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Systems Engineering Process

Systems engineering grew from the need to develop large-scale (predominantly defense) systems in a structured manner that
progresses from concept to production to operation. There are numerous courses, seminars and training sessions offered by
private and public entities (including NASA) that introduce and certify users in the practice of SEP.

Promoted by the United States Department of Transportation (US DOT) as an effective way to successfully develop and deploy
Intelligent Transportation Systems (ITS), humerous guides and support mechanisms specific to the ITS industry have been
developed, including:

e Systems Engineering Guidebook for ITS v3.0, US DOT, November 2009.

¢ International Council on Systems Engineering. Systems Engineering Handbook Version 3.2. January 2010.

e Systems Engineering for ITS: An Introduction for Transportation Professionals, US DOT, January 2007.

e The National ITS Architecture which provides a common framework for planning, defining, and integrating intelligent
transportation systems. A website hosting the National ITS Architecture has been developed and includes training
courses and workshops such as:

o Deploying the National Intelligent Transportation System (ITS) Architecture
0 Turbo Architecture Software Training

0 ITS Architecture Use and Maintenance Workshop

0 ITS Architecture Process Workshop

0 Systems Engineering for ITS Workshop

e Building Quiality Intelligent Transportation Systems through Systems Engineering.

¢ Developing Functional Requirements for ITS Projects.

e Understanding Software Development: A Primer for ITS Public Sector Managers.

e A Guide to Configuration Management for Intelligent Transportation Systems.

e Technical Assistance

o0 US DOT Peer-to-Peer Program
0 ITS Standards Field Support Team
e Training
0 ITS Dynamic Message Sign Standards Procurement Workshop
0 US DOT Professional Capacity Building Program for ITS
o0 National Highway Institute ITS Training

0 University of Maryland’s Consortium for ITS Training and Education (CITE)



Summary of Relevant Standards

Various organizations are involved in the development of ITS standards. A brief summary of the pertinent standards that may be
referenced within this module include:

1.

ASTM family of standards. Published on the ASTM International (originally known as the American Society for Testing
and Materials) site, standard specifications for Archiving ITS-Generated Traffic Monitoring Data provides definitions of
the data elements to be archived from ITS traffic management systems, their interrelationships, and the procedures and
methodologies for collection and calculation of traffic statistics.

ATIS and ITIS. Society of Automotive Engineers (SAE) message set for Advanced Traveler Information Systems (ATIS)
and International Traveler Information Systems (ITIS) phrase lists provide the messages and data elements that are
exchanged among traveler information providers (data providers) and travelers (data consumers).

IEEE 1512© family of standards. Published by the Institute of Electrical and Electronics Engineers deal with information
exchanges between public safety centers and traffic management centers.

LRMS series of standards. SAE Location Referencing Message Specification (LRMS) provides for the definition of the
location references of ITS.

NTCIP family of standards. National Transportation Communications for ITS Protocol (NTCIP) communications
standards (jointly developed by AASHTO, ITE, and NEMA) ensure interoperability of traffic control and ITS devices.
Contains object definitions for numerous ITS devices including Actuated Traffic Signal Controllers, Dynamic Message
Signs, Environmental Sensor Stations, Ramp Meter Control, Closed Circuit Television, etc.

TCIP family of standards. Transit Communications Interface Profiles (TCIP) family of standards published by the
American Public Transportation Association provide a library of information exchange building blocks to allow transit
agencies and transit suppliers to create standardized tailored interfaces.

TMDD and MS/ETMCC. Traffic Management Data Dictionary (TMDD) and Message Sets for External Traffic
Management Center Communications (MS/ETMCC) standards were developed to support center-to-center
communications. Published by ITE, owned jointly with the American Association of State Highway and Transportation
Officials (AASHTO).



