cable Wire/Cable Total Cross-
Wires/Cables Wire/Cable Diameter Cross-Sectional Sectional Area
(inches) Area (sq. in) (sq. in)
No. 2 0.43 0.14515
No. 4 0.35 0.09616
No. 6 0.30 0.07065
No. 6 Bare 0.16 0.02010
No. 8 0.28 0.06154
No. 10 0.20 0.03140
Total 2.1944

Minimum rigid steel conduit size = 3.0” diameter / Minimum PVC conduit size = 3.0" diameter

Dimensions

For new underground construction, Schedule 40 PVC should be used. Although 4-inch conduit can be used,
PennDOT typically uses a maximum conduit size of 3 inches. If 3-inch conduit is not large enough for the power or
communications cables, additional conduits may be utilized. The standard conduit size used for power cables is 2-
inch PVC. For aboveground conduit connecting underground conduit to a pole cabinet, schedule 40 PVC should be
transitioned to rigid steel conduit (with appropriate expansion fittings and risers). In all cases, contact the District for
specific requirements for the project because some installations may require microduct to be installed (also See High
Density Polyethylene Pipe for areas with limited access to right of way). For all conduit related to fiber installations
refer to the statewide PennDOT Fiber Details (Appendix C).

TABLE 9: TYPICAL CONDUIT DIMENSION FOR POLYVINYL CHLORIDE (PVC) CONDUIT

< [o[S < ade Did 21€E Dld Aleéd . 409%0 Area .

1/2 0.60 0.28 0.11
3/4 0.80 0.50 0.20
1 1.03 0.83 0.33
1-1/2 1.59 1.98 0.79
2 2.04 3.27 1.31
2-1/2 2.44 4.67 1.87
3 3.03 7.21 2.88
4 3.99 12.50 5.00
5 5.01 19.70 7.88

TABLE 10: TYPICAL CONDUIT DIME NSION FOR RIGID STEEL CONDUIT

< [o[S < ade Did 21E Dld Aléd . 409%0 Area .

1/2 0.632 0.314 0.125
3/4 0.836 0.549 0.219
1 1.063 0.887 0.355
1-1/2 1.624 2.070 0.828
2 2.083 3.406 1.362
2-1/2 2.489 4.863 1.945
3 3.090 7.495 2.998
4 4.050 12.876 5.150
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IE 5.073 20.202 8.081 |

TABLE 11: TYPICAL CONDUIT DIMENSION FOR HIGH DENSITY POLYETHYLENE PIPE (HDPE) CONDUIT

Trade Size (in) Inside Diameter (in) Total Area (sq. in) 40% Area (sq. in)

1/2 0.59 0.273259 0.109303

3/4 0.73 0.418327 0.167331

1 0.92 0.664424 0.26577

2 1.66 2.163146 0.865258

3 2.44 4.673576 1.86943

4 3.14 7.739786 3.095914

5 3.88 11.817704 4.7270816

Structure Mounted

There are many situations which require installing power or communications conduit on existing bridge structures.
In these situations, coordination with the District Bridge Unit is required. The designer needs to consider the
appropriate number of expansion and deflection fittings required to accommodate the expansion and contraction
rates of both the conduit and bridge. Longer structures may need locking expansion joints instead of slip joints. An
adequate number of hanger brackets must be included to ensure maximum allowable conduit deflection rates are not
exceeded. For structure mounted details and preferences, the designer should coordinate with the District. Power and
communications conduit/cable should be installed within the bridge barrier or beneath the bridge, per design
standards, in new structures.

Boring

The designer should identify on the plans all locations where directional boring will be required to place the conduit,
including below roadways (include sleeve if under live traffic), ponds, slope paving, and storm sewer. All bores
under roadways must follow Publication 408 specifications and should not interfere with existing infrastructure such
as storm sewer pipes or gas mains. The bore depth, if non-standard, should be called out on the plan sheets if this
will be required at a particular location. Directional boring is preferred due to its cost-effectiveness over trenching.

Innerduct

Innerduct is not typically used by PennDOT for ITS applications, although PennDOT may use innerduct when
installing communication cables within rigid steel conduits such as beneath railroads or on/within bridges.

Pull Tape

Pull tape should be specified in the plans whenever it is to be included with the conduit installation. Pull tape should
also be included with the conduit installation when PennDOT is to install the communications cable after contractor
installation of the conduit or when the electric service provider will install the power conductors after contractor
installation of the conduit. Pull tape should be called out in the plan as flat nylon, as rope tends to cut into non-
metallic conduit.

Warning Tape/Tracer Wire

Metallic warning tape shall be included with all conduit installations containing fiber optic cables, except for bored
conduits. Warning tape should be at least 3 inches wide, stretchable, orange in color, and bear a permanent legend to
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warn about PennDOT cable. The designer should include a tracer wire in the conduit whenever an empty non-
metallic conduit will be used for future purposes, or the conduit contains only fiber optic cable so that it can be
easily located.

Delineators

Installation of delineators is required at each power and communication junction boxes. Refer to Publication 647,
Civil and Structural Standards for Intelligent Transportation Systems, and Publication 408 Section 1200.

Future Needs

When designing conduit for ITS applications, the designer should consider the need to install additional power or
communications cables in the future. If future power or communications cables will likely be needed, additional
space should be provided in the conduit to accommodate these additional cables without exceeding the maximum
conduit fill ratio. If the future cables to be installed exceed the maximum fill capacity of the conduit, a larger size
conduit should be used.

