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L. Introduction and Summary

1.1 Purpose and Intended Audience

This is one of a series of documents providing support for deploying Intelligent Transportation Systems (ITS). This series addresses:
E  Freeway and Incident Management Systems
E  Traffic Signal Control Systems
E  Transit Management Systems
E  Traveler Information Systems

The National ITS Architecture provides a common structure for deploying these systems. An important point of these documents is that you can reap
operational benefits while saving staff hours and design costs by using the National ITS Architecture as a deployment guide.

1.1l Intended Purpose

This document focuses on freeway management and incident management systems, which are highly related components of ITS. It aims to provide
practical help for the transportation community with deploying these systems in an integrated, multimodal environment using the National IS
Architecture. ITS is the application of management strategies and technologies to increase the efficiency and safety of national, regional, and local surface
transportation systems. Intelligent Transportation Systems form the basis for a new way of doing business in addressing the nation &surface
transportation needs. Rather than solving transportation challenges solely by building additional roadway capacity, ITS strategies strive to use existing
facilities more efficiently by applying technology and effective management strategies to collect, transfer, process, and share historic and real-time
transportation information. This includes the use of computer, communications, sensor, information, and control technologies and a structured approach to
manage the planning, development, deployment, operations, and maintenance of ITS systems and projects.

This document is designed as a guide for how the National ITS Architecture can be used in the process of designing, developing, and implementing effective
freeway and incident management systems. Development of the National ITS Architecture arose out of a need to provide a common framework for
deployment of ITS across the nation. The National ITS Architecture contains the information you need to develop a regional architecture, to be assured you
haven Eoverlooked anything important, and to ensure you are preparing an efficient deployment. This document shows how to enhance existing and
emerging freeway and incident management systems, facilitate design and upgrade of future systems, and help overcome challenges commonly faced by
freeway and incident management personnel. It does not describe freeway management or incident management fundamentals, since that hackground
already exists in other technical assistance documents, such as the Freeway Management Handbook [FHWA, August 1997] and the Freeway Incident
Management Handbook [FHWA, July 1991 with an updated version expected in Fall 1998]. This document provides a basic overview of freeway and
incident management systems and covers the role the National ITS Architecture can play in project development, the development process for a regional
architecture, some challenges faced by traffic management agencies, and some best practices and lessons learned for developing and deploying freeway
and incident management systems. The regional architecture will indicate how current and future systems in the region may be integrated to obtain the
added benefits available through integration of these systems.

Freeway management can be defined as the control, guidance, and warning of traffic in order to improve the flow of people and goods on limited access
facilities. A freeway management system, then consists of the infrastructure components utilized to accomplish the goals and objectives which may be
established by a region or agency for that particular system. The components of this system include the field hardware (cameras, variable message signs,
electronic toll tag readers, etc.), communications equipment (including connections to other systems or agencies), traffic management system (computer

1-1



Developing Freeway and Incident Management Systems Using the National ITS Architecture

hardware and software), and the people who staff this center. These components allow the freeway management system to combine personnel,
operational strategies and technologies together to control and manage traffic more efficiently.

Incident management is a coordinated and planned approach for responding to incidents when they occur on either freeways or arterial surface streets.
This involves the systematic use of human and mechanical processes for detecting, responding to, and clearing incidents. Incident management is a
cooperative, multi-agency approach to address nonrecurrent congestion problems on freeways typically caused by incidents. Incident management is an
operational strategy of the freeway management system involving the coordinated and planned approach to restore traffic to its normal operation as
quickly as possible after an incident has occurred.

Because of the natural relationship between freeway and incident management functions, this document covers both, providing a variety of examples that
apply to one or both of these systems throughout the main sections. In many areas, the state DOT has the primary responsibility for these functions on the
freeway system. However, it is recognized that incident management programs and systems often provide coverage and response on arterial streets.
Because of the number of additional agencies and stakeholders that are involved with the overall incident management function (including law
enforcement, fire and rescue, emergency medical services, towing, and other transportation agencies), it is also recognized that institutional cooperation is
paramount to effective incident management. In any case, the concepts discussed throughout the document can be similarly applied to a wide range of
freeway or incident management systems.

11,2 What is the National ITS Architecture?

The National ITS Architecture defines the components of the surface transportation system, how they interact and work together, and what information
they exchange to provide 30 ITS user services. These 30 user services have been identified by the U.S. ITS community as part of the National ITS Program
to guide the development of ITS and are listed in Section 2. A key requirement for development of the National ITS Architecture [FHWA, January 1997] was
that it include the transportation functions necessary to provide the 30 user services.

Using the National ITS Architecture will save implementers time and money because it contains much of the up front analysis and planning information
necessary to deploy ITS, including project definition and requirements, information exchange requirements, system evaluation criteria, cost development
information, communications analysis, and benefits of deployment of specific ITS applications.

1.1.3  Intended Audience
The intended audience of this document includes:

E  Transportation engingers, planners, and mid-level administrators for state, local, and regional transportation agencies, including metropolitan
planning organizations and regional transportation authorities, involved in planning, designing, implementing, operating and maintaining
freeway or incident management systems.

E Transportation professionals and others interested in understanding freeway and incident management systems challenges and solutions based
on the Architecture.

The audience is assumed to be reasonably knowledgeable in traffic management operations and maintenance and to have had some practical experience
in this field. More specifically, if your work involves planning, designing, implementing, operating or maintaining freeway or incident management
systems, and you perform one of the following functions within your organization, this document is intended for you:

Regional Transportation Planning Project Implementation
Traffic Engineering ITS Project Definition

Identification and Allocation of Project Funds  Preliminary and Final Design

1-2
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Procurement of Services and Equipment Project Acceptance Testing
Project Approval System Evaluation
Project Management QOperations, Maintenance
Training

1.2 Freeway and Incident Management Systems

The 1983 FHWA Freeway Management Handbook characterized freeway management as the control, guidance and warning of traffic to improve the flow of
people and goods on freeway facilities [FHWA, 1983]. This description of freeway management remains accurate; today, however, “the definition of
freeway management should be expanded to encompass all activities undertaken to operate a freeway facility in a manner consistent with predetermined
goals and objectives. .. including those related to impacts on and the influence of surrounding communities and jurisdictions” TFHWA, August 1997]. In
addition, the systems being used and the measures being taken today to improve the flow of people and goods on freeways are significantly different than
in the past. There have been great advancements in both detection and communications systems; new technologies have been applied and operating
practices have been modified as operating agencies have gained experience in managing freeway traffic. As travel pattems changed, the regional
framework designed to foster cooperation among transportation agencies has become increasingly important. Furthermore, freeway management
strategies have become multi-modal. These factors have contributed to the more dynamic and user oriented nature of freeway management systems.

In general, each freeway management system is designed to meet the specific social and political objectives of each community. Fundamentally, however,
freeway management systems strive to achieve the following:

E To accurately monitor freeway performance and make appropriate traffic control decisions in a timely manner
E To reduce the impacts and frequency of recurring congestion on freeways

E Tominimize the duration and severity of non-recurring congestion on freeways

E Tomaximize freeway efficiency and public safety

E To provide freeway users with appropriate information to enable route and mode selection

1.2.1  Freeway and Incident Management Functions
To achieve the objectives stated above, freeway management systems must be able to effectively perform some or all of the following functions (Figure 1.2-

0):

Surveillance and Incident Detection
Ramp Control

Information Dissemination

Incident Management

g g g g g

Lane Use Control
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E Coordination with Other Traffic and Freeway Management Systems and Incident Detection

1.2.11 Surveillance

The cornerstone of effective freeway management is an overall surveillance and incident detection system, for it is through the use of that system that the
freeway operator gets an answer to the fundamental question “What are the current operating conditions on the freeway?" The answer to that question
can e derived and confirmed from a number of sources in a number of ways, some using advanced technology (e.g., electronic detection systems and
detection algorithms) and others using simple methods (e.g., cellular phone call-ins, and observations by Freeway Service Patrol personnel).

Typical electronic surveillance systems detect environmental conditions, volume, speed, occupancy, and traffic densities. This data is then used to
determine the state of freeway operations, the location and degree of congestion, and potentially to estimate average travel-times. A number of algorithms
and other techniques have been developed that are being used to detect freeway incidents. Weather conditions (atmospheric and road surface conditions)
can he ohserved by environmental sensor stations.

The most commonly used electronic detection device in freeway management systems today is the in-pavement loop detector, also called the magnetic or
inductive loop detector. Some reliability problems have been experienced in some loop detector installations, and accessibility for carrying out
maintenance activities on loops located in high-volume traffic lanes have proved troublesome. This has stimulated development of other detection
technologies, especially those that can be located outside of traffic lanes. These detection technologies include video (CCTV), sonic, radar, infrared, and
Dedicated Short Range Communications (DSRC) based innovations.

These options may offer greater flexibility, reliability, and lower maintenance costs, but will generally result in higher initial costs and require more highly
skilled personnel to provide support for such systems.
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Surveillance Lane Use Control
Vehicle Closed Circuit :

Detectors Television Main Lane

Metering

Environmental Incident Soulder
Sensors Detection Utilization
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Reversible
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Figure 1.2-1. Freeway Management Functions

1.2.1.2 Ramp Control
Ramp metering and control can produce a significant improvement in freeway traffic flow by reducing the turbulent flow conditions and congestion that

occur frequently at entrance ramps. Improvements are brought about through the control of two factors;

E  Control of the volume of on-ramp traffic to the level that the freeway can accommodate without a breakdown in traffic flow on freeway
through lanes. Here, the goal is to maintain the balance of the demand-capacity relationship and to avoid a breakdown of traffic flow in the
downstream freeway segments. This measure is generally seen as requiring a significant diversion of on-ramp traffic to surface streets,
although as discussed below, such is frequently not the case.

E Controlling the rate of arrival of on-ramp traffic into the freeway lanes. Here, the goal is to break down the constant stream of traffic that is
forcing its way into the "head-of-the-line" at the freeway lanes. Without ramp metering, this produces turbulence and inefficiencies within the
traffic stream and creates congestion upstream of the on-ramp. The ramp meter is used to control the number of on-ramp vehicles entering
the freeway at any one time (usually one to three vehicles at a time) such that any resultant “shock waves" can be dissipated within the
freeway traffic stream before the next small increment of on-ramp vehicles arrives to enter the freeway.

Experience in the operation of ramp meters has shown that in many instances, the control of the rate of arrival has been the primary contributing factor in
reducing congestion and improving traffic flow on the freeway. It has frequently been observed that the system can actually serve a greater volume of on-
ramp traffic under the metered operation. At the same time the operating conditions on the freeway improve. In one study, freeway speeds were shown to
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imprave by as much as 35% while accidents declined nearly 30%. This is attributed to the fact that the turbulent flow and inefficient operations created
by entering vehicles is avoided; the freeway thus operates at peak efficiency.

Consideration must be given to the storage space required for queuing vehicles in ramp metering installation design. I adequate consideration is not given
to this issue, a potential exists for the end of the queue to extend back onto the surface street, creating traffic flow problems for the adjacent traffic signal
control system.

Ramp meters can be operated in a variety of ways, ranging from using a fixed rate that varies with time-of-day, to a fully traffic responsive system in
which the rate is automatically varied as upstream freeway volumes vary. The fully responsive operation will optimize the henefits that can be realized
through the use of ramp meters.

