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ES  Executive Summary

The City of San Diego has initiated the most significant investment in its history, in state-of-the-art traffic
signal systems technology and Intelligent Transportation Systems (ITS), through the development of the
Traffic Signal Communications Master Plan (TSCMP). The benefits of the plan are drastic, great, and
wide ranging. Through modernization of the traffic signal system in San Diego, traffic signals throughout
the community will be coordinated and this will increase public safety, shorten commutes, reduce
greenhouse gasses, and increase mobility at intersections for all modes of travel including motorists,
bicyclists, pedestrians, transit, and emergency vehicles.

The Plan's purpose is to guide the City on implementing traffic signal communications and ITS
technology improvements and includes resource allocation related to improvement prioritization,
funding sources, and staff levels.

The plan is ground-breaking in many ways: the breadth of technology proposed includes every critical
element of the traffic signal system, the technology is state-of-the-art, the area of deployment covers
the entire City and all 1531 traffic signals, and the plan is scheduled for complete implementation in
three phases by 2025.

El Advancing Initiatives

The Traffic Signal Communication Master Plan (TSCMP) advances several Local, Regional, and State
transportation initiatives. These include:

The City of San Diego Climate Action Plan (CAP)! initiative (Draft, September 2014) identifies measures
to meet greenhouse gas (GHG) reduction targets for 2020 and 2035. Action 3.4 calls to reduce vehicle
fuel consumption through implementation of the City’s Traffic Signal Communications Master Plan.

The City of San Diego Fire Services Standards of Response Coverage Deployment Study? is a
comprehensive study of the level of fire service staffing, response times, and outcomes. The City’s set
standard for emergency response times is 7 minutes and 30 seconds. The TSCMP provides a complete
upgrade for all of the existing emergency vehicle preemption system components throughout the City
and will help the City achieve response time goals.

The TSCMP is expected to reduce intersection crashes in San Diego. The California Strategic Highway
Safety Plan (SHSP)? identifies signal timing and ITS tools as appropriate safety countermeasures for
intersection crashes. The California Local Roadway Safety Manual* also identifies improved signal
timing, coordination, and operation as a safety benefit to address locations that have a crash history at
multiple signalized intersections.

The San Diego Region Intelligent Transportation Systems (ITS) Strategic Plan outlines a unified vision
for the regional ITS investment strategies that regional transportation agencies have prioritized for
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funding and implementation. Arterial Management is one of the six investment areas identified by the
ITS Strategic Plan and consistent with the Transportation Systems Management chapter of the SANDAG
2050 Regional Transportation Plan (RTP)®. The TSCMP advances the 2050 RTP and ITS Strategic Plan
arterial management investment area to the next level by identifying the specific ITS technologies,
deployment strategies, and resources required for the overwhelming majority of arterials in the Region.

E2 Need

San Diego is the eighth-largest city in the United States and second-largest in California’ and is one of
the fastest growing cities in the nation. San Diego has a population of over 1.3 million people and covers
an area over 370 square miles. San Diego has traditionally built roadways, adding capacity to meet the
growing traffic demand. This approach becomes less practical as San Diego’s roadway network becomes
built-out due to right-of-way constraints, environmental impacts, and high costs of building new and/or
expanded roadways. The City cannot build its way out of traffic congestion and should augment
traditional investments in roadway construction by investing in Intelligent Transportation Systems (ITS)
solutions to optimize the use of existing roadway capacity through improved traffic signal
synchronization and operations management.

E3 Deficiency Identification

The City operates and maintains over 1,500 traffic signals which provide safe movement at intersections
for vehicles, pedestrians, bicyclists, emergency vehicles, and transit/rail®. The signals must also operate
efficiently and reliably to provide progression through a series of signals to minimize congestion and
maintain a higher level of safety. The communications and control technology operating the signals was
developed approximately 30 or more years ago. These include dial up modems connected through an
extensive network of fiber optic multiplexors and twisted pair copper communications. The existing
communications system is functionally obsolete and in some instances in a state of disrepair due to the
outdated equipment. Replacement parts are difficult or impossible to obtain and staff is devoting an
excessive amount of time trying to keep the equipment serviceable. This system is incapable of
providing efficient traffic management and operations for the City in the modern traffic environment.

Table E-1 contains a summary of the existing communications repair and gap issues.

Table ES-1 Traffic Signal Conditions Summary

Traffic Signal Type Quantity ‘
City of San Diego Total 1531

Existing Communication Infrastructure Present 1046

No Communication Due to Repair 178

No Communication Due to Gap 307
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E4 Key Recommendations

The following list summarizes key communications system and ITS element recommendations identified
in this master plan.

E4.1 Communications System
The future City of San Diego traffic signal communications network shall meet the following goals.

e Compatible with current and future industry standards,

e Eliminate single vendor dependency,

e Increase equipment availability,

e Increase system capacity,

e Reduce system cost,

e Redundant, self-healing,

e Provide more bandwidth for current and future applications.

The future City of San Diego traffic signal communication network will be based on the Ethernet
protocol. All existing proprietary time division multiplexers (both the OTNs and ADCs) will be discarded
and replaced with layer 3 Ethernet routers. These new routers will serve as the hubs of the new
backbone. The existing fiber plant will be utilized with layer 3 routers in ring based redundant and self-
healing backbone network architecture. The network shall be designed as a two-tiered network. Tier 1
will utilize the layer 3 node equipment connected to each other in a ring network using 10 Gbps or
higher link speeds. Tier 2 will utilize layer 2 field Ethernet devices connected to each other also in a ring
network at various link speeds, depending on the equipment on that link.

The existing copper wire infrastructure investment that is already in place throughout the City of San
Diego shall be preserved, thus saving money on infrastructure costs. All existing analog modems shall
be replaced with VDSL based Field Ethernet Switches (FES).

The existing signal communication system accessed via the dial-up lines throughout the City will be
converted into wireless access via either:

e 4G Wireless routers, communicating to the TMC over the Internet of Things (IoT) Network.
¢ Dedicated, City owned wireless radios connecting to the nearest layer 3 router.

Intersections currently connecting to the network via existing 900 MHZ serial (EIA-232) digital, low
bandwidth, wireless radios will be converted into high bandwidth wireless Ethernet links.

All of the Digiboards at the TMC will be removed and discarded and replaced with “Virtual Com Port”
software. All of the existing 170E controllers currently communicating over their serial ports will be
upgraded with a serial to Ethernet converter card plugged-in the existing modem slot of the 170E
controller chassis making them capable of communicating over the new Ethernet network.

San Diego Traffic Signal Communication Master Plan E-3



E4.2 ITS Elements
The goal of the ITS element recommendations is to gain operational efficiency by having real time 24/7

access to every ITS device in the network and dynamically monitoring each and every one of the devices
from the Traffic Management Center (TMC). ITS element recommendations are summarized below:

A modern Traffic Management Center providing a dedicated workspace for operations staff, and
communications and management systems, should be implemented as part of future system expansion.
A video wall of a minimum 3 rows of 4 LCD displays per row should be installed for continuous real-time
monitoring of the traffic conditions for timely remedial action. The central system software requires the
support of the National Transportation Communications for ITS Protocol (NTCIP). Rugged laptops with
4G/LTE communication capabilities should be assigned to each operator to allow for programming and
troubleshooting of field devices and remote connection to the TMC servers/devices.

All future backbone communications medium should use a minimum of 96 strands single mode fiber
optic cable where there is an existing conduit and where there will be new conduit installed.

e Traffic Operations fiber strands are not to be shared.

e No other VLANs on Transportation & Storm Water Department fiber.

e Traffic Operations network must be totally independent from other departments’ networks.

e No sharing of the layer 3 routers,

e No sharing of the layer 2 FESs.

e Owned communications wherever and whenever possible.

e The ultimate goal is a wired network.

e Use city owned point to point or point to multipoint line of sight broadband Ethernet radio links to
shoot shorter gaps where no agency connections exist.

o Use cellular to shoot wider gaps where no agency connections exist.

e Utilize other City department communications when advantageous to shoot a gap.

e |[f available and not planned for future use, other fiber buffer tubes may be shared.

ITS/ATC communication hub cabinets and fiber vaults are recommended. Field cabinets that will house
the layer 3 equipment should be air conditioned and UPS protected.