Junction Boxes

PennDOT utilizes different types of junction boxes (JB) for ITS deployments. There are different JBs for different
applications that are based on expected loads, location (in-road, in-shoulder, on-structure), and type of cable. For
example, JB-1 and JB-2 junction boxes should be installed in locations subject to loads no heavier than pedestrian
traffic, and JB-11 and JB-12 junction boxes should be installed in shoulders and other locations subject to vehicular
loads. Installation across a structure would utilize a JB-25 which would need to be modified at fiber splicing
locations. Refer to these standards for JB details:

e  Publication 647, Civil and Structural Standards for ITS
e  PennDOT Fiber Details (Appendix C)

Standard junction boxes are typically modified for ITS use to include standard labels on the lid. Select junction
boxes based on location, application, slack, and type of cable being accessed (bend radius). Designer should also be
aware of construction sequencing when selecting junction boxes to avoid potential constructability issues and/or
change orders.

e Ifjunction boxes are subject to live traffic during construction when the final condition is not subject to
traffic (e.g., temporary road).

e Standard junction boxes cannot be raised and lowered, but a standard utility hole can be raised and lowered.
Consider the use of a utility hole when construction staging places live traffic over a junction box prior to
final paving.

Junction boxes perform several important functions, they:

e Provide drainage for the conduit system to prevent freezing water from damaging the conduit and/or cables
e  Provide a location for bending the conduit run without damaging the cables

e Provide a junction for conduits coming from different directions

e Facilitate pulling cables over long distances

e Provide access to the system for maintenance

Refer to Publication 408, Section 1204 — ITS Communications and the statewide PennDOT Fiber Details
(Appendix C) for junction box spacing. In general, for non-fiber optic cable runs, junction box spacing used
by
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PennDOT is in the range of 300-500 feet. Junction box spacing for fiber optic backbone is in the range of 700-1,100
feet and 250-500 feet for lateral placement. The designer may use their judgment for final spacing determination but
should refer to the District for guidance specific to each project. When locating conduit runs and junction boxes, the
designer should consider the total number of conduits entering and exiting the junction box. Whenever possible, the
designer should make sure that no more than six conduits enter/exit an individual junction box as it becomes
increasingly challenging to maintain and reduces the likelihood the junction box could be used to connect a new
conduit as part of a future project. Junction boxes should not be in wet areas (e.g., ditch bottoms).

3.4 Equipment Enclosures

General

All equipment enclosures must be provided per National Electrical Manufacturers Association (NEMA) standards.
Size the enclosure to accommodate the equipment to be installed inside. In addition, the enclosure’s size should
account for ease of access to the equipment and the ability to achieve proper ventilation. The placement of devices
in the enclosure must be consistent throughout a project. If a specific enclosure orientation or door swing is required,
this can be shown in the plans. All enclosures need to be placed in the safest possible location, generally along the
right shoulder of the road. The cabinet itself should be oriented so that the maintainer is facing the roadway while
performing maintenance. When it comes to designing the enclosure, there is no “standard” size. There is a wide
variety of component manufacturers to choose from, and this will usually impact the enclosure interior space
requirements. In some cases, co-located ITS devices may also share the same enclosure. This will further influence
the design of the enclosure size. Standard Specifications for an ITS enclosure can be found in Publication 408,
Section 1200.

Ambient Temperatures

Generally, the operating ambient temperature range shall be from -40°F to +167°F and the storage temperature
range shall be from —40°F to +185°F, during which the relative humidity shall not exceed 95 percent. Refer to
Publication 408, Section 1200 for environmental requirements for each ITS device, component, and enclosure. All
devices should be field hardened. Field hardened devices are designed to operate under harsh environmental
conditions.

Ethernet Switches

Ethernet switches are used in wired and wireless networks to connect devices located on that network. PennDOT
uses field hardened Ethernet switches in ITS and traffic signal enclosures to connect one or more IP addressable
devices located inside or connected to the cabinet. A field hardened Ethernet switch is designed to withstand the
extreme weather conditions often found in unconditioned environments, like that of an ITS or traffic signal
enclosure. The number of small form-factor pluggable (SFP) points in the fiber optic ethernet transport depends on
the number of pigtails being terminated (i.e., whether daisy-chaining method being used). Switches can be either
field edge switches or hub cabinet switches. The designer should contact the District to determine the best type of
switches for the design.

Remote Power Switch

The purpose of a remote power switch is to provide a remotely accessible web interface that can be used to remotely
reboot or power cycle the ITS device. In certain scenarios, rebooting an ITS device that is malfunctioning or that is
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locked-up may restore functionality to the device. By remotely resolving the issue, the user can reduce maintenance
costs and the staff time required for site visits and field maintenance. Remote power switches are standard in all
PennDOT ITS deployments.