Acronyms

The following acronyms are used throughout the Training Module and Student Supplement:

Acronym Description
AASHTO American Association of State Highway and Transportation Officials
ASC Actuated Traffic Signal Controller
APTA American Public Transportation Association
ATC Advanced Transportation Controller
ATIS Advanced Traveler Information Systems
ASTM American Saociety for Testing and Materials
c2C Center to Center
C2F Center to Field
CCTV Closed Circuit Television
CITE Consortium for ITS Training and Education
DMS Dynamic Message Sign
DSRC Dedicated Short-Range Communications
ELMS Electrical and Lighting Management Systems
ESS Environmental Sensor Systems
FHWA Federal Highway Administration
FMS Field Master Stations
IEEE Institute of Electrical and Electronics Engineers
ITE Institute of Transportation Engineers
ITIS International Traveler Information Systems
ITS Intelligent Transportation System
LCS Lane Control Signals
LRMS Location Referencing Message Specification
MIB Management Information Base
MS/ETMCC Message Sets for External Traffic Management Center Communications
MULTI Mark-Up Language for Transportation Information
NDDOT North Dakota Department of Transportation
NEMA National Electrical Manufacturers Association
NHI National Highway Institute
NRTM Needs to Requirements Traceability Matrix (same as PRL)




Acronym

Description

NTCIP National Transportation Communications for ITS Protocol
PRL Protocol Requirements List (same as NRTM)
RTM Requirements Traceability Matrix

SAE Society of Automotive Engineers

SCP Signal Control and Prioritization

SDO Standards Development Organization

SEP Systems Engineering Process

SSM Signal System Locals

SMU Signal Monitor Unit

TCIP Transit Communications Interface Profiles
T™MC Traffic Management / Monitoring Center
TMDD Traffic Management Data Dictionary

TSS Transportation Sensor Systems

UsS DOT United States Department of Transportation
VDOT Virginia Department of Transportation

VTTI Virginia Tech Transportation Institute

XML eXtensible Markup Language




Traffic Management Data Dictionary (TMDD)

TMDD Website

> HOME

= JOIN ITE TODAY?
= ABOUT ITE

= ITE COUNCILS

> MEMBERS ONLY
> MARKETING

= LOGIN
> LOGOUT
> PAY DUES

= CHECKOUT

Google Maps &
ArcGIS Server

Driving
productivity

through
innovation

. o . Your source for expertise, knowledge and ideas
Institute of Tran ation E 5

BOOKSTORE EMPLOYMENT CENTER TECHHNICAL INFORMATION PROFESSIONAL DEVELOPMENT DIRECTORIES MEETING S SEARCH ITE

J = Institute of Transportation Engineers... | +

A Community of Transportation Professionals

Traffic Management Data Dictionary (TMDD) and Message Sets for External Traffic
Management Center Communications (MS/ETMCC)

The Traffic Management Data Dictionary (TMDD) Standards were developed to support centerto-center communications as part
of the regional deployment of ITS in order for centers to cooperate in the management of a corridor, arterial, incident mitigation,
event management, etc. Hence the TMOD provides the dialogs, message sets, data frames, and data elements to manage the
shared use ofthese devices and the regional sharing of data and incident management responsibility. As a result, the TMDD
standards often reference elements of the NTCIP standards, but deal with the devices at a higher level of abstraction.

Version 3 represents a significant upgrade from Version 2.1 and includes a Concept-of-Operation and Reguirements which allow
an agency to identify their centerto-center needs and requirements, and use the tables to select the appropriate dialogs and
messages forthe exchanges between centers. The focus on the TMDD (Traffic Management Data Dictionary) standard is
exchanges that support shared use of ITS devices (e.g. Dynamic Message Signs, Traffic Controllers), sharing of roadway network
status (e.g. traffic conditions), and shared management and monitoring of various types of traffic incidents/events. The standard is
available in 2 volumes: Volume 1 contains the Concept-of-Operations and Functional Reguirements, while Volume 2 contains the
Dialogs and Message content. In addition to the printed documents, the design contentis also available in zip files as XML and

WSDL and as XMLSpy output in HTML format (Reference the elements in Step Mo. 14). The TMDD guide will be updated within the
next few months.

