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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 prepare a series of
case studies that describe the lessons-learned by vendors, agencies, and consultants during three of the
early projects that required NTCIP compliance. The objective is to compile an unbiased investigation that
incorporates the perspectives from different implementation positions.

Two Variable Message Sign (VMS)1 projects and one traffic signal control project were selected for this
study during 1999.   Additional projects may be investigated in FY 2000. The material for these case
studies were 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.  At least three individuals in different roles, such as agency champion, procurement
specification writer, agency field technician and vendor representative were interviewed.  The interviews,
conducted by individuals familiar with the NTCIP, were structured around a 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 VMS 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.

                                               
1 Variable Message Signs are considered a device subgroup addressed within the NTCIP Standard TS 3.6.  The term used to address all

signs including variable message signs, changeable message or drum signs, and blank out signs is dynamic message signs (DMS).
2 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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2. THE CASE STUDY

This report presents a case study of a Variable Message Sign (VMS) implementation by the Virginia
Department of Transportation (VDOT).  Other project participants include: Odetics ITS, successor to
Viggen Corporation, who provided support to VDOT as the AGENCY CONSULTANT, and Daktronics, the
VENDOR.

Seventy-seven (77) LED variable message signs will be installed to provide traveler information to
motorists throughout Virginia’s transportation network.  In addition to the NTCIP, VDOT specified LED
displays and walk-in cabinets to minimize operations and maintenance burdens and to allow greater
flexibility in using the signs.  Dial-up communications over the public telephone network is used to
communicate with the signs. Seventeen of the 77 signs are being installed during Phase I.  The remaining
signs will be installed during Phase II, after demonstrating successful implementation of Phase I.

Important milestones and dates for this project and the applicable NTCIP standards are shown in Table 1.
Some delays were anticipated for this project. The advertisement of the project was delayed by about six
months until the standard reached Recommended3 status.  In addition, a one-year lapse in the project
was needed to resolve some structural issues (wind loading) and “traditional” software issues.
Construction of foundations and guardrails continued during this lapse.

Table 1:  Project Milestones & Dates

AGENCY VENDOR NTCIP Standards Status Date

TS 3.6 approved as a Recommended
Standard

3/97

Modifications to TS 3.2 and TS 3.3 first
published as Technical Revision (SNMP
now mandatory and STMP optional)

5/97

Project advertised / Pre-
qualification process for vendors
described.

7/97

Sign vendors pre-qualified TS 3.6 formally approved by SDOs through
balloting process

9/97

Procurement due 10/97

Project awarded to competent low
bid

12/97

Product specification
completed

5/98

Outsourced NTCIP stack 6/98

Began  software
development

Additional amendments for OER, time
differential, and dynObj Table
recommended and incorporated with
previous Technical Revisions

8/98

Cooperative review of NTCIP
software status

11/98

Class B stack complete 12/98

Class D stack complete 4/99

Acceptance test (First) 3/99

                                               
3 See Annex D for explanations of the standards development process and the various status states.
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AGENCY VENDOR NTCIP Standards Status Date

Install Signs (not yet
completed)

5/99

Acceptance Test (second) 5/99

Amendments formally Approved by SDOs
through balloting process

10/99
(expected)

3. PROJECT PROCUREMENT

In most cases, the AGENCY ensures that products used on contracts comply with specifications by
requiring the prime contractor to select products from a “Qualified Products List.”  However, the AGENCY
was concerned that the construction contractor could select a vendor with limited qualifications for
producing NTCIP-compliant variable message signs. The AGENCY used a low-bid process for this
project that required the prime contractor to select the VMS vendor from a list of pre-qualified vendors.
VMS vendors were required to participate in a pre-qualification to be eligible to submit a bid.  The process
used to procure the VMS is described below, while the process used to develop the specifications is
described in Section 4.