Mounting Type and Maintainer Pad

Based the location of the enclosure related to safety of the motorist, visibility of roadside devices, and safe access by
maintenance staff, ITS field enclosures can be base mounted on a concrete pad, structure mounted, or pole mounted.
A leveled concrete pad should be provided at the front of the enclosure for the maintenance worker to stand on while
accessing the enclosure. Additionally, a maintainer pad should be designed with consideration of maintenance at
access points to the enclosure and the hand hole. Where possible, there should be adequate and safe parking
conditions present for parking of a maintenance vehicle in the vicinity of the enclosure. Where this is not possible,
locate the camera where it is accessible by on-foot maintenance personnel. Do not place cabinets in flood prone
areas. Consider safety features such as service slabs and railings for cabinets placed on slopes steeper than 1:2. For
additional guidance, refer to Publication 647, Civil and Structural Standards for Intelligent Transportation Systems.

3.5 Supporting Infrastructure

Sign Structures, Poles, and Posts

When a proposed CMS will be installed on a sign structure, the design may include either a new sign structure or the
modification of an existing sign structure. If modifying an existing sign structure, a structural analysis and design
will be required, and the designer will need to coordinate with the District Bridge Unit to incorporate all necessary
structural components. Refer to Publication 15M (DM Part 4 — Structures) for additional details related to sign
structures. For all structural steel components, the designer must take fabrication lead times into consideration.
Typical structural steel lead times vary but may exceed 26 weeks. If a project is on an accelerated schedule, the
designer should consider whether PennDOT should furnish the structural steel components independently and
provide them to the contractor for installation.

The designer will also need to consider whether a Federal Aviation Administration (FAA) airspace review (FAA
Form 7460-1 Notice of Proposed Construction or Alteration) filing will need to be completed for proposed ITS
structures. The requirements for filing with the FAA for proposed structures vary based on several factors including
height, proximity to an airport, location, and frequencies emitted from the structure. The FAA provides a Notice
Criteria Tool that may be utilized by the designer to receive a preliminary determination from the FAA as to whether
an FAA airspace review is required for the proposed structure. See the following link:
https://oecaaa.faa.gov/oeaaa/external/gisTools/gisAction.jsp?action=showNoNoticeRequired ToolForm

The airspace review submittal to the FAA should be filed with adequate lead time prior to the final submittal date. It
is desirable to obtain preliminary determinations from the FAA as soon as device locations are determined. The
designer is required to have an account set up with the FAA airspace review website to file with the FAA and is also
required to input relevant client/sponsor contact information into the airspace review database. One can register as a
new user and manage air space review cases through the FAA website at the following link:
https://oeaaa.faa.gov/oeaaa/external/userMgmt/permissionAction.jsp?action=showLoginForm

Depending on the specific situation, it may also be warranted for a separate FAA airspace review to be filed for
construction equipment that will be utilized to install the proposed permanent structure.
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Foundations

Most new ITS device installations will require a foundation to be installed for the pole or sign structure that the ITS
device will be mounted on. The designer will need to consider whether a standard PennDOT foundation design will
be adequate for the ITS application or if a special design is required.

For a new CMS sign structure, there are two standard footing design types: a spread footing and a caisson. When the
CMS and sign structure installation is part of a roadway reconstruction project, a spread footing is typically used. If
the CMS and sign structure installation is over an existing roadway, a caisson is typically used. All new sign
structures will require that a soil boring be performed at each foundation location to determine whether the standard
design is adequate. It should be noted that the soil boring location typically be within 10 feet of the foundation;
therefore, locations must be approved prior to obtaining a soil boring. Poles required for detection and video
cameras typically utilize a standard foundation and do not require a soil boring. In areas with unique or poor-quality
soil conditions, a special foundation design may be required.

Guide Rail and Barrier

When a new sign structure or non-breakaway support is required for an ITS device installation, guide rail will be
required to protect the structure from one or both directions. Coordination with the District Safety Engineer may be
required to determine the appropriate recommendation. Refer to Publication 13M (DM Part 2 — Highway Design)
for guide rail and barrier requirements.

Pull-off Area and Grading

There are a variety of situations where roadway design and related quantities need to be provided in the plans. A few
examples include:

e Fill in an area for an ITS or enclosure so it does not end up in a wet area.

e ITS devices such as cameras or detector poles within the clear zone area.

e Creating a level work area so a ladder can be safely used by workers to service the ITS devices.

e  Pull-off area that is level and located farther away from the active traffic lanes to provide a safer area to
park work vehicles including bucket trucks.

e Erosion control measures need to be considered when work is adjacent to rivers, wetlands, and other
environmentally sensitive areas. Depending on the level of impacts, the plans may require erosion control
details.

The designer needs to include the appropriate pay items and quantities in the plans to allow for these features to be
constructed when required.

3.6 Device Design

Closed Circuit Television Camera

System Purpose

Current video camera technology allows for a field of view of one to two miles in each direction if the camera
mounting, topography, road configuration, and weather are ideal. In urbanized areas, camera placement may need
allow for continuous coverage, but in rural areas camera placement may be placed at interchanges/intersection or
congested areas (i.c., bottleneck). The primary function of the CCTV camera is to provide surveillance of the
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transportation system and enhance situational awareness. CCTVs enable the Department to perform monitoring,
detection, verification, and response activities either manually or utilizing analytics. Applications for CCTV cameras
include:

e Detecting and verifying incidents

e  Monitoring traffic conditions

e  Monitoring incident response and clearance

e  Monitor work zone operations and temporary traffic control

e  Verifying messages on CMSs

e  Assisting emergency responders

e  Monitoring environmental conditions (visibility distance, wet pavements, etc.)
e  Monitoring assets (Homeland Security)

To maximize the effectiveness of a CCTV camera to maintain driver safety, the camera type and location must be
carefully considered when deploying a CCTV camera. First, the operational requirements of the camera must be
considered. This will determine the camera type and the general camera location required to achieve system
requirements. Table 12 lists relevant standards and requirements related to CCTV deployments.