Additional ITS element recommendations include the following:

e |TS Traffic Signal Cabinet

e ATC Controllers

e Conflict Monitors

o Detection Systems

e Emergency Vehicle Preemption System
e Battery Backup Systems

e CCTV Cameras

San Diego Traffic Signal Communication Master Plan E-4



e Adaptive Signal Control Systems
e Changeable Message Signs
e Web Portal

E5 Implementation Phasing

Transforming the existing network, composed of thousands of field devices spread over 370 square
miles, requires a phased approach where critical deficiencies are addressed first, followed by a strategic
conversion of the remaining communication infrastructure.

The objective is to complete the TSCMP in 10 years, by year 2025. This plan revolves around
technological advances that necessitate change in a timely manner, in order to keep as relevant as
possible. It is also recognized that the recommendations of the TSCMP are largely unfunded and it will
take time to build the proper funding into the City’s Capital Improvement Program (CIP). The
technology identified by the TSCMP is critical for the operation and maintenance of the City’s traffic
signal network which provides for safe and efficient mobility for all modes of travel. Implementing this
plan expeditiously will provide the greatest return on investment through reduced traffic congestion,
fewer crashes, greater productivity, lower transportation costs, and lower greenhouse gas emissions.

Phase 1: Critical Deficiencies (Year 1-3) — This includes repairing and/or establishing communications to
the 500 plus communication deficiencies identified throughout the City. The Traffic Management
Center will also be implemented in Phase 1.

Phase 2: Central Business District (Year 3-6) — As a best practice, the transformation of the legacy
network shall begin centrally and expand outward into peripheral networks. Phase 2 constitutes
Ethernet upgrades of nearly 500 intersections contained by the Central Business District (i.e.
Downtown).

Phase 3: Peripheral Networks (Year 6 -10) —The final phase of the communications overhaul will call for
the replacement of existing hubs and extending Ethernet communication to each intersection serviced
by the hub. The implementation of phase 3 focuses on the remaining 500 or so intersections with the
advantage of new Ethernet networks to connect to in the interior of the City.

E6 Staffing Recommendations

The operations and maintenance (O&M) staff for traffic signals have overlapping areas of responsibility
and staff skills are complimentary. The most well managed systems occur when operations engineers
and maintenance technicians work side by side. The following are recommendations for O&M staffing:

e The traffic signal/ITS staffing should be a combination of traffic operations engineers and
maintenance technicians.
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e The traffic signal/ITS O&M staff should be exclusively dedicated to traffic signal system related
activities.

e Duties include managing the TMC, implementing new operations and systems, troubleshooting and
maintaining the communications lines, equipment, and ITS elements in the field and TMC.

e The traffic signal/ITS O&M staff should comprise of 5 operations engineers and 3 technicians. This is
in the order of double the existing staff dedicated to traffic signal/ITS related duties and equates to
roughly 200 signals per staff.

e The traffic signal/ITS O&M staff should have expertise in traffic operations, communications
systems, Ethernet networking, and ITS devices.

e If necessary, existing personnel will be trained on Ethernet based communication architectures and
protocols.

e There should be regular training and classes set up to learn new systems and how to troubleshoot
and repair.

e The TMC should be manned 24/7 with 3-4 staff working 8 hours during the day and one of them
during the night.

e The City should contract the services of an on-call ITS and traffic signal operations engineering firm
to provide highly technical services. This would provide much needed staff support during the
TSCMP implementation. This would also provide flexibility in staffing levels as needed as in-house
staffing levels are met.

If combining operations engineers and technicians in one group does not work due to policy limitations,
then pursuing a dialog and agreement between Transportation Engineering Operations Division and
Street Division for Streets to assign 3 technicians dedicated to TMC and ITS maintenance is strongly
recommended.

E7 Order of Magnitude Cost Estimate

The overall deployment cost for the San Diego Traffic Signal Communication Master Plan
communication systems, ITS elements, and staffing needs for each implementation phase is presented
in Table ES-2.
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Table E-2 Citywide TSCMP Deployment Cost Estimate!?

SR Subarea Phase 1 Phase 2 Phase 3 Total
Item #
1 Kearny Mesa/Clairemont Mesa $1,693,500 S0 $1,137,000 $2,830,500
2 Pacific Beach/Mission Bay $1,462,500 SO $90,750 $1,553,250
3 Mid City $2,512,500 $3,099,750 S0 $5,612,250
4 Mission Gorge/Navajo $767,250 S0 SO $767,250
5 Tierrasanta/Murphy Canyon $441,750 S0 o) $441,750
6 Carmel Valley $525,750 SO $66,000 $591,750
7 Southeast San Diego $1,074,000 $432,000 SO $1,506,000
8 Logan Heights/Barrio Logan $564,000 $780,750 SO $1,344,750
9 Del Mar Heights $627,750 SO $478,500 $1,106,250
10 San Ysidro $678,000 SO $2,300,250 $2,978,250
11 Otay Mesa $426,000 SO $115,500 $541,500
12 Mission Valley/Linda Vista $1,877,250 S0 $1,781,250 $3,658,500
13 Rancho Bernardo $650,250 S0 $990,750 $1,641,000
14 Mira Mesa $723,750 SO $884,250 $1,608,000
15 Sorrento Valley $461,250 S0 $763,500 $1,224,750
16 La Jolla $515,250 SO $1,155,750 $1,671,000
17 Airport/Point Loma $969,000 $2,112,000 SO $3,081,000
18 Scripps Poway $484,500 SO $1,087,500 $1,572,000
19 Central Business District $1,058,250 $2,887,500 SO $3,945,750
Sub Total Communications| $17,512,500 $9,312,000 $10,851,000 | $37,675,500
20 [TMC $780,000 - - $780,000
21 ITS O&M Staff $180,000 $270,000 $270,000 $720,000
22 ITS Elements - $62,302,500 $62,296,000 |$125,378,500
Grand Totall $18,472,500 $71,884,500 $73,417,000 |$163,774,000

(1) Each phase will be implemented in stages (based on subarea priority) as funding becomes available.

The order of magnitude cost estimate is $163.8 million. This includes soft costs such as engineering and
management. This projection includes eight additional staff positions at build-out.

ES Funding Sources

The existing funding for traffic systems and ITS projects through the FY 2015 approved budget and
Capital Improvement Program (CIP) is insufficient to meet the City’s needs. Historically the funding
allocations were in the order of S1 million; however current annual allocation is $100 thousand. In
order to provide a reasonable level of funding to implement the most critical elements of the TSCMP
communications systems, a significant increase of CIP budget allocated for ITS is needed along with
challenging alternative funding opportunities.

There are several potential alternative funding sources for the Traffic Signal Communications Master
Plan implementation. These include the City’s Public Facility Financing Plans, Development Impact Fees,
Regional Transportation Congestion Improvement Program, Transnet, and grant opportunities (HSIP and
Assembly Bill 1447).
money for improvements.

Each funding source similarly requires lead time and preparation to program
Staff resources will be necessary to prepare needed documentation and
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administer funds per the specific source requirements. Preparation in advance is critical to meet strict
deadlines and prevent lost funding opportunities.

E9 Delivery Methods Recommendations

It’s critical for the City to maintain as much flexibility in contracting/procurement as possible. Specific
components of the TSCMP lend themselves to a particular delivery method. Packaging the various
implementations into component projects that best match a delivery method will provide the highest
degree of success. The following are delivery method recommendations.

e Advertise for an on-call/as-needed contract for professional services of an ITS System Manager-
Integrator (SM-I) consulting firm. The contract should include provision of engineering services for
design-bid-build projects. This provides the City with the specialized expertise necessary to ensure
successful project implementation, a high degree of flexibility in use of services, qualifications based
selection, and the most significant level of control over the most critical aspects of project
deployment.

o Utilize the design-bid-build method for traditional construction oriented work including:
underground installations, installations requiring machinery, and labor intensive installations. This
will simplify the contractors work and increase the likelihood of more competitive bids.

e The best value bid package method should be used in instances where an off the shelf solution is
desired for wide deployment. Examples of the systems to procure via best value are: controllers,
conflict monitors, CCTV cameras, etc. The contract can be set for multiple years with no minimum
purchase requirement and other special provisions. A separate contract would be utilized for
installation; or installation by City forces and/or the SM-| service contract.