1.2.1.3 Information Dissemination

As the state of the practice in freeway management systems has developed over several years, improvements in techniques of quickly gathering accurate
information ahout traffic flow conditions have come about. There has been a growing appreciation of the need to disseminate this information to a host of
users in a timely manner. This information must be provided to enforcement agencies and other emergency service providers so that appropriate response
activities can be initiated. It should also be provided to other operating agencies whose facilities may be affected by the freeway operating conditions and
to the traveling public who may be impacted by the current freeway traffic conditions. A variety of entities rely on the freeway system to conduct business.
Information should be provided to them and to the media. Information dissemination is essential to allowing the users of the transportation system to
make informed decisions related to modifying their travel (routes, times, mode) which in turn can help alleviate the traffic problems being experienced on
the freeway.

The media can play an important role in transportation related information dissemination. The primary business of the media is to disseminate
information. They have the required resources in place to quickly disseminate information to a wide variety of people. Commercial radio provides a very
important avenue for getting information to the motorist in the vehicle. By and large the media has expressed great interest in receiving this information
and in providing it to their customers. The media is generally interested in being a partner in solving the traffic congestion problem. The media should be
included as an important stakeholder in any program aimed at the widespread dissemination of information to large numbers of people.

Information dissemination may be accomplished through field devices such as variable message signs, highway advisory radio and information beacons, or
through the services of an ISP. DSRC technology coupled with in-vehicle information devices can also be used for information dissemination. DSRCisa
wireless technology used to communicate between the roadside infrastructure and a device inside the vehicle. Information transfer can also be done
through telephone lines, cellular phanes, on-line computer services, one-way broadcasts (e.g., FM subcarrier), web sites, and television.

In the design, development and operation of a freeway management system, it is important that the need for widespread dissemination of information be
recognized. An optimum blend of systems, technologies, operating procedures, partnerships and agreements should be put into place so that the
information being collected is distributed quickly and in an appropriate form to the users.

1.2.14 Incident Management

Incident management includes activities involved in identifying, responding to, and clearing roadway incidents and emergencies. It is the coordinated use
of human and technical resources to restore full freeway capacity after incidents and reduce the duration of the disruption. Incident management involves
actively managing traffic flows throughout the duration of the incident, and through the period of restoration of traffic flows. It requires continual
monitoring and adjustment of the traffic management plan as clearance of the incident progresses through its various phases and the provision of
information to the traveling public until traffic flows are restored to normal conditions. Effective incident management encompasses six basic phases:

E Detection/Verification
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E  Response

E  Scene Management
E Traffic Management
E Incident Clearance

E  Motorist Information

In practice, these phases often are concurrent or overlapping. Even in the absence of a formal incident management program, these phases will occur to
some degree. However, a formal incident management program can greatly improve the efficiency and effectiveness of these phases. Each phase of
effective incident management is briefly discussed below.

Detection/Verification

Incident detection is the process that brings an incident to the attention of the agency or agencies responsible for maintaining traffic flow and safe
operations on the facility. The following methods are commonly used to detect incidents:



Developing Freeway and Incident Management Systems Using the National ITS Architecture

Roadway vehicle detectors and incident detection systems
Cellular telephone (911 or non-emergency matorist assistance/reporting number [311])

Video and closed circuit television

Motorist aid call boxes

g g m: Mm: [T

Service patrols and law enforcement

Response

Incident response is the activation, coordination, and management of the appropriate personnel, equipment, communication links, and motorist
information media as soon as there is reasonable certainty that an incident is present. An appropriate response is dependent on understanding the nature
of the incident and the steps and/or resources that are necessary to return the facility to pre-incident conditions.

Scene Management

Scene management is the process of accurately assessing incidents, properly establishing priorities, notifying and coordinating with the appropriate
resources, working efficiently with other responders, maintaining clear communications, and clearing incidents in a safe, timely and efficient manner.
Ensuring the safety of response personnel, incident victims, and other motorists is the foremost objective of incident scene management. Requirements for
effective scene management include:

E  Establishing an incident command post

E  Designating a scene manager or incident commander

E  Including representative involvement from each involved agency
g

Staging of emergency vehicles and equipment

Traffic Management

Traffic management applies traffic control measures in the area of an incident site, including;
E  Lane closures and openings
E  Ramp metering

E  Use of alternate routes

Incident Clearance

Incident clearance is the process of removing wreckage, debris, or any other element that disrupts the normal flow of traffic from the roadway and
restoring roadway capacity to its pre-incident condition.
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Motorist Information

Matorist information is the activation of various means of disseminating information to motorists. Devices commonly used to disseminate motorist
information include:

E  Highway Advisory Radio

E Variable Message Signs

E  Commercial radio broadcasts

In-vehicle route guidance

Commercial and cable television traffic reports

Internet

g g g g

Commuter information telephone lines

Planning for Incident Management

In the development of an incident management program, it is crucial that roles and responsibilities be defined, particularly those of the freeway operating
agency and the enforcement agency. Coordinated planning should be carried out with local agencies regarding the use of local streets as alternate routes
during major incidents. Specific routes should be identified and conditions under which they will be utilized for diverting traffic should be established.
Procedures to activate the alternate routes also need to be developed. Improvements needed to local routes to accommodate diverted traffic should be put
into place. This cooperative, coordinated pre-planning can go a long way towards avoiding misunderstandings between agencies during the flurry of
activities that must take place immediately following a major incident. Agencies must also ensure that adequate training is provided to teach their
personnel proper procedures in a variety of situations.

1.2.15 Lane Use Control
Lane capacity is a limited resource, and in many cases is not expandable. Lane use control provides a set of activities to ensure maximum output from this
resource. These activities are aimed at:

E  Reducing congestion and accidents
Improving stability of traffic flow
Facilitating incident management

Reducing driver &stress

g g g g

Altering the directional capacity of the freeway

These are achieved through efficient use and access of freeway lanes, temporary use of shoulders, reversible lanes, High Occupancy Vehicle (HOV)
treatments, and restrictions on some vehicle classes.

1.2.1.6 Coordination with Other Traffic and Freeway Management Systems
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Effective freeway management requires a regional approach. State and local agencies need to work closely with each other in developing and
implementing a coordinated management plan. Experience has shown that congestion mitigation and incident management strategies can be greatly
improved if regional cooperation exists. Freeway management systems planning and design must take into account and facilitate communication and
coordination among agencies.

At an early stage in the development of a freeway management system, agencies need to consciously engage in a cooperative effort to plan and design the
system. It is essential that the system being designed is compatible with other traffic management systems in the region. The roles and responsibilities of
each agency involved in the operation of the system should be established and made part of normal operating procedures.

1.2.2 Benefits of Freeway and Incident Management Systems

Freeway management systems have demonstrated benefits over the years in several areas including travel time, speeds, capacity, and environmental
impacts. Table 1.2-1 summarizes the typical range of freeway management system benefits as reported by the U.S. Department of Transportation
[Mitretek, 1997].

Table 1.2-1. Summary of Freeway Management System Benefits

Travel Time Decreased by 13% - 48%

Travel Speed Increased by 16% - 62%

Freeway Capacity Increased by 8% - 25%

Total Accidents Decreased by 24% - 50%

Fuel Consumption Decreased fuel used in congestion by 41%

Emissions (Detroit Study) Decreased CO emissions by 122,000 tons annually Decreased HC emissions by 1400
tons annually
Decreased NOx emissions by 1200 tons annually

Effective incident management systems have also produced significant henefits where they have been implemented. Typical reported benefits of effective
incident management programs include:



Developing Freeway and Incident Management Systems Using the National ITS Architecture

Improved highway safety (e.g., reduce the number of secondary incidents)

Improved efficiency of operating agencies

More efficient use of equipment and personnel
Improved dissemination of matorist information
Reduced delay

Improved freight mobility

Improved incicent response time

Reduced environmental impacts

Reduced operating costs for motorists

g g g g g g g g

Improved clearance time, which results in a reduction in the time responders are needed

g

Improved clearance time
E  Improved safety for incicent victims, response personnel, and other motorists

E Improved interagency relationships and understanding

The Institute of Transportation Engineers (ITE) has estimated 10%—45% decreases in travel time during congested times using incident management
programs included in freeway management systems [Meyer, 1989]. The following are examples of benefits of incident management and emergency services
in metropolitan areas that have successfully implemented and operated incident management programs:

E  Denver, Colorado, Mile High Courtesy Patrol — A before-and-after study was conducted on a segment of 1-25 to determine the effectiveness
of the program. This study determined that on an annual average, courtesy patrols have reduced delay costs of traffic delays between $0.8
and $1.0 million in the moming peak period, and $0.9 million for the evening period.

E  Connecticut — A 1990 report indicated that an incident management system involving 80 miles of roadways in the Fairfield region would
produce an annual savings of 2.38 million vehicle hours of delay and reduce fuel consumption by 1.43 million gallons. The same report
indicated that a system in the Hartford region would result in a saving of 1.72 million vehicle hours of delay and 1.03 million gallons in fuel
savings. In addition, it was estimated that a system in the New Haven metropolitan area involving 30 miles of roadway would result in a
saving of 1.23 million vehicle hours and savings of 0.73 million gallons of fuel.

E  Chicago, Illinois — The benefit/cost ratio of Illinois DOT Minutemen freeway service patrols was calculated to be 17 to 1. An estimated 18
percent reduction in secondary incidents and 60 percent reduction in congestion are attributed to their operation.

E Charlotte, North Carolina, Motorist Assistance Patrol — Using an FHWA traffic simulation model to calculate the benefits of a reduction in
incident related delays, a benefit/cost ratio was calculated to be 7.6 to 1.

E  Houston, Texas, Motorist Assistance Programs — Based on traffic delay reductions that can be attributed to motorist assistance programs,
benefit/cost ratios between 7 to 1 and 36 to 1 were determined, depending on the individual facility being evaluated. It is estimated that the
incident management program saves the city $8.4 million annually through reduced delay.
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Richardson, Texas — By providing tow truck dispatchers with video feeds from closed circuit television (CCTV), the dispatcher has the ability
to place equipment in the vicinity of the incident prior to police request. This reduces incident clearance times by an average of 5to 7
minutes. In addition, it greatly improves the ability to send the proper equipment to the incident.

Minneapolis, Minnesota — The Minnesota Highway Helper Program reduces the duration of vehicle stalls by an average of 8 minutes.
Vehicle stalls represent 86 percent of the service calls to which the Highway Helpers respond. Annual benefits attributed to the program
through reduced delay totals $3.0 million for a program that costs $620,000 to operate.

New York, New York — Service patrols in the New York City metropolitan area reduced hours of vehicle delay by 7,960,000 from September
1995 through August 1996. This resulted in a benefit/cost ratio of 35.0 to 1.

Brooklyn, New York — Before the implementation of an Autoscope automated incident detection system along the Gowanus Expressway, the
average time to clear an incident was .5 hours. Since the installation of 20 CCTV cameras, the video images of incidents are now sent
directly to operators who determine the severity of the conditions. The time required to detect and clear vehicle breakdowns has been
reduced to 19 minutes, while the average time to clear all types of incidents has been reduced to 31 minutes (a 66% reduction).

Atlanta, Georgia — In preparation for the 1996 Olympic Games, several ITS capabilities were added to assist in moving visitors and vehicles
in an extremely crowed area. The regional ATMS program served to foster improved interagency coordination. The mean time between the
first report of an incident and incident verification was reduced from 4.2 minutes to 1.1 minutes, a reduction of 74%. Mean time between
incident verification and automated generation of incident response was reduced from 9.5 minutes to 4.7 minutes (50%). The mean time
between incident verification and clearance of traffic lanes was reduced from 40.5 minutes to 24.9 minutes (38%). The maximum time
hetween incident verification and clearance of traffic lanes was reduced from 6 hours 15 minutes to 1 hour 28 minutes, a 60% reduction.