Version History Table

. Overall Status Under
ve':‘:’)"’" Standard Name Development | Published / “p[;‘;“e ,
. Superseded Version

a0 Traffic Management Data Dictionary (TMDD) and Message
’ Sets for External Traffic Management Center Published 11120108
Communications (MS/ETMCC)

Traffic Management Data Dictionary (TMDD) and Message
21 Sets for External Traffic Management Center Published
Communications (MS/ETMCC)

Figure 1 - TMDD Website: http:/iwww.ite.org/standards/tmdd



Guide to TMDD Standard v3.0

Guide to

Traffic Management Data Dictionary (TMDD)
Standard v3.0 for

Traffic Management Center-to-Center Communications

DRAFT 6.4.1
May 17,2010

Figure 2 - Guide to TMDD Standard v3.0
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TMDD Volume 1: Concept of Operations and Requirements

An Balloted Standard of the TMDD Steering Committee
By AASHTO and ITE

Document Mumber __

TMDD Standard for Traffic Management Center-to-Center
Communications

Volume 1: Concept of Operations and Requirements

Figure 4 - TMDD Volume 1: Concept of Operations and Requirements
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221 DatalUser..................
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2 MBS
2,21 Meed for Connection Management ...
2311 Merfy Connection Active ...
2312 MNeedtoSupport Requests.. ...
2.3.1.3 Meedto Suppart SubsCriplions. .
2314 Meedto Suppoart Errar Handling
2.32 Meed to Support Authentication and Restrictions
2321 Meedto Specify Restrictions ...
23.22 MeedtoAuthenticate the Source of Messages
2,23 Meed to Provide Information on Crganizations, Centers, and Contacts ... . 13
2.34 Meedto Share Event Infarmation ...
2341 MNeedForAnlndexaof Events ...

2342 MNeedto Correlate an Event with Another Event
2343 MeedtoProvide Free Form Event Descriptions ...

2344 MNeedtoProvide Free Form BventMames ...
2345 MNeedtoProvide Multilingual Event Descriptions...................
2346 Meedfor Current Event Information ...
2347 MNeedforPlanned EventInformation ...
2348 MNeedfarForecast Bvent Information ...
2349 MNeedtoSharethe Log of a Current Ewvent ...
23410 MeedtoReferencea URL.......o
23411 MNeedtoFilterBvents...........
234111 Needto Filter Event Recaps...........
234112 Meedto Filter Event Updates ...
2,25 Meed to Provide Roadway Metwork Data ...
2.3.51 Meedfor Roadway Metwork Inventary.........oo
23511 MNeedforMode Inventaory
23812 MeedforLinkInventary ..

Figure 5- TMDD Volume 1 - Table of Contents (page vi)
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23513 MNeedfor Route Inventory .. e 1B
2352 MNeedto Share Mode, Link and Ruute Status...
23621 Meedto Share Nnde State
23522 Meedto Share Link State ..
23623 Meedto Share Route State ..
2363 Meedto Share Link Data ...
2354 MNeed to Share Route Data
2355 Meed to Maintain English Unlts
236 Meedto Provide Control of Devices..............

23611 MNeedto Share Detector Inventory .. 18
23612 MNeed Updated Detectar Inventory. 18
23613 MNeedto Share Detector Status..... 18
23614 MNeedfor Detector Metadata ... ...18
23615 MNeedfor Detector Data Correlation ... 18
236,16 Meed for Detector Data Sharing ... 18
23617 Meed for Detector History ... . 18
2362 MNeedto Share CCTY Camera Status and Control .19
23621 Needto Share CCTY Device Inventory.. e 19

23622 NMNeedto Share Updated CCTY Device Inventury e 19
23623 MNeedto Share CCTY Device Status . .
23624 MNeedtoControla Remote CCTY Dewce.
23625 MNeedtoVerfy CCTY Contral Status ...
236268 MNeedtoCancel CCTY Control Requests ...

2363 Meed to Share Video Switch Status and Caontral .
23631 MNeedto Share Video Switch Inventory .. .
23632 DMeedto Share Updated Wideo Switch Inventury
23633 MNeedto Share Video Switch Status . R .
23634 DMeedtoControla Remote Wideo SW|tch ...... 221
23635 MNeedtoVerfyVideo Switch Control Status
236368 MNeedtoCancelVideo Switch Control Requests ...

