
Page 1 of 9 NTCIP 9003 V01.04

NATIONAL TRANSPORTATION COMMUNICATIONS FOR ITS PROTOCOL (NTCIP)

CASE STUDY REPORT

NTCIP 9003 v01.04

Washington State DOT
NTCIP VMS Software Upgrade

Version 01.04, September 29, 1999.  A Recommended Information Report of the Joint Committee on the NTCIP.

© 1999 AASHTO/ITE/NEMA.  All rights reserved.  Permission to reproduce, distribute, and/or translate into other languages is
granted provided that copyright is acknowledged and text is not edited or used out of context.

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 of
each case study 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 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. 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

                                               
1 Variable Message Signs are considered a device subgroup addressed within the NTCIP Standard TS 3.6.  The term dynamic message sign

(DMS) refers to all sign types including variable message signs, changeable message or drum signs, and blank out signs.
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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.

2. THE CASE STUDY

This report presents a case study of a Variable Message Sign (VMS) implementation by the Washington
State Department of Transportation (WSDOT).  The formal name of this project is the “NTCIP VMS
Software Upgrade.”  The purpose of the project was to modify the existing traffic management system to
support selected protocols from the NTCIP suite of protocols and to purchase two new NTCIP compliant
variable message signs (VMS). The VENDOR was American Electronic Sign Co (AES).  Additionally, the
AGENCY hired a programming contractor (PROGRAMMER) to enhance the central system software.

This project was a change order to a larger project.  As is customary with VMS implementation projects,
an electrical contractor was awarded a contract with the AGENCY and acted as the prime contractor.
This contractor then selected the VENDOR based on price and reputation.  Originally, the contractor was
to supply and integrate two new signs into the existing traffic management system. The traffic
management system supported only a single proprietary protocol and all sign procurements required the
use of this protocol3; thus, the signs were previously obtained sole-source from the sign vendor that
supported this protocol.

In 1997, the contractor was able to secure a better price on hardware from a different vendor.  Initially, the
contractor planned to deliver these signs with a converter box. However, the AGENCY decided that it
would be more appropriate to have the manufacturer support the NTCIP than to require support for the
existing proprietary protocol using converter boxes that might become a maintenance problem.  The
AGENCY issued a no-cost change order to allow the delivery of NTCIP-compliant signs.

During the course of this VMS NTCIP Software Upgrade project, three fiberoptic flip disk signs were
installed. In addition to these new NTCIP-compliant VMS, the central system would also control non-
NTCIP compliant CCTV, ramp meters, and VMS.  The NTCIP-compliant VMS were to be controlled on a
separate communications channel using full duplex 1200 bps communications.  These signs were
temporarily controlled using proprietary protocols until the NTCIP software was ready.

The AGENCY’s objectives for using the NTCIP were to achieve interoperability and to increase
competition on bids for these devices.  The VENDOR’s objectives in developing an NTCIP-compliant sign
were to develop products with a common protocol that can be used in a broader market without adapting
to agency-specific protocols, and to become a leading supplier of NTCIP-compliant signs. The VENDOR,
who is based in Washington State, also saw this project as an opportunity to enter the Washington State
market.  The manufacturer has since been awarded other contracts with WSDOT for some 15 to18 signs.

Project milestones and dates are shown in Table 1.  The project, scheduled for completion in one year,
required two years to complete.

Table 1:  Project Milestones & Dates

AGENCY VENDOR NTCIP Standards Status Date

TS 3.2 and TS 3.3 approved as a
Recommended Standard

5/96

                                               
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.
3 Specifying a controller indirectly specified the protocol for the signs.
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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

5/97

Start NTCIP development 10/97

Started development 12/97

Contract Submittal 4/98

Simulator provided to
Agency for integration
testing

11/98

Simulator working with provisional
central software

12/98

Factory testing of VMS with
Agency’s central system via
modem connection

3/99

Signs converted to NTCIP 4/99

3. PROJECT PROCUREMENT

The contractor selected the VENDOR using a low-bid process.   Signs were supplied on change order
with an agreement to use proprietary software until the NTCIP could be implemented.  The AGENCY
released a separate contract for a programmer to develop an NTCIP device driver. This driver was
integrated into the existing central system, which controls and monitors a variety of non-NTCIP compliant
ITS devices such as CCTV, ramp metering controllers and VMS.

4. SPECIFICATIONS

The VENDOR and the AGENCY developed the specifications jointly in a somewhat unstructured manner.
There were no formal project requirements for the various NTCIP options.  The change order stated that
the devices must be “NTCIP compliant” and required that new signs support the same features offered by
existing signs.  Additionally, the AGENCY and VENDOR agreed to implement TS 3.2-Amendment 1 (at
that time called Technical Revision to TS 3.2) Conformance Level 1.  This requirement states that SNMP4

but not STMP5 was to be implemented.

The AGENCY and VENDOR negotiated the details related to the implementation of the NTCIP compliant
signs. The VENDOR produced a draft Management Information Base (MIB) that consisted of a subset of
the full NTCIP MIBs with no proprietary objects.  The AGENCY approved this MIB with minor changes6.

As would be expected, the NTCIP aspects of central control system were also not addressed in the
specification.  During the contract, the central system software programmer was directed to implement the
features of the existing system within the NTCIP protocols and the associated MIB.