TABLE 12: CCTV STANDARDS

Criteria Relevant Standard
Camera Type e  Publication 408, Section 1210 - Closed Circuit Television Camera
e NTCIP 1205
Publication 408, Section 1202 - ATMS ITS Device Integration
Publication 408, Section 1204 - ITS Communications

e American Association of State Highway and Transportation Officials (AASHTO)

Communication
and Software

Structure e  Publication 647 - Civil and Structural Standard Drawings, ITS-40
Enc] e NEMA standards
nclosure o  Publication 408, Section 1201 - ITS Devices - General

Design Considerations

The guidance provided in this publication should be followed when designing new CCTV cameras. There will be
instances where all the criteria in these guidelines cannot be met. Justification for deciding to go through with an
installation, despite not being able to meet all criteria, should be detailed in the SER by the designer. Table 13
provides an overview of the design considerations for CCTV camara deployments.

TABLE 13: CCTV CAMERA DESIGN GUIDANCE

Detection Purpose

e Is this deployment consistent with needs outlined in the SER?
e Is this deployment consistent with the ITS architecture?

Location/ Placement Guidelines

e Has the camera location been chosen/designed with consideration to maximizing visibility?

o Has a site for the camera been chosen that considers the available utilities and the cost/constraints
associated with connection to those utilities?

e Has the site been chosen with consideration to protecting the camera structure and ensuring that it
can be maintained with standard maintenance practices at the structure and surrounding site?

¢ Has a site been chosen that makes the best use of the operational needs of a CCTV camera system
(e.g., Incident Management)?

e Has a site been chosen that considers maintenance?

CCTV Type

e Isthe camera type appropriate for the desired location?
o Does the District require the camera to be compatible with a legacy analog system?

Lo TSMO v

= (=3



TSMO Guidebook, Part II: Design
September 2023

Mounting Structure

e Has Publication 647, ITS-40, ITS-43, ITS-44, ITS-45 been followed in the design of the
mount/structure?

Is an enclosure required at this location?
Has the enclosure placement considered future camera relocation?

Is the enclosure located within 150 feet of the camera?

Is the enclosure mounted on the camera pole or on an existing structure (where possible)?
Has a site been chosen that considers maintenance?

Power Requirements

e Have the power requirements for the camera and all the system components been determined?

Power Availability

Has an appropriate power source been located and confirmed with the utility company within a
reasonable distance from the camera site?

Have Step-Up/Step-Down requirement calculations been performed?
Have the metering options been determined?

Power Conditioning

e Have the UPS and power back-up options been determined and accounted for?

Communication

e Have the communication requirements for the camera been determined?

e Has an appropriate communication infrastructure been located and confirmed within a reasonable
proximity to the site?

e If there are multiple communication options, have the pros/cons been studied?

o If using public communications infrastructure, has service been coordinated with OA/OIT and the
District?

e Have all the necessary environmental, community, and cultural impact studies, processes and
concerns been addressed?

Site Location Guidance

CCTYV camera locations should be determined based on the operational and maintenance requirements. The desired
coverage should be the primary design consideration when determining the camera location; however, local
topography may also impact design. CCTV camera locations should provide a clear line of sight with minimal
obstructions between the viewing area and the camera. When possible, utilize a camera equipped van or bucket truck
to validate CCTV camera placements prior to installation. Table 14 provides camera site selection and placement
guidelines.

TABLE 14: CAMERA SITE SELECTION AND PLACEMENT GUIDELINES

Criteria Guidance

e Cameras in low light conditions, such as tunnels, should be located so that the
main view is away from bright light.

e Near horizontal curves, install on outside of curve.

e Near vertical curves, install at the crest.

e At the intersection of two major routes or an interchange, place camera so that
secondary roads can also be monitored.

¢ The blind spot created from the pole should be oriented at a location non-critical
to viewing.

e Consider proximity to power and communications.

o If fiber optic communication is available, place the camera on the same side of
the roadway to eliminate lateral crossings (this is secondary to visibility
guidance).

Visibility

Utility Availability
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Criteria Guidance

e  Protect CCTV pole with guide rail inside the clear zone and consider lateral
deflection and maintenance vehicle access.

Safety and Device e Medians are not the preferred location, but wide medians may be considered if

Protection suitable roadside locations are not available.

e To reduce site erosion, reduce construction costs, and provide longer pole life,
avoid locating on sections that have a fill slope of greater than 1V:3H.

Install at locations with recurring congestion and other high-volume areas.
Install at locations known to have adverse weather conditions.

Install at locations with recurring crashes.

If possible, position cameras to view nearby CMS for message verification.
Operational Large interchanges of two major freeways may require more than one camera to
Considerations obtain all desired views of roadways and ramps.

e Avoid mounting a CCTV camera onto a bridge structure due to the potential of
vibrations affecting the image. Camera manufacturers do have dampening
systems which may be considered but must be specified in the contract
documents.