2364 Meed to Share DMS Status and Control .. .

Meed to Share DMS Inventary. ... 21

23641

23642 MNeedto Share Updated DMS Inventory 221
23643 MNeedto Share DMS Status .. . 221
23644 MNeedtoDisplaya Message on a Remote DMS . .22
23645 NeedtoVerify DMS Control Status . .22
23645 MNeedtoView DMS Message Queus..... .22
23647 MNeedto Cancel DMS Message Requests .22
23648 Needto Share DMS Message Appearance .....veiiiin i 22

23648 MNeedto Share DMS Message Inventory
236410 Meed to Share DMS Font Table ...
2365 MNeedto Share Environment Sensor Data.
23651 Meedto Share ESSInventory ...
23652 Meedto Share Updated ESS Inventory. .
23653 DMeedto Share ESS Device Status . .
23654 DMeedto Share ESS Environmental Ohservatluns RO |
23655 MNeedto Share ESS Environmental Observation Metadata .............. 24
23656 MNeedtoReceive a Qualified ESS Repoart. ...
23657 MNeedto Share ESS Organizational Metadata .
2366 MNeedto Share Lane Closure Gate Contral . ...
23661 MNeedto Share Gate INventory ...

Figure 6 - TMDD Volume 1 - Table of Contents (page vii)
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23662 MNeedto Share Updated Gate Inventory..............

23663 Meedto Share Gate Status

23664 DMeedto Controla Remote Gate Control Device ...
23665 MNeedtoVerfy Gate Control Request Status .

23666 MNeedto Cancel Gate Control Device Reguests ...
23667 Meedto Share Gate Contral Schedule .

2367 Meedto Share Highway Advisory Radio (HAR) Status and Cantral .
23671 Meedto Share HAR Inventory....... o

23672 MNeedto Share Updated HAR Inventory ..
23673 Meedto Share HAR Device Status ...
23674 MNeedto Controla Remote HAR Device

23675 MNeedtoWerify HAR Control Request Status..............

23676 NeedtoView HAR Message Queue ...
23677 MNeedto Cancel HAR Control Requests

23678 DMeedto Share HAR Schedule.....oi

23679 MNeedto Share HAR Messages

2368 Meedto Share Lane Control and Status..............
23681 Meedto Share Controllable Lanes Inventory..

23682 Needto Share Updated Contrallable Lanes Inventury

23683 Meedto Share Controllable Lanes Status . .
23684 Meedto Controla Remote Lane Control Dew:e
23685 Meedto“erify Lane Control Device Control Status ..

23686 MNeedto Cancel Lane Caontrol Device Contral Requests ........
23687 MNeedto Share Controllable Lanes Schedule ...

23682 MNeedto Share Ramp Meter Status and Control
Meed to Share Ramp Meter Inventory..............

Meed to Caontrol a Remate Ramp Meter Device ...
Meed to Werify Ramp Meter Control Request Status ..

| ST S Y L TR N N
Lo o Lo Lo |
W mm o
00 00
PSRN

2. 3 B 9 E Meed to Cancel Ramp Meter Control Requests ... ...
23697 NeedtoView Ramp Metering Plan Queue.. ...

23698 MNeedto Share Ramp Metering Schedule

23699 MNeedto Share Ramp Metering Plans ...
23610 Meed to Share Traffic Signal Cantrol and Status
B.10.1 Need to Share Signal System Inventory ..

2

2

236,103 Meedto Share Intersection Status...

2.36.10.4 MNeed to Control a Remote Traffic Slgnal Cuntrnller

Meed to Share Updated Ramp Meter Inventory ...
Meed to Share Ramp Meter Status ...

36,102 Need to Share Updated Signal System In\rentory
3 .

236105 Meed to Werify Traffic Signal Controller Control Request Status...... 30

2.36.106 Meed to Wiew Traffic Signal Controller Plan Cueue.............

2.36.107 Needto Cancel Traffic Signal Controller Contral Requests
2.36.10.8 Meed to Share Controller Timing Patterns... e
2.36.10.8 Need to Filter Controller Timing Patterns ...
2361010 MNeedto Share Controller Schedule..

23610011 Needto Share Turning Movement and Intérsectmn Data'

23610012 MNeedto Share Time Synchronization Information...
2361013 Need to Monitar Signal Operatinns
2361014 MNeedto Share Section Status..

23610015 MNeed to Contral a Section .. .
23610016 Meed to Verify Section Plan Status.

Figure 7 - TMDD Volume 1 - Table of Contents (page viii)
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2361017 Need to View Section Plan Qlueus . 32
2361018 Meedto Cancel Traffic Signal Section ControlRequests .32
2361019 MNeedto Share Section Tlmlng Pattern Schedule .. .
23.7 Meedto Share Data for Archiving ... e
2371 Meed for Traffic Monitoring Data ..............................................................