Maryland (Chesapeake Highway Advisories Routing Traffic) CHART — A benefit/cost ratio of over 7 to 1 was calculated for the CHART
incident response program. Cost savings were a result of reduction in delay, fuel consumption, and secondary incidents.

Other unquantifiable benefits may also be derived from effective incident management systems:

£

£

1.2.3

Reduced frustration and inconvenience to the individual motorist involved in an incident.

Improved safety and reduction in collision potential by removing vehicles from the roadway and shoulder quicker
Improved public safety due to improved emergency response

Reduced noxious fume emissions and improved air quality due to reduction in delay

Enhanced inter-jurisdictional relationships

Improved public relations

Integration Challenges and Needs

While freeway and incident management systems provide many important benefits, the benefits can be increased by using the National ITS Architecture to
quide integration with other parts of the transportation system. The National ITS Architecture promotes integration among the various transportation
subsystems, meaning that they are interconnected with each other by communications links and are therefore able to exchange information with one
another. The various subsystems exchange information to coordinate their operation within a region and to provide transportation functions to each other.
An important aspect of this sharing is that operations in each center may be improved by smoothing the transitions between agencies and jurisdictions.

1-12
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Regional Coordination

The need for sound coordination hetween freeway operating agencies and other agencies involved in incident response is well known. Increasingly, though,
agencies involved in freeway and incident management are being faced with additional challenges related to integration and coordination with other local
transportation operating agencies. For example, integration of freeway management systems with traffic signal control systems is illustrated in Figure 1.2-

2.

Traditionally, freeway management systems have been designed to optimize traffic flow on
the freeway network, often without considering the impact on arterials or other
transportation systems. The advent of advanced computer, communication, surveillance,
and traffic signal controller technology, however, has made it possible to integrate
transportation systems operated by different agencies (e.g., local signal systems).

One example of this coordination is the adjustment of signal timing in the vicinity of an
incident. This can help to clear traffic nearby and decrease the flow of vehicles entering the
area before surface street congestion from the incident is compounded. Another example is
the adjustment of ramp metering rates for entrance ramps to a freeway if there is an
incident along the service road or adjacent surface streets in order to better balance the
traffic flow. These examples illustrate the coordination of a traffic signal control system with
freeway and incident management systems.

Having shared and agreed upon concepts for the operational and coordination requirements
between the freeway management and the local traffic signal control system, both during
and in the absence of incidents, can go a long way towards establishing cooperation between
agencies. It can also serve to minimize misunderstandings regarding issues such as the
installation and operation of ramp meters and the use of local streets as alternate routes for
freeway traffic during incidents.

Traveler Information Systems

Ramp

Meter Signals

Figure 1.2-2. Regional Coordination

As discussed in Section 1.2.1.1, agencies responsible for freeway and incident management activities are by necessity in the business of monitoring the
operational status of the freeways and intersecting ramps. The information on traffic conditions that is collected during the surveillance function can
obviously be used to support the dissemination of traveler information through a variety of methods. The end providers of traveler information to users
include the public sector agencies themselves as well as a variety of commercial organizations such as the media and information service providers. Given
the importance of the freeway system in most transportation networks, organizations attempting to create a regional, multimodal traveler information
service will likely want access to the information that is gathered by freeway operating agencies. In addition, the media, other agencies, and traveler
information service providers may want to have the ability to view video feeds from freeway CCTV installations.

Electronic Toll Collection Systems

Electronic toll tags and other DSRC technologies are providing additional options for freeway managers to consider for operating policies and traffic
monitoring. Some freeways are operated as toll facilities and are already benefiting from the efficiencies provided by electronic toll collection systems.
Other freeways are operated with High Occupancy Vehicles (HOV) restrictions (at least during peak periods), and some areas have (or are planning to)
experimented with High Occupancy Toll (HOT) operations, in which spare capacity on HOV facilities is “gfurchased by single drivers. Electronic toll tags
can be effectively used to manage and monitor facilities used in these situations and could be used to enable alternative transportation pricing methods in
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the future. Regardless of the operating policies being followed, electronic toll tags and other DSRC technologies that are installed in vehicles using the
freeway facility can serve as sources of probe data (travel time reports between readers). Freeway managers can take advantage of this additional source
of information by using it to identify potential problems, adjust operations plans accordingly, and provide information to travelers (directly and/or
indirectly by passing it along to traveler information service providers).

Incident Management and Institutional Coordination

As stated earlier, there is a strong need for coordination between all of the agencies involved in or affected by the various phases of incident management
activities. All of the involved agencies (including freeway management agencies, law enforcement, fire and rescue, emergency medical services, towing,
traveler information providers, and other transportation agencies) should understand each other Sroles and responsibilities in any given situation. In
addition, technical compatibility is needed so that the utilized communications frequencies of the various agencies can be shared by the other agencies. The
ability to implement cooperative diversion plans or otherwise adjust traffic operations also requires a degree of data sharing and control integration that
will be facilitated by ITS.

Integrating the systems of various agencies allows information from one to be passed to another, rather than using multiple sensors or systems to
accomplish the same task. This integration allows individual components of ITS to work together and will pay great dividends to transportation customers
and resultant cost savings to agencies. Institutional benefits are also to be expected with the integration of transportation systems. Better, more complete
information allows the job of managing transportation to be done better. Every agency has a piece of the picture—by sharing this information through
integrated systems, everyone sees the same, whole picture. The exchange of information hetween agencies requires the keepers of the information or
stakeholders to be involved from the initial planning of these systems to address transportation operations and management issues. The integration of
systems across institutional and modal houndaries fosters team building while allowing all participants to make good use of scarce resources.

1.3 The National ITS Architecture Can Help You

1.3.1 Help for Traffic Managers

Similar to a model home blueprint, the National ITS Architecture provides a common structure for the design and implementation of ITS. The National ITS
Architecture defines the functions (e.g., gather traffic information) that must be performed by components or subsystems, where these functions reside
(i.e., roadside, traffic management subsystem, in-vehicle, etc.), the interfaces and information flows between subsystems, and the communications
requirements for the information flows (e.g., wireline or wireless). Just as the model home design is often changed to meet the needs and living space
requirements of individual families, the common structure provided by the National ITS Architecture can be tailored to meet a region Sunique
transportation needs.

In addition, the National ITS Architecture identifies and specifies requirements for standards needed to support national and regional interoperability, as
well as product standards needed to support economy of scale considerations in deployment. These standards will include the formal definition of the
physical interfaces and information exchange requirements of the National ITS Architecture.

A lot of time and effort went into developing the National ITS Architecture—for a very good reason —to make
the process of designing and implementing these systems easier for you.

YOU CAN SAVE STAFF HOURS AND ENGINEERING DESIGN COSTS BY USING IT.

An agency using the National ITS Architecture can save time and money in the development of a
project from its inception through its implementation. Some capabilities of the National ITS
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Architecture that are particularly important to effective freeway and incident management system
development are listed below.

£
£

Correlates services and requirements to subsystems and data flows, thus providing traceability for a project to the selected architecture.
ustrates the benefits that can be obtained through efficient grouping of ITS functions plus sharing of information for multiple purposes across
the transportation system, avoiding redundancy and saving mongy.

Provides a view into the future to identify services and functionality that may not have been initially considered, currently needed, or even
feasible. This provides a checklist of future capabilities that could be planned for now in anticipation of future needs. Planning for these
future needs in database and interface designs will save substantial costs of modifications needed for these later additions.

Provides an extensive list of the transportation agencies (by matching the functions they perform with the corresponding subsystem names in
the National ITS Architecture) that your agency should consider talking to during initial planning of an implementation (i.e., the stakeholders).
Defines the kind of information one should consider sharing among these agencies. Your agency can use this information as a checklist in
planning the project and in discussions with other stakeholders to show how they can participate through sharing of the information.

Serves as a good starting point or template (which can be tailored) for developing the regional architecture that will drive the designs for
specific projects. Starting with the National ITS Architecture, one can merely delete the functions and information flows that do not apply and
then incorporate any specific local requirements and considerations. This is more fully addressed in Section 3.
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£
£

Provides a departure point for developing functional requirements and system specifications to b included in a procurement package,
including identification of the interfaces (some of which may have approved standards or standards work under way) and data exchanges that
must be included.

Provides ballpark estimates of costs for a wide range of ITS-related equipment and services that can be used for initial project costing.
Can support a check on the product being provided by a design contractor (if the contractor is asked to demonstrate the use of the National ITS
Architecture and its relationship to the design being offered).

For many of the reasons stated above, the National ITS Architecture can serve as a good starting point for developing a regional architecture in the

transportation planning arena. Gathering a wide range of stakeholders and developing a regional architecture which responds to local transportation

needs and problems can serve as a quiding framework for coordinated development of ITS within a region and will evoke the discussion of operations roles

and responsibilities, phasing considerations for planned ITS enhancements, and regional agreements on technology and standards.

Using the National ITS Architecture and ITS standards will provide broad, long-term benefits:

£

1.3.2

Interoperability: The National ITS Architecture has identified where standards are needed for system interoperability (interfaces and
products). Because the National ITS Architecture is serving as the common foundation for ongoing ITS standards development work, factoring
it into your current system enhancements will facilitate the transition to a standard interface definition in the future. Using standard
interfaces will provide a foundation for national and regional interoperability and even interchangeability of some devices used in ITS traffic
management, even though they may be from different manufacturers.

Increased competition: By requiring use of open standards (non-proprietary), multiple vendors will be able meet the standards and
be able to respond to RFPs. Support and upgrades will also he available from multiple potential sources, avoiding the problems of being locked
in to one source (e.g., the vendor goes out of business).

Future expandability: By designing within a common framework and using open standards, you will create an environment that
integrates legacy systems with new ITS applications and allows more functionality to be added as needed.

Lower costs: ITS equipment and device compatibility will create larger total markets attracting more suppliers resulting in more capable
products at lower prices. The resulting long-term costs of deployment will be pushed down by these economies of scale for off-the-shelf ITS
equipment and products and by competition through open-system enabling of multiple vendors.

Increased transportation system integration: The open nature and structure of the National ITS Architecture and use of
standards-compliant components will make integration of complex traffic management components and regional systems easier. Improved
integration of systems operated by different agencies will permit effective information sharing and more effective use of resources. Seamless
traveler services across agency lines will become a reality.

Assistance in project development and regional planning activities: As evidenced from the above discussion, the
National ITS Architecture can be usefully applied to both project development and longer term regional planning activities. Accordingly, this
document will address these activities in two separate sections for clarity and ease of reference for the reader.

ITS Standards
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Using the National ITS Architecture to plan, design, deploy, and integrate freeway and incident management systems will help ensure that your system will
be compatible with existing, planned, and future systems in your region. Your freeway and incident management system will also have an open systems
architecture, use industry-accepted standards and interfaces wherever they exit, and will minimize reliance on proprietary information, interfaces, and
protocols. Ultimately, these standards will promote national interoperability of some key services to ensure that travelers from outside your region will
also be able to benefit from the ITS services you provide. Consistent with the National ITS Architecture, the U.S. DOT is supporting and guiding development
of selected ITS standards by funding Standards Development Organizations (SDOs).
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1.4 Document Organization and Summary

1.4.1  Document Organization
This document is divided into five major sections with the content of the document as illustrated in Figure 1.4-1.

Section 1: ) Sectio.n 2: Section 3:
Introduction Using Architecture Regional ITS

Tools in Freeway and Planning
Incident Mgmt Projects

What is ITS? How are freeway and incident How do you plan for ITS in a Region?
What is the National ITS Architecture? mgmt functions represented What is a regional architecture?
in the Architecture?

How do you use the Architecture
to assist in developing projects?

