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EXECUTIVE SUMMARY
IVHS STRATEGIC PLAN FOR METROPOLITAN BOSTON

The Massachusetts Executive Office of
Transportation and Construction (EOTC)and
the Massachusetts Highway Department
(MHD) have developed a strategic plan for
implementing an Intelligent Vehicle-Highway
System (IVHS) throughout metropolitan Boston
during the next decade. The strategic
deployment plan covers the roadway and
transit network shown in Exhibit 1; and
identifies the user services and functions to be
provided, the overall system architecture, the
supporting technologies and strategies, the
operations and maintenance requirements, the
implementation priorities, and the associated
costs and benefits.

BACKGROUND

The transportation management initiative
known as ‘“Intelligent  Vehicle-Highway
Systems” (IVHS) refers to transportation
networks that involve integrated applications of
advanced surveillance, communications,
computer, display, and control process
technologies on the roadway network, in the
vehicle, and for transit modes. The goals of
IVHS parallel those of EOTC and the MHD -- to
improve the efficiency of the transportation
network  thereby alleviating congestion,
reducing fuel consumption and pollution, and
improving the timeliness of person movement
and goods deliveries; to enhance the safety of
the users of the system; and to enhance overall
mobility such that productivity and economic
competitiveness are maximized.

The strategic planning process for the
Boston area focused on the concept of
“‘integrated applications®; that IVHS-based

systems are more than the mere
implementation of advanced technologies.
These systems are provide for coordinated
decision making and for the sharing of
information such that the transportation
network -- consisting of expressways, surface
streets, and transit routes: all passing through
multiple jurisdiction - is treated as a single
"seamless” entity.

User Services

When developing an IVHS
strategic plan, it is crucial to think in terms of
the services and functions to be provided by the
system. Five areas of "user services" were
identified for the Boston region as follows:

Traveler Information

Traffic Management

Freigt and Fleet Management
Public Transportation
Electronic Toll Collection

Where "users” may be travelers, drivers, transit
riders, commercial fleet, operators/dispatchers
and transportation management personnel.
The various functions associated with these
user services were evaluated in terms of their
contribution towards the region's transportation
goals, including decreased congestion, reduction
in single occupancy vehicles improve mobility,
economic development, and implementation
ease. This evaluation was conducted by a group
of policy and decision makers representing
MHD, EOTC, Massachusetts Bay Turnpike
Authority (MBTA), State Police, Mass Port,
FHWA, and resulted
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in the identification of several priority
IVHS functions as summarized in Exhibit
2. It is emphasized that in developing
system goals, defining user-services and
associated functions, and evaluating their
relative importance, no specific
architectures  nor technologies were
assumed. Bather, it was the prioritized
IVHS functions which formed the basis for
subsequent analyses and technology
recommendations.

REGIONAL ARCHITECTLTRE

One of the key elements of an IVHS
strategic plan is the system architecture.
An IVHS architecture identifies the
functions to be performed by the system,
allocates these functions to subsystems,
and defines the flows of information and
the interfaces between the subsystems and
components. In a metropolitan area such
as Boston; where the roadway network is
managed by several different entities, and
additional agencies are responsible for
transit (MBTA) and enforcement (State
Police); a regional architecture, identifying
the various transportation management
systems and the linkages between these
systems, is necessary.

The regional architecture for the Boston
area IVHS network is shown in Exhibit 3.
The architecture is ‘distributed”in that
each public agency is responsible for
implementing and managing IVHS-based
systems for their respective transportation
networks. As such, MHD will operate a
Freeway Traffic Management System
(FTMS); the MTA will operate systems on
the Turnpike (1-90) and for the Sumner
and Callahan Tunnels; the MBTA will
operate a schedule and dispatch system for
their trains and buses; local municipalities
such as Boston, Cambridge, and Waltham
will operate systems controlling their
surface-street signals; and so forth.
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Moreover, it is envisioned that each of
these agency-specific systems (or network
of systems) will include a separate Traffic
Operations Center (TOC)

The concept of a *“seamless”
transportation network requires that the
individual transportation management
systems share information so as to create
an integrated data base of real-time and
multi-modal traveler information, and that
the operational and control decisions made
within each system (e.g., sign messages,
diversion, signal timing, ramp meter rates,
etc.) consider the current conditions and
potential impacts on the other agencies”
facilities. To achieve this necessary
integration, the regional IVHS architecture
includes a Transportation Information and
Coordination Center (TICC) which is
connected via two-way links to each and
every agency3 TOC and with several
private entities.

