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INTRODUCTION

This guide has been developed within the framework of developing standards of ASTM
International and thus the format, structure, as well as the review, balloting, and approval processes
conform to those specified by ASTM International. These processes may differ in their particulars
from those used by other standards development organizations associated with developing ITS
standards. However, their general intent is the same—that of having a representative group of interested
and knowledgeable stakeholders develop standards that can be used by a wide variety of public and
private organizations in developing Archived Data Management Systems (ADMS), which can be used
to facilitate data sharing and interoperability among systems.

This guide has been prepared with various ITS data stakeholder groups in mind, that is, data users,
ADMS policy makers, ADMS developers, and ADMS administrators. To data users and ADMS policy
makers, it can provide a general understanding about technical approaches to archiving and retrieving
ITS-generated data. For the ADMS developer group, which includes data application software
developers, this guide can be a bench-marking reference against which existing ADMS could be
further refined or improved with broader perspective. Further, it is also intended to bring greater
awareness and consistency in the use and understanding of concepts and use of terminology by the
ADMS developers. Finally, the ADMS administrators, whose main function includes collecting,
archiving, managing, and distributing ITS data, can find practical guidance and approaches from this
guide for effectively operating their ADMS.

It should be noted that there is a subtle distinction in the use of the acronym ADMS throughout this
guide. When it is being used in the context of the National ITS ArchitectureSteands for a
subsystenof the National ITS Architecture. When the acronym ADMS is being used in the context
of an Archived Data Management System in general, or a particular deployment of one, tf&n the
stands forSystemlt is also noted that Appendix X1 to this guide presents relationships of the guide
to several other activities and standards.

This guide follows the intent of all guides prepared within the ASTM International framework. In
particular, it suggests approaches, offers an organized collection of information, or proposes series of
options or instructions that give direction without recommending a specific course of action. Guides
are also intended to increase awareness of potential users of the standards of the available techniques
in the subject area, while at the same time providing information from which subsequent practices can
be derived. This document, however, cannot replace a broad-based education or pertinent experience
and should be used in conjunction with professional judgment. Not all aspects of this guide may be
applicable in all circumstances. This guide is not intended to represent or replace the standard of care
by which one judges the adequacy of a given professional service, nor should this document be applied
without consideration of the many unique aspects of a project. The Stamtardin the title of this
document means only that the document has been approved through the ASTM International
CONSensus process.

1. Scope tation Systems-generated data. The scope of this guide antici-

1.1 This guide covers desired approaches to be considerd€s incremental or modular implementation of an ADMS,
ADMS for the archiving and retrieval of Intelligent Transpor- Will approach or exceed desired practice. However, it is
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recognized that programmatic constraints of time and budget 3.6 archive structure metadatar—descriptive data about

resources do not always allow practitioners to follow a morethe structure of the data archive itself and of the data and

desirable course of action and that during interim periods thénformation in the archive that facilitate use of the archive.

ability to implement a particular fully functioning system may 3.7 archived data administrator n—the person who is

be less than desired. responsible for the day-to-day operations and long-term man-
1.2 The desired approaches described in this guide arggement of an ADMS.

foundational and are not intended to be all-inclusive. Users of 3.8 archived data management subsystem (ADMS}a

this guide are allowed, and indeed encouraged, to exceed th@bsystem of the National ITS Architecture that provides a

desired practices in one or more of several ways. An examplgeans for several organizations to collect, store, and subse-

of one way is that to address and satisfy the particular needguently, analyze and retrieve data from ITS data sources,

and requirements of some of the intended users and stakeholgsually by way of one or more ITS centers.

ers for a particular implementation may necessitate exceeding 3.9 archived data management system, (ADNiS)this is a

the desired practice. Another example is that some implemersystem that is a specific implementation of an ADMS within

tations may want to foster innovations and research into newhe context of a local, regional, or statewide ITS architecture.

methods and procedures related to the overall implementation 3,10 archived data user service, (ADUS)—one of the ITS

of a particular ITS activity. Part of that may be the recognitionser services that defines the scope of the National ITS

that specialized archiving or retrieval processes, or both, wouldrchitecture with regard to archiving and retrieving ITS-

facilitate such innovations or research, or both. A third examp@enerated data.

is that some organizations may simply have more resources t0 3 11 archiving v—collecting and actively managing origi-

invest in activities such as archiving and retrieval systems and5| source and other data with the intent of saving the data as

may choose to have more quantities or higher quality of datgye| as associated metadata.

and information available to their planning or operations units 3 1o data n—a quantitative or qualitative representation

to use in their day-to-day activities. that is observed, measured, collected, or gathered that charac-

2 Referenced Documents terizes some stati_c or (_lenamic attribute of the physical world or
21 ASTM Standards? the use of it by individuals or groups of people and that is

E 867 Terminology Relating to Vehicle Pavement Systemsrsjﬂﬁ:rl]i Lorrrﬁgcnr]]ri?]téglcatmn, interpretation, or processing by
2.2 IEEE Standard® '

IEEE 1489 Standard for Data Dictionaries for Intelligent 313 data collection system metad.ata—d_a.ta about the
Transportation Systems conditions and procedures under which original source data
were observed, surveyed, measured, gathered, or collected, as
3. Terminology well as about the equipment that was used.
3.1 Definitions 3.14 data dictionary n—an information construct that de-
3.1.1 The ASTM publication of the Committee on Defini- SCribes the particular data stored in a database typically in
tions; Terminology E 867 maintains a complete list of termi-terms of a common set of attributes that include the meaning,
nology some of which are applicable to this guide and byconcept, and use; see IEEE 1489.
convention are not repeated here. 3.15 data elementn—a data item that is a basic building
3.2 Definitions of Terms Specific to This Standard: block of a data dictionary that is a formal representation of
3.3 aggregate v—to process or combine like items into a some single unit of information of interest with a singular
category; for example, adding together 30-s traffic volumeinstance value at any point in time about some entity of
counts, or averaging speeds from lane-by-lane detectors thisterest.
are parts of traffic data counting station to be the total trafic 3.16 data logging v—to capture a stream of near-real-time
volume or average speed at that traffic counting station for &lata as it passes through a transportation management center.

5-min time period. 3.17 data mart n—a National ITS Architecture market
3.4 aggregation n—the resultant set of aggregated datapackage in which an archiving system collects and archives
associated with an aggregating process. operational data from one organizational source; it is analogous

3.5 archive n—the organized collection of data and infor- to a library whose collection is acquired from a single
mation derived from selected ITS-generated data flows angublisher.
other data sources. 3.18 data quality n—the fitness of data for all purposes that
require it. Examples of data quality measures include accuracy,

1 This guide is under the jurisdiction of ASTM Committee E17 on Vehicle- completeness, coverage, and timeliness. .
Pavement Systems and is the direct responsibility of Subcommittee E17.54 on 3.19 data sourcesn—the systems that provide data.

Archived Data User Service. 3.19.1 Discussion—Traffic count data can be retrieved from

Current edition approved July 10, 2003. Published November 2003. Originally, :
approved in 2003. Last previous edition approved in 2003 as E 2259 - 03. traffic management centers or air temperature data can be

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, orfetrieved from surface transportation weather service provid-
contact ASTM Customer Service at service@astm.org.Aforual Book of ASTM ers.

Standardssolume information, refer to the standard’s Document Summary page on 3.20 data warehousen—a National ITS Architecture mar-
the ASTM website. ’

3 Available from Institute of Electrical and Electronic Engineers, Inc., 345°E. 7 ket p.aCkage in which physjcally distributed data sour@s ( _
St., New York, NY 10017. contribute to a central clearinghouse, where each data source is
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locally managed andbj exchange multiple transportation- (2) as “that which is input into a receiving tool, application,
related data; it is analogous to a library whose collection iddatabase, or simple processing engine.”

acquired from multiple publishers. _ 3.32.1 Discussior—Three categories of metadata are de-
3.21 database n—a collection of related data typically fined in this guide asa) archive structure metadateb)(

organized in a computerized record keeping system that is pagrocessing documentation metadata anjl data collection
of a system whose purpose is to maintain the data angystem metadata.

information derived from it so it can be made available for use. 3 33 missing datan—one or more fields in a data record

3.21.1 Discussior—In addition, as noted by SmitfL)", it that has no valid values due to a variety of reasons such as
should @) represent some aspect of the real world, organizasmproper functioning of the data collection device, failed

tion, or enterprise H) that is logically related and has inherent communications, or shortcomings in subsequent processing
meaning andd) be designed, built, and populated for a Spec'f'cprograms.

purpose.

3.22 database management system (DMB®)}a set of
programs that manipulate and maintain a database whil
providing independence from an application.

3.23 equipment packagen—the building blocks of ITS
subsystems that perform a specific function.

3.24 erroneous datan—one or more pieces of data in a data
set that has incorrect values due to a variety of reasons such
improper functioning of the data collection device, miscom-
munications, or shortcomings in subsequent processing Priformation flows.
grams.