Section 4: i ) )
Best Practices Section 5: Appendices

How do | Find Out More?

Lessons Learned

A: ITS Standards

B: Glossary
Teamwork and Coordination ITS ¢ Applicable Physical
Project Development Process National ITS Architecture : ArF():’r)ﬂ tecture DZ\ta Flows
Procurement and Contracting ITS Standards

D: National ITS Architecture
Products

Figure 1.4-1. Document Organization

1.4.2  Document Summary

This document covers many important areas and you are encouraged to read the entire document. However, if you are unable to do so, the summary
presented below will point you in the right direction to find the information you are seeking.

For example:
E  Ifyou are heginning a major freeway or incident management system project, proceeding to review Sections 2 and 4 might be best.

1-18



Developing Freeway and Incident Management Systems Using the National ITS Architecture

E  Ifyou are involved in long-term planning of your transportation system, starting your review with Section 3 might be best.

Section L: Introduction and Summary

Section 1 briefly discusses ITS, the National ITS Architecture, benefits of freeway and incident management systems, freeway and incident management

functions, and briefly discusses capabilities provided by the National ITS Architecture and why you should use it.

T

ITS uses a combination of management strategies and computer, communications, surveillance, and control technologies to increase the efficiency of
national, regional, and local surface transportation systems.

There are a growing number of successful freeway and incident management systems yielding benefits with very encouraging cost/benefit ratios.

Using the National ITS Architecture as a tool in developing your freeway and incident management systems will help provide for ease of additions of
interfaces to future subsystems.

The Architecture supports integration of surface transportation systems. This includes, for example, the integration of freeway and incident
management systems with traffic signal control systems, traveler information systems, and electronic toll collection systems.

Section 2: Use of the National ITS Architecture Tools in Freeway and Incident Management Projects

Section 2 identifies the functions of freeway and incident management systems as defined by the National ITS Architecture. The section then explains the

key concepts of the Architecture, and how the Architecture can be used to develop freeway and incident management projects. Some representative

scenarios are used as examples to help you use the National ITS Architecture.

T

The National ITS Architecture provides a common structure for the deployment of ITS; It defings 19 interconnected physical subsystems, the
transportation functions each subsystem performs, and the information subsystems exchange with each other to provide 30 user services.

The functions associated with basic freeway and incident management systems reside in 3 subsystems of the National ITS Architecture: the Traffic
Management Subsystem, the Emergency Management Subsystem, and the Roadway Subsystem.

The National ITS Architecture can be applied to most project development steps, and is particularly helpful in the identification of solutions and the
planning and design of the solution.

The Architecture only defines the transportation management functions that each physical subsystem performs plus the interfaces and data flows
between them. Designers have complete freedom in deciding which functions are required for their needs, what equipment to use to implement the
transportation management functions, and what technologies will be used. Designers are encouraged to be compatible with the Architecture and
with ITS standards to achieve interoperability, to provide for future enhancements and expandability, and to obtain the long-term benefits of higher
quality and lower costs from economies of scale.

Section 3: Regional ITS Planning

Section 3 describes planning for ITS applications and formulating ITS projects in a regional context.

T

T

Using the National ITS Architecture provides a good starting point for developing a regional architecture in the transportation planning arena.

Involving comprehensive representation of regional transportation stakeholders in developing a regional architecture to address needs and problems
can produce broad cooperation.

Developing a regional architecture can guide development of ITS within a region and facilitate agreements on roles and responsibilities, phasing
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considerations for implementation of planned ITS capabilities, and regional agreements on technology and standards.

Section 4: Lessons Learned / Best Practices

Section 4 provides advice on developing and implementing freeway and incident management projects using lessons from agencies that have developed and
implemented these systems, or are currently developing and implementing ITS projects. Information is provided on various topics that are relevant to the
deployment of freeway and incident management systems.

T Stakeholder involvement and coordination, plus teamwork and selecting the right project staff, may be the keys to success on any ITS project. This
certainly holds true for freeway and incident management projects, since a number of agencies are ultimately impacted by these projects.

T Transportation agencies face many impediments in the procurement and contracting of ITS projects. Many of the procedures, controls, and measures
which were put into place over the years for construction projects have had to be accommodated. However, there is some relief for these
impediments. This section sheds some light on the more common problems that have been experienced, and some of the lessons that experience has
provided.

Section 5: How Do | Find Out More?
Sections 5 shows readily accessible places to find additional information on ITS, the National ITS Architecture, and ITS Standards.

References
The references pages provide a brief listing of references that may be important to those involved in any of the key roles or activities involved in planning,
development and deployment of freeway or incident management systems.

Appendices

Finally, this document contains four appendices: Appendix A discusses ITS Standards; Appendix B provides a Glossary; Appendix C presents the Physical
Architecture Data Flows Associated With Freeway and Incident Management Systems; and Appendix D is a synopsis of each of the 16 volumes that make up
the National ITS Architecture documentation.

T IS Standards described in Appendix A are those applicable to freeway and incident management systems. ITS standards have been and are being
developed to support the integration of transportation systems. TS standards should be used to help ensure interoperability of ITS subsystems and
devices plus interchangeability of like devices.

T Physical Architecture Data Flows listed in Appendix C indicate the information that is intended by the National ITS Architecture to flow across
interfaces of freeway and incident management subsystems with other transportation systems, including those in adjacent jurisdictions.
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2. Use of the National ITS Architecture Tools in
Freeway and Incident Management Projects

2.1 Overview

This chapter presents the details of how the National ITS Architecture can be applied
to freeway and incident management project development activities. An overview of
freeway management and incident management system operations and a general
project development process is presented first to establish the context for this
chapter. Next, the key concepts of the National ITS Architecture are discussed to
ensure that the reader understands the fundamentals and structure of the tool. The
following section then shows how to apply the National ITS Architecture concepts
and databases to the various steps presented in the general project development
process. Lastly, two project application scenarios are presented which use realistic
examples to illustrate the material presented in the previous sections.

2.2 Freeway Management and Incident Management Operations

Freeway management systems benefit the public with improved traffic flow by
optimizing available capacity on freeways. Incident management plays an important
role in the restoration of traffic flow and is included in this document for that very
reason. It is important to note that incident management systems are not typically
systems unto themselves, but rather a collection or matrix of separate and distinct
systems or agencies linked by communications.

2.2.1 Freeway Management Operations
A freeway management system consists of elements, or components, used to

provide freeway management functions. The typical components of freeway
management systems are (1) field equipment, (2) communications equipment, and
(3) a traffic management center. In addition, qualified personnel are needed to
operate the center and maintain the equipment, and policies need to be established
to deal with various transportation-related events (e.g., incidents) that impact the
freeway system. It is important to recognize that each freeway management system
is tailored to accommodate specific characteristics (political, geographical, roadway,
etc.) and needs of the region.
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2.2.1.1 Field Equipment
A number of different technologies can be used in the field to monitor traffic

conditions, control access and lane utilization, manage incidents, and disseminate
information to motorists. Figure 1.2-1 in Section 1.2.1 illustrated the major field
components (grouped according to the freeway management function they provide).
Within certain components, a variety of technologies can be employed. For
example, vehicle detection within the surveillance function can be accomplished by
using inductive loop detectors, microwave or radar sensors, automatic vehicle
identification or location, video imaging, or other technologies depending on the type
of data desired. Alternative technologies also exist for the other functions of lane
use control, incident management, information dissemination, ramp control, and
HOV treatment.

2.2.1.2 Communications Equipment
The communications components connect the field devices with each other and with

the traffic management center components. In some cases, commands and other
data are sent from the management center to the field components.

A number of technologies are available to provide communications between the field
components and the management center. The two basic categories are (1) wireline,
and (2) wireless transmissions. The types of wireline transmissions include fiber
optic, coaxial, and twisted pair; wireless transmissions include infrared, microwave,
narrow band or spread spectrum radio, cellular telephone, and citizen band radio. A
combination of these two communications categories may be needed for end-to-end
transmission between the management center and the field components.

2.2.1.3 Traffic Management Center
The traffic management center is the hub of a freeway management system. It is the

place where information about the freeway system s collected, processed, and
organized, and is often the place where control strategies are determined,
coordinated with other agencies, and carried out.

The major components of the traffic management center are the display and control
interfaces that link the center to the field components (via the communications
components). Human operators can also be considered major components of the
traffic management center. Human operators monitor freeway conditions and make
control adjustments to enact applicable management strategies and maximize the
efficiency of the freeway system.

2-2



Developing Freeway and Incident Management Systems Using the National ITS Architecture

2.2.2 Incident Management Operations
The following sections provide brief descriptions of the typical roles and

responsibilities of agencies involved with incident management. It should be
emphasized that effective incident management is facilitated by a planned
coordinated regional approach that considers institutional and technological issues
of multiple jurisdictions, response agencies, and service providers.

2.2.2.1 Agency Roles and Responsibilities
The agency roles, responsibilities and processes that are described below are not to

be considered representative of all metropolitan areas, nor are they
recommendations. It is understood that the processes associated with incident
management and emergency services provision vary from region to region. The
descriptions below are intended to illustrate the generic roles, responsibilities, and
processes of all agencies and service providers (i.e., emergency medical services,
police, fire, towing service) involved with incident management activities.
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Law Enforcement
Law enforcement services often are provided by a number of organizations,

including State Police and Highway Patrol, County Police, Deputy Sheriffs,
Constables; and local police. Officers enforce the statutory authority of the Incident
Commander (IC) to direct the activities of the general public, including motorists and
passengers, as well as bystanders. As peace officers, they bring the ability to
control scene activities and to arrest and remove violators who hamper emergency
operations. The IC utilizes law enforcement in roles well-suited to their repetitive
capabilities, typically including traffic control and

direction, bystander and crowd control, perimeter establishment and enforcement,
accident investigation, and crime scene management. Law enforcement personnel
are often also utilized in non-traditional roles as well, primarily dictated by the
demands of the incident and availability of resources. Officers commonly provide
first aid, perform emergency extrication, meet with the media, coordinate with traffic
management, manage evacuations, and participate in many other activities. Law
enforcement is usually involved in highway incidents. Law enforcement is usually
not a contracted service

Fire and Rescue

These services are provided by the local fire department and by surrounding fire
departments through mutual aid agreements. In some areas, the fire department
consists of a private corporation providing services under contract to a jurisdiction.
Often delegated the authority to command any incident involving fire, entrapment,
injury, or hazardous materials, officers direct all resources at such incidents. Fire
and rescue can provide many incident services, including fire suppression,
extrication, hazardous materials release control, technical rescue, and water rescue.
Emergency medical services can also be incorporated into the fire department,
however when organized separately, they are often referred to as the “Third
Service.” The highest priority situations addressed by fire and rescue organizations
at a highway incident are those affecting life safety, followed by those affecting the
environment, and finally by those concerning property damage. Fire and rescue
personnel are rarely used outside of their primary specialties. They can be quite
versatile in performing their many roles and responsibilities.

Emergency Medical Services

Emergency Medical Services (EMS) are exclusively concerned with the triage,
treatment, and transport of patients. In many areas, EMS is provided under contract
to local jurisdictions. In some instances, it is partially or fully incorporated within the
fire department. EMS personnel work under the direction of licensed medical
authority, usually situated at a hospital trauma center, and follow set protocols. EMS
supervisors often assume command, especially at complicated medical incidents.
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Transportation is an important EMS capability, and usually both ground and air
emergency medical transportation are provided. EMS personnel are almost never
utilized for other than medical activities.