23711 MNeedfor Direct Measurements of Traffic Flow and Conditions....... 32
2.37.12 Meedfor Original Source Data for Traffic Maonitoring Measurements32
23713 Meedfor Processed Traffic Maonitaring Data.....................33
23714 Meedfor Data Collection System Metadata .33
23715 Meedfor Processing Documentation Metadata ... 33

23716 Meedfor Roadway Characteristics Data. ...
23717 Meedfor Event Data....o,
23.8 MeedtoAccept Mull Walues .. e

3.1 Introduction...

32 Mandatory and Optlanal Data

33 Detalled Requirements. ..
3.3.1 Connection Management . e 3

3.3.1.1 Exchange CenterActlve Verlfcatlun Rc
3.31.11 Send Center Active Verification Upun Request .34
3.31.12 PFublish Center Active Merification Information......... 35
3.3.1.1.3 Subscribe to Center Active Verification Infarmation ...................35
3.31.14 Caontents of the Center Active Werification Request .35
3.3.1.15 Caontents of the Center Active Infarmation... . .35
3.3.12 Suppport Reguest- Respanse35
3.3.13 Support Subscription-Publication ... 36

3.31.31 Support Periodic Updates........
3.31.32 Support Event-Driven Updates.
3314 Support Error Handling Report. .
3.3.1.41 Contents of the Error Report ...
3.3.2 Support Authentication and Restrictions.. .
3321 Support Authentication ... .36
3.3.2.1.1  Contents of Authentication Information . .
3.3.22 Suppont Restrictions.....o T
3.32.21 Contents of Restrictions Information ...
33222 Required Restriction Information Content ...
33.3 Provide Information on Organizations, Centers and Cnntacts . .
3331 Send Organization Information Upon Request .................. T
3.3.32 Publish Organization Infarmation ..
3.3.33 Subscribe to Organization Infurmatlan e
3334 Contents of the Organization Infnrmatmn Request ...........
3.33.41 Required Organization Information Request Content...
3.3.3.42 Optional Organization Information Request Content....
3335 Contents of the Organization and Centers Information ...

3.33.51 Required Organization Information Content......... .38
3.3.3.52 Optional Organization Information Content ... 38
334 Events Information Sharing... e A
3.3.4.1 SendEventlnfurmatlanUpanRequest LA
3.3.42 Publish Event Information.................. A
3.3.43 Subscribe to Event Information ...

Figure 8 - TMDD Volume 1 - Table of Contents (page ix)
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3344 Contents of Event Information Request ...
33441 Reguired Event Information Reguest Content. .
3.3.442 Optional Event Message Header Information.....
33443 EventInformation Reguest Filter Cantent ...

3345 Contents of the Event Information...............

3.34E Required Event Information Content..
3.346.1 Event Message Header...........
33462 Event Reference........
334683 Event Element Details
33464 Event Headline ..

3347 Optional Event Information Content .

3471 Project Reference...

3472 Event Indicatur........

3473 Event Comments....

3.4

3.4

3.
3.
3.
3.
3.
3.

3476 URL References.....
3348 AcionLogs ...
33481 Send Actlnn Lngs Upon Request
33482 Fublish Action Log Information .
334873 Subscribe to Action Log Infurmatinn..
3.3.484 Contents of Action Log Infarmation ...
3349 EventIndex ..
481 Send Event Index Information Upun Request ..................................
492 Publish Event Index Information ..
483 Subscribe to Event Index Inform ation... .
494 Contents of the Event Index Information ...
3495 Reguired Event Index Information Content .
33496 Optional Event Index Information Caontent..
335 Provide Roadway Metwork Data ..
3351 Share Traffic Netwaork Infnrmatlun
33511 Contents of the Traffic Netwnrk Infurm atlnn Request .......................
3352 Share Mode Information ..
33521 Share Mode Inventury Infnrmatmn
33522 Share Node Status Information ...
3353 Share Link Infarmation.............
3.35.3.1 Share Link Inventary Information
3.3532 Share Link Status Information ...
3354 Share Route Information .. .
3.354.1 Share Route Inventnry Infurmatmn
33542 Share Route Status Information ..
336 Provide Device Inventory, Status and Contral.....
3361 Generc Devices. .. .
Share Device Information .. .
Share Device Inventary Header Infurmatmn
Share Device Status Header Information ..
Device CUntrDIRequestHeaderInfurmatiun.. .
Yerify Device Control Request Status.n,
Cancel Control Reguests for Remote Devices ...
Device F'rlorlty Cueue Header Information ..
affic Detectors. .

