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PREFACE

When early adopters began using the NTCIP in their deployment activities, there was limited guidance
available. Since then, The NTCIP Guide (NTCIP 9001) has been developed to help users understand,
specify, and deploy the family of standards. NTCIP 9001 version 03 was completed in 2002 and is
available.

Early NTCIP deployments and the initial NTCIP case studies identified issues due to content ambiguities
and shortfalls in the first version of several standards. Subsequent amendments addressed many of
these issues.

Case study reports revealed that functional requirements within user specifications could be improved.
As a result, a systems engineering approach to standards development has been adopted to help users
better specify NTCIP-based systems. New versions of ITS standards will add sections on concepts of
operation, functional requirements, traceability to the data dictionary, and dialogs and sequences.

Early adopters also revealed that testing was an issue in many of their deployments. An NTCIP working
group on testing and conformity assessment was created in 2002 to further assess and define testing
issues.

The case studies also revealed a general need for continued outreach, education and training. These
needs are being addressed through a variety of ongoing Standards Development Organization activities.

These NTCIP case studies have proved valuable to the ITS community and have facilitated the continued
improvement of the standards. As a result of lessons learned from the case studies, and improvements in
the standards development process, future deployments are expected to face fewer challenges.
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1. PURPOSE OF THE CASE STUDY

1-1 INTRODUCTION

Field deployment of NTCIP-conforming equipment has begun. State and local Departments of
Transportation and their consultants are aware of the interoperability and interchangeability features
promised by the NTCIP, and are including references to the NTCIP in their procurement documents. For
all but a few, this is their first experience with the NTCIP.

The purpose of this project, sponsored by AASHTO, FHWA, ITE, and NEMA, is to:

a. Prepare a second series of case studies that describe the lessons-learned by vendors, agencies,
and consultants during another five of the early projects that required NTCIP compliance, and

b. Update the existing three case study projects.

The objective is to compile an unbiased investigation that incorporates the perspectives from different
implementation positions.

Two Environmental Sensor Systems (ESS)' projects, one Center-to-Center Project using NTCIP 2304
(DATEX-ASN), and two traffic signal control projects were selected for Phase 2 of the study. The two
Variable Message Sign (VMS) projects and the one signal control project investigated during Phase 1 are
to be revisited to update the status of these projects. Additional projects may be investigated in FY 2003.

The material for these eight case studies (5 new ones and 3 updates) was drawn from interviews with
individuals who were directly involved in the NTCIP implementation and from project-related documents
such as specifications, test plans, and procurement documents. An attempt was made to interview at
least three individuals who performed different roles in each project, such as agency champion,
procurement specification writer, agency field technician, and vendor representative. The interviews,
conducted by individuals familiar with the NTCIP, were structured around an updated survey prepared for
these case study investigations. Whenever possible, relevant project documents for each project are
included in that case study report.

This document focuses on the implementation of devices using the NTCIP. It does not attempt to explain
the details of the NTCIP. Additional information on the NTCIP, including specific NTCIP standards, is
available on the NTCIP Website (www.ntcip.org).?

2. THE CASE STUDY

In 1996, the City of Lakewood initiated a project to enhance its traffic signal system. This project included
two distinct parts, the replacement of the central traffic control system, and the upgrade and purchase of
additional traffic signal controllers. The NTCIP was specified as the communications protocol of choice
for both. The central system (termed Lakewood Advanced Traffic Management System or Lakewood
ATMS) was also required to be extensible in order to add future capabilities for controlling field devices
such as NTCIP Dynamic Message Signs and non-NTCIP closed circuit television cameras.

Environmental Sensor Stations are considered a device subgroup addressed within the NTCIP Standard NTCIP 1204. The
term ESS is used to address road weather information systems. ESS are commonly referred to as Road Weather Information
Systems (RWIS).

The White Paper “Understanding the NTCIP Class Profiles from an End User's Perspective,” prepared by the NTCIP Profiles
Working Group is an excellent example.
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The project schedule is summarized in Table 1. A test system of nine controllers had been installed along
side of the existing legacy equipment for evaluation and acceptance of the system upgrade approach. A
separate project was initiated to replace an additional thirteen controllers, which were expected to come
online shortly after the interview was conducted, in June 2002. The Agency plans to replace the existing
central control system and its associated legacy controllers between 2002 and 2004.