Transportation Agencies (including Service Patrols)

Transportation agencies typically plan and coordinate the overall incident
management program. In the event of an incident, they often provide transportation
operations center functions and assist in incident detection and verification.
Transportation agency service patrols assist in accident clearance, determine
roadway repair needs, assist disabled motorists, and coordinate response efforts
with other agencies. They may also provide traffic control. Agency operations
centers may provide motorists and information service providers with accident
information, identify alternate routes, and re-route traffic.

The transportation agency will assess any infrastructure damage, arrange for
emergency repair with a district maintenance office, identify responsibility for
highway damage to seek compensation for repairs, provide infrastructure repair time
estimates to the TMC, and take steps to return the roadway to full capacity as soon
as possible.

Towing Service

Professional towing services are often the experts on how to unstack wrecked or
overturned vehicles. They also provide recovery services for large truck incidents
including the transfer of loads.

Public Works Departments

Public Works usually provides assistance in infrastructure repair, such as guardrails
and light standards. They may also provide traffic control for long-term closures, and
provide equipment for scene cleanup.

Information Service Providers (ISPs)

Information Service Providers (ISP) are usually commercial entities that provide
traffic information updates to both motorists and the media. However, some ISP
functions within the context of the National ITS Architecture may also be performed
by public agencies. ISPs may use a variety of methods to disseminate information to
travelers, including broadcast radio, traffic hotlines, cable TV traffic alerts, e-mail
services, Internet web sites, or pager services.

Media

The broadcast media typically report traffic incidents, broadcast delays, provide
alternate route information, and, if the incident is particularly severe, update incident
status frequently. The media provides the primary means for the IC, through the
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Public Information Officer, to disseminate information to the public. News-making
events, warnings, rumor control items, and alerts are handled this way.

2.2.2.2Incident Management Activities
The following describes typical incident management activities and how various

agencies may interact in an incident. Although the use of some ITS technologies are
described here, a more extensive description of the application of ITS technologies
for incident management is provided in the scenario in Section 2.6.1.

In general, incident management begins with the notification or detection of an
incident and progresses through to incident clearance. Although the sequence often
differs, the elements described below are usually part of the incident chain of events.
An illustration of the typical flow of communications related to highway incident
response is provided in Figure 2.2-1.

Notification

The notification of an incident on a freeway is often generated by numerous phone
calls, typically mobile cellular telephone calls, to Public Safety Answering Points
(PSAPs). PSAP call-takers will notify dispatchers at the appropriate emergency
response agencies (e.g., fire and rescue, law enforcement, EMS, etc.). The
dispatchers will then contact the appropriate emergency response facilities (e.g.,
police stations, fire houses, ambulance centers, hospitals, etc.). If the emergency
response vehicles are not present at the facility, the dispatcher will directly contact
the vehicle.

Detection and Verification

Occasionally, detection of the incident will come from a TMC operator who has
noticed a decreased traffic flow through a loop detector or CCTV field link. The TMC
operator will then notify the PSAP for appropriate action. Typically, actual
verification of an incident takes place at the incident scene and is performed by the
first responding unit. Occasionally, dispatchers may request that a TMC attempt to
verify the location or type of incident, especially when they have received vague or
conflicting reports by phone.
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Figure 2.2-1 - Example Configuration of Communications for Freeway Incident Response
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Figure 2.2-2 Fully Expanded Generic Incident Command System Structure

Incident Response

The dispatcher alerts the appropriate emergency response agencies via voice and

alarm systems and, in some jurisdictions, automatic data transfer. A sample
organization chart for an Incident Command System is shown in Figure 2.2-2.

Incident Scene Management

The nature of the incident and its location pre-determines jurisdiction and who assumes the
responsibilities of Incident Commander (IC). The IC has overall responsibility and authority for
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coordinating the prosecution of an incident. The Incident Commander first establishes
command upon arrival at the scene. The priorities that the IC will follow for the incident scene
management are (in order):

E Life safety (of responders and public)
E Property conservation (private, public and the environment)

E Stabilization of the incident (ensure the risk to life safety and property does not
increase)

E Restoration of traffic flow

The IC assumes control of the incident scene, operating under the authority of applicable
statutes to direct emergency responders, passers-by, and onlookers. There may have been
someone previously directing activities, such as a Good Samaritan, tow truck operator, truck
driver, off-duty medical personnel, or any assertive private citizen. The IC will debrief such an
individual and obtain as much information as possible before releasing them (as he will do for
his replacement).

Through his own observation and aided by subsequently arriving units, the I1C
ascertains the nature, extent, and severity of the incident. He will organize and
deploy whatever effort is needed to rectify the situation. As the situation changes,
the IC will reorganize the Incident Command System (ICS), reassign on-site units,
request additional resources, or release assigned resources, maintaining a suitable
on-scene action organization that most efficiently addresses the priorities of the
incident. This general approach is usually followed for most emergency incidents
(those involving a fire, a crime in progress, or a life-threatening injury), and is even
beginning to see use in the non-emergency arena as well.

The scope of the IC’s attention is centered on the incident, typically no more than a
few hundred feet from the perimeter of the emergency activity area. The effects can
extend for many miles beyond that, such as with traffic backing up on a freeway
system or with drifting plumes of smoke or other hazardous material. The incident
has usually caused significant traffic congestion, which hampers the response of
resources through that congestion to remedy the problem. Ingress routes must be
cleared to enable emergency responders to reach the scene. Egress routes must be
held open to allow for patient transport, evacuation, retreat, and redeployment.
Staging areas must be set up so that apparatus and crews may be closely positioned
to the incident and able to quickly respond if needed. For large incidents, bases or
camps may need to be set up. Traffic management and operations centers would
typically coordinate and manage efforts to alleviate these widespread traffic and
highway-related problems, and would work with the 1C’s dispatch center.

For large incidents that involve several jurisdictions, or that cover large areas, or that
are multi-hazard, a contributory form of ICS will be established—the Unified Incident
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Command System. In this incident organization format, all involved agencies
participate in the command process. Even still, only a single IC directs activities.
For major incidents, the disaster or emergency management organizations
commence operations, typically establishing an Emergency Operations Center to
manage an entire county, for example.

Traffic Management

Consideration is given to activating planned alternate routes if required based upon
estimation of the length of the delay. After determining that alternate routes should
be used, the operations center:

E Activates field devices that support the operation of the alternate routes (i.e.,
VMS and HAR)

E Informs the media and ISP about the recommended use of alternate routes

E Contacts local agencies and other TMCs to inform them of the use of planned
alternate routes in their jurisdiction

E Where possible, observes the operation of the alternate routes through the
use of detection and surveillance devices (e.g., loop detection and CCTV).

Traffic control systems such as variable message signs or highway advisory radio
are activated by the operations center upon verification that the blockage has
occurred, even before responders arrive. A service patrol is dispatched to the
incident scene with a portable VMS to assist in controlling traffic. Service patrols
may also assist police in setting up signs, cones, and flares to warn motorists before
they reach the backed up traffic. Police provide manual traffic control. Guidance is
given to other responders via radio communications on the best method to access
the scene (left shoulder, right shoulder, opposite lanes, etc.). DOT personnel
coordinate a traffic control plan with police and fire department. After secondary
accident concerns are resolved, a plan is devised for routing traffic through the
scene.

Incident Clearance

Equipment for removing the damaged vehicles is requested by the police and is
provided by private towing and recovery service providers. The police provide the
towing and recovery operator with as much information related to the accident scene
as possible to ensure that the proper equipment is dispatched to the scene. Once
on the scene, the towing and recovery operator may provide police with
recommendations on the order and manner in which vehicles should be removed
with the objective of increasing traffic flow through the scene. Consideration may
also be given to leaving disabled vehicles on the side of the road until the peak hour
is over. Private tow truck operators, and the DOT service patrol personnel also
clean up any debris that remains on the roadway.
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Motorist Information

Motorist information is provided by the operations center through links with the
media, ISP, VMS, and HAR. The operations center maintains communications with
the police and monitors radio traffic at the incident. Close contact is maintained with
the DOT spokesperson at the incident. Estimated clearance times as well as
updates are provided when traffic conditions change such as additional lane
openings.

Given the interagency aspect of both freeway management and incident
management activities, developing and deploying projects that will aid these
functions and ensure coordination across agencies is critical. The next section
addresses such project development.

2.3 Development of Freeway and Incident Management Projects

Transportation agencies go through a variety of steps and processes in developing
and deploying transportation improvement projects. The nature and level of formality
of these processes depends on the scope of the project, state and local procedures,
funding requirements, and legislative requirements, among other things. However,
there are certain fundamental steps that are fairly common across these processes.
These basic steps include:

1. Identification of transportation needs or problems
2. ldentification of potential solutions to the problem
3. Planning and design of solutions to the problem
4

Funding, procurement, and implementation of the solution to the problem

Each step of this development process is briefly described below as it relates to
transportation issues that agencies involved with freeway management and incident
management may experience.

2.3.1 Identification of Needs or Problems

Typically the first step an agency takes in developing and implementing a project is
the identification of existing transportation needs, objectives, or problems. These
may be identified through a number of activities, whether through a traditional
transportation planning process, public questionnaire, a problems/needs
identification study, or an ITS Early Deployment Planning (EDP) process. For
example, an agency may identify a particular section of roadway that has frequent
delays due to an unusually high rate of incidents.
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2.3.2 ldentification of Solutions

Based on the identified problem in this example, delays on a section of roadway with
a high occurrence of incidents, the agency will identify potential solutions to the
problem. Potential solutions to this particular problem may include:

¢ Implementing call boxes for quicker detection of incidents
¢ Establishing more service patrols for quicker incident response

¢ Implementing CCTVs for quicker, more accurate detection, verification, and response to
incidents

¢ Developing and implementing a cellular call-in solution

2.3.3 Planning and Design of the Solution

Once an optimal solution to the problem has been identified, the agency typically
begins a process of planning and designing the solution or system. The planning
phase may include activities such as determining implementation or phasing
strategies, and identifying and securing of funding sources. The design phase may
include activities such as preparing detailed specifications (for hardware, software
and communications) and designing systems configurations.

2.3.4 Funding, Procurement and Implementation

Once the agency has identified the most feasible solution to the transportation
challenge, the system or portion of a system s procured. The traditional approach to
procurement is a two-step process: (1) the letting and completion of a contract to
retain architect/engineering services to prepare detailed design specifications for the
facility and (2) the letting and completion of a separate contract for the construction
of the project. Due to the rapidly changing and technological nature of ITS, the
system manager approach to procurement can also be used. In this case, the
system manager performs the design and writes the specifications. The hardware
and construction is bid in the conventional manner, but the system manager remains
to develop the software, integrate all the different components, and provide
documentation and training for the operating personnel. See Section 4 for a
discussion of these and other procurement alternatives.

A successful process will result in the desired objectives (which respond to the
problems and needs that are identified in the first step) being satisfied by the
implemented system. Successful operations of the system (often overlooked during
the project development process) over a sustained period of time is the true indicator
of how well the overall process worked.
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2.4 Key Concepts of the National ITS Architecture

The National ITS Architecture is available as a resource for any region and will
continue to be maintained by the U.S. DOT independently of any specific system
design or region in the nation. It represents the work and collective thinking of a
broad cross-section of the ITS community (systems engineers, transportation
practitioners, technology specialists, system developers, consultants, etc.) over
several years. As such, the National ITS Architecture contains material that will
assist agencies at each step of project development (which will be presented next in
Section 2.5). It will also clarify how an individual project, such as a freeway or
incident management project, fits into a larger regional transportation management
context (to be discussed further in Section 3).