E10 Next Steps

The next step is realizing the recommendations of the Master Plan through immediate action on a series
of items that are necessary to quickly move the TSCMP into the implementation phase. The primary
focus is on the short-term strategies and priorities that will build success over the course of deployment.
The City will ultimately decide the most effective and beneficial approach to continue the process of
implementing the Master Plan. Possible next steps for consideration by the City given the TSCMP
recommendations include:

Project Prioritization — Establishing communications to all traffic signals in the City as recommended by
the master plan is the most critical and highest priority. The subareas identified in Figure 3-1 are
prioritized in order of highest to lowest number of traffic signals affected. Project delivery in this order
will provide the widest communications coverage possible and the highest potential for visibly improved
traffic operations in the near term for the surrounding community.
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Staffing — The City traffic signal operations and maintenance groups are understaffed and creating new
staff positions is a difficult and lengthy process. The staff resource needs become especially acute
considering the expertise needed and workload associated with TSCMP implementation. It is
recommended that the City advertise for an on-call/as-needed contract for professional services of an
ITS Systems Manager-Integrator-Engineering consulting firm in order to bridge the gap between existing
staff resources and immediate Master Plan deployment needs.

Develop a Priority Project PS&E and Build — Select one subarea for immediate implementation of
TSCMP architecture and equipment recommendations. This will provide a benchmark and check for
costs, resource needs, scheduling, and related project delivery metrics for future Master Plan
deployments.

Opportunities — There is much opportunity available to the City, both internally and externally, to
implement the recommendations of the Master Plan by partnering on infrastructure projects through
other departments or agencies and seeking out potential funding sources. The following immediate
actions are recommended to ensure opportunities are achieved.

e With the services of a qualified ITS SM-I/Engineering firm the City will have the resources to apply
for and administer grant opportunities to fund ITS improvements. The return on investment is
significant.

e Seek to reassign funds in the current fiscal year’s budget to prioritize TSCMP phase 1
recommendations.

e Assess open development projects and include TSCMP recommendations as a mitigation measure
and/or community benefit.

e Assess current and planned CIP projects and opportunities for conduit installation along deficient
routes.

e Assess all existing funding earmarked for traffic signal communications improvements and allocate
to TSCMP phase 1 implementation.

Master Plan Monitoring — On a semi-annual basis update the master plan GIS maps and network
architecture to reflect implementation progress. This item will track master plan implementation and is
intended to sustain a high level of interest and participation amongst staff and management. A full
TSCMP update should be conducted every five years.

E11 Cost Effectiveness

The cost-effectiveness analysis shows that the operational benefits achieved by implementing the phase
1 TSCMP recommendations provide a benefit-cost ratio of more than 50:1, meaning that benefits from
these programs save more than S50 for every dollar spent. This cost savings is consistent with State and
National benefit-cost ratio reporting of approximately 40 to 60:1 return on investment. The savings
achieved in phase 1 alone exceed the cost of the complete 10 year TSCMP implementation. The TSCMP
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recommendations provide significant benefit per dollar spent and this is economically advantageous for
San Diego businesses and residents.
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1 INTRODUCTION

The City of San Diego Traffic Signal Communication Master Plan (Plan) establishes the planning
framework to implement state-of-the-art communications technology and Intelligent Transportation
Systems elements to meet the immediate and long term needs of the City’s transportation network.
This Plan presents: a comprehensive view of the existing and future systems architectures, detailed GIS
mapping of the City’s existing and future communications infrastructure and traffic signal locations
(including state of repair), GIS mapping of other City departments and agencies communications
infrastructure, and guidelines for the system technology and ITS elements to deploy. Most importantly,
the plan includes strategic phasing for plan implementation considering critical needs, costs, and
available resources.

This document is designed to be used actively by both management and staff as the City embarks on the
task of implementation. This Plan will greatly improve the City’s ability to provide excellent service
through much needed systems to all users of the transportation network.

1.1 Need

San Diego is the eighth-largest city in the United States and second-largest in California and is one of the
fastest growing cities in the nation. San Diego has a population of over 1.3 million people and covers an
area over 370 square miles!. Some notables; San Diego is: home to the largest naval fleet in the World?,
shares the busiest international border in the World with Mexico?, has a significant tourism industry?,
and is a hub for technology®, manufacturing, and research industry hosting major producers of wireless
technology, software, pharmaceutical and biotech. San Diego is also one of the most desirable places to
live -anywhere.

All of this activity places significant demand on the City’s transportation infrastructure. San Diego has
traditionally built roadways, adding capacity to meet the demand. This approach becomes less practical
as San Diego’s roadway network becomes built-out due to right-of-way constraints, environmental
impacts, and high costs of building new and/or expanded roadways. The City cannot build its way out of
traffic congestion and should augment traditional investments in roadway construction by investing in
Intelligent Transportation Systems (ITS) solutions to optimize the use of existing roadway capacity
through improved traffic signal synchronization and operations management.

The City operates and maintains over 1,500° traffic signals which provide safe movement at
intersections for vehicles, pedestrians, bicyclists, emergency vehicles, and transit/rail. The signals must
also operate efficiently and reliably to provide progression through a series of signals to minimize
congestion and maintain a higher level of safety. The communications and control technology operating
the signals was developed approximately 30 or more years ago. These include dial up modems
connected through an extensive network of fiber optic multiplexors and twisted pair copper
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communications. The existing communications system is functionally obsolete and in some instances in
a state of disrepair due to the outdated equipment. Replacement parts are difficult or impossible to
obtain and staff is devoting an excessive amount of time trying to keep the equipment serviceable. This
system is incapable of providing efficient traffic management and operations for the City in the modern
traffic environment.

1.2 Purpose

The Traffic Signal Communications Master Plan represents the first master plan of its kind for the City of
San Diego. The Plan's purpose is to guide the City on future traffic signal communications and ITS
technology improvements. This includes resource allocation related to improvement prioritization,
funding sources, and staff levels. This Master Plan represents a significant opportunity for the City of
San Diego to move the traffic communications system and supporting elements to the technological
forefront of traffic signal systems. The TSCMP ultimately represents benefits to travelers in the form of
better traffic signal operation which improves mobility for all modes including motorists, bicyclists,
pedestrians, transit, and emergency vehicles.

1.3 Consistency with Initiatives

The Traffic Signal Communication Master Plan (TSCMP) is consistent with several documents that build a
framework for Local, Regional, and State transportation related initiatives. The documents include:

The City of San Diego Climate Action Plan (CAP) initiative (Draft, September 2014) identifies measures
to meet greenhouse gas (GHG) reduction targets for 2020 and 2035’. The Implementation and
Monitoring phase of the CAP sets forth several actions to ensure success. Action 3.4 calls to reduce
vehicle fuel consumption through implementation of the City’s Traffic Signal Communications Master
Plan. The target is to retime either 200 traffic signals or 13 coordinated traffic signal systems per year.

The City of San Diego Fire Services Standards of Response Coverage Deployment Study is a
comprehensive study of the level of fire service staffing, response times, and outcomes®. The City’s set
standard for emergency response times is 7 minutes and 30 seconds and the City has encountered
difficulty meeting this goal. The Emergency Vehicle Preemption system throughout much of San Diego
is first generation technology (over 20 years old) and technically obsolete. The TSCMP provides a
complete upgrade for all of the existing emergency vehicle preemption system components throughout
the City. This will improve emergency response times and help the City achieve response time goals.

The TSCMP is expected to reduce intersection crashes in San Diego. The California Strategic Highway
Safety Plan (SHSP) identifies signal timing and ITS tools as appropriate safety countermeasures for
intersection crashes®. The California Local Roadway Safety Manual also identifies improved signal
timing, coordination, and operation as a safety benefit to address locations that have a crash history at

0

multiple signalized intersections!?. The TSCMP recommends systems that are primary to implement

traffic signal control strategies including coordinated traffic signal operations. The goals of these
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strategies are to maximize throughput and minimize stops on the coordinated roadway. The reduction
in delay and stops results in fewer intersection red-light violations, less aggressive driver behavior, and
fewer intersection crashes.