3-1  PRE-QUALIFICATION

The AGENCY developed a two-part test to pre-qualify vendors.  This test consisted of:

§ A written statement of qualifications to ensure that the vendor had sufficient experience in
delivering the desired product to the transportation industry, and

§ A test of a small number of NTCIP features using the NTCIP Exerciser to ensure that the vendor
had a reasonable understanding of the NTCIP and could produce a competent bid.

The pre-qualification test consisted of connecting the NTCIP Exerciser4 to a sign provided by the
VENDOR and running a limited series of tests to demonstrate basic functionality of the sign. The pre-
qualification test did not perform full NTCIP-compliance testing because few vendors (if any) could deliver
fully NTCIP-compliant devices in time for the pre-qualification test. It would also be difficult to judge
vendors’ knowledge of the NTCIP using a written test.

3-2  ADVERTISEMENT / REQUEST FOR PROPOSAL

When the decision was made to require the NTCIP as the primary communications protocol, the
AGENCY delayed advertising the project until the NTCIP Standard for Dynamic Message Signs (TS 3.6)
was made a Recommended Standard. The advertisement for this project was issued in July 1997; three
months after TS 3.6 became a Recommended Standard.  The objective of this delay was to ensure that
the standard was fairly stable.  The NTCIP-relevant portions of the Request for Proposal (RFP) are
included in Annex B: VMS Specifications.

                                               
4 The NTCIP Exerciser was developed with funding from FHWA and others to test data packets containing data elements (called objects)

that are sent in direct-connect multidrop communications.  The Exerciser compiles so-called Management Information Bases (MIBs),
which are database descriptions that have been developed following a specific defined setup.
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3-3  SELECTION & AWARD

Six VMS vendors submitted responses to the pre-qualification request.  Four of these vendors were pre-
qualified prior to release of the RFP.  The prime contractor selected the vendor who submitted the low
bid.

4. SPECIFICATIONS

The software functionality specifications included the following requirement:

“Both the computer and the field controller software shall comply with the National
Transportation Communications for ITS Protocol documents and all related errata sheets by
July 1, 1998 as referenced herein.  If the ISO OIDs 5 have been assigned by this date, they shall
be used rather than the NEMA-based OIDs for each of the object definitions needed within the
sign control software”6.

Section 9 of the procurement specifications further refined this statement.  Section 9 required compliance
with the NTCIP standards listed in Table 2, and defined the mandatory and optional object definitions
(data elements) to be used.  In addition, Section 10 of the RFP included project-specific specifications for
the use of dial-up communications7.  The NTCIP-relevant portions of the RFP are included in Annex B.

Table 2: NTCIP-Related Standards & Specifications for the VDOT Implementation

Standard Description

NEMA 3.2 1996
and Amendment 1

Simple Transportation Management Framework (STMF) Conformance
Level 28.

NEMA 3.3 1996
and Amendment 1

Class B Profile

NEMA 3.4 1996 Global Object Definitions

TS 3.6 – Pending
1997

NTCIP Joint Standards Committee Recommended Standard for Object
Definitions for Dynamic Message Signs (dated March 31, 1997 or as
approved)

Dial-up
Communication
Protocol

Physical Layer – as specified in TS 3.3, Clause 3.2.1.1.
Data Link Layer – Point-to-point protocol (RFC 1334, RFC 1661, RFC
1662);
Network/Transport Layer – NULL Layer
Session/Presentation Layer definition  – NULL layers;
Application layer definition – as specified in TS 3.2

                                               
5 ISO OID – International Standards Organization– Object Identifier
6 Section 9, Special Provision for Variable Message Sign System, Virginia DOT (See Annex B: VMS Specifications)

7 No NTCIP standard for dial-up communication existed at that time.
8 Only Conformance Level 1 (SNMP) was ultimately implemented. Interpretation problems within the NTCIP Standards caused the

AGENCY not to require the implementation of STMP.
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4-1  PROJECT-RELATED NTCIP STANDARDS STATUS

There was some confusion about the status of the NTCIP standards used for the project, and to some
extent, the stages of the standards development process.9