3.25 expired data n—the status assigned to a set of data, e?é;sgesdnZar'rrga;;n;e\/;ataclS;di?]t?":]gatu;aclf"sﬁ:ﬁ% s%rc?(;n ds
summary statistics, or information that is no longer current O'ﬁr st ’a 19e§\1/v r%ﬁnutes t% the actual ti,me er>i/od or instance
valid and needs to be replaced. J ’ P

3.26 imputation n—the act of putting onto a data set when the phenomenon being measured or observed actually

estimated values for that data to fill in for missing values or tooccurred.

replace erroneous values. 3.36 original source data_n—data as received by a center
3.27 information n—the result of processing one or more that is a source for an archive.
pieces of data to produce a meaningful and useful statistic or 3.37 persistence historynr—documentation of one or more
indicator for users. modifications made to a set of data that can be used to trace
3.28 integration n—the result of blending compatible data back the specific procedures that were applied and when that
sources into a composite data set has a unity or wholeness féas done and that becomes part of the processing documenta-
purposes of analysis, summarization, and retrieval of specifiion metadata.
data or information. 3.38 processing documentation metadata—information
3.29 intelligent transportation systems (ITS)—systems that describes the processes applied to data from original
that apply modern sensing, communication, computing, analysource data through to storage in an ADMS.
sis, or display technologies, or a combination thereof, to one or 3.39 quality control n—a system or process for obtaining,
more aspects of the operations, management, and use @faintaining, and verifying a desired level of quality in a data
transportation systems. set, process, or service by careful planning and design, the use
3.30 log file, —a usually free form set of text or data, or of proper equipment, continued inspections, and taking correc-
both, that sequentially lists or enumerates events, many afve actions where and when required.
which may be independent, while some may be chained or 3 40 retrieving v—extracting from the ADMS one or more
interrelated data values or information sets of interest to a user where the
3.31 market packagen—a service-oriented perspective t0 format of that may be one or more sets of text, tables, charts,
the National ITS Architecture, including subsystems (Withgraphs, schematic diagrams, or maps, using one or more

applicable equipment packages) and architecture flows. varieties of media such as print, electronic files, electronic
3.31.1 Discussior—The market packages relevant to ADUS mail, or storage media such as CD ROMs or DVDs.

are ITS Data Mart, ITS Data Warehouse, and ITS Virtual Data 3 41 resolution n—the level of spatial or temporal detail or

Warehouse. _ administrative classification at which a particular data element
3.32 metadata n—loosely has been defined as data aboufg cojlected, archived retrieved, or both, from an ADMS:; that

data but is more tightly defined as the detailed description Of5 ' |ane-by-lane versus detector station or intersection ap-
instance data, including the format and characteristics Oﬁroach' a 20-s versus a 15-min time period; or a particular
instance data where instance data is defined by TannenbaLHgmed'city versus the generic term of city. '

3.34 National ITS Architecturen—a document prepared
through the sponsorship of the U.S. DOT that provides a
€ommon structure for the design of intelligent transportation
systems giving a framework around which multiple design
approaches can be developed by definiayjti{e functions that
must be performed to implement a given user servig)ele

hysical entities or subsystems where these functions regide (

interfaces/information flows between the physical sub-
systems and d) the communication requirements for the

3.42 stakeholder n—a person, party, or private or public
agency or organization that is interested in one or more aspects
“ The boldface numbers in parenthesis refer to the list of references at the end af h_OW ITS'generate_d c_jata is collected, archived, analyzed, or
the standard. retrieved from an existing or proposed ADMS.
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3.43 storage median—the systems upon which the archive NEMA = National Electrical Manufactures Association
or data set, summaries, or displays extracted from it are kepNMEA = National Marine Electronics Association
for use by the ADMS or for distribution to various users or SAE Society of Automotive Engineers

stakeholders. TCIP
3.44 terminators n—functions that basically take place TRB
outside of the National ITS Architecture but which interfere U.S. Dot
with one or more subsystems of the National ITS Architecture4 Summary of Guide
by sharing data or information, or both, with them. T i y ] N
3.45 transformed data n—values created by combining This guide intends to _help a range of practitioners .better
data with other data or subjected to a methodology or mathdnderstand and keep their practice current, with this rapid pace
ematical process such as logarithmic transformation, avera@f change, by disseminating information and general direction
ing; for example, annual average daily traffic, average speed bgPout this evolving state-of-the-art, which may be out ahead of

segment, congestion indices, or equivalent single-axle loadsthe state-of-the-practice. ADUS standards are to be developed

3.46 truth-in-data n—provision of adequate and appropri- for several sources of ITS-generated data with traffic monitor-

ate metadata that should be given to users of an ADMS that §9 data being the first of these sources. This guide will help
particular information set they are using is not original sourcd®'™M the conceptual basis for developing these specific stan-
data or information but rather is transformed data; that is, som@@rds: This guide is to foster the timely development and use of
transportation management centers (TMC) estimate/calculaf8@ny ADMSs that could benefit many stakeholders who are
average traffic speed by detector for each time period basdgterested in using archived data and information from these
upon algorithms that use volume and lane occupancy agxPanded systems.

original source data, that could also apply to some of the dat§. Significance and Use

being imputed.
g Imp 5.1 This guide recognizes that activities associated with the

3.47 user servicen—the National ITS Architecture defines hivi d retrieval of ITS ted dat ¢ satisfy t
various user services that are groups of ITS related functionérc lving and retrieval o -generated data must safisfy wo

Transit Communication Interface Profile
Transportation Research Board
United States Department of Transportation

that generally meet the need and requirements of a group asses of considerations — technical considerations and insti-
stakeholders for a particular type of service—the archived dat t'cinf.‘l con5|dt(ra]ra}[tlonsa I}/Ian)(/j daspects (;)f S?Ch processes ?rze
user service was the thirty-first user service to be defined in th@naytic ones that néed 1o address and sa isfy various math-

National ITS Architecture following a set process and period Ofematlcal, statlstlc_al,_data ba;e management, infarmation tech-
interaction of the architecture team with the stakeholdernomgy' or other similar technical concerns. On the other hand,

community and the development and approval of a set ofany aspects of such processes are ones that need to address

documentation of the need and characteristics of that us@rnd satisfy various mtra—agenc'y,'lntra anq mter-or.ganl.zanonal,

service. management approaches, decision-making, public-private par-
3.48 virtual data warehousen—a National ITS Architec- ticipation, public involvement, or other similar such institu-

ture market package in which physically distributed ITSt|onal concerns. This technical-institutional duality usually

archives exchange multiple transportation-related data everrqUSt both be satisfied for a particular archiving or retrieval

) . .process to be efficient and effective. That may also require a
though the warehouse is not a center that directly collects it . .
S . change in focus of the group responsible for the ADMS work
own ITS-related data, and it is analogous to a library whos

collection is acquired from other libraries or from a centralt%0 meeting the needs of their customers. Thus, in planning,
library system q designing, or operating the functions and interfaces of an

3.49 A ADMS, appropriate technical and institutional approaches
' cronyms must often be explored concurrently in order to have an overall
efficient and effective archiving or retrieval of ITS-generated

AASHTO = American Associaton of State Highway and data, or both. However, even though this guide gives impor-
Transportation Officials tance to the institutional considerations when planning, design-
ADMS = Archived Data Management Subsystem or Ar- ing, or operating an ADMS, this guide gives more weight and
chived Data Management System attention to the technical considerations of the functions and
ADUS = Archived Data User Service interfaces associated with an ADMS. This approach of focus-
DOT = Department of Transportation ing on function will give more latitude to institutions to be freer
FHWA = Federal Highway Administration to arrange institutional matters on their own.
IEEE = Institute of Electrical and Electronics Engi- 5.2 This Guide also deals in general with the questions of
neers what data and information in particular should be considered
ITE = Institute of Transportation Engineers for archiving as well as what data and information in particular
ITS = Intelligent Transportation Systems should be considered for being retrieved. While more in depth
JPO = Joint Program Office (for Intelligent Transpor- ¢onsideration is to be given in the companion specifications,
tation Systems) the following is a general characterization of what data and
NCHRP = National Cooperative Highway Research Pro-j,formation should be considered for archiving. These include
_ gram | . ication f the following:
NTCIP B II;l_gtlg?;O;rcr)?nsportatlon Communication for 5.2.1 Astructure of data storage based upon individual core

data elements,
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5.2.2 The data elements are stored in electronically readable) some quality control checks on the dat {(nformation

media, about the data that can be helpful to people trying to use the
5.2.3 Documentation is included regarding the data strucedata and€) processes to get the data and information out of the
ture and quality, and archive and into the hands of users in ways that are meaningful

5.2.4 Metadata is part of the archive relating to aspects suclo them. The use of the term warehouse to describe the
as the quality of the data and whether quality control adjustarchiving implies—drawing from a commerce analogy—a larger
ments have been made. scale, more wholesale type of operation, rather than a more

5.3 The particular original data sources and data elementgtail-oriented, limited-sized store. However, just as in the
that will be in an archive are expected to be unique to thamore contemporary styles of commerce, there can be mega-
archive. Which data sources and elements are used will depeistbres that do serve larger markets and often act as a blend
upon a combination of the needs and requirements of potentidetween retail and wholesale. More discussion of a data
users as well as the availability of particular data sources fromvarehouse is given in Appendix X2.4.4.
other systems. For example, a particular ADMS may have 6.3 The Growing Importance of Data and Information
some emergency management data on incident managemdetrieval—This guide places a high degree of importance on
responses, some traffic station sensor data from a traffithe retrieval of data and information from the data archiving
management subsystem, and some pavement temperature datacess. However, it is recognized that data and information
from a roadway weather information system. retrieval has probably been the least developed aspect of the

5.4 With regard to thevhat is to be retrievedthis guide  ADMSs that are in operation. As such there are proportionately
recommends flexibility to provide for the needs of a diverse setewer terms and concepts referenced in this guide that directly
of stakeholders. Some will want to retrieve short tabulardeal with retrieval activities. Perhaps the experiences, lessons
summaries while others will want longer and more complexiearned, and future practice will result in additions to the
ones; some will want graphs and charts while others will wanterminology that relate more to the analysis and retrieval of
thematic maps of variations in the data. Accounting fordata and information than to the storage of the data. Concepts
different time periods and combinations of data and informaand terms related more to temporal analysis of the data such as
tion quickly leads to an enormous range of possible datanalyzing trends over time, comparative analysis, visualization
retrieval queries and approaches. While this guide does natf data, predictive applications, and very short-term forecasts
recommend one retrieval approach being better than anotheray be among those that will need to be added. Broader
because what is best will be very user specific, generapproaches to data warehousing and data mining, which are
guidance about the retrieval of data and information can bapplied in many other fields and disciplines beyond just that of
found in 10.16.8. transportation, may become a source of such future references

o . and terminology.
6. Concepts Related to Data Archiving, Retrieval, and I 9y

Warehousing 7. Providing Systems to Archive and Retrieve ITS

6.1 Distinctions Between Data Logging and Data Generated Data
Archiving—Data logging is seen as a process where a trans- 7.1 Reasons for Providing System3here are many rea-
portation or TMC captures a stream of real-time data as it isons why organizations should provide approaches and sys-
passing through the TMC or as transmitted by the TMC.tems to archive and retrieve ITS generalized data. Some of the
Various metaphors have been used to describe such loggirmes given here are from a report prepared by Tu(Bgr
processes such as turning on a spigot, or attaching a fire hose7.1.1 Maximize Cost-effectiveness of Data Collection
to the original source data. The data being captured througnfrastructure—Data archiving permits transportation agencies
such a logging process typically gets saved in some datt maximize their investments in data collection infrastructure
storage medium using some structured file or database systeby reusing the same data for numerous transportation related
and may actually subsequently go through a data archivinfunctions such as planning, design, operations, and research.
process. The term data archiving implies using some mor@wo key goals related to this ara)(collect data once and store
comprehensive processes as well as longer-term storage thiimnce and f) use the data for multiple purposes many times.
data logging. Extending the analogy to water flow, the ar- 7.1.2 Established Business Practice in Other Industries
chiving may do things such as the following) (put the data The retention and analysis of operational data is an established
into various buckets or containers for later ubgf{ltering or ~ practice in most competitive industries that use data to manage
distilling it in some way to remove impurities and improve its their business activities. For example, the retail sales industry
quality or () redirecting, or aiming, the stream or containers ofdata warehouses full of customer transactions and inventories
data at current or near-term applications that can use the datatr better understand the basics of supply and demand in
derived information, or both to quench a need. numerous markets around the world.