The San Diego Region Intelligent Transportation Systems (ITS) Strategic Plan outlines a unified vision
for the regional ITS investment strategies that regional transportation agencies have prioritized for
funding and implementation!®. The purpose of the document is to provide policy guidance and
articulate common vision of what ITS applications should be employed in the region to improve mobility,
safety, efficiency, and reliability. Arterial Management is one of the six investment areas identified by
the ITS Strategic Plan and consistent with the Transportation Systems Management chapter of the
SANDAG 2050 Regional Transportation Plan (RTP). The goal of the arterial management investment
area is to expand regional deployment and integration of arterial management systems, signal
coordination and management, seamless arterial operations across jurisdictions, and support the
related goal of improving the competitiveness of transit and reducing travel times on the regions
roadway network. The TSCMP advances the 2050 RTP and ITS Strategic Plan arterial management
investment area to the next level by identifying the specific ITS technologies, deployment strategies, and

resources required for the overwhelming majority of arterials in the Region®?.

1.4 Document Organization

The remainder of this document is divided into six sections as described below:

2. Existing Conditions: contains the results of extensive research and a comprehensive inventory of the
existing traffic signal communications infrastructure in-place throughout the City of San Diego.

3. Systems Deficiencies and Resolutions: presents the areas and locations where there is a gap in traffic
signal communication or repair issues. Also presented is an order of magnitude estimate of the
technical solution necessary to resolve the communications.

4. Future Road Network Communication Infrastructure: presents a roadmap of planned roadways and
recommend communications infrastructure to accommodate new development based on Community
and Facility Financing Plans.

5. Communications Equipment Upgrade Recommendations: contains recommendations on upgrades to
communications equipment to reflect current industry standards with the goal of increasing equipment
availability, increasing system capacity, reducing maintenance needs and system down time.

6. ITS Element Recommendations: The goal of these recommendations is to gain operational efficiency
by integrating all ITS devices into the proposed communications network.

7. Implementation Phasing Plan: presents a strategic staged approach for the prioritized deployment of
the Master Plan including schedule, resource requirements, and funding mechanisms.
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8. Next Steps: These include immediate action on a series of items that are necessary to quickly move
the TSCMP recommendations into the implementation phase.

9. Cost Benefit Analysis: Compares the cost and benefits associated with TSCMP recommendations and
the cost effectiveness.
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2 ExisTING CONDITIONS

The Existing Conditions section forms the basis for planning and designing the system architecture
necessary to build the future traffic signal communication system and related ITS elements. Contained
are the results of extensive research and a comprehensive inventory of the existing traffic signal
communications infrastructure in-place throughout the City of San Diego. The infrastructure includes:
traffic signal locations, the City Traffic Management Center (TMC), and various Intelligent Transportation
System (ITS) and communications media, devices, and facilities. This section also identifies
communications facilities located within the City that are owned by other City departments and
agencies. A Geographical Information System (GIS) database and map of the existing systems
infrastructure research and inventory was created and presents all elements identified. This section also
identifies the existing maintenance and operations staffing levels dedicated to traffic signal
communications infrastructure. This section is divided into the following subsections:

e Traffic Signals

e Traffic Signal Communications System

e TS Elements

e Operations and Maintenance Staff

e Other Public Communication Infrastructure
e GIS Database Attributes and Layers

2.1 Traffic Signals

Several sources were referenced to determine the number and locations of all traffic signals in the City
of San Diego. City records were researched and all available traffic signal “as-built” plans obtained®. The
traffic signal plans were used to verify location information and the plans typically show pertinent
information related to the traffic signal build including: interconnect links (to and from), type of
interconnect, controller and cabinet type, and other connected equipment. A total of 1,677 traffic signal
plans were researched and all of the plans were scanned and a digital library created?.

A map of traffic signal locations was obtained from San Diego Geographic Information Source (SanGlIS)3.
The SanGIS map was used as a baseline for base map layers including roads and boundaries. The City
QuicNet Traffic Management System (TMS) database was also researched and City staff provided a
separate list of traffic signal locations*. All of the various sources were compared and verified against
City records and Google Earth. This process has provided an accurate map of existing traffic signals
citywide.

At the time of this report, there are 1,531 City owned and operated traffic signals in the City of San
Diego®.

San Diego Traffic Signal Communication Master Plan 5



2.2 Existing Traffic Signal Communications System

The City of San Diego has an extensive traffic signal communication system. The system has been
installed over the past several decades and is comprised of various media and network devices.
Approximately 1,000 of the 1,677 traffic signal plans previously referenced contained traffic signal

6

interconnect information®. Additionally, 56 interconnect specific plans were researched’. The existing

traffic signal communications system in San Diego is comprised of:

e Afiber optic lines based digital backbone network (multimode and singlemode),
e A copper wire based analog multi-drop network,

e Dial-up field master based multi-drop network (9 discrete locations),

e 900 MHz serial digital, low bandwidth, wireless radios,

e Traffic Management Center®.

The following subsections describe the existing traffic signal communication system elements and
architecture.

2.2.1 Existing Multimode Fiber Optic Network

The multimode fiber optic lines based digital backbone network utilizes the older generation ADC
Magnum 100 multiplexers connecting to each other on the older generation multimode fiber plant. The
areas connected include: El Cajon Blvd, Market Street, Hillcrest, College, and the Mid-City area. Fiber
strand counts on the multimode network include:

e TMC to 54 and El Cajon route has an 8 strand multimode fiber cable,
e The 32nd St and Market to 47th St and Market route is a hybrid cable and carries 8 strands of

multimode fiber, 4 strands of singlemode fiber, and two 19 gauge copper wires.

The basic network architecture is shown below in Figure 2-1.
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Figure 2-1 Multimode Basic Network Architecture
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The multimode fiber optic cable from the TMC, to 32nd St and Market St was damaged several years
ago. This communication link was replaced with a singlemode fiber cable. Since the ADC multiplexers
use multimode fiber optic ports, multimode to singlemode media converters were used between the
fiber and the ADC multiplexer.

2.2.2 Existing Singlemode Fiber Optic Network

The singlemode fiber optic lines based digital backbone network utilizes the newer generation Siemens
OTN multiplexers connecting to each other on the newer singlemode fiber plant in the South Bay, Linda
Vista, Golden Triangle, Mira Mesa, Rancho Penasquitos, and Rancho Bernardo areas. Fiber strand
counts on the singlemode network include:

e TMC to 1st and Hawthorne route has a 24 strand singlemode fiber cable,

e 1st and Hawthorne to 8th and Washington route has a 24 strand singlemode fiber cable,

e 8th and Washington to Texas and El Cajon has a 24 strand singlemode fiber cable,

e TMC to Main St and Woden St route has a 24 strand singlemode fiber cable,

e Main St and Woden St to Beyer route has a 24 strand singlemode fiber cable (this fiber optic cable
run goes through the cities of Chula Vista and National City),

e 1st and Hawthorne to Washington and Pac Hwy route has a 24 strand singlemode fiber cable.

e There is a singlemode fiber cable starting from a hub at Morena St. that runs up Linda Vista Rd to
Genesee. From Genesee the fiber connects to La Jolla Village Dr.

e LaJolla Village Dr. / Miramar Rd. have a singlemode cable running down it that goes to Camino Ruiz
then to Black Mountain. From Black Mt. the singlemode fiber runs up Carmel Mt. to Rancho
Bernardo.

e Most of the newer singlemode fiber cables carry 24 or more strands arranged in multiple buffers of
12 strands each in standard color configurations. The basic network architecture is shown below in
Figure 2-2.
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Figure 2-2 Singlemode Basic Network Architecture
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2.2.3 Copper Wire Analog Multi-drop Network
As depicted on Figures 2-1 and 2-2, both multiplexer systems utilize EIA-232 channel ports connecting to
the master modems of the copper wire based analog multi-drop network. All analog multi-drop

modems, configured as either master or remote, are the GDI 404 model running at 2,400 bits per
second.

The original copper interconnect was 19 gauge in the Central Business District (CBD) and most
intersections in the downtown area have 3 pairs of copper wire. Termination cabinets are fed with #19
gauge wires and are 100, 50, 25, 18, 12, and 6, pair cables. Interconnect cable for new intersections in
the CBD or replacement cable is 22 gauge copper, 3 pair or 6 pair. Most of the rest of the City's
interconnect is 6 pair 22 gauge with some 6 pair 19 gauge.

2.2.4 Dial-Up Field Master Based Multi-Drop Network

At the TMC there is one dial-up modem that can dial into any one of the nine dial-up field master based
multi-drop corridors only one corridor at a time. Dial-up communications are not ideal as 24-hour
access is not achievable thus making the system very limited. This has a detrimental impact on traffic
signal operations; especially real time monitoring, data logging, manual control, and central based
control operations.