As the name implies, the primary
functions of the TICC will involve regional
coordination and information. The
regional TICC will serve as a centralized
clearing house of real-time and static
information on transportation conditions
(e.g., average speeds, travel times, transit
schedules, incidents and congestion
problems, construction and maintenance
activities, etc.) within the Boston
metropolitan area. It will integrate this
information into a regional data base of
traveler information, covering all modes
and routes, which can be accessed by each
agency as well as by private concerns.

The other primary function of the
regional TICC is to promote and manage
coordination between the various
transportation agencies and their systems.
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Exhibit2:  Boston Area Priority IVHS Functions

Incident Management - a Traffic Management user service involving a designated
subsystem and set of procedures aimed specifically at the rapid detection of roadway
incidents, followed by rapidly responding to and clearing those incidents once their
existence has been detected and verified.

« Trip Planning - a Traveler Information user service incorporating real-time
information on fares, schedule adherence, and travel times for transit networks; and
tolls, delays, and travel times for roadways; to aid the traveler in selecting the best
route, mode, and departure time.

Demand Management - strategies to encourage travel during non-peak periods or by
alternate modes (e.g., congestion pricing). Strategies to regulate traffic flow access
(e.g., ramp metering, surface street signal control) are also included.

« Electronic Toll Collection - automatic identification of vehicles and automatic debiting
of the appropriate amount from a pre-paid account or other billing through another
arrangement.

« Advisories - a Traveler Information user service providing real-time information on
transportation facility conditions such as congestion, incidents, delays, weather,
closures, service changes, parking lot availability, next vehicle arrival, etc --
information which travelers may utilize to plan their trip or modify their trip
enroute. The basic information is provided with no travel time nor cost data; (as
provided in Trip Planing).

« Route/Mode Guidance - an advanced form of trip planning in that the optimum route
or mode may be automatically selected based on traveler-entered parameters (e.g.,
origin and destination, mode and route preference, cost, etc.).

« Construction Management - scheduling of construction/maintenance activities and
setup of construction zones so as to minimize their effects on traffic flow.
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Most transportation problems can be
predicted -- at least in terms of what may
happen and where; although not when --
and the corresponding regional strategies,
and agency - specific responses to these
problems can be pre-arranged, pre-
approved, and documented. The role of the
TICC will be to develop, implement, and
monitor these preplanned region-wide
responses as follows:

o TICC is “hotified”of a transportation
problem (e.g. major incident). This
notification may be accomplished
manually (e.g., phone call from an
agency) or automatically based on real-
time information received at the TICC:

« TICC personnel identify the appropriate
response plan based on location, type,
and severity of the problem. The
knowledge base comprising the pre-
approved response plans (e.g., type and
magnitude of incident, location, entities
to be contacted, resources to be
allocated, diversions, traveler
information displays, etc.) will he used
to form a computer-based “expert
system”.

= The regional TICC contacts the various
entities, both public and private, in
accordance with the response plan. It
is envisioned that initially the TICC
will declare that a specific plan be put
into effect, with the actual
implementation carried out by the
individual agencies -- a situation in
which the TICC is responsible for
“strategic’ response, while the various
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Public/Private Responsibilities

A major issue in defining and
developing an IVHS architecture is the
concept of public/private partnerships, and
the respective roles of the public and
private sectors in implementing, operating,
and maintaining IVHS-based systems. A
public/private partnership is defined as a
relationship in which the private entity
provides IVHS services and/or system
elements for the public agency; but instead
of direct reimbursement from the public
agency, some or all of the private entity 3
costs for these functions are recouped by
selling IVHS-based services to other
private entities (i.e., collecting a user fee),
or by receiving a non-monetary
consideration for these services from the
public agency (a sort of quid-pro-quo).