6.2 The Terms Data Archive or Data WarehousA data 7.1.3 Additional Information to Plan, Manage, Operate,
archive is a lot more than a collection or storage of originaland Evaluate the Transportation Systefrchived ITS data
source data. Generally speaking, therealsdn-going opera- can be directly applied to a variety of transportation applica-
tional monitoring of some combination of the use, perfor-tions. These include:
mance, characteristics, or events related to all or parts of a 7.1.3.1 Operational Strategies-The first step in proactive
transportation systenb) some sort of system for continually, operations-oriented management is to know where problems
or very frequently, capturing the data into the archiving processire likely to occur before they actually do, then preventing or
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mitigating the impacts of those problems. Archived operationdMC). Design cannot be done in isolation, but rather in
data can be used td)(predict when and where problems may conjunction, with those of these systems.
occur againZ®) evaluate alternative strategies for preventing or 8.1.4 Outside Contracting versus In-house Development
mitigating problems J) provide feedback for existing opera- Public agencies wishing to implement an ADMS need to
tions strategies, including short-term performance measuregetermine whether system development can proceed with
and in-depth evaluation studies ant) flevelop sophisticated agency personnel, whether outside firms need to be contracted
operations products such as real-time travel time predictionsfor the work, or perhaps whether an explicit blend of respon-
7.1.3.2 Performance Measurement, Mobility Monitoring, sibilities for development can be established. There are many
Congestion Management Systems, and Research Stddiedssues that will need to be addressed including thosea)f (
There are a number of other transportation planning relatedystem securityd) ownership of source code and) knowl-
activities that can be better carried out when archived data isdge retention.
available as an information source, which include performance 8.1.5 System Development Proces general, the system
measurement, mobility monitoring, congestion managemerdevelopment process should adhere to sound information
systems, and independent research studies. The need to incdesign principles. Foremost among these is a detailed specifi-
porate ITS archived data into such efforts may help foster theation of system requirements prior to actual implementation
more timely development of an ADMS. Data archiving and(see 10.2), followed by a detailed design. If agencies have
retrieval can be significantly less expensive than having aecided to use outside contractors for system development,
planning or design workshop re-collect even a small percenthen one approach of many for handling the requirements
age of the data using conventional manual methods or specidkfinition and design is a design/build type of contract. Under
studies. such a contract, requirements definition can be done either
7.1.3.3 Support Governmental Reporting SysteAThose in-house or as part of the design process.
reasons are primarily locally focused on the value of develop- 8.1.6 Uniqueness of Many ITS Data SoureeSystem de-
ing an ADMS for a specific locality or region, functional velopers need to recognize that several of the ITS data sources
agency, or business organization. In addition, archiving cathat form the basis of an ADMS are uniquely different from
help more inclusive organizations have better information-traditional transportation-related data sources. While the un-
such as states having information from their metropolitanderlying nature of the data elements may be fundamentally the
areas, or the U.S. DOT having better information from thesame as traditional transportation data (for example, traffic
states. counts, passenger loadings, incident characteristics), it is the
combined temporal and spatial relationship among the data
Planning, Development, and Operations of Archived Data  elements that tends to be unique. Most traditional
Management Systems transportation-related data sources are either a sampling at a
. few locations very intensively over time, or are an extensive
8. Issues and Challenges in ADMS Development sampling of many locations during a smattering of different
8.1 Instituting an ADMS in practice raises several issuesshort intervals of time. It is this extensive concurrent spatial
and challenges for developers of such systems. Specificallsampling at many locations for intensive short intervals of time
developers should be aware of the following before embarkinghat takes place over long periods of time that is unique to
on ADMS development. ITS-generated data. Structuring the ADMS to maintain that
8.1.1 Storage RequirementsReal-time ITS generated data, uniqueness can be very important to facilitate the effective

the source of primary data for an ADMS, is voluminous. retrieval of pertinent information from the ADMS that benefit
Developers should make realistic assessments of storage rgvariety of different users.

quirements and balance these with the needs of archived data )
users. Delineating offline versus online storage for differenf- Timing of ADMS Planning and Development
types of data—and the procedures associated with using the-9.1 Coincident Developmentin the ideal situation, an
se—are parts of this assessment, and will aid in the optimurADMS is identified and implemented as a system as part of a
design of storage of data processing. much broader ITS deployment in a city, region, or state. That
8.1.2 Choice of Operating System Environment and Datais, it is designed and deployed simultaneously, or coincident to
Base Management Systerit is expected that in managing the other ITS systems. This avoids the problem of retrofitting an
archive, the archived data administrator will select an industnADMS to existing ITS deployments and is seen as more
standard operating system and database management systewst-efficient. However, situations are not always ideal and it
that are generally available. That will facilitate the sharing ofmay be more important to independently proceed with devel-
data and the gathering and retrieval of data and informatioroping an ADMS, roughly in parallel but perhaps off-set in time,
While the use of uniquely designed systems is discouraged, than to necessarily wait for the needs and requirements for
is anticipated that each ADMS would tailor or configure aother systems to be sufficiently defined and ready to start their
database management systems to best meet their specific neddselopment cycle.
and requirements. 9.2 Inclusion in the Transportation Planning and ITS Plan-
8.1.3 Coordination with Existing ITS Data Systems andning Processes-To achieve coincident development, the
Sources—ADMS development must account for the structure ADMS should be fostered by its proponents into the ongoing
of existing systems, particularly those that are responsible foplanning and programming processes in place at transportation
collecting and processing ITS-generated data (for examplegencies. Several opportunities should be pursued, and the
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following are some of the typical planning and programming 10.1.5 Manage the Interfaces of the Archive Data Adminis-

documents and processes that may be used to achieve ttrator.

objective of developing an ADMS in a timely manner: 10.1.6 Interact with other archives and monitor other stan-
9.2.1 Long-Range Transportation PlardTS strategies dards.

and needs are being increasingly identified in regional long 10.1.7 Process user requests for data.

range transportation plans. Where this is the case, identifying 10.1.8 Support analysis of the archived data.

an ADMS in conjunction with other ITS deployments will  10.1.9 Prepare data for government reporting systems.

bring the issue into future programming considerations. HOwW- 10.1.10 Reliance on user needs and requirements processes.

ever, many of these processes are still just capital projects 19111 Provide security for the ADMS.

oriented and may not be set up to guide operations oriented 1 1 15 Figure 1 presents a grouping of ten of these prin-

activities, such as development of an ADMS. ciples that shows that they can be grouped primarily according
9.2.2 Short-Range Transportation Program&Regional or ' \yhether their focus is ona] acquiting data f) actually

statewide coordinated transportation programming ProcessgSanaging the ADMS ordj retrieving data and information.

provide for an explicit set of capital projects or operatingrpe 4ctivities associated with those ten principles take place
programs, or both, within a given time period and a set of fiscalyiin an overall context and backdrop of the first principle of
and human resources. |dentification of the deployment of apgjiance on user needs and requirements processes. This guide
ADMS. as a.specmg project or program, or as an elem?nt of Yoes not view these principles as being sequential with respect
more inclusive project or program, is often a prerequisite Qo one another. Rather all of these are seen as being more

being able to actually proceed with the development of an, yanic in their interrelationships, with each interacting simul-
ADMS on a particular time schedule. taneously with the others

10.2 Reliance on User Needs and Requirements
Lo ; %rocesses—A general principle that should be followed in the
may need to be explicitly included in order for development to stablishment of an ADMS s to rely upon user needs and

p_roctelzeg. n dsome cwcu_mstant(r:]es_,t a? agerk;(I:y m%}?ﬂagf Sk;J equirements processes that involve the range or sample of
ciently broad programming aunority to enabié an ADVIS 10 Beqo ogiders that are anticipated as the providers and as the
developed without the necessity to explicitly identify it in their

users of the archived data. This may involve determining

bug%eZSiTs Strategic Pl d Other Pre-Debl twhich agencies or internal workgroup, or both, should have

e rategic Flans and er rre-beploymen primary responsibility for operating and maintaining the data
Documents-In some cases, planning for ITS deployment

. " . ; archive, as well as facilitating retrieval of data and information
occurs outside of the traditional transportation planning pro

cess. In that situation many brospective users of an ADMS maTrom the archive. Having an explicit user needs and require-
‘ tuat Yy prospective u ents process is seen as an essential step in achieving

not be initially included in such strategic planning orprocessesmterdependency between archiving and retrieval of ITS-

.It is suggested that the responsible parties make an effort enerated data. This guide strongly recommends that in plan-
involve prospective users from the outset or the earlies

a6 (i ing, developing, and operating an ADMS that the needs and
apgrggr'gtet'm?d d Reaqi | ITS Architect requirements of as diverse a group as possible of stakeholders
e atewide an egiona rCNIECIFES 1o considered and accounted for to the extent practical. The

Proponents of an ADM.S should b(_e directly mvolyed n theADUS is a service and a customer service perspective and is
development of statewide and regional ITS architectures as

these are meant to be the specific set of systems that agencies
and private sector organizations will provide for when deploy-
ing their individual ITS projects. Potential ADMS users should
get involved early in the process and the developers of these
architectures should seek out the participation of such potential
users.