As an example of the dial-up field master network, the existing signal communication system in the Del
Mar Heights area operates via a 2,400 bits per second dial-up modem connected to 3 field master
modems of each multi-drop line®. The dial-up field master based multi-drop network is shown below in
Figure 2-3.
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Figure 2-3 Dial-Up Field Master Based Multi-Drop Network
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2.2.5 900 MH:z Serial Digital Wireless Interconnect.

Several locations in the City utilize wireless radios for interconnect where there are no copper wire or
fiber mux to directly connect to the network. The wireless radio communication is 900 MHZ serial (EIA-
232) digital, low bandwidth.

2.2.6 Traffic Management Center

The TMC is located in the basement of the City Operations Building (COB). Existing TMC equipment is
serial EIA-232 communications based. There are two groups of four, rack mounted Digi C/CON-16
Concentrators. Each Digi has 16 EIA-232 ports connecting directly to multiplexer channels or analog
modems. Since the Personal Computer’s (PC’s) DOS or Windows operating system uses the first four

COM ports for the Operating System (0OS), the Digi ports start at COM 5. The existing TMC configuration
is shown below in Figure 2-4.

San Diego Traffic Signal Communication Master Plan 9



Fire Wall g

Hilowow voww

(ka2 13
Regional e i ML MULTIMODE | SINGLEMODE FIBER CABLE

i vl |
Arterial | oM llape

Management i RSV HR
L | ["rimuiivope | 5| W SINGLEMODE FIBER CABLE
System : L coms | | {®) L
! 1
Light Watch
ADC Mux Mg |

16 part

Server | Digiboard 1 oM 8 q!,‘.: ﬂDC.
i 2 comss lhe

i El oton. [llBs [ = muLTIMODE
QuickNet | Digiboard comago J [BfGR}PULTIMORE]

(RAMS) ) comes ,——'|—|— MULTIMODE - SINGLEMODE FIBER CABLE

rtor

_SINGLEMODE FIBER CABLE

| Comve
T

16 part

Digiboard IT7
part

Digiboard

SINGLEMODE FIBER CABLE

SINGLEMODE FIBER CABLE

comus ] |

OTN Mux Mgr

SINGLEMODE FIBER CABLE

SINGLEMODE FIBER CABLE

2.2.7 Existing Traffic Signal Communications Architecture
The complete existing traffic signal communications architecture is shown schematically in Appendix B
of this document. This is a full size 24x36 schematic fold out plan.

2.3 ITS Elements

The existing ITS elements are traffic signal system devices and applications that are currently deployed
in the City of San Diego. The following subsections provide a description and brief discussion.
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2.3.1 Cabinets and Controllers

The City of San Diego has a variety of traffic signal cabinets located throughout the city, including Type
332, Type 336, and Type 337. The Type 336 and 337 cabinets are typically found in the CBD area where
many signals are two or four phase. The Type 332 is the most common signal cabinet used in the City
and is the current standard installation.

The majority of controllers in the field are Type 170 or Type Figure 2-5 Typical Type 332 Cabinet
170E controllers. The 170E is found in builds following year
1990, approximately. There are a handful of locations that
have Coldfire 750 controllers. All traffic signals run either 223
or 233 programs with the 223 program being used for the
majority of traffic signals. In addition, 2070 ATC controllers
with Omni eX software are expected to be deployed in the
very near future along El Cajon Boulevard and N. Harbor Drive.

Typical plug-ins in the standard 332 cabinet configuration in
the City include: model 222 loop detectors, various
generations of EVP discriminators, 210 conflict monitor unit,
242 isolator cards, 200 load switches, and 204 flashers. The
Power Distribution Assembly (PDA) is Type 1 or Type 2
depending on the date of installation. PDA Type 2 is found in
builds following year 2000, approximately. Figure 2-5 shows a

typical Type 332 signal cabinet with a 170E controller and
standard plug-ins.

2.3.2 Changeable Message Signs
The existing communication system also supports nine Changeable Message Signs (CMS). Five CMS are
located in the CBD and the other four locations are on
Friars Road near Qualcomm Stadium. Two of the signs
on Friars Road (shown right) are owned and operated
by the City’s Transportation & Storm Water (TSW)
Department and the other two are owned and operated
by Qualcomm Stadium. The CMS are the old flip disc
type or lamp type and this technology is obsolete.

Manufacturers that built these CMS are either out of
business or not supporting the product. Two of the signs continue to work and the other signs have
been cannibalized for parts to maintain the operational signs. In the CBD communications for the CMS
is EIA-232. Signs are connected to a dedicated twisted 2-pair copper interconnect with a GDI 404 stand-
alone modem at each end; one at the TMC and one at each CMS to handle the conversion from FSK to
EIA-232. The two TSW CMS on Friars Road are also EIA-232 and a dedicated 2-pair copper interconnect
runs from the CMS to a Termination/Hub cabinet. A GDI 404 stand-alone modem is located at the sign
end and at the Hub end. The modem at the Hub is connected to a fiber optic multiplexer which
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transports the data back to the TMC. Message creation and scheduling can be done remotely by using a
software program running on a server at the TMC. Local messages can be programed at each sign using
a laptop. The two Qualcomm Stadium CMS on Friars Road are also EIA-232 and a dedicated 2-pair
copper interconnect runs from the CMS to a Termination cabinet located at Mission Village Drive and
Friars Road. These signs have pre-programmed messages that Special Event staff may select from and
schedule using a sign controller.

2.3.3 CCTV

The existing communications infrastructure at one time supported several analog CCTV cameras.
Camera video was viewed in the TMC on a video wall which is comprised of a large center screen and six
small monitors (three on each side), and a Vicon video switcher distributed the video to the screens.
Cameras are installed on Friars Road near Qualcomm Stadium and also in the Golden Triangle area near
University Town Center (UTC). Analog Video from the Friars Road cameras are fed into an IFS video to
multimode fiber optic media converter and a single dedicated multimode fiber was used to bring the
video back to the TMC. Repeaters were used along the path to assure proper transmission levels.
Camera pan/tilt/zoom (PTZ) was controlled by a COHU camera control unit (CCR), and control could be
performed at the TMC using a software program or manually at the camera location using the COHU
CCR. Animprovement project upgraded the Friars Road fiber from multimode to singlemode, rendering
the cameras non-functional as all the existing interface equipment was multimode.

Two PTZ cameras were installed in the Golden Triangle area at the
intersections of Towne Centre Drive and La Jolla Village Drive, and
North Torrey Pines and Genesee'. Analog video and PTZ EIA-232
data control were brought back to the Termination/Hub cabinet at La
Jolla Village Drive and Genesee which transported the video and data
back to the TMC via the Siemens multiplexer on singlemode fiber.
The intersections of La Jolla Village Drive and Genesee and Villa La
Jolla and La Jolla Village Drive have video detection, and this video
was also brought back to the TMC. The original design for the Golden
Triangle cameras called for ISDN as the transport carrier of data and
video to the TMC. Prior to completion of the ISDN design, fiber was
installed and made available. Unfortunately, the Golden Triangle

cameras were not activated due to equipment issues and cost
constraints.

2.3.4 Central Traffic Management System

The City of San Diego utilizes the QuicNet 4+ Regional Arterial Management System (RAMS) central
control software to manage its traffic signals. The RAMS system provides a common software
application and link between local agencies in San Diego County for coordinated traffic operations
between crossing and adjacent jurisdictions. The link between the agencies is accomplished over a T1
leased line as shown on Figure 2-4. The RAMS system was developed roughly between 1998 and 2005,
and implemented in 20061,
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At the time of this report, 1,224 City traffic signals were contained in the City’s QuicNet 4+/RAMS
database with down communications for several hundred at any given time. Existing communication
infrastructure traffic signal information was obtained from the City's QuicNet system. This information
included: location, status, COMM Channel/Field Master, type, and drop number. In order to create a
comprehensive view, Caltrans traffic signals and anticipated future traffic signals within the City of San
Diego were also documented!?.