As shown in the regional architecture
diagram, the private sector plays a major
role in the overall IVHS plan for the
Boston area. In general, the public side
(i.e., the various transportation
management and enforcement agencies) is
responsible for collecting and integrating
area-wide surveillance information, and
then developing and implementing control
strategies (e.g., incident detection and
response, signal/meter timing, etc.) based
on this information. The primary role of
the private sector is to analyze the
integrated data, tailoring the information
to meet the unique requirements of the
end users (i.e., a “value added™, and then
to market and disseminate the traveler
information via radio and TV outlets,
kiosks located at large travel generators,



information. Public-private partnerships
may also be utilized to provide
communications, incident response, service
patrols, and operational support.

BOSTON AREA IVHS NETWORK

The Boston area IVHS network is an
array of hardware, software, institutional,
and human elements. Several alternative
technologies and strategies were analyzed
and screened in terms of their ability to
provide the priority functions, their
compatibility with the regional
architecture and with other system
components, life-cycle costs, operational
and maintenance requirements, and
implementation timeframes. Recognizing
that IVHS represents a rapidly changing
technological field, with new and advanced
products being continuously introduced,
the system and subsystem architectures
were defined to maximize flexibility and
modularity and to incorporate accepted
technology standards wherever possible.
In this manner, the Boston IVHS network
can evolve both geographically and
functionally, taking advantage of new
technologies and strategies as the system
matures.

Existing IVHS-Based Systems

The implementation of the Boston area
IVHS network is already underway.
Several transportation management
systems are currently in operation or
under construction as summarized below:

Integrated Project Control System

The “primary mission of the IPCS is to
ensure the safe, efficient flow of vehicular
traffic through the CA/T (Central
Artery/Third Harbor Tunnel)*. In addition,
the IPCS will provide support for
effectively operating and maintaining all
CA/T facilities. This will be accomplished
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by providing a system to remotely monitor
and control all CA/T facilities including
buildings and roadways. The IPCS
incorporates a fully integrated Traffic
Surveillance and Control System (TSCS),
including vehicle detectors to gather data
and determine traffic flow characteristics
in real time, an incident detection system
to identify abrupt changes in traffic flow
and provide a camera view of the suspect
location to an operator, variable message
signs, variable speed limit signs, blank-out
signs, overheight vehicle detection, and
lane use signals. The IPCS will also
maintain the internal environment of the
facilities by providing control of access,
ventilation, power, drainage, and lighting
within covered sections.

MBTA Operations Control Center -
IVHS is a multi-modal initiative, and the
project area also includes the buses,
commuter rail, and “T” facilities operated
by the Massachusetts Bay Transportation
Authority. The MBTA has recently
commenced a 5-year $25 million project to
upgrade its Operations Control Center
(OCC) for the subway and bus lines. When
this project is complete, the MBTA will
have uniform real-time Automated Vehicle
Location (AVL) and schedule adherence
information on every light rail and rapid
transit trip. Key benefits of the new OCC
will include:

Increased availability and accuracy of
vehicle location and schedule adherence
information.

. Centralized information processing and
operations control in the areas of train
control and management, schedule
adherence, decision support systems for
dispatchers, and reporting.

. Ability to accurately and automatically
service real-time passenger information
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systems (e.g., in-terminal displays as to
the arrival of the next train and its
destination).

Massachusetts Turnpike Authority
(MTA) - MassPike began a comprehensive
rehabilitation program for the Sumner and
Callahan Tunnels in 1991. As part of this
effort, closed-circuit television cameras will
be installed in the tunnels and monitored
24 hours-a-day. Both tunnels already have
a Highway Advisory Radio (HAR) system
transmitting at 530 and 1200 on the AM
dial. MassPike is also conducting an
Electronic Toll and Traffic Management
(ETTM) planning study. This program
initiative includes a market study and
analysis, system design and procurement,
testing, and ultimately integration of an
electronic toll collection (ETC) system for
use by MassPike patrons. It is expected
that the ETC system will be implemented
over the entire length of the Turnpike, as
well as the Sumner Tunnel.