TABLE 1 lllustration of Groupings Among the Guiding Principles
for ADMS Development

Reliance on User Needs and Requirements Processes

Acquiring Data Managing the ADMS Retrieving Data and
Information

10. Guiding Principles for ADMS Development Manage the archive to

10.1 This section provides a detailed discussion of guiding account for data qually
princip|es that should be used in deve|oping an ADMS. A totalGet archived data from Provide security for the ~ Process user requests for
of eleven overarching principles are identified. The first nine of"e" centers ADMS data
these eleven principles, are organized around the functiongeegrate selected other  Specify and maintain Support analysis of the
found in the National ITS Architecture, although their titles andtransportation data metadata to support the - archived data
sequence have been modified slightly in some cases in order ﬁ:gggﬂma"s'de data  ADMS
meet the needs of this guide. The eleven guiding principles are
the foIIowing: Manage‘the Interfaces of Prepare data for .
10.1.1 Get archived data from other centers. e Archive Data Sratama " reporting
10.1.2 Integrate selected other transportation data including
roadside data collection. Interact with other
10.1.3 Manage the archive to account for data quality. archives and monttor
10.1.4 Specify and maintain metadata to support the ADMS:
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seen as being important and critical to the ultimate success of 10.4.3.1 Safety planning and analysis.
the archiving and retrieval processes. 10.4.3.2 Commercial vehicle operations.
10.3 Providing for the Diverse Needs and Requirements of 10.4.3.3 Emergency management.
Different Stakeholders-Work carried out by Margiotté4) and
others in establishing the ADUS showed that there is a very

broad and diverse group of stakeholders with interest in the . -
archiving and retrieval of ITS-generated data. These stakehold- 10.5 The Potenyal' for Add|t|0|"1al $takeholder Groups and
ccounting for Within Group DiversityThis guide recom-

ers groups tend to have somewhat different needs and require- ; . . .
ments with regard to what data sources get archived, the det ends using the categories a’?d groupings of stakeholders_ in
at which they are archived, and ways in which they retrieve th -4 as a starting-point In seeking out user needs and require-
data and information. A challenge is to not let the needs angients for an ADMS. However, it is recognized that this listing

requirements of one particular group necessarily set, control, f stqkeholder groups or categories may still not be .aII-
constrain the archiving or retrieval processes that will bemcluswe, and that for a particular application of this guide

available to the other groups. Rather, to the extent practical anc&ther groups may be added._ In_ Qdd't'on’ for any particular
affordable, the resulting archiving or retrieval processes, o r_oupther_e can be numerousmdlwo!ual stakehpld_ers, and there
both, should be inclusive and provide for as much of the fuIIWIII be a diversity of needs and requirements within the group.
range of user needs and requirements of all groups. |r'1:°r example, there can be many local traffic operators in an

providing the stakeholders’ needs, the following areas should€2 with each interested in archived data from 'the frgeway
be addressed: management system of the state DOT, but still having a

10.3.2 Types of data and information desired. 9 g ' ’ '

10.3.3 Format for receiving the resulting data and informa- 10.6 Outreach apd Participatory Involvement  of
tion. Stakeholders-This guide recommends the use of outreach and

10.3.4 Format for getting the data participatory involvement processes to sample the typical

10'3'5 Frequency for wanting the aata or information needs and requirements of a broad range of the stakeholder

. groups within each of the categories. Transportation agencies
D elr%fm-;ydpe;yo\tv?r:iiieég;) I?nerzxiasiﬁ%guaﬁz Z?gﬁﬁr:ﬁg)g(n d and researchers at the national, state, regional, and local levels

. . : . -have been doing work and research on how to carry out
retrieval needs and requirements, associated with an upOlatlns?akeholder involvement processes so that they are effective for
of the CHART traffic management center of Maryland, built P y

upon the list of stakeholder groups associated with ADUS anct}"le stakeholders as well as for the organization conducting the

combined them into categories based upon similar or anizatio'rqvowement process. While such work has been aimed at
: tegc P rorg fransportation in general, the methods, techniques, and in-
functions and responsibilities. Those four categories are modi-

fied somewhat further here as follows) (planning function, volvement processes can also be applied to the ongoing and

(2) operations function3) safety and regulatory functions, and future development of ITS and the establishment of an ADMS.

(4) research functions. In addition, some additional stakeholdelrn these instances it becomes more of an interagency and

roups were identified or renamed. or both. In manv cases inter-organizational involvement process rather than a public
group . ’ : y Avolvement process. In addition, such stakeholder involve-
particular group may consist of more than one level of

i X ) - ..~ ment activities can have the side benefit of promoting docu-
government or also include private or educational institutions

in addition to the public sector. A listing of 17 stakeholdermemaltlon that might otherwise be left undone in such data

rouns combined into these four functional cateqories is iVearchiving efforts. Organizations seeking to refine or establish
i%] thg following list: 9 9Vl ADMS are encouraged to use such involvement methods,

10.4.1 Planning Functions techniques, and processes.
10.4.1.1 State, regional, or local transportation planning. 10.7 Bal_ancmg Archlvmg and Retrieval I_\Ie_eds of Different
. o Users—This guide recognizes that there is interdependency

10.4.1.2 Transportation system monitoring. S . . :
10.4.1.3 Air quality analvsis between the archiving of data and information and the retrieval
10'4'1'4 F 'qht yd . ty .d [ lanni of data and information. A main premise of this guide is that

4.4 Freight and intermodal planning. attention needs to be given to both functions—archiving and
10.4.1.5 Land use regulation and growth management.

- . . : . retrieval-for the overall ADMS to have true value. Each
10.4.1.6 Transportation administration and policy analysisgnction is necessary but neither is sufficient by itself. For

10.4.1.7 Transit planning. example, simply having an archive system that just stores data

10.4.4 Research Functions
10.4.4.1 Transportation research.

10.4.2 Operations Functions without anyone to access and use the data would seem to be a
10.4.2.1 Trafic management. waste of time, energy, and money. Conversely, having some
10.4.2.2 Incident management. user who would like to retrieve operational data that is not
10.4.2.3 Transit management. being archived requires them to somehow have the resources,
10.4.2.4 Construction. knowledge, and permission to gain access so as to tap into an
10.4.2.5 Maintenance on-going stream of operational data, which may also divert
10.4.2.6 Traveler information. resources of the operations staff. While some systems have
10.4.2.7 Transportation demand management organizationsinctioned in such a latter fashion for a limited number of
10.4.3 Safety Functions users, they often have been cumbersome and costly to use and
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the retrieved data may have gaps and not have a sufficient 10.12 Facilitate Data Access Across Agencies and
range of associated information, such as concurrent incident drocations—By its very nature and design, an ADMS should be
weather conditions. intended for use by multiple users. An intention of this guide is
10.8 Flexibility to Accommodate Future Unforeseen to get beyondstove-pipedarchitectures, which serve single
Needs—The needs and requirements process should anticipaggencies or single purposes, or both, but rather to facilitate data
that no matter how thorough and well intentioned, there willsharing and integration over multiple agencies, broad areas of
always likely be some future unforeseen needs that wilgeographic coverage, as well as across different functional or
materialize. The ADMS should be designed and operated withurposes categories. Such an approach would also, by exten-
such an expectation in mind. However, it is also recognizedion, facilitate the establishment of regional architectures that
that how much flexibility is provided is a judgment call that could link together using distributed database technologies
may be handled differently by different archived data admin-between two or more ADMS to function as a virtual data
istrators. warehouse. The NTCIP center-to-center communications tech-
10.9 Get Archived Data from Other CenterdTS deploy-  nologies as well as an integrated geographic reference system
ments have systems, subsystems, and terminators with funean greatly facilitate data exchange among an ADMS and other
tions that are performed in part through the flow of data amongenters as defined in the National ITS Architecture.
them. Those data flows can be used to support an ADMS. Thus, 10.13 Not all Data Sources Need to be for Near-real-time
support of an ADMS should be based on, but not limited to,Data—Some data sources to be obtained by an ADMS may not
existing data flows between these ITS subsystems. Table X1de needed by a transportation operations center for their
identifies data sources by subsystems and terminators assogiar-real-time operations. For example, the needs and require-
ated with the National ITS Architecture. In getting archived ments might call for data on trafic volumes gathered by a
data from other centers, a number of particular items need to igermanent count station to be included in the archive, which
considered, including the following ones. may be polled and retrieved not on a near-real-time basis.
10.10 Anticipate a Variety of Data SourcesArchiving  Another requirement may call for having processed informa-
systems may accommodate a wide variety of existing datéon from such traffic volume counts; for example, estimates of
sources. That means including not only various quantitativeinnual average daily traffic could be available as one or more
data sources but also ones that are more qualitative, such gansportation management centers may want to access that
administrative records or |Og files from incident managementprocessed information from time-to-time for their own opera-
service patrol, or construction work zone activities. Some datgonal planning purposes.
sources may not be available in near-real-time, such as data10_14 Provide for Some Experimentatiedln deciding
gather using automated vehicle location (AVL) teChnObgywhich data sources should be sought for inclusion in an

g‘s&vﬂgg d(()a?j gﬁg t;)L:sagt(;f t?mgavcﬁgnflfﬁé :;huastegarsetgr]ﬁ t%azﬂaerchive, there should be allowance for some experimentation
o and provision for some yet to be defined use and users. While

garage at the end of the da}y. It also means anticipating thr%ost of the data sources should be based upon known
inclusion of data from emerging and new technologies such a%akeholder needs and requi
guirements, there may not always be