Maintenance
Considerations

o Refer to Chapter 4 - Maintenance Considerations

In urban areas, corridor wide camera coverage is considered full build. Full camera coverage of a roadway results in
CCTYV camera placement so that an operator can view and monitor the entire corridor, with no blind spots. Full build
is warranted on certain roadways in urban areas, given the high usage of the roadway. To provide full and
continuous coverage of a roadway (subject to the operational requirements), cameras should be placed no more than
one mile apart depending upon the curvature of the roadway.

In rural areas, corridor wide camera coverage is typically not necessary. CCTV camera coverage is typically
preferred at interchanges of limited access roadways (interstate-to-interstate or interstate-to-major limited access) or
at interchanges with highly traveled arterials. Other considerations besides high traffic volumes may be justification
for full camera coverage in rural areas. Full camera coverage may be implemented on a case-by-case basis where
coverage could be useful, such as a segment that experiences regular regional events, high winds, or extreme
weather events.

Urban and rural areas are established through the US Census and planning organizations within the Commonwealth.
The BPR provides the following:

e Urban Area: Urban places of 5,000 or more population and designated by the Bureau of Census
e Small Urban Area: Places having a population of 5,000 or more, not in an urbanized area
e Rural: The area outside the boundaries of small urban & urbanized areas.

Roadway designations can be found at BPR’s website here:
https://www.penndot.pa.gov/ProjectAndPrograms/Planning/TrafficInformation/Pages/default.aspx

Types of Cameras

Most of the necessary CCTV camera features are standard with the common commercial products. A camera should
meet Publication 408, Section 1210 — Closed Circuit Television Camera specifications. The standard camera
includes a pan/tilt/zoom (PTZ) subsystem, providing STMC/RTMC/TMC Operators the functionality of panning the
camera a full 360-degrees and adjusting the tilt up or down 180-degrees. Together with a zoom lens, PTZ allows
operators to view a scene within any direction within the lens field-of-view and distance ranges. The PTZ subsystem
allows for preset positions or can be moved manually by an Operator.
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Publication 408, Section 1210, specifies a dome style camera that transmits video in IP video format only. The need
to deploy analog cameras may be necessary due to legacy infrastructure. The designer should coordinate with the
Department on the type of camera. Currently, some Districts have developed specifications for deployment of other
types of cameras (e.g., top mount).

Mounting Type

The overriding factor in determining a CCTV camera location is the site’s fitness for performing the operational role
that it is designed for. If all other factors are equal, the ITS designer may possibly have more than one option on the
type of camera mount to design. The three possible choices are:

e Pole-mounted

e  Existing sign structure (requires coordination with the District Bridge Unit)
e  Traffic signal support

e Inside a Tunnel or on a Wall

The most prevalent structure for CCTV cameras is a hollow steel pole. The practice of installing pole mounted
CCTYV cameras in combination with Camera Lowering Device (CLD) is preferred for all CCTV installations, but
there are situations that may not warrant a CLD. The inclusion of a CLD will increase the overall cost of the system
but allows for easier access to the camera; in many cases eliminating the need to use a bucket truck or similar
vehicle for maintenance and reduce the need for lane closures. For a pole mounted cabinet, do not place the cabinet
on the same side as the hand hole for a camera lowering tool or under the camera to be lowered. Standard
Specifications for a CCTV CLD can be found in Publication 408, Section 1210 - Closed Circuit Television Camera.

Enclosure Placement

When the CCTV camera system includes devices that will be designed, constructed, and maintained, as Department-
owned assets, the enclosure and its associated components must be included in the design process. Design criteria
for a suitable ITS enclosure location includes the following:

e  When possible, the enclosure for the CCTV controller should be pole mounted on the CCTV pole or
existing structures to maximize cost savings.

e In locations where the pole is difficult to access, the enclosure may be ground-mounted at a more
convenient location with easier access, such as adjacent to a frontage road.

o The enclosure is to be placed in the safest possible location, generally along the right shoulder.

o A ground-mounted enclosure should be located at a minimum distance from the barrier, based on the
design and type of barrier used. See standard drawings for placement of enclosure behind a barrier.

o The enclosure should be oriented so that the maintainer is facing the roadway, while performing
maintenance at the cabinet location.

o The enclosure should be located less than 100 feet from the camera, but no more than 300 feet based
on restrictions of the communications cable. If greater than 100 feet, equalizing amplifiers for video
should be provided.

e See manufacturer’s specifications to determine the maximum distance between the enclosure and the field
device it services.

When it comes to designing the enclosure, there is no standard size. There is a wide variety of component
manufacturers to choose from and this will usually impact the enclosure interior space requirements. In some case,
co-located ITS devices may also share the same enclosure. This will further influence the design of the enclosure
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size. Standard Specifications for an ITS enclosure can be found in Publication 408, Section 1201 — ITS Devices -
General.

Changeable Message Signs

System Purpose

The primary function of the CMS is to provide traveler information. The nature of this information is varied, but the
goal is to disseminate roadway condition information to travelers so that they can make informed decisions
regarding their intended trip and/or route. A CMS must be utilized in accordance with Department policy, refer to
Publication 200, Changeable Message Sign (CMS) Operating Standards. Typical CMS uses include notifying
travelers of:

e Road closure

e Impacts to traffic (Incident, Maintenance/Construction, Events, etc.)

e  Weather or road conditions

e AMBER Alert

e Special events

e Travel times (Automated, Real-time)

e  Future road work or impacts to traffic

e  Scheduled Safety Messages (Formerly Public Service Announcements)
e  Sign testing

e  Supplemental warning and regulatory signing

To maximize the effectiveness of a CMS and to improve driver safety, the sign type, placement, and the supporting
structure must all be carefully considered when designing and deploying a new sign. First, the operational
requirements of what purpose the sign will satisfy must be considered. This will determine the general location and
the type of sign. These operational requirements and the location will determine the required support structure.
Table 15 lists relevant standards and requirements related to CMS deployments.