SmarTraveler - SmarTraveler is a
FHWA-sponsored operational test of a
privatized traveler information network.
SmarTraveler, which is operated by
SmartRoute Systems, Inc. of Cambridge,
MA, utilizes a “low-tech” infrastructure for
collecting traveler information, including
cameras on buildings, regularly-scheduled
probe trips communicating with the
SmartRoute Operations Center via mobile
phones or two-way radios, routine
monitoring of public agency radio
frequencies, aircraft flying over northern
and southern sections of the metropolitan
area, and direct telephone links to public
agencies, (e.g., State Police
communications center, MHD radio room,
Amtrak dispatch facilities, MBTA
operations center, etc.). This information is
integrated, and reports are compiled for
each route and updated as required. The
information and reports are available over
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the phone -- a traveler calls the system
and inputs a code representing the route,
area, or mode for which he/she desires
information (e.g., 90* for 1-90,5* for Logan
Airport, 1282 for Rt. 128 south of 1-90,
etc.)

Traffic Signal Systems - Several
computer-based signal systems are
operating within the study area. The City
of Boston operates a centralized system
with approximately 325 intersections on
line. Signal control is provided in the
City 3 core and along a series of arterials
extending west and south. Within the
Route 128 beltway, the Metropolitan
District Commission (MDC) controls
approximately 250 signalized intersections.
A six (6) intersection closed loop system
will be in place and operational by spring
1994 along VFW Parkway. Other major
municipalities with computerized signal
system systems include the City of
Waltham and the City of Cambridge

Incident Management - A number of
incident management program elements
have already been initiated within the
Boston metropolitan area by MHD and the
Massachusetts State Police. These include
service patrols utilizing in-house MHD and
contracted resources; and a toll-free
highway emergency number (*SP)
established by the Massachusetts State
Police, working in conjunction with the
cellular telephone companies, whereby
motorists can report incidents to the
Massachusetts State Police
communications center in Framingham.

Surveillance Function

Nearly all of the priority IVHS
functions depend on collecting, processing,
and managing real-time information
regarding the transportation network.
These data are used by the system for
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congestion monitoring, incident detection,
development of traveler information, and
optimizing control strategies. The
information on traffic flow may also be
processed and stored for planning and
historical analyses. The importance of an
accurate and reliable surveillance
subsystem cannot be overstated. It is truly
the “heart’of an IVHS-based system.

The roadway detection subsystem will
initially consist of existing loop detectors,
new loop detectors, and new overhead-
mounted devices (utilizing microwave
technology) to measure traffic flow volumes
and speeds. Detector stations, covering all
lanes, will be located throughout the
roadway network. The detectors stations
will be spaced at nominal M-mile intervals
along those roadway segments which
experience the greatest congestion and
highest incident rates (e.g., the Southeast
Expressway, sections of Route 128, etc.);
with longer spacings (1 to 3 miles) for the
remaining segments depending on their
respective traffic flow characteristics and
the availability of power and
communications tie-ins. Detection data
will be preprocessed in the field using Type
170 controllers on the next-generation
version (i.e., Model 2070) of this device.

In the future, the Boston area
surveillance subsystem may consist of the
vehicles themselves -- being tracked as
they traverse the roadway network, and
providing real-time information on
segment-and direction-specific travel times
and speeds. Using vehicles as automated
‘probes” can be achieved in a number of
ways, including AVI tags (which are also
used for electronic toll collection), cellular
phones, or in-vehicle traveler information
devices. In addition to vehicle detection,
the roadway surveillance network will also
include weather sensors to detect a variety
of surface conditions (e.g., wet, ice, snow,
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salted-slush, etc.) and overheight detectors
to provide warnings to vehicles well in
advance of the Central Artery/Third
Harbor Tunnel.