2.3.4.1 Existing Operations

Achieving optimal and sustainable mobility for different modes of transportation requires a
comprehensive traffic signal system that utilizes a variety of operations and ITS technologies. A modern
communication system is absolutely necessary to facilitate the use of these ITS elements. All operations
need regular maintenance and monitoring and ITS device communication is paramount to the
operational effectiveness of each application. Beyond maintenance, stakeholders of ITS projects and
operations now require regular performance metrics which are produced by the collection of data
stored by ITS field devices. The existing operations and applications that require communications
infrastructure include:

2.3.4.1.1 Trdffic Signal Timing & Coordination

The sheer size of the signal system in San Diego requires a communication network to efficiently and
effectively manage signal timing parameters. Without remote access, an operator/engineer needs to
physically enter timing parameters at the intersection. If the timing modification is designed to address
a reported issue or inefficiency, verification of the intended fix will require a site visit during the time of
the reported incident. These efforts equate to hours of wasted time and narrow the chances of properly
maintaining the performance of an isolated intersection without the remote accessibility offered by a
communication network.

The communication network is crucial for proper
coordination of signal timing between intersections of
both major and minor arterials. Traffic signal coordination
requires the exact synchronization and maintenance of
traffic controller clocks; that each plan is implemented at
the same time-of-day; the ability to view and compare the

coordination details of each intersection along the @& — naas N —

arterial; and regular fine-tuning of newly implemented coordination strategies. While many factors can
contribute to arterial congestion, a common source is the loss of communication between intersections
and central system software.

2.3.4.1.2 Advanced Signal Operation

The City has several areas of advanced traffic signal operations that require support of reliable
communications systems. These include preemption systems, priority operations, the RAMS network,
and Integrated Corridor Management system.
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2.3.4.1.2.1 Grade crossing preemption

The signal operations at intersections with
railroad crossings are critical as public safety is
of the upmost importance. New requirements
involve complex signal timing that enhances
safety while accommodating non-conflicting
movements of traffic. Traffic operations at
railroad crossings require advanced control

systems to achieve complex operations and _ ‘ ‘
ensure safe and optimal signal performance during grade crossing preemption events.

2.3.4.1.2.2 Emergency Vehicle Preemption (EVP)

Specific Emergency Vehicle Preemption technology is utilized to override signal operations and provide
priority to approaching emergency responders. The phase selectors of modern EVP systems report the
status of all critical components and permit the incorporation of technological advancements such as
GPS (which has proven to improve safety and emergency response times)'3. While many of the existing
preemption devices within San Diego are antiquated, all modern phase selectors utilize Ethernet
interfaces to communicate with central software for remote monitoring and maintenance of this vital
system.

2.3.4.1.2.3 Transit signal priority (TSP)

Recent TSP projects in the City of San Diego quintessentially exemplify the pressing need for an Ethernet
communication infrastructure'. The stakeholders of TSP projects have been tormented by the inability
to properly collect performance measures from devices capable of producing the needed metrics.
Reliable communications are also imperative for evaluating the effect of TSP events on traffic signal
timing.

2.3.4.1.2.4 Adaptive Signal Control

Adaptive is emerging as a viable solution for unpredictable traffic
patterns of arterials within the City of San Diego. The City’s first
modern adaptive system (Rhythm Engineering - InSync) was recently
deployed along Lusk Blvd and demonstrated reliable capabilities.
System performance was monitored remotely and Ethernet
communication was a system requirement. Moving forward, the City
of San Diego is interested in further deployments of Adaptive Signal
Control technology®®. While Adaptive offers advancements over
traditional traffic signal timing operations, it shares the need for a

modern Ethernet communication infrastructure.
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2.3.4.1.2.5 Regional Arterial Management System (R.A.M.S)

The Regional Arterial Management System allows operators to monitor the status of traffic controllers
maintained by other agencies. The regional operations include the
ability to establish a common time source for all traffic controllers
in the County in addition to eliciting regional events which can
override the normal operations of traffic signals across jurisdictions.
This system extends the responsibility to maintain stability of
center-to-field communications as other agencies depend on the
local communication network.

2.3.4.1.2.6 Integrated Corridor Management (ICM)

One of the newest regional operations, Integrated Corridor
Management combines the functionality of several ITS elements in
order to synchronize a calculated event-driven response to live
traffic conditions. While the totality of ICM involves multiple
agencies, the system utilizes center-to-center as well as center-to-
field communication. This advanced operational strategy is
critically hamstrung if the center-to-field communications are

unsound?®.

2.4 Existing Operations and Maintenance Staff

The City of San Diego employs staff with primary responsibility for the operation and maintenance of
the traffic signal system.

2.4.1 Trdffic Signal Operations Staff

The Traffic Signal Operations Group for the City of San Diego is part of the Transportation Engineering
and Operations Division of the Transportation and Storm Water Department. The operations group staff
consists of:

e 1 Senior Engineer,
e 3 Associate Engineers,
e 6 Assistant Engineers, and

e 1 Junior Engineer.

The Traffic Operations Group is primarily responsible for traffic signal operations and is also involved
with the general responsibilities of the Transportation Engineering Operations Division responsibilities
including:

e coordinate traffic investigations for signs, markings, traffic control devices, speeding concerns and
parking issues
e accident data collection and analysis
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e traffic volume data collection

e establishment of speed zones

e traffic signal management (signal timing, installation and modification)

e conducting mobility studies

e investigating and responding to the need for street lights, pedestrian safety improvements, traffic
calming and school safety improvements

The Traffic Operations Group is also involved with the Pedicab Program, Bicycle Program, Transportation
Alternatives Program, and coordination with regional agencies including SANDAG, MTS, and Caltrans.

2.4.2 Trdffic Signal Maintenance Staff

Traffic signal maintenance in the city of San Diego is the responsibility of the
Electrical Section which is part of the Street Division of the Transportation and
Storm Water Department. The Electrical Section staff consists of a manager and
14 technicians. The responsibility of the Electrical Section is to ensure that the
traffic signals are functioning properly. All traffic signals are on a quarterly
maintenance schedule and the technicians respond to emergencies around the
clock.

2.5 Other Public Communication Infrastructure

Documentation of other departments and outside public agencies fiber optic communications routes
were obtained through meetings with the City of San Diego Communications Division, Department of
Information Technology. The City Communications Division has obtained and kept records of various
department and agencies communications facilities through participation in the City of San Diego Fiber
Working Group (FWG). City participants include: Wastewater, Water, Traffic, and Communications.
Regional agencies include: SANDAG, MTS, and the Unified Port District. Other agencies and
departments that were researched include: Caltrans, Police, SafetyNet, and San Diego Data Processing’.

The information provided was extensive and hundreds of records were researched. Several of these
entities have utilized traffic signal conduit to expand their communications networks. Each entities fiber
optic communications were assigned unique layers and the fiber optic routes mapped.

2.6 Existing Conditions GIS Map and Database

A Geographic Information System (GIS) database and map of the existing systems infrastructure
research and inventory was created and presents all information researched and identified as
appropriate for inclusion. ESRI software ArcMap 10.2.2 was utilized. A dynamic layer set and attribute
tables were created of all existing traffic signals, fiber optic cable, copper signal interconnect cable (SIC),
wireless links, and fiber optic communication nodes. The layers include:
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Table 2-1 Summary of Inventory Information for Dynamic Layer Set

Dynamic Layer Inventory Information

Dial Up Field Masters

Location, Maintenance Date

Local Field Masters

Location, Maintenance Date, Communication Channel, Digi Number

Traffic Signal Comm Repair issue

Location, QN COMM/Field Master, Status, Type, Device ID, Drop Number

Traffic Signal Communication Gap

Location, QN COMM/Field Master, Status, Type, Device ID, Drop Number

Traffic Signal

Location, QN COMM/Field Master, Status, Type, Device ID, Drop Number

Fiber Termination Cabinet

Location, Equipment, Maintenance Date

Copper Termination Cabinet

Location, Equipment, Maintenance Date

Caltrans Traffic Signal

Location, QN COMM/Field Master, Status, Type, Device ID, Drop Number

Existing Hub

Location, Node/Ring Number, Multiplex, Communication Channel, Digi Number

Existing Wireless Links

Starting Intersection, Ending Intersection, Interconnect Type, Online/Offline

Existing Fiber Optic Cable

Conduit Size, Interconnect Type, Single or Multimode, Maintenance Date

Existing Copper Interconnect

Conduit Size, Interconnect Type, Maintenance Date

Metropolitan Wastewater Fiber

Conduit Size, Interconnect Type, Maintenance Date

Police Department Fiber

Conduit Size, Interconnect Type, Maintenance Date

SafetyNet

Conduit Size, Interconnect Type, Maintenance Date

MTS Fiber

Conduit Size, Interconnect Type, Maintenance Date

Caltrans Fiber

Conduit Size, Interconnect Type, Maintenance Date

Attribute tables were created based on the inventory data inputs and correspond with the layers shown

on Table 2-1. Figures 2-6 through 2-8 below provide examples of three existing conditions attribute

tables and information contained.
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Figure 2-6 Traffic Signal Attribute Table