Because of the extensive geographic and functional scope of the National ITS
Architecture and the requirements which drove its development, it is structured
somewhat differently and uses different terminology than is typically used today in
the transportation community. It was developed to support ITS implementations over
a 20-year time period in urban, interurban, and rural environments across the
country. Accordingly, general names were given to the physical transportation
system components and locations in order to accommodate a variety of local design
choices and changes in technology or institutional arrangements over time. This
allows the general structure of the National ITS Architecture to remain stable while
still allowing flexibility and tailoring at the local implementation level. This difference
in language can be easily overcome with a better understanding of how the National
ITS Architecture is organized and how it relates to familiar systems of today.

As background, this section explains the essential terminology and concepts needed
to understand, navigate, and use the National ITS Architecture and then provides a
summary of the key documents produced under the National ITS Architecture
development effort which will be referred to in the next section. The portions of the
material that are particularly relevant to freeway and incident management are also
highlighted. The reader who is already familiar with the National ITS Architecture
may wish to skip ahead to the next section for information on how to use this
information and methodology in the context of project development. The following
concepts and terms are explained in this section:

User Services and User Service Requirements (2.4.1)
Logical Architecture (2.4.2)
Physical Architecture (2.4.3)

Equipment Packages (2.4.4)

<O O O OO

Market Packages (2.4.5)
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2.4.1 User Services and User Service Requirements
User services represent what the system will do from the perspective of the user. A
user might be the public or a system operator.

Table 2.4-1 presents the 30 user services, which formed the basis for the National
ITS Architecture development effort, grouped into seven bundles for convenience. A
collaborative process involving USDOT and ITS America with significant stakeholder
input jointly defined these user services. Clearly, a different set could have been
defined. The important point is that the concept of user services allows the process
of system or project definition to begin by thinking about what high level services will
be provided to address identified problems and needs. The bolded entries in the
table are most relevant to freeway and incident management systems.

A number of functions are required to accomplish each user service. To reflect this,
each of the user services was broken down into successively more detailed
functional statements, called user service requirements, which formed the fundamental
requirements for the National ITS Architecture development effort. For example, the
traffic control user service is actually defined by over 40 “functions” (the hierarchy of
functional requirements makes it difficult to provide an exact number). In the
Traceability Matrix of the National ITS Architecture documentation, the user service
requirements can be reviewed. Many of these user service requirements can be
implemented today, although some of them may be more representative of future
capabilities and should be deferred for now. These requirements can be used as a
departure point for the development of project functional requirements and system
specifications, as will be discussed in Section 2.5.
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Table 2.4-1. User Services for the National ITS Architecture

User Service Bundle User Service
Travel and Transportation En-Route Driver Information
Management Route Guidance

Traveler Services Information
Traffic Control

Incident Management
Emissions Testing and Mitigation
Highway-Rail Intersection

Travel Demand Management Pre-Trip Travel Information
Ride Matching and Reservation
Demand Management and Operations

Public Transportation Operations Public Transportation Management
En-Route Transit Information
Personalized Public Transit

Public Travel Security

Electronic Payment Services Electronic Payment Services

Commercial Vehicle Operations Commercial Vehicle Electronic Clearance
Automated Roadside Safety Inspection
On-Board Safety Monitoring

Commercial Vehicle Administrative Processes
Hazardous Material Incident Response
Commercial Fleet Management

Emergency Management Emergency Notification and Personal Security
Emergency Vehicle Management

Advanced Vehicle Control and Longitudinal Collision Avoidance

Safety Systems Lateral Collision Avoidance

Intersection Collision Avoidance

Vision Enhancement for Crash Avoidance
Safety Readiness

Pre-Crash Restraint Deployment
Automated Highway Systems

Table 2.4-2 provides an illustration of user service requirements using an excerpt
from the incident management user service.

Table 2.4-2. Example of User Service Requirements: Excerpt from Incident Management

1.7 INCIDENT MANAGEMENT

1.7.0 [ITS] sl include an Incidert Manegemert (IM) function. Incident Manegement will identify incidents, formulate response actions, and support
intietion and ongoing

coordinetion of those response actions. Six mgjor functions are provided which are (1)

Schedued Plamed Inciderts, (2) |dentify Inciderts, (3) Formulate response Actions, (4) Support Coordineted Implementation of Response Actions,
(5) Support Initialization of Reponse to Actions, and (6) Predict Hazardous Conditions.

1.7.1 Incidert Manegement shell provide an incidert idertification function to idertify inciderts:

1.7.1.1 The incidert idertification function shell include the capablity to idertify predicted inciderts.
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2.4.2 Logical Architecture

A logical architecture is best described as a tool that assists in organizing complex
entities and relationships. It focuses on the functional processes and information
flows of a system. The development of a logical architecture helps identify the
system functions and information flows, and guides development of functional
requirements for new systems and improvements. A logical architecture should be
independent of institutions and technology, i.e., it should not define where or by
whom functions are performed in the system, nor should it identify how functions are
to be implemented.

The logical architecture of the National ITS Architecture defined a set of functions (or
processes) and information flows (or data flows) that respond to the user service
requirements discussed above. Processes and data flows are grouped to form
particular transportation management functions (e.g., manage traffic) and are
represented graphically by data flow diagrams (DFDs), or bubble charts, which
decompose into several levels of detail. In these diagrams, processes are
represented as bubbles and data flows as arrows. Figures 2.4-1 and 2.4-2 depict
simplified data flow diagrams from the National ITS Architecture documents. Note
that each bubble in the logical architecture is a process that describes some logical
function to be performed.

For example, as shown in Figure 2.4-1, at the highest level of the National ITS
Architecture, the manage traffic process (which includes traffic control and incident
management functions) interacts with seven other processes, including the manage
emergency services process (another piece of incident management).
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Figure 2.4-1 The Eight Major Processes Within the Logical Architecture

Figure 2.4-2 illustrates how the manage traffic process is then further broken down
into five sub-processes; how one of those processes, Manage Incidents, is broken
down into seven sub-processes; and so on. Each of these processes is then broken
down even further so that a complete functional view of a system emerges. At the
lowest level of detail in the functional hierarchy are the process specifications (referred
to as P-specs in the documentation). Figure 2.4-2 shows an example of a process
specification (Provide Traffic Operations Personnel Incident Data Interfaces) within
the functional decomposition. These process specifications can be thought of as the
elemental functions to be performed in order to satisfy the user service requirements
(i.e., they are not broken out any further). The information exchanges between
processes and between P-specs are called the (logical) data flows.
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Example overview descriptions of process specifications relevant to freeway management or
incident management systems are given below:

Table 2.4-3. Example Process Specifications (Overview Descriptions)

Process Traffic Data ( P-Spec 1.1.2.2)

Overview: This process shall be responsible for collecting all of the processed data supplied from traffic sensors and from sensors at HRI's. The process
shall distribute it to processes in the Provide Device Control facility responsible for freeway, highway rail intersections, parking lot, ramp and road
management. It shall also send the data to another process in the Provide Traffic Surveillance facility for loading into the stores of current and long
termdata.

Select Strategy (P-Spec1.2.1)

Overview: This process shall be responsible for selecting the appropriate traffic control strategy to be implemented over the road and freeway network
served by the Manage Traffic function. The strategy shall be selected by the process from a number thet are available, e.g. adaptive control, fixed time
control, local operations, etc. The selected strategy shall be passed by the process to the actual control processes for implementation according to the
part of the network to which it is to be applied, i.e. roads, freeways, ramps and parking lots. When part of the selected strategy, or at the request of the
traffic operations personnel, the process shall send commands to the traffic sensor data process to change the operating parameters of video cameras
used to provide traffic data. The process shall make it possible for the current strategy selection to be modified to accommodate the effects of such
things as incidents, emergency vehicle green waves, the passage of commercial vehicles with unusual loads, equipment faults and overrides fromthe
traffic operations personnel. The selected strategy shall be sent to the process within the Provide Traffic Surveillance facility responsible for

maintaining the store of long term data.

Determine Indicator State for Freeway M anagement (P-Spec 1.2.2.1)

Overview: This process shall be responsible for implementing selected traffic control strategies and transit vehicle overall priority on some or all of the
indicators covering the freeway network served by the Manage Traffic function. It shall implement the strategies only using the indicators (variable
message signs (vims), etc.) that are specified in the implementation request and shall coordinate its actions with those of the process that controls the
road network. The process shall also be capable of monitoring the extra inputs that will arise where tunnels are involved, including the detection of fire
and the consequent requirement to re-route traffic.

Determine Indicator State for Road M anagement ( P-Spec 1.2.2.2)

Overview: This process shall be responsible for implementing selected traffic control strategies and transit priority on some or all of the indicators
covering the road (surface street) network served by the Manage Traffic function. It shall implement the strategies only using the indicators
(intersection and pedestrian cortrollers, variable message signs (vims), etc.) that are specified in the implementation request and shall coordinate its
actions with those of the processes that control the freeway network and the ramps thet give access to the freeway network.

Analyze Traffic Data for Incidents (P-Spec 1.3.1.1)

Overview: This process shall be responsible for analyzing and looking for anomélies in the data continuously received from traffic and from vehicle
probes in the road (surface street) and freeway network served by the Manage Traffic function. The process shall pass on any anomelies thet it detects
to another process in the Manage Incidents facility as possible incidents.

Analyze Incident Response Log (P-Spec 1.3.7)

Overview: This process shall be responsible for periodically analyzing the data in the log of incident responses within the Manage I ncidents facility of
the Manage Traffic functions. The process shall analyze the log in such a way that possible standard defined incident responses can be determined from
the data it contains. Any such possible standard responses that are determined shall be passed by this process to the process that manages the store of
possible defined responses.
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2.4.3 Physical Architecture
A physical architecture is the physical (versus functional) view of a system. A

physical architecture provides agencies with a physical representation (though not a
detailed design) of how the system should provide the required functionality. A
physical architecture takes the processes (or P-specs) identified in the logical
architecture and assigns them to physical entities (called subsystems in the National
ITS Architecture). In addition, the data flows (from the logical architecture) that
originate from one subsystem and end at another are grouped together into
(physical) architecture flows. In other words, one architecture flow may contain a
number of more detailed data flows. These architecture flows and their
communication requirements define the interfaces required between subsystems,
which form the basis for much of the ongoing standards work in the ITS program.
Development of a physical architecture will identify the desired communications and
interactions between different transportation management organizations. Figure 2.4-
3 depicts the relationship between the logical and physical architecture.

Logical Architecture - Dataflows

\What has to be done

(functions)

Physical Architecture - Inte"'rfaice

(Group functions Subsystem A Subsystem B
together)

Figure 2.4-3 Representative Logical and Physical Architecture

In the National ITS Architecture, the physical architecture is described by two layers:
the transportation layer and the communications layer. Each of these is briefly
described below.

Transportation Layer

The transportation layer of the physical architecture shows the relationships among
the transportation-management-related elements. It is composed of subsystems for
travelers, vehicles, transportation management centers, and field devices, as well as
external system interfaces at the boundaries (called terminators in the
documentation). It may include:
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Field devices for traffic surveillance and motorist information dissemination

Traffic signal and ramp metering controllers

<O O O

Transportation management centers
¢ Emergency management centers

Communications Layer

The communications layer of the physical architecture shows the flow of information
and data transfer for the transportation layer components. This layer depicts all of
the communications necessary to transfer information and data among transportation
entities, traveler information and emergency service providers, and other service
providers such as towing and recovery. The communications layer clearly identifies
system interface points where national standards and communications protocols can
be used.

Institutional Implications

While an institutional layer is not actually part of the physical architecture, the physical
architecture cannot be fully defined in a region without some decisions being made regarding
the jurisdictional structure and working relationships that will provide a framework for ITS
planning and implementation. These institutional decisions should lead to depiction of who
should communicate with whom, and what information should be communicated in the
transportation and communications layers, and will vary based on the unique needs and
characteristics of a region.