The Agency operates more than 180 traffic signals within the city. This project sought to provide a test-
bed of nine intersections from which a comprehensive system upgrade will be launched. The existing
traffic signals within the city are comprised of a central system with multi-drop communications and stand-
alone signals using time-based operation. The Agency intended to replace the aging centrally controlled
system that was originally installed in 1982. Existing NEMA TS 1 traffic signal controllers will be replaced
with NEMA TS 2 signal controllers capable of Type 1 and Type 2 actuated configurations from a single
controller unit. The existing communications media consists of several half-duplex 1200-baud leased
lines connecting traffic signal controllers to the central system. Over time, the existing communications
system will be replaced with 9600-baud fiber optic cables that were made available to the Agency by a
local telecommunications company in-lieu of right-of-way access and permitting fees. The existing and
new devices are described in Table A-1.2

This case study focuses on two NTCIP-compliant components of that project. The Vendor and System
Integrator for this study were Econolite and TransCore, respectively. MK Centennial was the design
Consultant retained to assist the Agency in developing technical specifications for the system.

The objectives of the Agency in implementing this project were:

e To implement a modernized traffic control system that provides increased functionality and flexibility,
and allows for easier maintenance and support;

e To utilize a system that was scalable and modular in design, using commercial-off-the-shelf software
as much as feasible;

e To utilize NTCIP communication standards in an effort to ensure compatibility with the National ITS
Architecture.

The System Integrator’s goal was to adapt its system to support the NTCIP, with the ability to use
controllers from a variety of manufacturers.

This project is one of the first NTCIP deployments to use equipment from more than one vendor. It was
also one of the first to integrate a third party central system with field traffic controllers using the NTCIP.

Table 1: Project Timeline

AGENCY INTEGRATOR / NTCIP Standards Status Date
VENDOR
Began writing Specifications & 10/96
RFP
NTCIP Standards approved (NTCIP 11/96
1201 (formally known as TS 3.4),
NTCIP 1202 (formally known as TS
3.5))
NTCIP Standards published (NTCIP 1101 1/97
(formally known as TS 3.2), NTCIP 2001
(formally known as TS 3.3), NTCIP 1201
3 See Annex A of this report.
e
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AGENCY INTEGRATOR / NTCIP Standards Status Date
VENDOR
(formally known as TS 3.4), NTCIP 1202
(formally known as TS 3.5))
NTCIP Pre-ballot Draft issued for 4/97
NTCIP 1203 (formally known as TS
3.6)
Modifications to NTCIP 1101 (formally 5/97
known as TS 3.2), NTCIP 2001
(formally known as TS 3.3) and NTCIP
1201 (formally known as TS 3.4)
published as Recommended Technical
Revisions
NTCIP Standards approved (NTCIP 5797
1101 (formally known as TS 3.2),
NTCIP 2001 (formally known as TS
3.3))
RFP published 8/97
Proposals due 10/97
Interviews with Qualified Interviews with Qualified 12/97
Systems Integrators Systems Integrators
Additional amendments recommended 11798
and incorporated with previous
Technical Revisions (i.e., OER, time
differential, dynObj Table)
Notice to Proceed Notice to Proceed 6/98
Original project end date | Original Project End date 12/99
referenced in the Notice to
Proceed
1% Project Extension issued | 1% Project Extension 3/00
with a projected end date of
9/00
2" Project Extension issued | 2™ Project Extension 12/00
with a projected end date of
2/02
3™ Project Extension issued | 3" Project Extension 3/01
with a projected end date of
6/01
4™ Project Extension issued | 4™ Project Extension 7115
with a projected end date of
03/02
NTCIP Operational in Field | NTCIP Operational in 2/01
Test Field Test
System Accepted System Accepted 3/02
Boctiments
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3. PROJECT PROCUREMENT

3-1 PRE-QUALIFICATION

No pre-qualification was required for the Lakewood ATMS.

3-2  ADVERTISEMENT / REQUEST FOR PROPOSAL (RFP)

The Lakewood ATMS RFP was published in August 1997. Proposal responses were due in October
1997. The bid and award procedure for the implementation of the Lakewood ATMS consisted of a two-
stage submittal process. In the first stage, contractors submitted a functional proposal without a cost
estimate. These proposals were essentially a technical response to the Lakewood ATMS RFP* and a
statement of qualifications. Six proposals were received for the Lakewood ATMS®. Those proposals
scoring the highest in the first stage evaluation were allowed to proceed to stage two of the procurement
process.

The second stage of the procurement process consisted of a Request for Clarifications to the original
submittal, hourly rates, base contract, and options. Interviews were set up after the second stage
proposals were complete. Elements within the proposal were again given percentages based upon the
value to the Agency. Final award was made to the group with the highest percentage.