                                               
4 Simple Network Management Protocol, the primary network monitoring and control protocol used in Internet applications.  Support for

this protocol is nowadays provided in most computers; however, the end-application data elements are usually unique to the application.
5 Simple Transportation Management Protocol.  A derivative of the SNMP that was compressed to run over bandwidth restricted

communications lines.  This protocol is new and originally no off-the-shelf software was available.  The CPU requirements to process
STMP commands were also increased in order to reduce bandwidth requirements.

6 Written documentation for this MIB is not available.
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4-1  PROJECT-RELATED NTCIP STANDARDS STATUS

The March 1997 drafts of the NTCIP Standards (as well as some earlier drafts) were used in developing
specifications; however, the final deliverable conformed to the approved documents.  The VENDOR
referred to and implemented the NTCIP Dynamic Message Sign Object Definitions draft TS 3.6 v01.14, as
well as the TS 3.2 and TS 3.3 Standards, and
the Technical Revisions to TS 3.2 and TS 3.3
that were published in May 1997.

One problem related to the NTCIP DMS
standard was that during the development of the
DMS Standard (i.e., the pre-‘March 1997’
drafts), several nodes were moved from one
branch of the ISO7 tree to another. As a result of
this modification, the unique identifiers (OIDs8)
for some object changed.  These changes
required changes to the software, which was
still under development.

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.

5-1  OBJECTS & CONFORMANCE GROUPS

Project specifications required that the new signs provide the same functions as the existing signs.  The
VENDOR related these functions to conformance groups and to the standard MIBs.  The NTCIP
standards defined the necessary objects.  The VENDOR produced a standard product for multiple clients
and therefore delivered support of additional features not required by this AGENCY.

Sub-ranged values were not specified; however, the delivered project included the following limitations,
which were acceptable to the agency:

• The scheduled memory type was not implemented (nor was the scheduling conformance group)

• The colors were limited to two values to reflect a monochrome display

• 32 permanent messages, 125 changeable messages, 1 volatile message, and 1 current buffer
message were supported.

These sub-ranged values are not defined in a separate MIB9.

No proprietary objects were implemented on this project. However, the VENDOR needed to add an
interpretive function; the message “zero” was sent to blank the sign.

                                               
7 International Standards Organization

8 Object ID is a globally unique number associated with a particular object definitions or data element. These numbers are needed for any
NTCIP implementation.

9 The VENDOR suggested they most likely should have been.

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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Some system performance was sacrificed because of bandwidth limitations. The amount of time to
display a message has increased.  The old system required 10 seconds and the new system requires 35
seconds on a good day.  This exceeded the AGENCY’s 20-second polling interval and caused system
problems that required additional development time.  This problem could not be attributed solely to the
protocol10, but also to the design of the central software.  However, the numbers of signs per
communications line / channel (at a fixed speed) decreased from 8 signs per channel (using the
proprietary protocol) to 4 signs per channel (using NTCIP).

5-2  INTERCHANGEABILITY & INTEROPERABILITY

The communications protocol used provides interoperability for this project.  However, this interoperability
could not yet be tested because only one manufacturer and one type of device were implemented11. The
system should be able to support other device types, but the appropriate (standard) MIBs have not been
implemented in the AGENCY’s central system.

The project used only standard objects, so it should also provide interchangeability.  The controller is an
integral part of the VMS.  Therefore, it is impossible to change out just the controller, and it is impractical
to change out an entire sign.

5-3  THE LEARNING CURVE

AGENCY staff was knowledgeable about information technology (IT), although SNMP concepts were
relatively new to them.   AGENCY personnel also served on the NTCIP DMS Working Group (WG) and
the NTCIP Joint Committee. Like the AGENCY, the VENDOR was a member of the NTCIP DMS WG, but
had little experience with SNMP.

6. TESTING COMPLIANCE

The testing procedures were developed as a cooperative effort between VENDOR and AGENCY, and
were approved by AGENCY. The VENDOR developed a field device simulator compatible with the central
system. The specifications required the VMS to be tested using the NTCIP Exerciser12 and the NTCIP
Field Device Simulator (FDS)13.  Final acceptance was based on the functionality of the signs within the
central system.

Both the NTCIP Exerciser (version 1) and the NTCIP FDS were utilized during the project.  While the
AGENCY felt that these tools were useful, they were used only at the beginning of the project for
preliminary investigations to verify the direction of the project.  They were not used for further testing. In
general, the Exerciser did NOT perform as expected.  From the VENDOR’s perspective, the Exerciser
would have been much more useful, if the error codes were more informative and the graphical user

                                               
10 At the time of this interview, the AGENCY was trying to decrease the delay within their central system.  After the interview, they

demonstrated a time of 19 seconds for message download, activation and display.
11 In order to verify interoperability, the agency would like to obtain and test another vendor’s product.
12 The NTCIP Exerciser was developed with funding from FHWA and others to test data packets contained data elements (called object

definitions) 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.

13 The FDS was developed with funding from FHWA to simulate a field device, i.e., respond to requests.  The FDS supports a hard-coded
subset of Global Object Definitions as defined in TS 3.4-1996 and was not updated after TS 3.4-Amendment 1 was issued.  Additionally,
the FDS does not support the functionality associated with the supported object definitions.
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