(2) transformed data based upon anonymous geo—locatior}u” anticipation, identification, and consideration of all poten
from the ener atterns of cell phones in usetr@ffic flow . ' ' . o
9P P '( al stakeholder needs and requirements. The gathering of

characteristics collected by unmanned drone mini-airplanef

using video camera detectors, optical pattern recognition tectinited amounts of additional data based on judgment or

nology, and communications to an operations center in neaf€search, or both, should be provided for without concern as to
real-time. who are the known likely users or whether the data source is a
non-traditional one. This may also be akin to literally installing

10.11 Rely upon Incremental Approaches — Think Long—a data faucet but not necessarily turning it on initially but

term But Act in PhaseslIn getting archived data it may be iting f h . ; iate. Thi i
appropriate in many instances to start in terms of phases pyfiting for when circumstances are appropriate. this guide

think long-term — an incremental approach to getting data intd/'€Ws th'e getting of data for archwmg n the'A.I.D.I\/IS as being
the archiving system. That may mean beginning with a modedt€"MISSIVE, to aII_ow for many diverse possibilities of use of
prototype archive focused on a single source of few types op/hat SOME may view as dlsparatg data sources. For e_xample, to
data, such as freeway or arterial street detector system, or bo@€t &t issues of cause and effect in the overall analysis of crash
and then over a period of time expanding the archive to b&€€0rds, and being able to link them through an ADMS may
more comprehensive in the types of data included in thdrovide some crucial pieces of data or information in order for
archive. Over time the acquisition of archived data maySCMe users of the ADMS to test out hypotheses of causality
emphasize different sources of data in a sequence, for example10.15 Integrate Selected Other Transportation Data Includ-
the archiving of &) highway traffic related databj transit ing Roadside Data CollectiorThe systems to support the
related data ) multi-modal incident related data and)( ADUS should take advantage of the data flows inherent in ITS
commercial vehicle related data. The cumulative effect of suclo provide information in usable form for stakeholder applica-
an approach could be the on-going archiving of as much dations. In managing the integration of selected transportation
as can be obtained for archiving to meet user needs, but stagddta from data flows among subsystems, including data from
over time to satisfy the requirements of working within aroadside data collection, a number of particular items need to
limited set of resources at any given time. be considered, including the following ones.
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10.15.1 Selection of Particular Data Elements for data related to communications that are not required by users.
Archiving—Procedures should be established to enable thenstead, the intent of this recommendation is to preserve the
administrator or management oversight committee to decidgchnical content as well as the temporal and spatial level of
what particular data elements should be archived. That wouldetail in the original source data. This should also apply to the
include specifying for what period of time the data should bemetadata that may be available. If practical, it is not only data
archived as well as whether it will be short-term or permanentthat should be kept for a period of time, but also some
To the extent possible, consideration of which data elements tRardware that may be necessaryaadthe data. However, as
archive should be based upon user needs and requiremeRi®rage media technology changes, the storage of original
process. source data that is being retained ought to be migrated to the

10.15.2 Integration of Data from ITS and Non-ITS newer technology.

Sources-A major use of ITS-generated data is to support 10 15 5Retention of the Resolution of the Original Source

existing stakeholder applications that currently rely on theirpais Some users may be interested in the data at the most

own data sources and information systems. ITS-generated daj@ajled spatial or temporal resolution possible, thus ADMS
can supplement—and sometimes replace—the data in existing,y only retain data for a limited time period before it is
information systems that support these applications. Thereforgyggijieq or aggregated to a less detailed resolution. However,

integration of I'I]:S—generated data_into kexisftin@egacy)f h to the extent possible, an ADMS should keep the data at the
transportation information systems is a key function of the_ .. ' . S .
ADMS. The integration does not need to take the form of aispat|al and temporal resolution at which it was gathered and if

. : : is to be aggregated, provisions should first be made to enable
single integrated system. Rather, the data in the ADMS Shou'ﬁﬁterested users to save the detailed data to their own system

be stored in such a way as to be compatible with existingb .
) . e efore that data is aggregated. In case a center prefers to
information systems. Compatibility of data elements betweern

ITS and non-ITS sources should account for such issues as:aggregate data before making it available for_ a_rchwmg, an
o - effort should be made by the archived data administrator to see
10.15.2.1 Data Definitions—Existing data elements should

if the more detailed resolutions could be retained.
be capable of being derived from ITS-generated data either b . ..
b ng cernv g I y 10.15.6 Sampling of Original Source Dataln some cases,

adapting similar definitions or developing standard translationfOCaI system design or operating policies may dictate that not

between data elements. ) X .
10.15.2.2 Location Referencinelt is possible that data all original source data be retained. Depending on the needs of
Repiay g P individual users, samples of original source data may be

from ITS sources are based on Q|ﬁerent location referencin gequate for these cases. If sampling is used to retain original
systems than those used by existing systems. It may be beyon

the scope of the ADMS to reconcile different location refar. Source data, metadata must be specified indicating the details

encing systems, but at a minimum, ADMS developers should(.)f the sampllrjg_ prc_)cedure._ . )
(1) communicate the discrepancies to personnel respon- 10.15.7 Anticipating Retrieval in Blending and Data Inte-

sible for ITS and non-ITS data sources and gration Activities—In managing the integration and blending
(2) develop translation schemes to allow existing system&f the selected transportation data system, developers should
to access ITS-generated data. anticipate retrieval needs and provide for processes that would

10.15.3 Retention of Original Source DataOriginal facilitate retrieval of information. That would include items

source data from incoming flows should be maintained at it$UCN as(a) structured data storage for individual data elements
most detailed spatial and temporal resolution for a period off1@t iS more oriented to ease of retrieval by a variety of users
time specified by individual system designs. The retention timdhan itis towards data management efficie(ioyelectronically
will vary for individual systems, but the retention capability is "adable formats that to the extent possible follow widely
considered to be a major feature of an ADMS. Further, system@vailable commercial formats an@) documentation of the
should strive for flexibility by providing options for retention. data structure that facilitates finding aspects such as data types,
The question of how original source data is retained and thifansportation system functional classes, corridor and route
level of spatial, temporal, and categorical resolution is mucHocations, and jurisdictional summaries.
more of a policy decision in establishing an ADMS than itisa 10.15.8Integrate Data Flows from Roadside Subsystems
technical issue. The ADMS capability should not be encumiwhen Appropriate-Some ADMS may find it more efficient, at
bered by technical designs for the system, selected just bymes, to directly gather data from roadside data collection
system developers, resulting in aggregation of some data thdevices and integrate that data with other data being gathered
could have readily been available at finer resolutions. by the ADMS usually through one or more traffic management
10.15.4 Storage of Original Source DataDepending on centers. That may include other types of data, such as envi-
the needs of a particular ADMS, original source data may b&nmental data, parking data, or commercial vehicle inspection
permanently stored either online or offine. In some casesgata collected by roadside devices. Having the ability to either
original source data may be purged completely, but thigoll or routinely gather roadside data collection needs to be
practice is strongly discouraged. If this practice is in placecoordinated with the organizations that own, operate, or
provisions should first be made to enable interested users tvaintain those roadside data collection devices. Such roadside
save the original source data to their own system before thatevices may also include those of traffic monitoring or survey
data is removed from the ADMS. However, exact replication ofgroups, such as the office that runs the data collection from
the data structure is not required, particularly for extraneoupermanent automated traffic recorders, and who are often

10
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associated with the planning function within an agency rathefaceted and includes issues such as data integrity, data confi-
than an operations function. dentiality and usage rights, computer and communication

10.16 Manage the Archive to Account for Data Quality ~ Systems protection, and open access. This guide further divides
This guiding principle deals with establishing managementhese ADMS security concerns into areas of physical security,
systems that will enable the effective functioning of an ADMS.legal access, and data security and maintenance.

10.16.1 Data Quality and Providing for User-Specified 10.16.4.1ADMS Physical Security-The archived data ad-
Quality Control Procedures-Indicators of data quality, col- Ministrator should consider and provide for the physical
lection conditions, and type of data source should be developegecurity of the ADMS, including factors such as the following:
and documented. The ADMS should accept user-specified data (a) Safeguarding hardware and media against damage,
quality control and editing procedures where quality controltheft, and misappropriation,
methods are used to flag or remove suspect, erroneous, or (b) Providing multi-level hardware and media backup,
duplicative data from the data archive. Howeverrath-in-  including, in general, provision for computer system hot-swap,
data perspective should be fostered and maintained in managackup power, and off-site duplication of data stores,

ing the ADMS that alerts users to when they are not using (c) Routine hardware maintenance and media rotation/
original source data. In addition, whenever these types ofgplacement,

procedures are applied to specific data, a permanent record or (d) Authorized accessibility twenty-four hours per day,
persistence history should be made of the results in theg en days per week, and

metadata portion of the archive or data dictionary, or both. (e) Designation and control of secure components that are

10.16.2 Maintaining Version Control in the ADMSIN  gistinguished from insecure or public components.
most ADMSs it is anticipated that processing procedures will 10.16.4.2ADMS Legal Security-The archived data admin-
be applied to the original source data or that summary statisticlg,[rat'Or .Should be av?/are of, prepare for, and comply with

and information W'll be ge.nerated fro_m .the data, or both. Thes ecific legal and policy restrictions, including items such the
processed data, information, or statistics can become obsol f% owing:

for several reasons, such as after-the-fact quality contro . .

decisions or acquiring more data after statistics are generated. (@) Data conf|den'_[|al|ty — data that must only be assessable
Since the earlier statistics may have been used for som@ SPecifically authorized users, - _ o
purpose, an effective archive system needs to maintain status (P) ITS data privacy — following ITS privacy principles
information for all statistics. If the system allows the incoming déveloped by ITS America and precluding the possibility of
original source data to be replaced, these data should also haigentifying or tracking individual citizens,

status information. For example, a useful form of status (C) Legislated data privacy requirements,

information maintains botteffective date/time&nd expiration (d) Data copyright — data whose distribution and use is
date/timefor all of the on affected records. The statistics or datarestricted by the owner or contributor, or both,
being replaced should not be deleted, éxpired This means (e) Data accessibility — free and open access to public data,

setting the expiration date from null (or some date several (f) Data license requirements — to support public-private

thousand years into the future) to the date and time when the,inerships for data collection and management (such as
processing routines replaped_ the information with new '_”for'granting access to public rights-of-way to a private data
mation. The new information is added as a new record with a5 jiector in exchange for access to the data)

effective date equal to the expiration date of the replaced data
or statistics. The expiration date should be either null or some
very future date.