3-3 SELECTION & AWARD

The Agency selected the System Integrator from the group of proposals based upon an evaluation of
proposal responses obtained through the two-stage procurement process. Selection criteria for Phase 1
consisted of previous system experience, approach and innovation to system specifications, references,
quality of proposal, and key staff experience and availability. The selection criteria for Stage 2 consisted
of presentation, response to clarifications, estimated labor hours and labor rates, base contract, and
options. A scope of services and a price was negotiated with the winning System Integrator.

The Vendor for traffic signal controller procurements was a partner on the System Integrator team.®

4. SPECIFICATIONS

The Agency learned about the NTCIP through meetings and training seminars sponsored by FHWA. The
decision was made early to specify NTCIP as a means of providing future compatibility with the National
ITS Architecture. At that time (1996), the relevant NTCIP standards were still in a draft form.

The plans and specifications, the functional specification, and the RFP for the controller upgrade were
developed by the Agency with outside assistance from a design Consultant hired for the purpose of
developing technical specifications for the system. They were written to specify each NTCIP data
element to be supported. The specifications went on to describe the optional conformance groups that
were required and the supported range value requirements for the data elements. For the traffic signal
control equipment, the System Integrator and Vendor were required to provide a conformance statement,
cite any reasons for non-conformance, and to provide any alternative solutions. The Vendor identified

See Annex B.

Parsons Brinckerhoff; WL Contractors+Econolite; WL Contractors+Peek; Eagle+Siemens; Kaman Sciences+Kimley Horn; and
TransCore

The TransCore team also included Eagle and PEEK as additional hardware providers for future deliveries.
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vendor-specific standard NTCIP object ranges’ as part of the RFP response, and object definitions to be
used in addition to the standard mandatory Conformance Groups and mandatory objects

The Lakewood ATMS (central system) hardware specifications were developed in conjunction with the
rest of the system specifications that included software and NTCIP. The hardware specifications required
a PC-based server platform from which the central traffic control software would function.

According to the specifications, the Vendor and System Integrator were required to warranty the signal
control system and the field controllers for a period of 24 months following acceptance of the deployed
system. The specifications set forth detailed NTCIP requirements for the Vendor and System Integrator
to meet. The stringent NTCIP requirements, coupled with the desire for a short delivery time, led to
problems in finding traffic signal controllers that complied with the specifications. Further complicating the
matter was the low quantity of field devices to be purchased under this project without any assurances for
future deliveries. Regardless, both the Vendor and the System Integrator were committed to work with
the Agency to provide a working implementation of the NTCIP. This commitment included overcoming
problems and inconsistencies within the standards, and modifying the implementation if the standards
were changed during the course of the project.

4-1 PROJECT-RELATED NTCIP STANDARDS STATUS

The NTCIP standards relevant to this project are shown in the table below.

Table 2: NTCIP-Related Standards and Specifications for the “Lakewood ATMS” Implementation

Standard Description
Very early Draft NTCIP | May 5, 1995 NTCIP — Working Draft marked “For Committee Reference
Standard Only”

NTCIP 1101 (formally known as | Simple Transportation Management Framework (STMF) Conformance
NEMA TS 3.2) 1996 and | Level 2.
Amendment 1

NTCIP 2001 (formally known as | NTCIP Class B Profile
NEMA TS 3.3) 1996 and
Amendment 1

NTCIP 1201 (formally known as | NTCIP Global Object Definitions
NEMA TS 3.4) 1996 and
Amendment 1

NTCIP 1202 (formally known as | NTCIP Actuated Signal Controller Object Definitions
NEMA TS 3.5) 1996

Pre-ballot Draft NTCIP 1203 | NTCIP Objects for Dynamic Message Signs
(formally known as NEMA TS
3.6)

The Lakewood ATMS project implementation followed on the heels of the implementation of the Phoenix
ATMS project,’® another project that involved both the System Integrator and Vendor. The NTCIP

See Annex A, Table A-3 of this report.

This “very early draft NTCIP Standard” is show in italics to emphasize the influence this draft had on the NTCIP development
within this project, even though it was not the basis for the implementation of this system.
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development requirements for both the Phoenix ATMS and the Lakewood ATMS projects largely
paralleled each other, since the same Vendor and System Integrator were involved in both projects. In
the early stages of these projects, the Vendor and the System Integrator kept abreast of the NTCIP-
related working group (WG) activities and had a very good understanding of the protocol and implications
of the WG activities. Both the System Integrator and the Vendor began their NTCIP development
activities using the May 5, 1995 NTCIP Working Draft marked “For Committee Reference Only” during
the specification development. This very early version of the NTCIP standard was still organized in one
document and it included only object definitions for traffic signal control’. The Vendor began work on their
NTCIP implementation using draft standards'' and subsequent Technical Revisions."