0O x
x
Device_|D LOCATION QN_COMM Drop STATUS TYPE -
L] 568 Camino Santa Fe & Camroll Road 59 20 OFFLINE SERIAL |_ |
1 952 Carme| Mountain Road & Conference Way G4 148 OFFLINE SERIAL
2| Point | 1188 El Caminc Real & Carmel Mountain Read 4 OFFLINE SERIAL
3 | Point 938 Carmel| Mountain Road & Penasguitos Drive a2 28 OFFLINE SERIAL
4 | Point | 1189 Carmel Mountain Road & Vista Somento Padowvay 5 OFFLINE SERIAL
5 | Point | 938 Carme| Mountain Road & Stoney Creek Road a2 18 OFFLINE SERIAL
8 | Point | 950 Highland Ranch Road & Carmel Ridge Road 24 17 OFFLINE SERIAL
7 | Point | 189 Iiariet Street & Z5th Avenue 18 13 OFFLINE SERIAL
8 | Point | 782 Soripps Ranch Boulevard & Camoll Canyon Road | 58 10 OFFLINE SERIAL
9 | Point | 1181 Poway Road & Creshview Drive a3 13 OFFLINE SERIAL
10 | Point | 775 Saripps Ranch Boulevard & Erma Road 56 3 OFFLINE SERIAL
11 | Point | 381 Miramar Road & Miramar Place 53 4 OFFLINE SERIAL
12 | Point | 780 Soripps Ranch Boulevard & Saipps Lake Drive 58 &8 OFFLINE SERIAL
13 | Point | €90 Imperial Avenus & 25th Avenus 108 1 OFFLINE SERIAL
14 | Point | 990 4Tth Strest & Federal Boulevard 108 4 OFFLINE SERIAL
15| Peint | 397 Camino Ruiz & Miralani 54 11 OFFLINE SERIAL -
T 1+ » [E 5 (©outof 1046 Selected)
Figure 2-7 Existing Copper Interconnect Cable Attribute Table
Table 0o x
|- 8- B
ic Copper Intercannect K
FID| Id | Shape® | Conduit 1 Size Interconnect Type C_1_Maint| Conduit 2 Size| InterconnectType 2 | C2_ Maint | »
L3 0 | Polyline |2 COPPER SIC - €PR22 | 4-24-1991 |_|
1 0 | Polyline | 2" COPPER SIC - 8PR22 | 4-24-1891
2 0 | Polyline |2 COPPER SIC - 8PR22 | 4-24-1901
3 0 | Polyline |2 COFPFER 3IC - 8PR22 | 4241981
4 0 | Palyline |2¢ COPPER SIC - BPR22 | 4-24-1991
g 0 | Polyling | 2¥ COPPER SIC - EPR2Z | 4-24-1891
] 0 | Pelyline |2 COPFER 5IC - 6PR22 | 4241851
i 0 | Polyline |2 COPPER SIC - 8PR22 | 4-24-1901
a8 0 | Polyline |2 COPFER SIC - 8FPR22 1.25 COFPER SIC
9 0 | Polyline | 2" COPPER SIC - 8PR22 1.25 COPPER SIC
10 0 | Polyline | 1.25" COPPER SIC - 8PR22
b 0 | Polyline |2 COPFER S5IC - 8PR22 s COPPER SIC-3PR19
12 0 | Polyline |2 COPPER SIC - BPR22 pal COPPER SIC-2PR19 |
13 0 | Polyline | 2¥ COFFER SIC - 8FR22 2 COFFPER SIC-3FR18
14 0 | Polyline |27 COPPER SIC - 6PR22 #nd COPPER SIC-2PR19
18 0 | Pelyline |2 COPPER SIC - 8PR22 bl COPPER SIC-2PR19 -
ol i | 3
o4 1 M @E {0 out of 2084 Selected)

| Existing Traffic Copper Interconnect;
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Figure 2-8 Existing Fiber Optic Cable Attribute Table

Table O x
SRR AR
Existing Traffic Fiber Interconnect x
FID}| Shape* Id | C1_5ize | Inter_Type| C_1_Mainta| C2_Size | Inter2_Typ | C_2_Maint C3_Size -
»|_0] Folyline S FIBER 01-07-2000 (W
1 | Polyline N FIBER 01-07-2000
2 | Polyline o2 FIBER 01-07-2000
2 | Polyline o2 FIBER 01-07-2000
4 | Polyline o2 FIBER 01-07-2000
5 | Polyline o2 FIBER 01-07-2000
& | Polyline o2 FIBER 01-07-2000
7 | Polyline o2 FIBER 01-07-2000
& | Polyline N FIBER 01-07-2000
9 | Polyline N e FIBER 01-07-2000
10 | Palyline N e FIBER 01-07-2000
11 | Palyline N e FIBER 01-07-2000
12 | Palyline o2 FIBER 01-07-2000
13 | Palyline o2 FIBER 01-07-2000
14 | Palyline o2 FIBER 01-07-2000
15 | Palyline o2 FIBER 01-07-2000 -
1| 1] | 3
T 1 » » |[E[5 | ©outof 285 Selected)
i Bisting Traffic Fiber Interconnect:

All existing conditions are mapped on the Traffic Signal Communications Master Plan map which is
contained in Appendix A.
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3  SySTEM DEFICIENCIES AND RESOLUTION

The System Deficiencies and Resolution phase of the Master Plan flows from the Existing Conditions
section and presents the areas and locations where there is a gap in traffic signal communication or
repair issues. Also presented is an order of magnitude estimate of the technical solutions necessary to
resolve the communications.

3.1 Deficiency Identification 2 (
Y

There are two main reasons that the existing traffic signals have r(’
{

deficient communications: ,7'

e Gaps — signals that have no existing communication line (central
and/or local) to connect with.

e Repair — existing signals not communicating due to disrepair or
faults on the system.

The following two subsections describe the deficiency identification process, either gap or repair, and
lists the affected locations.

3.1.1 Gap Identification

There are a couple of considerations in the communication gap identification process: gaps between
individual intersections, and gaps between a group of intersections and a communication link to the
TMC. The individual or group gap considerations become important in the resolution process. Most
communication gaps were readily identified by inspection of the existing conditions information
presented on the GIS map. There are a total of 308 intersections in the City of San Diego with a physical
communication gap and approximately 18 gaps between groups of intersections and the TMC.

3.1.2 Repair Identification

A meeting was held with the City’s Traffic Signal Maintenance staff to identify locations of physical
traffic signal communication disrepair. Additionally, key issues that affect the status of maintaining the
City’s traffic signal communication system were surveyed. A questionnaire was developed to achieve
insight into the existing issues encountered by maintenance staff and also obtain suggestions that will
help develop the recommended communication paths. Questions provided to maintenance staff are as
follows:

1. What are the communications issues encountered (i.e., down communications, intermittent
communications, major repair, unserviceable equipment, etc.)?

Where are the most problematic locations or communication lines?

Is documentation an issue and are there specific areas lacking current documentation?

Are there areas in the City where communications can be simplified?

e W

How many designated staff members perform communication maintenance? Any system
champions?
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6. What is the priority for solving communication issues (i.e., low, moderate, high)?

7. How much time is typically spent troubleshooting communication issues?

8. Suggestions on what would help the shop to make communication maintenance more efficient (i.e.,
training, tools, system access, designated staff)?

Based on the meeting with the maintenance staff, detailed interconnect repair problems were identified
at several locations throughout the City. The most common problem included known damaged or
broken conduits and/or interconnect cable at identified locations. A summary of the repair locations is
contained in Table 3-1 below.