10.16.3 Responsibility for Data Quality of the Original

Source Data—Data owners (that is, organizations responsiblel_l_éo‘16'4'3t Ig dgetneral,_dit isd SUQP%StEI’d tt|1|at ar: _Ath/li 'Iort
for the equipment that collect data generated by ITS sub- -generated data avoid and exclude legally restricted data to

systems) should, in general, have the responsibility to revieV\}he maximum possible extent and that an archived data

edit, and flag data prior to the data being permanently archived]i.dmimStr"’Itor cqrefully con;ider the implications O.f admitt_ing
This is not intended to be amfunded mandatand flexibility any legally restricted data into the archive. Some implications

is needed. The organization making an effort to collect data igwclude the following: ) o )

probably in the best position to review and assess the data (&) Legal repercussions and liability from inadvertent
quality prior to the archiving of the data. However, if the needPreach of covenants,

for a particular degree of quality by users of the archive datais  (b) The practical necessity and inevitability of the archived
much higher than that of the organization that collected thélata administrator effectively having complete access to all
data, then perhaps sharing of responsibility by the users falata, including legally restricted data, access control schemes,
meeting the costs of having the extra quality may be warranted@nd passwords,

10.16.4 Provide Security for the ADMSOne of the respon- (c) Potential liability for the improper actions of restricted-
sibilities of the archived data administrator is to providedata providers, including their failure to provide access to data
security for the ADMS. Security should be provided, to theas required by law or policy, and
extent feasible, so as to minimize compromising the ability of  (d) Potential conflicting assertions of copyright and legal
users to access and use the system. ADMS security is multtovenants now and in the future.

(g) Data retention (and destruction) requirements, and

(h) Data requested by legal process, such as subpoenaed
data.

11
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10.16.4.4ADMS Data Security and Maintenanedhe ar- themselves are the data or datasets and are not part of the
chived data administrator should ensure the long-term integrit@rchive structure metadata. The descriptions typically found in
of the ADMS, particularly with respect to the following a data dictionary (for example, definition, size, source, valid
considerations: values) are also archive structure metadata. It is anticipated that
(a) Archived data should not change unless adequatée organization providing the original source data will find it
metadata description of the changes are maintained along wiih their interest to contribute appropriate archive structure
the data, metadata. It will be the responsibility of the archived data
(b) Archived media should be routinely monitored for administrator to incorporate that, with necessary modifications,

readability and re-written to currently readable media andnto a catalog for the ADMS. The ITS data registry may be a
formats as required by changing information technology osource that can be used for some metadata attributes.
physical deterioration, Commercial-off-the-shelf database products generally have the

(c) Data ownership and authority should be maintained agPility to report such archive structure metadata information
metadata along with all data, once the metadata is entered into the system. Carrying out

(d) All data should be accurately time-stamped at the timdhese responsibi_lities on a continuing basis can be a major

of entry into the ADMS long-term commitment of manpower and resources that will
' : ._. need to be sustained once it has begun. Archive structure
(e) All data should be location stamped where apprOpnatel‘netadata have several purposes, which like those of a library

() As much as possible, data elements should not b% . .
X e . ; ard catalog, are oriented towards serving the needs of the
duplicated within the ADMS, and special attention should beusers of thegsystem. These purposes incluge the following:

paid to automated data sources, data filters, prtessing . ;
daemonsthat may inadvertently duplicate or alter data ele- (@) S_um_maryto summarize the meaning of the data,
(b) Finding, to allow users to search for the data,

ments within the archive, and Advi I d ine if the data i
(g) A system of user identification level of access, pass- h (f)th wsen:entto allow users to determine if the data Is
words, and other similar security features should be provided’.v at they want, . S
(d) Selectionto help users decide which instance of the

10.16.5 Establish and Maintain MetadataTo manage the ta should be retrieved (if multiole f t ded
data archive it is necessary to establish metadata, which is a sqe? a should be retrieve (if multiple formats are provide )’_
(e) Retrievalto retrieve and use a copy of the data (that is,

of adequate documentation about the archive and the datah
residing in it. For the purpose of this guide, three subcategorie¥N€re does one go to get the data), _
of metadata are defined that respectively relate to how the data (f) Restriction,to prevent some users from accessing data,
can be used, how it has been processed, and where the data (9) Interpretation,to instruct users on how to interpret the
come from. These categories generally follow, elaborate, anglata (for example, format, encoding, encryption),
rename information noted by Turné), in discussions about (h) Specificationsto give information that affects the use
adequate documentation for data archives and data collectigif data (for example, legal conditions on use, its size, or age);
systems. These three categories of metadata for purposes t6fms and conditions for use of an object (an access list of who
this guide are termed asa)( archive structure metadata can view the object, a Conditions of Use statement; a schedule
descriptive data about the structure of the data archive itsef fees for use of the object; or a definition of permitted uses
and of the data and information in the archive that facilitate us@f an object),
of the archive If) processing documentation metadaitafor- (i) Data Linkages or Relationship$o give specifications
mation that describes the processes applied to data frombout the relationship between objects, for example, linkages
original source data through to storage in an ADMS agjd ( between data element definitions that may have changed over
data collection system metadattata about the conditions and time, and
procedures under which original source data were observed, (j) Data Structure,to list the logical components of
surveyed, measured, gathered, or collected as well as about tbemplex or compound objects and how to access those
equipment that was used. components (that is, table of contents or the list of components
10.16.5.1Archive Structure MetadataThis form of meta- of a software suite).
data is the most common one found in the current literature. 10.16.5.2Processing Documentation Metadat&Correctly
Colloquially referred to aslata aboutdata, archive structure specifying this category of metadata is among the most critical
metadata is typically thought of as dataset descriptions, wherthings that an ADMS needs to do well. Thus this guide has
a dataset may be an entire database, a grouping of dabeen developed to separate out, define, and highlight this
elements (for example, a table in a relational database), arategory of metadata, which is central to establishing an
individual data elements. Archive structure metadata deals witADMS. Data will typically undergo a series of processing steps
the structure of the archive itself including the data elementsalong their path from collection to archival. The purpose of
definitions, and data dictionary attributes that are available, thprocessing documentation metadata is to provide an audit trail
various databases and tables that are maintained, and otharthese processes, including documentation of any modifica-
items that might typically fall under a data schema. Archivetions the data may have undergone since they were collected at
structure metadata are analogous to a library card catalog thtéte source or received by the archive. Such processing level
contains information about books and periodicals such asnetadata is focused on the internal management of the data and
subject, keywords, accession number, place of printing, authothe development of related information from the data within
tittes of articles, and so forth. In this analogy, the booksthe archiving process. Processing documentation metadata may
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be stored as unique data elements as part of the ADMSource data should also be archived for a period of time and
database or they may be stored as archive structure metadat&éyed to the transformed data, along with metadata describing
the process being documented applies to all data in a set (tie calculation methods, assumptions, and external data used to
database). For example, a quality control procedure of perform the transformations.

specific type may be applied to all data in a set. In this case, it (1) Method, a textual description of the computational
would be unnecessary to add a new data element to capture thisethod,

condition for it could be documented in the archi\_/e structure (2) External data name,

metadata. Examples of processing documentation metadata

include the following: (3) External data value, and

(a) Data Quality Control Procedureshe type of editing/ (4) External data source.
quality control used to process the data, 10.16.5.3Data Collection System Metadatal his form of

(b) Data Quality Control Resultsthe results of the data mMetadata is used to describe the conditions under which the
editing/quality control (for example, error flags), data were observed, surveyed, measured, gathered, or col-

(c) Data Imputation/Replacemerany imputation used to fill lected. Such data collection system metadata is focused on the
in missing data (for example, for aggregated data items) or thexternal measurement of the original source data at the source.
replacement of erroneous data, as determined by qua|i®<|0te that some forms of data collection metadata may be
control procedures, collected for ITS operations or management uses and need not

(d) Data Administration,to give specifications for the be duplicated as metadata for archiving purposes. Examples of
management of an object within a server or repository, such a#ata collection metadata include the following:
date of last modification, date of creation, and the administra- (a) Initial Collection Sourcethe source of the data as
tor's identity, collected by the initial ITS equipment, including the type,

(e) History, a complete summary of the changes, or prov-make and model of equipment, or other identification of the
enance of data, that the data has gone through since beingtectors,
original source data and any subsequent transformations, such (b) Equipment Location and Identificatiodetails of the
as filtering, decimation, summarization, aggregation, and sycation of fixed equipment such as roadway sensors, equip-
forth, ment identification numbers, and whether and when the loca-

(f) Data Processing Statusdicates the extent of processing tion of the detector may have changed,
that hag oc;curre_d to create the data element, with possible (c) Collection Conditionsfor field equipment, a descrip-
categories including the following: _ tion of the physical environment under which the data were

(1) Original Source Data:data measured directly by cojiected. This may include such things as weather and special
collection equipment as received by a non-archival center, eyents as well as a time-stamp of the actual data collection/

(2) Aggregated Datainformation created as simple sum- opservations, which may differ somewhat from the time stamp
maries of a category, that is, peak hour or daily traffic basedynen the data is received by a center.

upor; ol_?_serv?d traf(lji/ccvolume gaéa, f"“]ld . db (d) Data Collection Equipment Status and Lage work-

(b') . rar:js ;)rm(?th t%mpgti ata;)prr?a(;mt)n creaiﬁ d 3|’ ing status of the equipment used to collect the data as described
combining data with other data or subjected o a methodology, personnel responsible for maintaining the data collection
such as averaging, that is, qnngal.average da_lly trafﬁc., aver;%gstem, which may be summarized in a log file of events
ispeded by segment, congestion indices, or equivalent single- ecting system availability, as well as whether the system was
0aas. on-line or off-line for particular time periods,