In addition to monitoring the roadway
network, real-time surveillance of transit
modes is also an important function of the
Boston area IVHS network. Such real-
time data on vehicle locations will be used
to enhance operations control and
passenger information. The transit
information will also be integrated with
the roadway network data at the TICC to
provide a multi-modal traveler information
database throughout the region. The
MBTAS3 on-going project to upgrade the
“T” lines in terms of surveillance,
operations control, and real-time
information has already been noted. Given
the relatively high priority given to the
route/mode guidance function, the strategic
deployment plan also includes a
recommended expansion and enhancement
of this transit surveillance network to
ultimately include the commuter rail lines
and buses.

Incident Management Function

Non-recurring congestion is the result of
“incidents” which block travel lanes or
otherwise reduce capacity, thereby
impeding traffic flow on the freeway.
These freeway incidents are relatively
unpredictable and can take on several
forms including accidents, disabled
vehicles, spilled loads, adverse weather,
and special events. The level of
nonrecurring congestion in the Boston area
freeway network is significant. Statistics
developed by the Federal Highway
Administration indicate that
approximately 78 percent of all freeway
congestion in the Boston region is
attributable to incidents.
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Incident management can be defined as
a coordinated, preplanned use of human
and mechanical resources to restore full
capacity as soon as possible after an
incident occurs, and to efficiently manage
traffic during the incident. The freeway
incident management process involves the
following activities:

¢ Reducing the time required to detect
the occurrence of an incident (i.e.,
awareness)

¢ Reducing the time required to_verify the
incident, identify the types of vehicles
involved, and to determine the proper
response (i.e., identification)

* Reducing the time required to notify the
necessary agencies and organizations,
and then for the appropriate equipment
and personnel to arrive on the scene
(i.e., response)

* Reducing the time required for the
incident to be cleared from the roadway,
restoring full capacity, while exercising
proper on-scene management of traffic
flow (i.e., clearance)

The Massachusetts Highway
Department and the Massachusetts State
Police initiated an incident management
program throughout the Commonwealth
several years ago. The existing features of
this on-going effort, plus the additional
elements recommended in the Boston area
IVHS Strategic Plan, include the following:

Cellular Call-In - As previously noted,
a toll-free cellular number (*SP) has been
established in central/eastern
Massachusetts whereby motorists can
report incidents to the Massachusetts
State Police communications center in
Framingham. The Framingham center
currently handles over 20,000 cellular
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phone calls per month from the 617 and
508 area codes. Cellular phones and the
*SP network have undoubtedly decreased
the incident detection time -- the State
Police estimate that they are detecting the
reported incidents within a minute of
occurrence. This manual method of
incident detection and surveillance is
expected to continue. To improve the
accuracy of the information provided by
callers with respect to incident location,
supplemental guide signs -- including 1/10
mile markers and overpass/underpass
roadway names -- are recommended
throughout the roadway network.

Automated Incident Detection - The
*SP incident detection subsystem will be
supplemented by automated incident
detection along the high-accident/high-
volume segments of the roadway network.
As previously noted, these segments are
being instrumented with detectors at
nominal I/2-mile intervals, thereby
providing detection of incidents within 3-5
minutes after their occurrence.  The
purpose Of the automated incident
detection function is not to improve the
detection time provided by *SP; but rather
to ensure that no incidents are missed
along these critical segments of the
roadway network.

TV Surveillance - Closed-circuit
television (CCTV) has been used
extensively in freeway management
systems for incident verification. Cameras
are installed along segments of the
roadway, and the video pictures are
transmitted back to a system control
center; thereby permitting operators and
police to rapidly confirm a suspected
incident (as reported by automated
detection algorithms or *SP), to verify the
nature of an incident, and to assist
responders in quickly determining the
appropriate course of action. Full CCTV
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coverage (i.e. no ‘blind” spots) is
recommended for those roadway segments
with %-mile detector spacing -- that is, the
areas with automated incident detection.
Video surveillance is also recommended in
the vicinity of major interchanges and
other segments which regularly experience
congestion. The CCTV assemblies will
consist of color cameras mounted on poles,
and will include remote pan, tilt, and zoom
capabilities.