After the project advertisement (or RFP) was issued in July 1997, the following changes were made to the
NTCIP standards:

§ November 1998: TS 3.2 – Simple Transportation Management Framework. The Octet Encoding
Rules (called PER in TS 3.2-1996) were renamed and further refined; and various other non-project
relevant modifications were made. The NTCIP Joint Committee also reaffirmed the Technical
Revisions (TRs) that received a status of ‘Recommended’ from the NTCIP Joint Committee in May
1997.  These TRs changed the Conformance Level assignments (SNMP was made mandatory, and
STMP became optional).  All new modifications and Technical Revisions were combined into TS 3.2
– Simple Transportation Management Framework – Amendment 1.

§ November 1998: TS 3.4 – Global object definitions.   A time object was added to account for
Greenwich Mean Time, the object definitions that address the db-Management mechanism were
changed, and “security” object definitions were added.  All new modifications and Technical Revisions
were combined into TS 3.4 – NTCIP Global Object Definitions – Amendment 1.

§ November 1998: TS 3.6 – DMS specific object definitions. Editorial changes were made, and a
statement was added to require amendments to the standard to be posted on the NTCIP web site.

The VENDOR felt that the modifications introduced in November of 1998 had a significant impact on the
project, even though the project specification10 required support of Conformance Level 2, as defined
within NEMA TS 3.2-1996. The November 1998 modification reaffirmed the previous Technical Revision
and, consequently, should have had no effect on the implementation since both standards still needed to
be supported.  However, the VENDOR felt it added additional development costs.

The VENDOR believed that TS 3.6 (the DMS Standard) was a “User Comment” version, when the project
began and that it was approved as a Recommended Standard during the course of the project11.  During
the interviews, it was also evident that the difference between a “Recommended Standard” and
“Published Standard“ was not clearly understood at the beginning of the project.

The status of the specification for dial-up communications was not clear to the individuals interviewed.
The NTCIP effort had not developed a standard for dial-up communications when the specification for this
project was written.  The dial-up specification (Section 10) was neither an NTCIP standard nor an NTCIP
draft standard.  It was a project-specific requirement unique to this project. Subsequently, this
specification was submitted to the NTCIP Profiles Working Group (WG) for consideration, where it was
used as the basis for the first draft version of SP-PPP (the official name for the dial-up specification).  The
NTCIP Profiles WG expects to issue a ‘User Comment Draft’-version of SP-PPP prior to the end of 1999.

4-2  SPECIFICATIONS DEVELOPMENT

The AGENCY and an AGENCY CONSULTANT concurrently developed the specifications for this project.
The AGENCY developed the hardware and software functionality specifications using existing VMS
specifications, and the AGENCY CONSULTANT developed the NTCIP-related specifications.
                                               
9 The “seven stage” standards development process (Proposal, Working Draft, User Comment, Review, Recommended, SDO ballot, SDO

Approval, and Publication) is described in Annex D.
10 See Annex B, IV, clause 9, second paragraph.
11 The project specifications spelled out the version of the draft standard to be used.
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While everyone interviewed thought the specifications for this project thoroughly defined the NTCIP, there
were a few instances where the functional requirements were ambiguous, or, depending on how the
clause was interpreted, conflicted with the NTCIP.  Some features were not standardized within NTCIP,
but addressable as a proprietary feature.  A few examples are cited in Section 5-1.

The AGENCY and VENDOR interpreted the roles and responsibilities described in specifications
differently.  The AGENCY assumed that that they and their CONSULTANT would develop and execute
the test plans. The VENDOR, however, noted a line item in the specifications that required them to
develop the test plan to be approved by the AGENCY.  Another example is the use of the NTCIP
Exerciser. The AGENCY thought use of the Exerciser was clearly specified, while the VENDOR did not.

This and other minor inconsistencies were discussed and resolved to the satisfaction of all involved
parties.  No formal contract modifications were made to the specifications.  The only formal change within
the project was a structural modification to account for truck-induced wind loading, and was not related to
the NTCIP.