Figure 2.4-4 from the National ITS Architecture, shows the 19 transportation
subsystems (white rectangles) and the 4 general communication links (ovals) used
to exchange information between subsystems. This figure represents the highest
level view of the transportation and communications layers of the physical
architecture. The subsystems roughly correspond to physical elements of
transportation systems and are grouped into 4 classes (gray rectangles): Centers,
Roadside, Vehicles and Travelers.
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Figure 2.4-4. National ITS Architecture Subsystems and Communications

Basic freeway management systems are represented by functions within 2 of the 19
subsystems: the Traffic Management subsystem and the Roadway subsystem.
Incident management systems also include some functions of the Emergency
Management subsystem. This is illustrated in Figure 2.4-5, which depicts freeway
management system elements as an overlay to the diagram just presented.
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Figure 2.4-5. Basic Freeway Management System Architecture Depiction

These 2 subsystems, together with the necessary communications to exchange
control and surveillance information, provide the following capabilities typically
associated with freeway management and/or incident management systems:

OO O O

Monitor Freeway Conditions
Identify Flow Impediments

Ramp Metering/Lane Controls

Highway Advisory Radios/Variable Message Signs
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C Incident Detection/Verification
C Incident Response/Clearance

The Traffic Management subsystem functions are implemented with central
equipment typically found in traffic management centers; e.g., computers, traffic
control consoles, and video switching and display systems.

The Roadway subsystem functions are implemented with equipment typically found
in the field; e.g. ramp metering equipment, vehicle detectors (e.g., inductive loop,
radar, video), highway advisory radio, variable message signs, and video cameras.

Wireline Communications includes the equipment necessary for the various
subsystems of the architecture, including the Traffic Management and Roadway
subsystems, to exchange data to perform their transportation functions. These
communications services may be provided by agency-owned communications plants
(e.g. twisted pair, coaxial, fiber, or spread-spectrum radio), or may be leased from a
communications service provider. It should be noted that the term “ wireline
communication” as used in the National ITS Architecture, refers to communication
between stationary points, (e.g. traffic signal control central and field equipment). In
this context, wireline communication may include wireless communication.

The Traffic Management and Roadway subsystems also provide other functions not
typically associated with either freeway management systems or incident
management. These include the following transportation system functions:

Traffic Signal Control Systems
¢ Area-wide signal coordination
¢ Arterial network traffic conditions
¢ Arange of adaptive control strategies
¢

Integration with freeway management, incident and emergency management, transit
management, etc.

Railroad Grade Crossing Systems

¢ Improve and automate Highway-Railroad Intersection warnings and Traffic signal
control

¢ Provide advance warning of closures
¢ Coordinate traffic signal control with rail movements.

An important concept to understand from the physical architecture is that of support
for combining subsystems together (or functionality from multiple subsystems) in an
actual implementation. This is particularly important for the “center” subsystems,
which should not be immediately thought of as separate buildings. In simplest terms,
the center subsystems are not “brick and mortar.” Each subsystemis a cohesive set
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of functional definitions with required interfaces to other subsystems; subsystems are
functionally defined, not physically defined. A regional implementation may include

a single physical center that collocates and integrates the capabilities from several of
the center subsystems. For instance, a single Transportation Management Center
may include Traffic Management Subsystem, Transit Management Subsystem,
Emergency Management Subsystem, and Information Service Provider subsystem
capabilities. Conversely, a single subsystem may be replicated in many different
physical centers in a complex metropolitan area system. For instance, the traffic
management subsystem may be implemented in a traffic management center for
freeway control in addition to several distinct city traffic management centers that
cooperatively control the arterials. Figure 2.4-6 provides an indication of the range of
ways that center subsystems may be implemented in physical centers.

Center Subsystems
Information Transit
Service Management|
Provider Subsystem
: Subsystem [ I . )
: Physical L '
Center Traffic Emergency
Management Management
Subsystem Subsystem

Sample Implementations
Information Transit Information Transit
Service Management Service Management
Provider Subsystem Provider Subsystem
1 1 1 1
C D) e 060 - D)
Traffic Emergency Traffic Emergency
Management Management Management Management
Subsystem Subsystem Subsystem Subsystem
Co-located in Single Center Distributed Across Multiple Centers

Figure 2.4-6. Center Subsystems May Be Implemented In Various Regional
Configurations
(Source: National ITS Architecture Implementation Strategy)
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2.4.4 Equipment Packages
The logical and physical architectures contain all of the essential architecture elements needed

to provide the user services (and their more detailed requirements) Although the formal
definition of the National ITS Architecture stops there, other categorizations of the
architecture elements were made for the purposes of evaluation and to better

understand the deployment implications. Sections 2.4.4 and 2.4.5 discuss the

alternative views gained by grouping sets of key functionality together. These
perspectives, which are grounded in (or tied back to) the formal definition, can be

used as additional entry points into the National ITS Architecture.

The term “equipment package” was used in the National ITS Architecture development
effort to group like functions (P-specs) of a particular subsystem together into an
“implementable” package of hardware and software capabilities. The grouping of
functions also took into account the user services and the need to accommodate
various levels of functionality within them. The equipment packages are associated
closely with market packages (which will be discussed next) and were used as a
basis for estimating deployment costs (as part of the evaluation that was performed).
The specific set of equipment packages defined is merely illustrative and is does not
represent the only way to combine the functions within a subsystem. The National
ITS Architecture has defined approximately 110 equipment packages in total; only a
small portion of these are relevant to freeway or incident management.

An example of an equipment package that is relevant to incident management is
“TMC Incident Detection,” which is comprised of 7 process specifications, as shown
below.

TMC Incident Detection Equipment Package (part of the Traffic Management Subsystem):

This Equipment package provides the capability to traffic managers to detect and
verify incident. This capability includes analyzing and reducing the collected data
from traffic surveillance equipment, including predicted incidents and hazardous
conditions.

This equipment package consists of the following P-specs:
1.3.1.1-Analyze Traffic Data for Incidents
1.3.1.2-Maintain Static Data for Incident Management
1.3.2.1-Store Possible Incident Data

1.3.2.2-Review and Classify Possible Incidents
1.3.2.3-Review and Classify Predicted Incidents
1.3.2.4-Provide Predicted Incidents Store Interface

1.3.2.5-Provide Current Incidents Store Interface
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2.4.5 Market Packages
Some of the 30 user services are too broad in scope to be convenient in planning

actual deployments. Additionally, they often don't translate easily into existing
institutional environments and don't distinguish between major levels of functionality.
In order to address these concerns (in the context of providing a more meaningful
evaluation), a finer grained set of deployment-oriented ITS service building blocks
were defined from the original user services. These are called “ market packages” in
the documentation.

Market packages are defined by sets of equipment packages required to work
together (typically across different subsystems) to deliver a given transportation
service and the major architecture flows between them and other important external

systems. In other words, they identify the pieces of the National ITS Architecture required to

implement a service. As such, they are directly grounded in the definition of the

Architecture. Most market packages are made up of equipment packages in two or
more subsystems. Market packages are designed to address specific transportation
problems and needs and can be related back to the 30 user services (reference
Table 2.3-2 in the Implementation Strategy document) and their more detailed
requirements.

For example, the functionality of the user service named “incident management” was
broken up into several market packages to allow for explicit consideration of:

¢ basic functions (represented by the “incident management system” marketing
package), and

C institutional setting, by separating control functions typically performed by different
agencies into the market packages that provide for coordination of incident

management strategies across jurisdictions or agencies. For example, the “virtual TMC

and smart probe data” takes into account the rural setting, where a TMC may not exist,
yet coordination of incident management activities is very important. Similarly, the
commercial vehicle operations “HAZMAT management” market package will enhance
incident management efforts in the event of a HAZMAT spill.

Figure 2.4-7 provides an example of a marketing package related to freeway management and
Figure 2.4-8 explains the basic elements of the market package diagrams.
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Freeway Control (ATMS4)

This market package provides the communications and roadside equipment to support
ramp control, lane controls, and interchange control for freeways. Coordination and
integration of ramp meters are included as part of this market package. This package
is consistent with typical urban traffic freeway control systems.

- Traffic Roadway
anagement freeway control data >

TMC Freeway Roadway

Control Freeway Control
freeway confrol status
TMC Incident Roadway
Detection Incident Detection
< incident data

Traffic

Maintenance

(A

Figure 2.4-7. Freeway Control Market Package
dapted From Appendix A of the Implementation Strategy)

Service Provider
Basic Information
Broadcast

: |
Information ‘

M anagement

Traffic ‘

External
Source

Subsystem contains equipment package(s) included in
market package.

Equipment package included in the market  package.
Subsystem that participates in market package operation through

data sharing.

Destination or source of information that participates in market
package operation.

Information flows that support market package operation.

Figure 2.4-8. Market Package Elements

(Adapted From Appendix A of the Implementation Strategy)

The National ITS Architecture development effort identified a total of 56 market

packages that refle

ct the current definition of ITS and the evolving technology

market. Table 2.4-4 contains a complete listing of these, grouped according to their
respective major application areas. As with equipment packages, the specific set of
market packages defined is merely illustrative and does not represent the only way
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to combine the functions and equipment in order to provide ITS services. The market
packages most closely related to freeway management or incident management are
highlighted in the table.

A given market package may provide only part of the functionality of a user service
(supporting multiple service levels), but often serves as a building block by allowing
more advanced packages to use its components. Market packages also allow early
deployments to be separated from higher risk services and can specifically address
varied regional needs. Because they were evaluated during the development
process, supporting benefits and costs analyses were conducted for the market
packages which can also be accessed as a resource.

Market packages are not intended to be tied to specific technologies, but of course
depend on the current technology and product market in order to be actually
implemented. As transportation needs evolve, technology advances, and new
devices are developed, market packages may change and new market packages
may be defined.

In short, market packages provide another method for entering into the National ITS
Architecture information and can be used as an alternative starting point for defining
project functional requirements and system specifications. The important point to
remember is that they provide a set of manageable, service-oriented views, which
allow the user to jump right into the physical architecture definition.

Table 2.4-4. ITS Market Packages

Advanced Vehicles
Vehicle Safety Monitoring

Traffic Management
Network Surveillance

Probe Surveillance
Surface Street Control
Freeway Control

Traffic Information Dissemination
Regional Traffic Control
Incident Management System
Traffic Network Performance
Evaluation
Dynamic Toll/Parking Fee
Management
Emissions and Environmental
Hazards Sensing
Virtual TMC and Smart Probe Data
Standard Railroad Grade Crossing
Advanced Railroad Grade Crossing
Railroad Operations Coordination

HOV and Reversible Lane Management

Driver Safety Monitoring
Longitudinal Safety Warning
Lateral Safety Warning
Intersection Safety Warning
Pre-Crash Restraint Deployment
Driver Visibility Improvement
Advanced Vehicle Longitudinal Control
Advanced Vehicle Lateral Control

Intersection Collision Avoidance
Automated Highway System
Commercial Vehicles

Fleet Administration
Freight Administration
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Transit Management

Transit Vehicle Tracking

Transit Fixed-Route Operations
Demand Response Transit
Operations
Transit Passenger and Fare
Management
Transit Security
Transit Maintenance
Multi-modal Coordination

Traveler Information
Broadcast Traveler Information
Interactive Traveler Information

Autonomous Route Guidance
Dynamic Route Guidance
Information Service Provider (ISP)

Electronic Clearance
Commercial Vehicle Administrative
Processes
International Border Electronic
Clearance
Weigh-In-Motion
Roadside CVO Safety

On-board CVO Safety

CVO Fleet Maintenance
HAZMAT Management

Emergency Management
Emergency Response
Emergency Routing
MAYDAY Support

ITS Planning
ITS Planning

Based Route Guidance
Integrated Transportation
Management/Route Guidance
Yellow Pages and Reservation
Dynamic Ridesharing
In-Vehicle Signing

2.4.6 National ITS Architecture Documents
In summary, the National ITS Architecture provides a common structure for the

design of ITS. It defines the functions that must be performed by components or
subsystems, where these functions reside (e.g., roadside, traffic management
center, or in-vehicle), the interfaces and information flows between subsystems, and
the communications requirements for the information flows (e.g., wireline or wireless)
in order to address the underlying user service requirements. Since the National ITS
Architecture is also the foundation for much of the ongoing ITS standards work,
consideration of the interface and information exchange requirements established by
the Architecture today will likely facilitate or ease the transition to incorporating
standards-compliant interfaces in the future (when approved standards are
available).