There were several significant changes in the NTCIP that impacted this project. NTCIP 2001 (formally
known as TS 3.3) was approved as a NEMA standard in May 1996. This version of NTCIP 2001 required
the use of STMP'3; the use of SNMP' was optional. In May 1997, modifications to NTCIP 1101 (formally
known as TS 3.2), and to NTCIP 2001 were published as Recommended Technical Revisions, which
reversed the requirements for SNMP and STMP. The number of “errata and revisions” to the standards
documents made it difficult to “[decide] where to draw the line and move from design to product
[implementation].”

5. NTCIP FUNCTIONS AND FEATURES

This section discusses the NTCIP functions and features implemented. NTCIP conformance groups and
optional data element (object) definitions are listed in Annex A. Additionally, a number of proprietary data
elements to address special functions and the once-per-second communications requirement were
created by the Vendor and implemented within the ATMS and the signal controllers.

5-1 DATA ELEMENT AND CONFORMANCE GROUPS

All of the controllers integrated into the system for this project are “NTCIP-compliant.” This
implementation conforms to “Conformance Level 2” as defined in Amendment 1 of NTCIP 1101 (formally
known as TS 3.2-1996"°). SNMP could not be used exclusively because of bandwidth limitations and
because it would not support once-per-second communications.

The specifications defined the data elements and conformance groups to be implemented, but no traffic
signal controllers fully supported the specification requirements without substantial investment in new
software development. Through a process of negotiation, the Agency, System Integrator, and Vendor
agreed upon a set of data element definitions to be implemented.

See NTCIP 9004 v1.05, City of Phoenix, Arizona Phoenix Advanced Transportation Management System Case Study for
additional details.

This version also included concepts of the X.25-format (a network layer protocol) instead of the Internet Protocol (IP), which
was specified in later versions of the NTCIP standards. However, no network protocol was used in this implementation.

TS 3.1, NTCIP 1101 (formally known as TS 3.2), NTCIP 2001 (formally known as TS 3.3) (4-17-96); NTCIP 1201 (formally
known as TS 3.4), NTCIP 1202 (formally known as TS 3.5) (7-13-96).

The Amendments to NTCIP 1101 (formally known as TS 3.2), NTCIP 2001 (formally known as TS 3.3), NTCIP 1201 (formally
known as TS 3.4) and NTCIP 1202 (formally known as TS 3.5) were approved in 1998.

Simple Transportation Management Framework (STMF) describes the organization of the information within devices and the
methods of retrieving or modifying any information within the device. STMF also explains how to generate and utilize
computer readable information organization descriptions.

Simple Network Management Protocol - A communications protocol developed by the IETF (define), used for configuration
and monitoring of network devices.

Conformance Level 1 requires support of SNMP, while Conformance Level 2 additionally requires the support of STMP.
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The list of standard data elements implemented for this project is included in Table A-2;'® Table A-3
shows the data element value ranges supported. This data element definition set included most of the
data elements defined within the mandatory and optional conformance groups of NTCIP 1201 (formally
known as TS 3.4-1996) and NTCIP 1202 (formally known as TS 3.5-1996). All optional data elements of
the conformance groups were implemented. Proprietary data elements were implemented in order to
address several functional requirements that were not provided by the standard object definitions. These
proprietary data elements addressed some optional conformance group functionality differently than that
defined in the NTCIP standards.

The proprietary data elements also provided additional functions to the mandatory and optional
conformance groups as extensions to the standard tables. The Vendor added so-called “block objects”
for database management.” '® Both the System Integrator and the Vendor recognized the utility of block
objects and this concept is subsequently being incorporated into NTCIP 1202 v2. The System Integrator
required status data elements such as a “transition/offset seeking” object and the remote database
download request feature.