5. NTCIP FUNCTIONS AND FEATURES

This section discusses the NTCIP functions and features implemented.  NTCIP Conformance Groups,
Optional Object Definitions, and the required “MULTI Tags” specified for the VMS are listed in ANNEX A
and are also described in Section 9 of the project specifications (see ANNEX B).

5-1  OBJECTS & CONFORMANCE GROUPS

All of the devices integrated into the system are NTCIP-compliant12 for the functions and corresponding
NTCIP object definitions and communications protocols specified and used within this project. The VMS
control software implemented all of the Mandatory Conformance Groups defined in TS 3.4 - 1996, and
Recommended Standard TS 3.6 – 1997, as well as many of the Optional Conformance Groups.  See
Table A1 of Annex A for a complete list of the supported Conformance Groups.  Unless otherwise noted,
the RFP required all of the standardized object ranges13 to be supported.  Any exceptions are listed in
Table A2 of Annex A.    

The VENDOR identified the following issues related to the standardized object definitions of the
“Recommended Standards TS 3.6”.

• The Lamp Error status objects were not large enough to handle large sign matrices14. The pixel and
lamp nodes seemed redundant because it was not apparent that the lamp node was meant for
Fiber Optic VMS.

• The message table does not support the use of message names as a means to identify a message
(a method that the VENDOR was accustomed to using).15

                                               
12 The possible implementation of two protocols within a sign controller was discussed within the industry.  This would allow a transition to

the NTCIP when the infrastructure or devices are updated.  The VENDOR, however, indicated that a dual mode system (NTCIP and non-
NTCIP) would be extremely difficult to implement.

13 A maximum size, a value range, or an enumerated listing defines object definition ranges.
14 Author’s Note: Apparently the VENDOR used the Lamp Error Status object for Pixel Error Status purposes. While the Pixel Error Status

table indicates up to 65535 pixel errors, the lamp error status object was designed for Fiber optic signs where far fewer lamps are used.
However, the VENDOR does not work with Fiberoptic technologies and their clients often refer to pixels as lamps.  The VENDOR
thought that the intention was to offer two ways to address pixel errors.

15 Author’s Note: NTCIP is a communications protocol with certain bandwidth requirements.  The VENDOR recognized that activating
messages using names instead of numbers would add more bytes to the transmission.  However, this feature is desired by their clients, it
would enhance the standard and it would only require adding another standard object.
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• The DMS Standard object definitions provide limited display functionality.  Therefore, the VENDOR
developed and implemented a proprietary state-machine based file transfer mechanism as well as a
mechanism to simulate thumb-wheel switches. The thumb-wheel mechanism allows a user to point
to a message within the message table and to ‘scroll’ from that message.

• The VENDOR felt was that NTCIP required too much overhead, and that it could be made more
efficient.  A small protocol (about 100 bytes) could provide the control needed in DMS.  The SNMP
just adds more bytes to deal with16.

To address these issues, the VENDOR added a private MIB to accommodate a small number of
proprietary object definitions to enable file transfer, configuration and intensity control for the LED17s. The
associated globally unique Object Identifiers (OIDs) controlling these non-standardized features were
located under the VENDOR’s name (node).  The AGENCY has the rights to re-use the VENDOR
provided MIB for re-distribution within future contracts18.

5-2  INTERCHANGEABILITY & INTEROPERABILITY

Both the AGENCY and VENDOR feel that the system meets the definitions for interoperability and
interchangeability.  However, this could not be fully demonstrated without full deployment of all potential
devices.  There were no apparent instances
where interoperability was desired but not fully
achieved.  The same applies to
interchangeability.

5-3  THE LEARNING CURVE

The AGENCY CONSULTANT was well
acquainted with the NTCIP; however, NTCIP
was new to both the AGENCY and the
VENDOR.