SN AL AT AV I
D'.ID'JD'.\D'.ID'JD'.\D'.I
el lala lala s
T e Wk =

)
3.
3.
)
3.
3.
)
2

3362 T

-

41
A
A
A
43
X
X
43
L
...A3
.53
.....53

-
T
T Event REPOrS. oo e
TH Other Referancrs. e

85
85

...06
.87
T
a7

T
T

a7

57

A7
a7

a5
58

....h8
....58
.58

ala]

...0d
...h8
....B0
...B1
....B2
....B4
...Bo
......B8
......08
e d 2
el 2
i

74

.78
.78

78
78

.78
.60

Figure 9 - TMDD Volume 1 - Table of Contents (page x)

15



3621 Share Detector Inventary Information ...
3622 Share Detector Status Information ...
3623 Share Detector Data Information.......
3624 Share Detector Maintenance Histery.
3363 CCTv .
3.36.31 Share CCTVIn\renteryInfDrmatlen
3.36.3Z2 Share CCTY Status Information ..
3.36.33 Control Requests For Remote CCTV Dewces
3.3
3.

3
3.
3.
3.

3634 Request CCTY Control Status. ..
3635 Cancel Control Requests fanCTV
3364 Wideo Switches..
3.36.4.1 Share Vldee Swnch In\tentery Infe rmatlen
3.36.42 Share Video Switch Status Information .. "
33643 Control Reguests for Remote Yideo SWlteh Dewees ........................
33644 Reguest¥ideo Switch Contral Status......
33645 Cancel Contral Requests far Remote Video Switches .
3365 Dynamic Message Signs... R

3.365.1 Share DMS Inventary Infermstlen

33652 Share DMS Status Information .

3.3653 Control Reguests for Remaote DMS DE\-‘ICES

3.3654 Reqguest DMS Control Status .
3.3655 Cancel Control Requests far Remete DMSs
33656 Share DMS Message Appearance. ..o
3.3657 Share DMS Message Table .
33658 Share DMS FontTable...n.

33658

Share DMS Priority Queue Infarmation ..
33668 Emvironment Sensors. .
3.366.17 Share ESS Inventnry Infnrmatlen
33662 Share ESS Status Information....
3.3B663 Share ESS Obseration Data Information .
33664 Share ESS Metadata ..
3367 Lane Closure Gates. ..o

3.3B67.1 Share Gate Inventary Information ..
33672 Share Gate Status Information ...
33673 Caontrol Reguests for Remote Gates .

33674 Reqguest Gate Control Status. .

3.3675 Cancel Contral Requests far Remete Gates

3.3676 Share Gate Schedule ..

3368 Highway Advisory Radio .
33681 Share HAR Inventery Infermstlen
3.36.82 Share HAR Status Information .. .
33683 Control Reguests for Remote nghway Ad\usery Redles U B =
3.3684 Reguest HAR Cantrol Status.. U
33685 Cancel Contral Requests for Remete HAR
3.36.86 Share HAR Schedule .
33687 Share HAR Messages
3.3688 Share HAR Priority C.]ueue Infermatlen
3368 Lane Control Signals... .
3.363.1 SharelCS Inventnry Infermatlnn
3.36.92 Share LCS Status Information. ...
3.3693 Control Reguests for Remote Lane Control Devices..........

Figure 10 - TMDD Volume 1 - Table of Contents (page xi)
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4.1

337 Share Archive Data .

33694 FRequest LCS Contral Status

3.38.85 Cancel Control Requests far Remnte LCS

3.36.96 Share LCS Schedules. ...
3.3.6.10 Ramp Meter ..
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Share Ramp Meter Status Information
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Request Ramp Meter Contral Status..
Cancel Control Requests for Remote Ramp Meter
Share Ramp Meter Schedule ..
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Request Signal Control Status ..
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Control Reguests for Remote Slgnal Sections ..
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