Table 3-1 Summary of Maintenance Issues

\[o) ‘ LOCATION PROBLEM DESCRIPTION AFFECTED AREA PROPOSED RESOLUTION
1 Genesee / Manitou Conduit damage west side 31/S Repair conduit.
2 Commercial / National I/C damage 11/S Repair I/C.
Dennery, Red Coral to Black
Coral Damaged conduit 31/S Repair conduit.
Federal, 47t" and 50t Damaged I/C 21/S Repair I/C.
5 Art / El Cajon Damaged conduit 20-251/S Repair conduit.
6" / Broadway and 8t /
6 Broadway Damaged conduit 41/S Wireless radio installed
7 Torrey Pines east of Ivanhoe Damaged I/C 11/S (est) Repair I/C.
Sorrento Valley / Vista
8 Sorrento Damaged conduit 6 1/S (est) Repair I/C.
Rancho Bernardo / Via Del
9 Campo Missing I/C 111/S Replace I/C.
Westview Pkwy, Galvin to Damage, needs conduit and
10 | Compass PtS IC 51/S Repair I/C.
Mira Mesa, Cam Ruiz to Replace 6 pair with new 12
11 | Westview Damaged I/C 91/S pair.
Calle Cristobal / Cam Santa Fe
12 | to Propico Conduit and I/C damage 31/S Repair I/C.
13 | Harbor / Market Damaged I/C 11/S Repair I/C.
14 | Harbor/ Front Damaged I/C 11/S Repair I/C.
15 | Harbor/ 1st Damaged I/C 11/S Repair I/C.
16 | Harbor/ 5th Damaged I/C 11/S Repair I/C.
17 | Harbor / Park Damaged I/C 11/S Repair I/C.
18 | Broadway, Pacific to Harbor Damaged I/C 8 1/S (est) Contractor to replace.
Pacific Beach: Balboa, Mt
Everest to Clairemont and Replace with Broadband
19 | Mission Bay / Garnet. Wireless design issue. 50 to 60 I/S Ethernet radios.
20 | Kearny Mesa Pairs maxed out. 20 (est) Rework pairs
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M LOCATION PROBLEM DESCRIPTION AFFECTED AREA PROPOSED RESOLUTION
Genesee, Clairemont Mesa to
Linda Vista and Linda Vista / Replace cable in run. Need to
21 | Wheatley Pairs maxed out. 25 (est) go to Convoy / Arrow.
Channel is missing on the Link north side of 56 to south
22 | Del Mar Heights Rd south side of the 56. 10 (est) side.
Pomerado Rd / Miramar,
23 | Kearny Villa to Scripps Project never worked. 31/S (est) New wireless.
24 | Pacific Beach Questionable wiring, 3 masters & only need 2. Rearrange pairs.
Dial-ups are difficult to work with. Spring Canyon is
down. 3 leased lines on High Bluff, 1 on Navajo Rd Replace dial-ups with cell
25 | General and 1 on Scripps. modems and I/S to Enet.
26 | El Cajon Blvd Rigid metal pipe is rotted. New conduit.
Fiber Optic Interconnect has been hit and should
be replaced. Conduit and Cable is kinked badly in
27 | El Cajon Blvd many places. Replace conduit and cable.
El Cajon Blvd, Park / El Cajon to | Under bridge. Fiber cable is too tight, no slack in
28 | 1st/Washington pull boxes. Replace cable.
29 | El Cajon Blvd / 30th Loss issues Replace fiber.
30 | California / Hawthorne Splices and terminations are a mess. Quote being produced.
Vault was not installed. Fiber was hit and could not | Install vault and splice
31 | 1/ Elm fit a closure, installed 336 cabinet closure.
32 | Downtown Conduit in basements. Install conduit in street.
General, Mission Valley, Pacific
33 | Highway, 32nd to National City | No trace wire in conduit. Install trace wire
Pull boxes used instead of fiber vaults. Job built to
General, Port and misc fiber non-City spec. Used double stacked #6's. Fiber not
34 | locations. organized or properly hung. Improve build to City spec.
Access issues. City uses Caltrans |/C pairs and goes | Remove I/C from cabinets
35 | General, Caltrans intersections | through Caltrans cabinets. and pull back to box.
36 | Park/El Cajon FOIC damaged Repair FOIC.
FOIC Damage, pull box is too small. Patch panel not | Install vault. Pull cable to
37 | Texas / Meade appropriate solution. Camino Del Rio South.
Single mode mux, no cards. Multimode mux, spare
parts a problem. Costs $S20k to replace the OTN Decommission muxes and
38 | Mux Locations Mux. install switches.

*1/S — Intersection

*1/C — Interconnect

* FOIC — Fiber optic interconnect

The repair issues at individual locations often result in groups of offline intersections. For example, the

repair issue at the intersection of Art Street and El Cajon Boulevard results in another 20 to 25 offline

intersections.

General repair or build issues at various locations around the City are also listed.

Approximately 204 traffic signals are directly affected by communication repair issues as surveyed with
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maintenance staff. It is expected that the actual number of traffic signals affected by repair issues
throughout the City is greater.

In addition to the location specific issues, general comments and suggestions were provided by
maintenance staff. The common issue was that there are not enough resources in the maintenance
shop to fix all the known communication issues. The following general comments were noted:

e Inspection: Not enough resources and inspectors are overwhelmed. Contractors may say nothing
when something is damaged and bury it. Multiple contractors in the same area complicate matters.
Inspectors are sometimes unaware of damage.

e Inspection: Shop has to chase Contractors. Damage can be forgotten if shop doesn’t keep on it. Have
to hold contractors responsible. Temp fixes end up permanent. Contractors make excuses: locates,
shallow pipe, etc. Set a uniform policy and enforce fines.

e  Multi-agency work: Often don’t see work through and systems never work. RE's are on Contractors
side. Utilities don't need permits, have a franchise agreement and not supervised by City.

e Staff resources: Not enough resources in the shop to fix all the comm. issues. Maintenance deals
with traffic signal emergencies and this is a priority. Communications is secondary. Maintenance
staff has no time to deal with the inspectors. PM's and calls are full time. Shop is down 2 staff.

e Documentation: Generally bad documentation and/or lack of documentation.

e General: Need to replace broken pipe and cable segments. Subcontractor could replace pipe and
shop to install cable. Patching is not a good solution. Boring machine is available but can't use it
since an operator is needed to do the work. Small jobs would be ok but no time.

e Tools: Have fusion splicer and old OTDR is being calibrated. New splicers and meters would be
useful.

3.1.3 Deficiency Summary
The traffic signals in the City were sorted into the following categories for mapping and quantification
purposes:

Traffic signal with no issues and existing communication infrastructure present.
@  Traffic Signal with no communication due to repair.
& Traffic signal with no communication due to gap.

Table 3-2 provides a summary of the condition and number of associated traffic signals Citywide.

Table 3-2 Traffic Signal Conditions Summary

3 3 De Qua
City of San Diego Total 1531
Existing Communication Infrastructure Present 1046
No Communication Due to Repair 178
No Communication Due to Gap 307
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3.2 Deficiency Resolution

Considerations for solving communication deficiencies gaps or repair issues include: signal location and
proximity to other offline signals, proximity to nearest communication media, conduit location,
condition of the existing media, whether or not the existing communication equipment are outdated or
obsolete, and bandwidth requirements (not typically a concern for traffic signal data rates alone). These
considerations, in combination with budgetary and schedule constraints, lead the selection process of
alternative solutions and communications infrastructure to recommend for implementation.

Gap issues for individual intersections may need a single link to an existing subarea of signals (or
communication channel) and this is the simplest type of gap to resolve. Larger groups of intersections
that have no communications may require their own communications channel. The most cost effective
and timely method to resolve a gap in communications for either an individual intersection or group of
intersections is through wireless interconnect. As such, wireless technology was considered for
resolving communication gaps. Communications system architecture and general equipment
recommendations are provided in detail in Section 6.

Repair deficiencies needs to be looked at on a case by case basis to determine the appropriate solution
to deploy. Table 3-1 previously shown includes a column of proposed resolutions for each repair issue.
These include conduit, cable, and/or reconfiguration repairs contingent on the particular condition.

3.3 Subareas

All communication deficient traffic signals were logically grouped into subareas. These are generally
organized by coverage area, with boundaries established by locations of the deficient signals, and
named according to the communities covered and given a subarea number. Nineteen subareas were
created to cover all 485 communications deficient traffic signals.

Figure 3-1 on the following page illustrates the general location and boundaries of the 19 subareas
within the City of San Diego. See Appendix D for a detailed map of each individual subarea.
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