The AGENCY CONSULTANT was involved in
the development of the NTCIP from its
beginning.  Staff was and still is involved in the
design of the protocol, provides technical expertise and editorial services to the NTCIP.  The NTCIP
Exerciser was also designed and developed by AGENCY CONSULTANT staff.  In addition to its NTCIP
Expertise, the AGENCY CONSULTANT is experienced in transportation and information technology
services.

The AGENCY staff had significant experience developing specifications for VMS and signal systems, and
prior to initiating the project, attended NTCIP awareness workshops. The staff, however, had limited
experience with the LED VMS technology used in this implementation, and it was their first experience
with implementing the NTCIP.  Consequently, the AGENCY depended heavily on their consultant to help
                                               
16 Author’s Note: The developers of the NTCIP were aware of the significant bandwidth requirements of SNMP; however, it is not unusual

for the benefits of standards to be associated with certain costs.  SNMP was selected because of its wide use within the Internet community
(and thus extensive technical support) coupled with the flexibility it provides (i.e., selection of SNMP enabled the VENDOR to develop
and use the customized objects listed above).  A bandwidth- efficient variant of SNMP was developed by the NTCIP effort to
accommodate those links where bandwidth is a critical issue.

17 LED = Light Emitting Diode.  LED is a particular DMS technology.
18 Author’s Note: Locating object OIDs under the vendor’s node is appropriate and feasible.  However, it an agency requires the development

of ‘special’ objects and/or entire MIBs, it may be more feasible to place them under an agency node to ensure that the control of the object
lays within the agency (otherwise, the agency might need an agreement with the vendor to maintain the objects until both sides agree to
dismiss them).

Definitions

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 functions and features might not be
available.

Interoperability:  the capability to operate devices from
different manufacturers, or different device types (e.g.,
signal controllers and VMS) on the same communications
wire/channel.
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them understand the NTCIP, as well as to develop the NTCIP specifications and to test compliance for
the items defined in the specifications.

While the VENDOR was accustomed to working with protocols used in other VMS applications, the
NTCIP was new to them. The VENDOR researched the NTCIP in order to fully understand it and the
complications that it presented.  Initially, the VENDOR found the standards complex and intimidating.
While the Global object definitions (TS 3.4-1996) were understandable, the documentation did not clearly
describe some of the DMS object definitions.  The use of these object definitions was unclear and open to
interpretation.  The complexity of the NTCIP standards and the short time-frame available for
development lead the VENDOR to outsource the development of the communications stack.

6. TESTING COMPLIANCE

The testing requirements described in the specifications include factory demonstration/ acceptance tests,
software tests, system acceptance tests, an operational test period, and specific NTCIP testing.  The
VENDOR was contractually required to develop a test plan for the deliverable, which was approved by
the AGENCY with help from their AGENCY CONSULTANT. The AGENCY estimated that NTCIP-
compliance testing would require 5 days to test both central and field devices. Testing performed by the
VENDOR included an initial 4-day effort, followed by a 2-day effort to be conducted before the end of the
project. The VMS testing procedures19 and test plans provide step-by-step instructions for testing each
NTCIP Conformance Group using the NTCIP Exerciser. The procedures for testing the VMS and those
for testing the central control software20 are included in Annex C.  NTCIP testing was conducted by the
AGENCY, AGENCY CONSULTANTS, and by the VENDOR.

The specifications required use of the NTCIP Exerciser to test NTCIP-compliance21.   The original version
of the NTCIP Exerciser software (Version 3.2 Beta) did not support the dialup communications
infrastructure used in this project, nor did it perform functionality testing.  The AGENCY CONSULTANT22

modified the NTCIP Exerciser to support dial-up communications and to allow the Exerciser to act as a
field device.  This version was then used to test required NTCIP-compliance of the VMS23.  The VENDOR
used in-house software development tools including a WinNT-based NTCIP VMS simulator to test
software during development without connecting to actual devices..