Aggregated/Summarized Data Statistics: . . .
(g()l) glslet%od a textual description of the aggregation (e) Equipment Self-diagnostict)e results of tests made
' internally by data collection equipment,

method, . . . .
(2) Number of Observations Usethe actual humber of () Equipment-assigned Edit/quality Checkrror flags

observations used in the summary exclusive of imputed ofSSigned by data collection equipment, and
altered data, (g) Equipment Calibrationitems such as calibration date,
(3) Observation Unitsthe level from which the aggrega- Method, equipment, algorithm, field level processing, and
tion is made (for example, hours for daily summaries, days fofesullts.
annual summaries), 10.16.5.4Maintain and Update the MetadataTo facilitate
(4) Distribution Statisticsstandard deviation and selected on-going use and access by stakeholders, the metadata devel-
percentiles (e.g., minimum, 5th, ¥550th, 75th, 95th, and oped for the archive, including the data dictionary and schema
maximum) from the data from which the aggregation is madeof the systems, should be maintained and updated. That enables
(5) Precisionwhere possible, a calculated precision for thethe overall metadata on each data element to remain current

aggregated data assuming only sampling bias, and and will improve consistency.
(6) Precision methodthe methodology used to calculate  10.16.5.5Development of a Data CatalegThe metadata
the precision. should be used to establish a formal data catalog that describes

(h) Transformed Data StatisticsAn ADMS should be the data in the ADMS. The data catalog should be developed in
capable of archiving transformed data as defined by locatonjunction with the data catalogs of other ITS data sources in
option. Where transformed data are archived, the originahccordance with procedures in the National ITS Architecture.
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This integration is essential since many of the data elements itime the data covers. Thus monitoring other standards for
the ADMS will be derived from data generated from ITS spatial and temporal referencing is particularly important for an
sources. ADMS. That is especially the case when data and information

10.16.6 Managing the Interfaces of the Archive Data is being gathered from many sources and systems that can
Administrator—This is a guiding principle that focuses on the cover a wide area on an extensive set of transportation
of the archive data administrator to carry out responsibilitiesnetworks over long time periods.

including maintaining the metadata. In interfacing with the 10.16.7.3Protection of Privacy-While not a standard per
archive data Administrator and maintaining metadata, a numse, the protection of privacy is an important consideration in
ber of specific items need to be considered, including thehe coordination with other archives and standards. The pri-
following ones. vacy of individuals and firms must be maintained, except in
10.16.6.1Follow Agreed Upon ArchitecturesTo accom-  cases where an organization explicitly collects data for other
modate existing ITS activities as well as the incrementaburposes, such as an accident investigation associated with
deployment of new ITS, the systems to support the ADMSncident management activities, enforcement of traffic laws,
should use agreed upon architectures as developed at the stat&yulations related to commercial vehicle operations, and in
regional, or local levels. For example, there may be costoll or transit fare card administration. In those and similar
efficiencies and common design features that would allowsjtuations, the organization collecting data and information
easier access and use of the archived data and information.about individuals or firms, or both, are obligated to protect their
10.16.6.2Responsibilities  of the Archived Data privacy. However, that organization should be able to coordi-
Administrator—The overall responsibility of the archived data nate the sharing of appropriate data and aggregated information
administrator is to manage the archive on a day-to-day basigith an ADMS, if that data and information meets the needs

and administer the on-going and long-term efficiency andand requirements for being archived and used by various users
effectiveness of the ADMS. This includes establishing usepf that ADMS.

authentication controls for the archive, sending data into the 15 16 7 4Follow ITS America Privacy Principles

archive, and helping users retrieve appropriate information. parmanent or temporary storage of data within the systems to

10.16.6.3Provide for User and Customer Feedbaekhe — g,nn0rt the ADUS should preclude the possibility of identify-
usability of the data interfaces and the understandability of thfrang or tracking individual citizens and should follow the ITS

metadata by a broad range of users is an important concefflivacy principles developed by ITS America.
during the maintenance of the ADMS by the Archive Data

2. : e 10.16.7.5Rely Upon Surrogate ldentifiersUnique system-
Administrator. Various customer-oriented feedback processe&eveloped identifiers may be assigned to stored data that do not

should be provided for o find out how users perceive the easgistinguish individuals. Public domain identifiers, such as

and effectiveness in using the ADMS in general, as well 3Bocial Security Nos. and license plate numbers, should not be

particular types of data sources or, or both information con- o .
tained in the ADMS. tagged or cross-linked with the stored data.

10.16.7 Interact with Other Archives and Monitor 10.16.8 Process User Requests for Data and Information

Standards—This guiding principle should help the archive data TS guiding principle focuses on supporting a full cross-
administrator with the exchange and sharing of data angection of stakeholders and users, including potential users of

information as well as the maintaining of a data archive that"€ ADMS. In processing user requests for data and informa-

would facilitate use by a wide range of users. Oftentimes thdion, @ number of specific items need to be considered,
sharing may not be reciprocal in that some archives majncluding the following ones.
receive information from one archive but share more informa- 10.16.8.1Provide for Broad Access to the Data and
tion with a different one. The coordinated sharing of data andnformation—Develop the data archiving system in a way that
information with other archives can support analysis, dat@ermits ordinary users with typical devices available to users to
fusion, and data mining of archived data and informationaccess and analyze the data. To the extent practical, major
across functionally dispersed archives. In coordinating withParts, if not all of the data archives, should be oriented more
other archives and standards, a number of specific items nedeward typical computer users if the archived data and infor-
to be considered, including the following ones. mation is be most effectively retrieved and utilized by the

10.16.7.1Maintain Awareness of the Development and Ap-2gencies that need the data. Automated or on request services
plicability of Other Standards-Monitoring other ITS stan- ought to be available from the archiving system to provide for
dards efforts is crucial because most archived data originate &8sic query mechanisms as well as some typical and frequently
sources not under the direct control of ADUS stakeholderstequested summaries. However, the archived data administra-
Changes in such parallel activites may be able to providdor may want to establisccommunities of userso that
opportunities for the more effective or efficient management ofiPpropriate system security procedures can be established and
an ADMS. followed.

10.16.7.2Temporal and Spatial Standards are Critieal 10.16.8.2Use Widely Available Media=One way to foster
Two key aspects associated with most data generated by ITigtrieval of data and information from an ADMS is to provide
activities is where the data was observed and what period aiccess to and distribution of archived data and information
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through the Internet, CD-ROMSs, or other similar widely 10.16.10.1Recognize Potential Links to Governmental Re-
available media such as DVDs. porting System Data NeedsThe data that reside in the ADMS

10.16.8.3Include Appropriate Metadata with the Responseshould be scrutinized for their potential to be linked to
to the Request for DataAs a standard practice, users request-government reporting systems. This involves a detailed com-
ing data or information should automatically get the appropriParison of the data dictionaries to reconcile basic definitions
ate metadata about their requested data or information, perhapgd valid values. Some data elements will be defined in exactly
similar to the message sets that are used to facilitate arie same way in both systems.
document center-to-center communications. 10.16.10.2Prepare Translation Techniques When

10.16.8.4Process On-Demand Archive RequesThe abil- Appropriate—For data elements that are similar but differ in
ity to process on-demand requests will be important to servingeir details (for example, different sets of valid values),
the needs of infrequent users as well as frequent users wHEnslation schemes oross-walksnay be developed to bridge
have a particular deadline requiring the needed data or infoh® gap between the ADMS and government reporting systems.
mation. In processing on-demand requests, a number of spEXercise care to maintain the integrity of the data in govern-
cific items need to be considered. Potential users of th&€ntreporting systems by limiting the amount of assumptions
archived data should be provided reasonable access to tRgcessary to perform the translation. In fact, ADMS developers
archived data either through enabling them to effectivelyShould make a frank assessment of whether the quality of the
search and summarize appropriate data and information, or tfta in government reporting systems will suffer due to a
the data administrator providing a service to them that respondi@rticular translation scheme. In some cases, this may mean
in a timely manner to their request. forgoing the translation altogether.

10.16.9 Support Analysis of the Archived DataThis is a 10.16.10.3When Feasible, Develop Automated Approaches

guiding principle that helps to provide users with the ability to ?0F R€POrt Updating-Once common data have been defined,

perform activities such as data mining, data fusion, summarid" @utomated process of updating government reporting sys-
ms should be developed.

zations, aggregations, and various types of transformations. &

supporting analysis of the archived data, a number of specific 10.16.11Quality Matters—Approaches to the archiving and

items need to be considered, including the following ones. retrieval of ITS generated data should be concerned with the
10.16.9.1Facilitate Retrieval of Data and Informatien quality of the data z_and information going Into the AD.MS as

Given the potentially very large and extensive nature of the fé:jﬁzetg%s%?emsgﬁﬂsé agglt);seﬁéﬁpdn?;?g metslog tt;:é?(?

data, the archive data administrator should support systems tHAY a by . q Yy manag

responsibility of the archived data administrator that may also

enable and facilitate analysis and summaries of the archive - shared with data providers. For example. the archived data
data. This guide views facilitating the retrieval of archived data P ' bie,

and information from the archive as a core function of theadministrator may be primarily responsible for monitoring,
L : . .~ “evaluating, and reporting incoming data quality, whereas data
ADMS, which includes supporting analysis of the archived g P 9 g g 4

data. That may includéa) developing pre-coded or standard- providers may be primarily responsible for the completeness

) . - i and accuracy of data from field equipment. General principles
ized queriegb) providing for ad hoc queries and data searchesbf effective é/ata management e(rq\cc?urage feedbackp Ioopg on

anc_i (C) structuring data so it IS regdlly available n ways thatconcerns for quality to original sources at the earliest time
typical users may want to review it, such as by time sequencaﬁ|