Freeway Service Patrols - A freeway
service patrol consists of a vehicle (e.g.,
van, tow truck, etc.) and operator that
patrol the freeway network, providing
motorist assistance and handling minor
incidents (e.g., providing gas, pushing
disabled vehicles to nearest exit, changing
flat tires, clearing debris, etc.). Freeway
service patrols dramatically reduce the
incident response and clearance time
because the service provider is
immediately on the scene, rather than
appearing several minutes (or longer) after
the incident has initially been detected.
MHD has recently awarded a contract to
Samaritania, Inc. to provide peak period
service patrols (incorporating both vans
and pick-ups) throughout Massachusetts,
including 16 routes in the Boston
metropolitan area. It is recommended that
an additional 12 patrol routes be
implemented covering most of the roadway
segments not included in the initial
contract. Moreover, it is recommended
that the operation of the service patrols be
extended beyond the peak periods to 6:00
AM - 8:00 PM.

Other - Additional elements of the
incident management function include:

Quick Clearance Policy - The

Massachusetts State Police and MHD
have formulated and instituted a Quick
Clearance Police, and have entered into
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an interagency agreement making
restoration of normal traffic flow the
first priority at an incident site. The
policy and supporting legislation
enables responding agencies to act
qguickly in clearing disabled vehicles
and debris from the roadway.

Removal of Vehicles - Motorists who are
involved in an accident are required to
stop at the scene and wait for the
police. It is recommended that the
Massachusetts law be modified such
that, in the case of property-damage-
only accidents, the involved vehicles are
stopped “Wwithout obstructing traffic
more than necessary.” In this manner,
motorists must move their vehicles (if
possible) to the shoulder thereby
clearing the travel lanes.

Traveler Interface

Traveler interface technologies provide
the means by which travelers (and soon-to-
be-travelers) are provided with real-time
information regarding roadway, transit,
and traffic flow conditions, This
information can assist the traveler with
planning his/her trip, selecting the
optimum mode or route, and dynamic
decision making during the trip so as to
improve the efficiency and convenience of
travel (i.e., enhanced mobility). Most of
this information is obtained by the
surveillance function elements. The
traveler interface elements disseminate the
information to travelers utilizing a variety
of audio and visual techniques.

Traffic Information Broadcasting -
The private sector is seen as playing a
signigicant role in the dissemination of
traveler information.  In essence, the
public side (i.e., MHD MBTA, MTA,
MassPort, etc.) will collect and integrate
surveillance information; while the private
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side will analyze the integrated data, tailor
the information to meet the unique
requirements of the end users (i.e. a “value
added”), and then market and disseminate
the traveler information via a variety of
outlets including radio and television
media, cable TV (e.g., “Traffic Channel”),
Highway Advisory Telephone (similar to
SmarTraveler), interactive information
kiosks at major generators and transfer
locations, and in-vehicle devices. The
interface between the TICC and private
traveler information entities will rely
primarily on workstations providing text-
based information and color graphics
displays, with some use of video from
CCTV.

Variable Message Signs - The use of
variable message signs (VMS) is seen as

an integral part of the traveler information
function. Signs will be located in advance
of freeway-to-freeway connections, on the
approaches to and along those roadway
segments which experience the greatest
congestion, and in advance of the exits for
major intermodal points (e.g., park-and-
ride lots). The VMS will incorporate light-
emitting technology (e.g., fiber optics with
reflective flip disks) to maximize message
visibility and legibility.

Demand Management

Solutions for recurring congestion fall
into the broad category of “demand
management”’, as their focus is to reduce
the demand along roadway segments and
at bottleneck locations. Since an incident
is a form of roadway bottleneck, the
demand management strategies discussed
herein may also be applied to the overall
incident management process.