The AGENCY and the VENDOR found the NTCIP Exerciser useful, and in general felt it performed as
expected.  New users found the software difficult to use; however, this improved as the user became
more familiar with it.  The NTCIP Exerciser (version 3.3) worked well for the Class B Profile, which
included direct connect and multidrop environment without networking capabilities.  The dial-up feature
was new and had not been tested independently.   Consequently, a few bugs in the dial-up feature were
discovered at the time the interviews were conducted. . According to the AGENCY CONSULTANT, all
known bugs have now been corrected; but the dial-up feature still has not been rigorously tested. The
VENDOR also had difficulty installing the new version of the NTCIP Exerciser and running it in
conjunction with a modem setup, which is crucial for dial-up communications.

7. USING THE NTCIP

During the course of the project, there were instances where the AGENCY and the VENDOR interpreted
the NTCIP standards or the specifications differently.   For example, the AGENCY thought the AGENCY

                                               
19 Test Plan for NTCIP Compliance of Daktronics Vanguard TM Variable Message Signs (VMS)
20 Daktronics Field Controller Test Procedure.
21 Section VI – F: NTCIP Testing, Virginia DOT
22 These modifications were funded by the AGENCY.
23 The modified software is now available as version 3.3 beta.
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and the AGENCY CONSULTANT were responsible for the development and execution of the test
procedures.  The VENDOR referred to a line item in the specifications that required them to develop the
testplan for approval by the AGENCY.  In another case, the AGENCY thought use of the Exerciser was
clearly specified, while the VENDOR did not.

7-1  FROM THE AGENCY’S PERSPECTIVE

When asked about their experience with NTCP, the first spontaneous reaction of the AGENCY
representative was “Lost In Space”.  This response was attributed to the fact that agencies generally are
not (and do not need to be) familiar with the underlying communications protocol(s).

The philosophy underlying the NTCIP is very attractive to the AGENCY.  The AGENCY expects the
NTCIP to help them maximize the communications infrastructure by being able to connect devices of
different types and those made by different vendors to the same communications lines.

The AGENCY was among the first to require NTCIP for an implementation. The risk factors that the
AGENCY considered with using the NTCIP were that

§ much of the NTCIP was in draft form or, in the case of dial-up communications, not yet available.
§ it was not clear that industry would embrace the NTCIP.

The key factors that influenced their decision to use the NTCIP for this procurement were the
recommendation of the AGENCY CONSULTANT, prior experience with the VENDOR, and
encouragement from other agencies.  The AGENCY staff had only a general understanding of the NTCIP
obtained through awareness workshops.  Because the AGENCY CONSULTANT was very familiar with
the NTCIP, the AGENCY was confident that expertise was available to support use of the NTCIP for this
project.

At this point, the AGENCY believes that the decision to specify the NTCIP was the correct one.  When
asked if they would specify NTCIP again, the answer was “YES”.

7-2  FROM THE VENDOR’S PERSPECTIVE

While the VENDOR has worked with other communications protocols in a number of other applications
(transportation is less than 5% of their business), the NTCIP was new to them.  Like the AGENCY, the
VENDOR also referred to outside experts to understand the NTCIP as well as for the development of the
communications protocol aspects (i.e., the 7-Layer Reference Model aspect).

The VENDOR feels that the NTCIP is incomplete and not ready to be implemented. Data elements are
missing, standards addressing additional communications infrastructures are not available, and
documentation is needed to explain the purpose of each data element and the interaction between
them24.

The VENDOR described the NTCIP experience as painful and expensive.  At this point it provides
minimal return to the VENDOR. If, however, the NTCIP gains national acceptance and if the
implementation works, then the development effort would be worth the cost. The VENDOR hopes the
experience gained during this project may give them a competitive advantage on other projects25.

                                               
24 Author’s Note: The parallel NTCIP effort to enhance the NTCIP Guide provides certain explanations and implementation details to users,

implementors and vendors.  However, it does not provide the level of detail requested by the VENDOR.
25 The VENDOR has also won projects with Delaware Department of Transportation and the Illinois Tollway that require the use of the

NTCIP
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