The following are brief descriptions of the documents produced under the National
ITS Architecture Development Program that are referred to in subsequent sections.
Paper copies of these can be obtained and used as reference documents. Another
way to access themis via CD-ROM or on the Internet (see Section 5.1 of this
document for information on how to obtain the paper copies, the CD-ROM, and the
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Internet addresses). The CD-ROM and the Internet sites will be more useful than

hard copies when trying to access information rapidly. On the Internet, logical links

(called “hyperlinks”) between different parts of the architecture facilitate use of

information for the type of exercises described later in this section. The CD-ROM

also contains the underlying relational databases which define the Architecture

(developed with Microsoft Access™), which can be useful for performing tailored

searches or other advanced analyses. It is important to remember that the key concepts
and elements of the National ITS Architecture as presented in Sections 2.4.1-2.4.5 are
interrelated and traceable in a variety of ways (forwards and backwards)

Although the documentation at first can appear to be extensive, even overwhelming,
keep in mind that only a portion of the information will apply to the specific needs of
an agency at any point in time. Using the electronic tools with search capabilities and
the linked HTML version of the National ITS Architecture, finding the relevant
information becomes even more manageable.

US DOT plans to update and maintain the National ITS Architecture over time to

reflect changing needs and correct any deficiencies that may be found through the

experience of users. Accordingly, critical portions of these documents, particularly

those containing the Architecture definition, will be updated over time (e.g., an

update is planned for 1998). Therefore, while this document provides specific information

and examples from the National ITS Architecture (January 1997 version) for illustration
purposes, the reader should always consult and defer to the latest version of the National ITS
Architecture. See Section 5 for more information on how to access the National ITS

Architecture.

It is important to keep in mind that several of the documents that were produced
were done for the purposes of evaluation; these documents can be used as
additional resources (e.g., the Cost Analysis) but are peripheral to the fundamental
definition. A first time interested reader should find the Executive Summary, Vision,
and Implementation Strategy to be the most accessible starting points for looking
into the documentation. A complete listing of the documents can be found in
Appendix D.

Vision

The vision is the starting point for developing an architecture and is the component
that drives everything else. The vision statement provides a description of the likely
transportation systemin the next 5, 10, and 20 years based on the National ITS
Architecture. In the vision, the ITS User Services that the transportation systemis to
provide are identified in groups.

2-31



Developing Freeway and Incident Management Systems Using the National ITS Architecture

Mission

The Mission addresses the goals and objectives of a national intelligent
transportation system. In the Mission, user service requirements are defined, and
benefits that the system is expected to provide are identified. The mission definition
ties the National ITS Architecture to the National ITS Program Plan developed jointly
by US DOT and ITS America.

Logical Architecture

The Logical Architecture document contains three volumes: Description (Volume 1),
Process Specifications (Volume 2), and Data Dictionary (Volume 3). These documents
present a functional view of the ITS user services, contain diagrams that show
processes and data flows among them, and define data elements, respectively.

Physical Architecture

The Physical Architecture document contains architecture flow diagrams that show
data passing among physical subsystems, and presents characteristics and
constraints on the data flows.

Traceability

The Traceability document shows how the National ITS Architecture satisfies the
user service requirements. It contains tables that provide traceability of ITS user
service requirements to National ITS Architecture elements, and traceability between
logical architecture elements and physical architecture elements.

Theory Of Operations

This document provides a detailed narrative of how the architecture supports the ITS
user services, described in the Mission Definition. It is a technical document,
intended for engineers, operators, and others involved in detailed systems design.
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Communications

The Communications document presents an analysis of the communications aspects
of the National ITS Architecture. It presents a technology assessment that covers
several potential communications technology alternatives. The alternatives are
compared against ITS requirements. This document proposes quantitative data
loading requirements for a hypothetical system design, and contains an extensive
set of appendices that deal with a specific communications study.

Cost Analysis

The Cost Analysis provides typical unit costs for market packages and equipment
packages. Methodologies are delineated.

Performance and Benefits Study

The Performance and Benefits Study documents the results of evaluations of several
hypothetical ITS deployment scenarios. It also presents a discussion of the overall
benefits of developing the National ITS Architecture.

Standards Requirements

The Standards Requirements document contains detailed information on
requirements for 12 high-priority standards packages. Standards interface packages
that apply directly to freeway management or incident management include:

Emergency Management Center to Other Centers
Dedicated Short Range Communications
Information service provider

Personal, transit, and HAZMAT Maydays

Traffic Management Center for Other Centers
Traffic Management Center for Roadside Devices

Digital map data exchange and location referencing

OO OO O OO O

Highway-Rail Intersections

O

Signal priority for emergency and transit vehicles

Implementation Strateqgy

The Implementation Strategy document presents a process for implementing ITS
services in a phased approach. The process is part of an overall strategy that
includes recommendations for future research and development, operational tests,
standards activities, and training.
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The Implementation Strategy translates the National ITS Architecture to
implementation through market packages. It identifies the market packages that
provide certain ITS services and recommends a phased deployment of those market
packages to provide the most needed and most feasible user services initially, and
less needed/feasible user services at a later date. The Implementation Strategy
considers several items and issues regarding deployment, such as legacy systems,
politics, funding, market package synergy, technology requirements, and standards
requirements.

2.5 Using the National ITS Architecture to Develop Freeway and
Incident Management System Projects

This section describes the specific ways that the National ITS Architecture can be
used in each of the general steps of the project development process presented in
Section 2.3, making use of the key concepts described in Section 2.4. This process
addresses (1) needs or problem identification, (2) solution identification, (3) solution
planning and design, and (4) funding, procurement, and implementation. Before
discussing the specific ways it can be applied to the project development process,
some additional context and general guidance is provided below.

National ITS Architecture Application Guidance

The National ITS Architecture tools are intended to augment and support existing
ITS project development processes, and should be applied with engineering
judgment in that context. The National Architecture is not a process in and of itself. It
contributes information and analysis to existing processes (e.g., systems
engineering). By providing a source for critical information early in the development
process, the National ITS Architecture can lower project risks and costs while also
improving the potential that the resulting deployment will have long term utility and
support regional ITS integration over time.

The National ITS Architecture tools are most applicable in the early stages of project
development. They fully support the rapid definition of a starting point for project
definition, with local requirements then driving the tailoring of that project for specific
applications. Of course, the tools do not contain all the information necessary to fully
design and implement ITS projects. While helpful information is sometimes available
within the documentation (for example, in the evaluation documents), specification of
issues such as performance requirements, design options, technology choices,
existing system interfaces and constraints, detailed implementation and operational
decisions, and which standards to use needs to be carried out at the local level.
Awareness of how far into the project development process the National ITS
Architecture tools apply is important to being able to make the best use of them.
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The National ITS Architecture can be used to provide project developers with
additional options to consider for information exchanges and functionality that may
not have initially been conceived at the outset of the project. As such, its utility is
likely to be greater for larger projects with a variety of possible interfaces. Using the
National ITS Architecture should not be viewed as an all-or-nothing requirement;
rather, the material can be used as is, tailored, or dropped, as appropriate for the
situation. This will be discussed further in this section.

There are several ways to apply the National ITS Architecture; the most accessible

of these methods will be presented in this section. See Section 5 for more information on
how to gain access to the various formats of the National ITS Architecture (including web
sites).

Entry Points into the National ITS Architecture

The definition of the National ITS Architecture can be found in the logical and
physical architectures. These architecture definitions exist in several formats,
including paper documents, Microsoft Access ™ relational databases, and a
HyperText Mark-up Language (HTML) model, which provides access through a
linked model. The databases and the linked HTML model are available on CD-ROM
and the World Wide Web. The logical and physical architecture definitions represent
a breadth and depth of information that can seem overwhelming to access and
apply. However, there are tools to view the architecture definition that make the
extraction of information more efficient. These maps and tables provide access or
“entry points” to the details of the architecture in an organized fashion. Figure 2.5-1
shows the top-level of information shown for the linked HTML model, which provides
easy access to most of these entry points. Some of the key entry points and their
relevance to project development are discussed in figure 2.5-1:
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I TS Architecture Browsing Site

January 1997 Edition

This presentation of the National Intelligent Transportation Systems (I TS) Architecture Definition
provides a hypertext view of the logical architecture, physical architecture, and
implementation-oriented components of the architecture definition. This hypertext view provides
access to all process specifications, data flows, subsystems, equipment packages, and terminators
that make up the architecture definition. Y our entry to the architecture may be through a number of
different paths.

The National ITS Architecture was developed to support intelligent transportation systems extending
to the year 2012. The architecture Vision provides a generd forecast of the ways in which
transportation improvements will be made over the next 20 years.

The architecture framework that supports this vision is made up of many physical entities
(Subsystems and Terminators ). By selecting a physical ertity (either a subsystem or a terminator),
you can browse through the process specifications that define each subsystem’ s functionality or the
data flows that connect the subsystens.

Near term plans and planned deployments include the Intelligent Transportation Infrastructure and
CVISN. The architecture structure for these near term deployments is provided in ~ ITl and CVISN.

Another entry which is suitable for locally searching for data flows with particular text is a complete
file of Logical Architecture Data Flows (Note - thisfile is very big (200k bytes)) or  Physical
Architecture Data Flows.

Y et another entry through the logical architecture is through the Pspec ( Process specification ) names.

Finally, a set of standards requirements packages has been created which bundle the dataflows into
sets of interest to standards organizations. The launch point for these packagesis : Standards
Requirements packages (Cross references are provided for flows which reside in more than one
package).

The entire set of architecture documents are available onthe _ITS America Web Site.

Figure 2.5-1. National ITS Architecture Hypertext View

Note to the reader: As the National ITS Architecture is updated and
maintained over time, changes may be made to facilitate access to key information
and allow greater flexibility for the user. Thus, some of the specifics shown in Figure
2.5-1 and the mechanics discussed in subsequent text boxes for accessing the entry
points may become dated. For example, in future releases, it is likely that market
packages will be given greater visibility at the top page level of the HTML model.
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C User Services are what drove the definition of the National ITS Architecture.
They represent high-level descriptions of the services to be provided by ITS,
from the perspective of the user. The National ITS Program Plan provides
detailed descriptions of the user services. User services can be related to
general needs and higher-level goals and objectives. Traceability exists to
map user services to the underlying architecture definition.

C User Service Requirements, as previously described in section 2.4.1, are the
“shall” statements that define the user services in detail and serve as the
fundamental requirements of the National ITS Architecture. By selecting
those user service requirements that apply to the definition of a specific
system, traces can be made to the physical and logical architectures. The
user service requirements are liste