TABLE 15: CMS STANDARDS

Criteria REEEN S ELET

e Manual on Uniform Traffic Control Devices (MUTCD), See Section 2L. Changeable
Sign Type Message Signs
e  Publication 408, Section 1230 - Changeable Message Signs

e NTCIP 1203
e  Publication 408, Section 1202 - ATMS ITS Device Integration
e Publication 408, Section 1204 - ITS Communications

e AASHTO
Structure e Publication 647 - Civil and Structural Standard Drawings for ITS, ITS-60 & ITS-61
e  Publication 218M - Standards for Bridge Design, BD-649M & BD-650M

e NEMA standards
Enclosure e Publication 408, Section 1201 - ITS Devices - General
e  Publication 408, Section 1230 - Changeable Message Signs

Communication
and Software

Design Considerations

The criteria contained in this publication should be followed when designing a CMS system. There will be instances
when the criteria in these guidelines cannot be met. Justification for the installation, despite not being able to meet
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all the criteria, should be detailed by the designer. The goal of this process is to provide practitioners with guidance
as well as providing the Department consistency with respect to CMS installations. Table 16 provides an overview
of the design considerations for CMS deployments.

TABLE 16: CMS DESIGN GUIDANCE

Pre-Design Planning

e Is this deployment consistent with the needs outlined in the SER?
o Isthis deployment consistent with the ITS architecture?

Longitudinal Placement

e Isthe CMS visible and not obscured?
e Isthe CMS placed sufficiently in advance of any interchanges that would be used for diversions?
e Isthe CMS properly spaced away from existing or proposed guide signs?

Lateral Placement

e Isthe CMS structure located beyond the clear zone or protected by a suitable safety barrier?
¢ Has the lateral offset of the CMS been accounted-for when calculating the length of the Reading and
Decision Zone?
Vertical Placement

e Isthe approaching segment of roadway relatively flat (between 0-4% vertical grade)?

Sign Matrix Type
e Has a sign matrix type been chosen that is consistent with the visibility and message requirements of
the roadway being deployed on?
Sign Viewing Angle

e Has a sign viewing angle been chosen that complements the roadway alignment and structure?

Sign Access

e Are there any traffic, environmental, or safety factors that warrant a specific type of sign access?

Structure

e Have visibility, road speed/volume, right-of-way, and maintenance/cost issues all been considered
when selecting a type of sign structure?
o Isthere sufficient vertical clearance for the sign and the structure?

e Isthe enclosure located within a reasonable distance of the sign?

e Is the sign face visible from the enclosure location?

e Does the location and orientation provide adequate protection for the enclosure?
e Has a site been chosen that considers maintenance?

Power Requirements

Power Availability
Has an appropriate power source been located and confirmed with the utility company within a
reasonable distance from the CMS site?

Have Step-Up/Step-Down requirement calculations been performed?
Have the metering options been determined?
Power Conditioning

e Have the UPS and power back-up requirements been determined and accounted for?

Communication

e Have the communication requirements for the CMS been determined?

e Has an appropriate communication infrastructure been located and confirmed within a reasonable
proximity to the site?

e If there are multiple communication options, have the pros/cons been studied?

e Ifusing public communications infrastructure, has service been coordinated with OA/OIT and the
District?
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Environmental
e Have all the necessary environmental, community, and cultural impact studies, processes and
concerns been addressed?

Site Location Guidance

The site characteristics in the vicinity of the planned CMS must be investigated. Site characteristics dictate the
amount of information that can be displayed to a driver and comprehended. Relevant geometric and environmental

characteristics include:

e  Operating speed of the roadway

e Presence of vertical curves impacting sight distance

e Presence of horizontal curves impacting sight distance
e Location relative to the position of the sun

e  Static guide signs spacing

e Frequency of dense fog

LONGITUDINAL PLACEMENT

The main considerations related to longitudinal placement of a CMS are to minimize obstructions of and by the
CMS, provide for the maximum visibility of the CMS message, and allow the driver ample time to read, process,
and react to the message. The approach to a sign consists of three zones (See Figure 10)

e Detection Zone
e Reading and Decision Zone
e  Qut-of-Vision Zone

FIGURE 10: CMS VISIBILITY ZONES
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Detection Zone: At typical (65 mph) highway speeds, the sign board should be visible to the approaching driver
from 1,000-2,000 feet away. The visibility distance should also be increased if the CMS is placed at an offset from
the travel lane.

Reading and Decision Zone: As a rule, the message panels on a highway deployed CMS usually contain room for
three lines of 18 to 24 characters each. Approximate sight distances for different font sizes are provided below:

e Individual 12-inch-high characters can be seen from ~650 feet under normal conditions.
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e Individual 18-inch-high characters can be seen from ~1,100 feet under normal conditions.
Table 17 lists the minimum reading and decision zone distances recommended for CMS placement.