The data elements to control these features were developed by the Vendor. The unique object identifiers
(OIDs) for these data elements controlling the non-standardized features are located at the Vendor’s
NEMA node address. The Agency has the right to re-use the Vendor-provided MIB for future contracts
within the City."® These non-standard features will be used in future applications for the Agency, as well
as for future implementations by the System Integrator and by the Vendor.*

5-2 INTERCHANGEABILITY & INTEROPERABILITY

The project specifications were developed in such a manner as to require interoperability, i.e., the ability
to support other NTCIP devices on the same communications channel. At this point, however, there is no
way to tell whether interoperability has indeed been achieved. With only one traffic signal controller
manufacturer having supplied equipment for this project and no other NTCIP device on the project,
interoperability can neither be confirmed nor denied at this time. Further testing will have to be conducted
in order to ensure that interoperability has been achieved.

The System Integrator and the Vendor have assured the Agency that the standardized data elements
implemented on this project are in accordance with the published standards. However, there is no way to
tell whether these features are interchangeable because there is only one traffic signal controller
manufacturer involved in this project and there are no widely accepted test plans for signals.

See Annex A.

Database management is one of the most important features within a field device. Within a signal controller, manipulating
several data elements as a group is critical since the contents are interrelated. Within the NTCIP, there is a standardized
mechanism to achieve this, but the implementation provided an additional proprietary mechanism using “block objects”. This
is a mechanism where data elements are defined using the MIB OBJECT TYPE Macro, but where the value of an data
element contains a proprietary “message”. These “message” setups are such that each byte, or bit within a byte, or several
bytes have a particular meaning. This setup is very similar to the messages used in traditional traffic signal communications
protocols.

The “block objects” are specific to each vendor, and each vendor’s controller uses a different set of “block objects.” This
means that the central system software must be modified (adding a software device driver) every time a new controller is
being added to the system.

Locating object OIDs under the vendor’s node is appropriate and feasible. However, if an agency requires the development of
‘special’ data elements and/or entire MIBs, it may be more feasible to place them under an agency node to ensure that the
control of the object remains with the agency. If data elements are under the vendor’s node, the Agency might need an
agreement with the Vendor to maintain the objects until both sides agree to dismiss them.

20 The Vendor and System Integrator used the same software for another implementation.
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In addition, the Agency has chosen to use features that are not defined in the standard. The standard
allows for such extensions and the Vendor and System Integrator provided these features using
proprietary data elements. However, the use of non-standard features prevents full interchangeability.
The devices may still be interchangeable with the standard features, but not with the proprietary
extensions.

5-3 THE LEARNING CURVE

When the project began, various NTCIP standards were still in draft form. The Agency and their
Consultant worked together to become familiar with the draft and the later approved standards. The
Agency acknowledges, “we were by no means experts.” None of the Agency staff had a background or
experience in information technology. Knowledge and information that they gained came through
attendance at Institute of Transportation Engineers (ITE) seminars, through a review of the NTCIP Guide
(NTCIP 9001), and by studying the standards documents themselves. In fact, key staff from both the
Agency and Consultant attended weekly self-taught, in-house learning sessions of 2-3 hours each during
the development of the project specifications.

The Vendor continues to be an active participant in the development of all versions of the NTCIP
documents. Therefore, they were very knowledgeable about the data elements, their meaning and
interpretation. The Vendor’s continued participation on these NTCIP Working Groups was valuable in
another respect. Implementation and interpretation issues that arose during this project were discussed
during the course of the standards development. These discussions contributed to the development of
the amendments.?’

The System Integrator has significant experience developing device drivers to communicate with various
proprietary protocols. Its staff were very aware of the emerging NTCIP suite of protocols, and had
reviewed and commented on various
standards. During the development of Definitions
the central system, the System Integrator
used Internet pages and several books to
learn about ASN.1, HDLC? and SNMP in
addition to the NTCIP Guide (NTCIP
9001) and the NTCIP standards

Interchangeability: the capability to exchange
devices of the same device type (e.g., a signal
controller from different vendors) without changes to
the software beyond updating the appropriate
parameters and variables. Some non-standard

publications. functions and features might not be available.
Interoperability: the capability to operate devices
6. TESTING COMPLIANCE from different manufacturers, or different device
types (e.g., signal controllers and DMS) on the same
While the RFP defined the specifics of communications wire/channel.

NTCIP compliance,? there were no
commercial-off-the-shelf products
currently available to meet the project

2 Errors and inconstancies identified by the Vendor during software development were recorded and presented to the

appropriate NTCIP WGs. The Vendors recommendations were incorporated in Amendment 1 of NTCIP 1101 (formally known
as TS 3.2-1996) and of NTCIP 1201 (formally known as TS 3.4-1996). The Vendor and the System Integrator made the
appropriate modifications to ensure a successful implementation.

= HDLC - High-level Data Link Control = Data Link Layer protocol

B See Annex B.
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