Metering - Meters are traffic signals
placed at the freeway entrances. They
control the rate at which vehicles enter the

Ihk & associates

mainline (i.e., manage the demand) such
that the downstream capacity is not
exceeded, thereby allowing the freeway to
carry the maximum volume at a uniform
speed. The proposed metering plan for the
Boston area IVHS network includes most
of the Route 128 on-ramps (except for the
freeway connectors); the Route 3A on-ramp
to 1-93 northbound; and inbound mainline
metering (i.e., signals placed over each
lane of a widened segment of the freeway
itself) along Route 3 (north and south of
Boston), 1-95 (north and south of Boston),
Route 24, and 1-93, with all mainline
meter locations upstream of Route 128.

This metering configuration will ensure
that nearly every inbound motorist will be
metered, thereby reducing recurring
freeway delay in an equitable manner.
Including HOV bypass lanes, particularly
at the mainline meter stations, will also
provide an incentive for reducing the
number of single-occupancy vehicles on the
network and encouraging the use of
transit. Additionally, the mainline meter
stations may also be modified and utilized
in the future for congestion pricing.

Communications

The communications network provides
the connecting link for the exchange of
information between field hardware and an
operations center, and between the various
agency-specific TOCs and the TICC.
Several communication alternatives and
configurations were analyzed in terms of
their bandwidths, reliability,
expandability, and life-cycle costs. Leased
telephone circuits from New England
Telephone were determined to be the most
cost-effective for the Boston area IVHS
network. This communications network
will consist of “DIGIPATH” digital data
circuits between the control center and the
various field elements (e.g., detectors,
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VMS, camera control, ramp meters, etc.),
and “TV-I""analog circuits (i.e., fiber optics
leased from New England Telephone) for
the transmission of video from the CCTV
cameras to the control centers. These
circuits will also be utilized for the
exchange of information between agency-
specific TOCs and the TICC.

Central Hardware and Software

The central hardware and software
provide the mechanisms by which the
agency-specific TOCs share information
and decision support via the TICC. The
central architecture -- for both the regional
TICC and the MHD-TOC -- is built around
the following:

. Real-time data distribution via a
‘client-server” model, thereby
facilitating the communication and
integration between potentially
disparate systems.

« Region-wide traveler information
database based on a geographic
information system (GIS), thereby
providing a common reference for a
large volume of spatial data obtained
from multiple sources.

« Integrated workstations -- which
incorporate graphic, text, and video
displays -- for user access.

. User - selectable information presented
through a Graphical User Interface
(GUI), supported by audible and/or
visual alerts to allow operators to
monitor the system while carrying on
their other tasks.

« An Expert System (resident at the
TICC) which will continuously look for
anomalies in the collected information,
determine the potential impacts of
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these problems on the region’
transportation  network, identify
response strategies (in accordance with
pre-approved plans), and submit these
actions to agency - specific TOCs for
implementation.

Control Centers

Control centers, including agency-
specific TOCs and the regional TICC, are
the focal points of the Boston area IVHS
network. These facilities house the central
hardware and include space for the system
operators, technical staff, and decision
makers.  Considering the region-wide
emphasis and functionality of the TICC,
plus the need for easy access by all
involved agencies (MHD, MBTA, MassPort,
MTA, etc.), this facility will be located at
the State Transportation Building at 10
Park Plaza. The MHD-TOC will be located
at the State Police facility in Framingham,
thereby facilitating coordination for the
incident management function.  These
control centers will initially operate from
6:00 AM to 7:00 PM on each working day,
with extended hours in support of special
events and weather emergencies. It is
envisioned that the TICC and the MHD-
TOC will ultimately operate 24 hours-a-
day, 7-days-a-week.

Operations and Maintenance

The key to success for the Boston area
IVHS program will be an effective program
of operation and maintenance. This will
require an adequate staff of well-trained
personnel, up-to-date documentation on all
system components, adequate budget for
spare parts and expendables, and a long-
term commitment on the part of MHD (and
other affected agencies) to utilize the
system to its full potential, including
keeping the response plans, VMS displays,
and system algorithms up-to-date on a
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continual basis. A “set-it-and-forget-it”
policy will & work. It is envisioned that
these operations and maintenance
activities will be provided by a combination
of MHD personnel (in-house), contract
services, and public-private partnerships.