TABLE 17: READING AND DECISION ZONE MINIMUM DISTANCES

Leglblllty Distance Freeway Limited Af:cess Major Arterial
Requirements Arterial
Less than 45 mph N/A 650’ 650’
45 mph to 55 mph 850’ 850’ 850’
Greater than 55 mph 1,000’ or more 1,000’ or more N/A

Drivers need approximately one second per word to read and comprehend a message. Travelling at 65 mph, this
translates into roughly time enough to read and comprehend a 10-word message. The character height, cone of
vision and lateral placement must all be considered when determining the placement of the sign to meet the sight
distance requirements.

Out-of-Vision Zone: Once the driver gets close to the sign, they will not be able to read the message. The distance is
determined by the viewing angle of the sign, the structure that the sign is placed on and the lateral placement of the
sign.

Table 18 provides design guidance for the longitudinal placement of a CMS.

TABLE 18: CMS LONGITUDINAL PLACEMENT GUIDANCE

Criteria Guidance

e Provide detection distance of at least 800 feet, and optimally 1,000-1,200 feet
Visibility e On freeways, should be placed at least 800-1,000 feet from static guide signs
e Should be placed on straight sections of roadway, where/when possible
e Ifthe sign must be located on a curve, should be angled towards the roadway
e Two CMS should be placed more than 1,000 feet apart, ideally a half mile or more
Reaction e Should be placed more than 1,000 feet upstream of lane merge or add lane
Time e Should be placed 1-4 miles in advance (1 mile minimum) of an alternate route or
major decision point on Freeways
e Should not be placed at a signalized intersection on Arterials
e Should be placed as close to existing communications and power to minimize cost
Cost e Cell Modems could be considered for depended on distance to communications.
e  Should avoid locating on sections that have a fill slope of greater than 1V:3H (to
reduce site erosion, reduce construction costs, provide longer service life)

LATERAL PLACEMENT

The lateral offset for overhead sign supports must comply with the MUTCD, Section 2A.19 — Lateral Offsets, and
Publication 13M (DM2) — Highway Design. Sign supports are to be placed behind guide rail or barrier, as required.
Confirm guide rail type when placing sign support behind existing guide rail. A Type A mounted CMS with
breakaway supports is not required to be placed behind guide rail or barrier.

The further the offset from the travel lane the more sight distance is required to clearly view and react to the sign.
Figure 11 provides guidance for the additional distance that must be factored into the longitudinal sign placement of
a CMS.
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FIGURE 11: LATERAL OFFSET VS. REQUIRED SIGHT DISTANCE
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Table 19 provides design guidance for the lateral placement of a CMS.
TABLE 19: CMS LATERAL PLACEMENT GUIDANCE

Criteria Guidance

¢ CMS must be placed outside the clear zone or shielded with a crashworthy barrier
within the clear zone, except Type A mount with breakaway supports

e The distance between the center of a CMS and the driver’s forward line of vision
(offset) must be factored into the CMS placement

e  For roadways with a speed limit of 65 mph or greater, the center of the CMS should
be no more than 30 lateral feet from the driver’s forward line of vision

VERTICAL PLACEMENT

A roadway’s vertical alignment impacts the visibility of the CMS. If there are a limited number of potential
locations available, a slight upward grade is desirable. Figure 12 illustrates the vertical sight envelop for a typical
CMS installation on flat roadway segment. The sight envelop will reduce as the roadway grade increases.

|

‘ ROADWAY

GRADE:

VERTICAL SIGHT ENVELOPE 0% - 4%

All Signs

FIGURE 12: CMS VERTICAL SIGHT ENVELOPE
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Table 20 provides design guidance for the vertical placement of a CMS.
TABLE 20: CMS GRADE GUIDANCE

Criteria Guidance

e Where possible, place on roadway segments that with a grade less than 1%

e May be placed on segments with up to a 4% grade

e Should NOT be placed on roadway segments that have a grade of 4% or more (this may
be waived if sign is placed on positive grade immediately following a similar negative
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grade. In these situations, expanded cones of vision should be considered to
compensate for the reduction of visibility distance caused by the grade)

Types of Signs

The selection of the sign type, the configuration of the display, and the technology employed all have direct or
indirect impacts on the visibility of the message that will be displayed on the CMS.

MATRIX CHARACTERISTICS

CMS display characters and symbols in a matrix format, which are generally designed in one of the following three
patterns:

e  Character Matrix
e Line Matrix
e  Full Matrix

The Department’s standard, and the one designated in Publication 408, Section 1230 — Changeable Message Signs,
is Full Matrix. Full matrix CMS displays can display graphics and symbols. Varying matrix types are acceptable on
a case-by-case basis but are discouraged. If a line or character matrix configuration is used, a special provision
would have to be used, or a standard item modified. The industry standard CMS matrix technology is:

¢ Light-Emitting Diode (LED) signs based on AllnGaP technology. LEDs are semiconductors that emit
light when current is applied. Typically, several individual LEDs are clustered together to create each pixel.
LEDs have the added benefit of being able to display signs in full color with the appropriate LED type. The
reliability of LED lamps is very high.

Table 21 provides design guidance for CMS displays.

TABLE 21: CMS DISPLAY RECOMMENDATIONS
Criteria Recommendation ‘
e Provide a minimum of 18 characters per line, and a maximum of 24 characters per
line, as indicated. Provide 12-inch or 18-inch-high display characters with a standard
character size ratio of 5:7, width vs. height.
General e  Sign should be limited to three lines of text
e Provide signs capable of displaying American Standard Code for Information
Interchange (ASCII) characters 32 through 126, including all uppercase and
lowercase letters and digits O through 9, at any location in the message line.

e  Character height should be 18 inches

On Free . . .
reeways e A minimum of 18 characters per line should be provided

All Signs e Photocell to auto adjust illumination intensity of display to the ambient light
VIEWING ANGLE

Viewing angle is an important aspect and depends upon the mounting location of the CMS and the curvature of the
roadway. There are three standard angles available from CMS manufacturers: 15 degrees (required minimum per
Publication 408), 30 degrees, and 70 degrees. The 30-degree viewing angle is typical; however, Table 22 provides
guidance on viewing angle based on CMS placement. Signs with varying viewing angles can be procured using the
appropriate bid item number, or by modifying the standard specification.
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TABLE 22: CMS VIEWING ANGLE GUIDANCE

Criteria Guidance
15 Degrees e  Overhead placement and on straight lengths of roadways
30 Degrees e Roadside placement and on slightly curved lengths of roadways
70 Degrees e  Wide highways and on curved lengths of roadway

Figure 13 illustrates the different viewing angles and the impact to developing the overall visibility distance. For
example, when the lateral offset of a CMS with a viewing angle of 15-degrees shifts further from the travel lane the
visibility distance is significantly impacted. Therefore, these types of signs are recommended for overhead (over
lane) locations only.

FIGURE 13: CMS VIEWING ANGLE ILLUSTRATION
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SIGN ACCESS

The Department specifies access requirements for both walk-in and front access CMS. Rear access signs cannot be
accessed based on current design standards for CMS support structures. Rear access CMS should only be considered
in very rare special situations and require Department approval. Figure 14 illustrates the different CMS maintenance
access options.

FIGURE 14: CMS ACCESS OPTIONS

Fear access walk-in . front access

Table 23 is a brief examination of the pros/cons of each type. Where a walk-in sign is utilized, provide a sign
housing door that is fabricated from aluminum. Equip sign with a minimum of two vertically hinged access doors
located at the right and left sides (while facing the front of the sign) of the CMS housing.
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Access Type

TABLE 23: CMS ACCESS TYPE CONSIDERATIONS

Pros

Cons

Other Considerations

Rear Access Smaller and lighter Current sign structure | ¢  Type A mounted CMS
sign allows for a standards prohibit may be able to
smaller structure access accommodate access

type (modified).

Walk-in Provides safe Highest in installed and | ¢  Catwalk or platform
environment for recurring costs required to access the
worker over live traffic CMS

Front Access Smaller and lighter Sign mounted e A bucket truck is
sign allows for a overhead would typically used to
smaller structure require a lane closure access the sign

e Consider installing
catwalk to avoid need
for bucket truck

Type A Cost effective Placement may allow e Enclosure location
installation sign to be easily hit by | ¢ May need ladder to
No core borings, a vehicle. access sign
standard foundations

Selection of Structure

The four types of permanent structures that PennDOT allows for mounting CMS are Center-mount, Overhead,

Cantilever, and Type A. Figure 15 illustrates the different CMS support structures.

Install CMS at locations that provide maximum visibility to the driver and on a structure that does not interfere with

the visibility requirements. The lateral placement guidelines and the nature of the roadway are the two main factors

FIGURE 15: CMS SUPPORT STRUCTURES

Center-mount Support Structure

in determining the type of structure that the CMS is mounted on. Generally, the wider the roadway the greater
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likelihood that the sign will need to be placed on a structure that spans the roadway. Table 24 provides the mounting

guidelines.

TABLE 24: CMS MOUNTING GUIDELINES

Roadway Type Guidance

1-2 lanes, single direction .

Roadside center-mount or Type A signs

3-4 lanes, single direction .

Full-span or mid-span, overhead signs, or cantilevered signs

The number of lanes, the speed characteristics, and the available ROW determine the placement and structure type

of the CMS. Portable CMS should not be considered as an acceptable long-term substitution for permanent CMS.

Portables should only be deployed as temporary installations. Table 25 provides guidance on use of the different

types of support structures.

TABLE 25: CMS SUPPORT STRUCTURE CONSIDERATIONS

Support Type Pros Cons Other Considerations
Center-mount | e Best benefit-to-cost Visibility can be an issue This is the Department
e  Easy to maintain on tangent sections preferred option
e  Lower structural cost Visibility can be an issue Can be used best if
if truck volumes are located on outside of
high curve or on tangent
sections
Can be used on any
roadway type
Overhead e Best for visibility Highest in cost Good alternative if
Requires more limited ROW available
preventative Can be used on any
maintenance than offset roadway type
CMS Utilize on high volume
roadways
Cantilever e Less expensive than Structural issues, Alternative if limited
overhead including failures, have ROW available
e Alternative if center occurred in some states Can be used on any
mount or full span Visibility can be an issue roadway type
cannot be installed on tangent sections Requires approval by
Visibility can be an issue Chief Bridge Engineer to
if truck volumes are be considered. The
high submittal is to include
site justification.
Type A e Arterial and Pre-Entry Susceptible to damage: Can be used best if
e Lo