IMPLEMENTATION

The various IVHS recommendations for
the Boston area transportation network
have been designated for inclusion into one
of the following implementation scenarios:

« Phase 1 Plan - the initial IVHS
network, which is scheduled to be
completed and operational within 2-3
years. In developing the Phase 1
recommendations, emphasis was placed
on making the maximum use of existing
resources, and on deploying
technologies which are proven and
readily available.

« Year 2000 Plan a functional,
geographic, institutional, and technical
expansion of the Phase 1 System. In
essence, the year 2000
recommendations, coupled with the
Phase 1 Plan, represent the “ultimate”
configuration of the Boston area IVHS
network.

Exhibit 4 shows the recommended
Phase 1 and Year 2000 areas of IVHS
implementation. In essence the Phase 1
area incorporates those roadways which
experience the largest volumes, the highest
volume/capacity ratios, and the greatest
number of incidents as compared to the
rest of the project area. Moreover, the
Phase 1 area includes several existing
elements (e.g., detector stations) which can
be readily integrated into the NHS-based
system. Implementation of the Phase 1
Plan will involve multiple projects,
including:

Jhk & associates

¢ Early Action Incident Management
Program - This project covers the Route
128 corridor between Route 28 in
Wakefield in the Route 3/1-93
interchange in Braintree; and includes
the deployment of detectors, cameras,
and VMS within the corridor the initial
MHD-TOC at the State Police
communications center, and the
associated communications network.

* 1-93 Corridor in Medford, Somerville,
Cambridge, and Boston - In addition to
the installation of detectors, cameras,
and VMS along this segment of the
freeway network, the project also
includes integration with the surface
street network (e.g., detectors, signal
systems) and MBTA parking.

¢ Southeast Expressway Corridor - This
project includes the installation of
detectors, cameras, and VMS in
conjunction with the proposed HOV
facility.

* Other - One or more projects will be
implemented to complete the Phase 1
IVHS network. In addition to the
remaining roadway segments, these
projects will also include the weather
detectors, overheight sensors,
supplemental guide signs, and the
initial TICC.

e Metering Public Relations - Actual
implementation of the ramp and
mainline meters is part of the Year
2000 Plan. However during Phase 1, a
proactive public relations and
information program regarding the
recommended metering will be
initiated.

SYSTEM COSTS & BENEFITS

The estimated cost for the
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recommended Boston area IVHS network
is approximately $91.5 million in capital
costs, with a continuing annual operations
and maintenance cost of $12.2 million. Of
this total, the Phase 1 implementation
represents approximately $40.4 million in
capital costs, plus $5.3 million/year for
operations and maintenance.

IVHS networks have proven to be one of
the most cost-effective methods for
reducing congestion and improving the
operation of the transportation network. A
study by FHWA has identified significant
benefits resulting from the implementation
of systems such as the one recommended
for the MHD roadway network, including
an average 37 percent reduction in
incident-related delay, an average 28
percent reduction in recurring delay and
an average 22 percent reduction in excess
fuel consumption. An air quality analysis
was performed to assess the potential
benefits associated with the
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implementation of the recommended IVHS
program. The results of this conservative
analysis for the Phase 1 area indicated a
reduction of approximately 190 KG/day in
volatile organic compounds, 1000 KG/day
in carbon monoxide, and 40KG/day in
nitrous oxides. Moreover, these
guantitative benefits do not begin to
address the improved mobility afforede by
the recommended IVHS network.

SUMMARY

The Boston area IVHS Strategic Plan
reflects a major commitment on the part of
the Massachusetts Highway Department
and other agencies to actively manage the
day-to-day operations of the region3
transportation network. Such a
commitment is not only feasible; but it is
also necessary if the area is to maintain its
economic growth and vitality. Moreover,
the expected benefits to taxpayers far
outweighs the system cost.
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