X ) " . ) ossible. The ADMS and the operation of it need to be part of
or periods, geographic and political boundaries, and functiongho o\erall solution to the total quality management of orga-

class categories. In addition, a user should be able to retrieve,a, 5tions. An effectively working ADMS can help an overall
catalog of the dgta and information that is available, and theBrganization better achieve overall goals for quality. In the
request the desired format and data. past, data quality has not been a large concern for ITS
10.16.9.2Feedback on the Operations of the Detectors andoperators: their applications only required the identification of
Sensors-Use of the ADMS by operating agencies to performmajor traffic problems. In contrast, many archived applications
diagnostic reviews of the reliability and operational availability require much greater resolution in the quality of the data.
of specific detectors and field equipment should be encouragadowever, as operational applications become more sophisti-
with provision for analysis. cated, their quality requirements will increase. Therefore, a
10.16.10Prepare Data for Periodic Government Reporting focus on providing quality data will enhance both archived and
Systems-A major use of ITS-generated data is to supportreal-time applications of the data.
periodic updates to government reporting systems, that is, 10.16.12Funding and Financing Considerations for Ad-
traditional transportation information systems. Governmenininistering an ADMS-AIl this work to provide for an ADMS
reporting systems include those maintained by the U.S. DOT agquires appropriate levels of financing and funding sources.
well as many state and local systems. A few examples at th€his guide does not prescribe any particular institutional
federal level include: HPMS, FARS, National Transit Data-arrangement for financing or funding. However, it does recog-
base, MCMIS, and HMIRS. ADMS developers are referred tonize that issues that may be addressed in managing the archive
a recent report by FHWA for more guidance. In managing arare (a) to what degree should key stakeholders participate
ADMS, a number of specific items related to governmentfinancially in the funding of the operation of the ADMS (tr)
reporting systems should be considered including the followinghould all users participate somehow in the cost arrangements
ones. or (c) should just the organization sponsoring the ADMS bear
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all of the costs. Part of those considerations could also be the 10.16.14 General Activities Outside the Scope of this
marginal costs to the data providers to possibly collect addiGuide—There are a number of considerations that are not
tional data for metadata purposes at the ADMS, but that thegovered by this guide, that while necessary for a functioning
may not need for the actual operations. Each local applicatiofrchiving and retrieval system, are more the province of fairly
of an ADMS will need to evaluate and prioritize among optionsayailable off-the-shelf applications of technology, or are cov-
such as those, as well as concerns of local importancered elsewhere by other ITS related architecture or standards
Agreeing to necessary and sufficient financing and particulagctjvities. Included are items such @ database management

funding arrangements is an essential component of establishingare practices, design and applications é@)aommuni-

an ADMS. L . ) cation protocols for entering data to the archive or retrieving
10.16.13Anticipating Revising the Standard Guiedhere o0 o information from it. While some items are adequately

is a range of considerations covered by this guide that reﬂe(%nd directly covered by the National ITS Architecture, such as

the evolving state-of-the-art and state-of-the-practice. Consi ype of archiving approaches to use, that is, data mart, data
E\ﬂarehouse, virtual data warehouses, some discussion of them

eration will be given to making revisions to this guide in the
foreseeable future. That is because first, it is expected th ke given in this guide in Appendix X2 for ease of reference for

rapidly changing technology may provide better tools, lower d Itis al N d that th il b
costs, and lower other barriers that may lead to the opportunit§'€ "€aders. It is also anticipated that there will be a separate
uide that will be oriented to items such @ applying this

for different approaches to the archiving and retrieval of , e PIYH
ITS-generated data. However, a review of the need for revisioftandard to contracting specifications and desigsimple-

would not be likely until after the first few specifications have mentations and operations using the standard@rzase study
been developed. ASTM International procedures require tha&iimmaries of using the ADUS requirements from the National
an adopted standard be reviewed every five years and subddS Architecture and related standards.

quently reapproved, revised, or withdrawn. ASTM Interna-

tional reserves the right to automatically withdraw a standardl. Keywords

after eight years of inactivity. If in the interim any interested 11.1 archived data; archived data management systems
individual or organization has reason to believe that the tlm%’?DMs); archived data user service (ADUS); data archiving;

has come to seek revision to this guide, they should conta L ) L ) )
either ASTM or the Chair of the Subcommittee on the ArchivedITg gzttzarchlvmg, metadata; retrieving ITS data; warehousing

Data User Service.

APPENDIXES
(Nonmandatory Information)

X1. RELATIONSHIPS TO OTHER ACTIVITIES AND STANDARDS

X1.1 Relationship to the Strategic Plan for the category of ADUS standard, two types of standards would be
Development of ADUS Standards prepared(1) guidelines for processing, storage, and retrieval,

X1.1.1 The document prepared by Cambridge Systematicdnd(2) specifications for data dictionaries. The Strategic Plan
(7) for the Federal Highway Administration (FHWA) antici- @IS0 anticipated the development of a series of project plans
pated that this Guide would become its initial key elementthat would seek specific support for specific time frames.
Such strategic plans have been developed for each standardX1.1.3 The first of the project plans proposed the concurrent
effort associated with the National ITS Architecture. Thatdevelopment of two ADUS related standards, this guide and a
strategic plan creates the framework for the development ofompanion Specification for Archiving Travel Monitoring
standards related to the implementation of the ADUS, includData, the latter to be the first of a series of standard specifi-
ing identifying the general types of standards that are requiredations. The project plan proposal also changed the thrust of
and relationships with other standards. the guidelines component for the different types of archiving to

X1.1.2 The strategic plan serves as the basis for the activbe more general and to cover all types of archiving at the same
ties of ASTM Subcommittee E 17.54. It also recommendedime. Thus, this guide has taken on a broader perspective
that ASTM International and Subcommittee E 17.54 shouldbeyond the archiving of travel monitoring data and is intended
seek the support of the U.S. DOT and the other standard® also be a guide for archiving other sources of ITS-generated
development organizations in accelerating the development afata. The initial work in developing the companiStandard
standards related to ADUS. A series waves of ADUS  Specification for Archiving Travel Monitoring Dataas taken
standards was envisioned in the strategic plan where, for eacih a more particular bent so as to focus just on traffic
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monitoring data and it will be referred to using the temadfic
rather thartravel in the remainder of this guide.

TABLE X1.1 Data Sources for the Archived Data User Service
Listed by Subsystems and Terminators Associated with the
National ITS Architecture

X1.2 Relationship to the Standard Specification for

Subsystems as Data Sources

Terminators as Data Sources

Archiving Traffic Monitoring Data and Other Commercial vehicle administration
Emergency management

Similar Standard Specifications
Emissions management

X1.2.1 As noted above a parallel standards development
process is being done to prepare a Specification for Archivingdpformation serv:jce provider
B H H H H e H aintenance and construction
Traffic Monitoring Data, which will be detailed specification management

Asset management

Intermodal freight depot
Multimodal transportation service
provider

Other data sources

Surface transportation weather
service

for monitoring data of vehicular traffic flows. That type of data parking management
is seen as a subset of a broader class of data related to tResdway
monitoring of travel by people. The latter is more complex andﬂﬁ?f?;';ﬂ;fmm

difficult than the monitoring of vehicular traffic flows. The Transit management

Weather service

specifications for trafic monitoring data are being prepared
first primarily because:

X1.2.1.1 Traffic monitoring data are the most common
source of ITS-generated data currently available.

X1.2.1.2 Traffic monitoring appears to have the widest
range of use in applications.

X1.2.1.3 Invarious user needs and requirements studies, th
potential stakeholder users seem to have a higher degree
interest in traffic monitoring data relative to other sources o
ITS-generated data.

X1.2.2 The strategic plan anticipates that a series of specf
fications will be prepared after the initial one for the archiving
of traffic monitoring data. It is anticipated at this time that
subsequent specifications will be developed for several oth
sources of ITS-generated data. While these specifications wi
probably be developed in the order listed here, subseque
program plans may recommend and result in a somewha
different sequence being followed. Those other sources in
clude:(1) transit(2) incident and safet{3) commercial vehicle
related, as well as other sources such as the phasing of signt
cycles for traffic control systems.

X1.3 Relationship to the National ITS Architecture and Dictionary.

Data Sources

X1.3.1 This guide is intended to build upon and augment
functions developed in the National ITS Architectg) that

X1.3.2.5 Commercial vehicle operations data,

X1.3.2.6 Environment and weather data, and

X1.3.2.7 Vehicle and passenger data.

X1.3.3 Alternatively, such data sources can also be broken
own into many data elements, which should be the data
lements being used in specific data flows from either other
subsystems or terminators, or both. In developing an ADMS,
here may be other data sources and data elements that are
associated with that system that are above and beyond those
identified in the National ITS Architecture. In work done for
amining the needs and requirements for establishing an
DMS for Maryland’s CHART system, WinicK9), adapted

bles of data sources prepared by Margi¢tta That work
entified some main 30 data sources and over 110 data
elements. Table X1.2 presents a portion of one of those tables
for just the freeway and toll collection data categories, where
Qp data elements shown have common names rather than those
used in the National ITS Architecture or other standards, such
as the Standard for Functional Level Traffic Management Data

TABLE X1.2 Example of Potential Data Sources for Archiving
Freeway and Toll Collection Data Types

defines the functionality of an ADMS and that interfaces with TS Data Source

Primary Data Elements

subsystems anterminators Examples of other subsystems
include traffic management, transit management, or parking

Freeway and Toll Collection

management while examples of terminators include intermoddl®eway raffic flow surveillance data and

freight depot, surface transportation weather service, or other
data sources. Terminators represent functions that basicalk/ _
take place outside of the National ITS Architecture but which/*omated traffic recorders
interfaces with one or more subsystems of the National ITSamp meter and traffic signal preemption
Architecture by sharing data or information, or both, with
them. The standards requirements package developed for th
ADUS identifies a list of some sixteen sources of archived
data, which are grouped in Table X1.1 by whether they coméisual and video surveillance data
from other subsystems or from terminators.
X1.3.2 In addition, these data sources provide data that can
be grouped into other categories that were used during the
development of the ADUS:
X1.3.2.1 Freeway and toll collection data,
X1.3.2.2 Arterial and parking management data,
X1.3.2.3 Transit and ridesharing data,

8mp meter and traffic signal cycle lengths

Vehicle counts from electronic toll collection

TMC generated traffic flow metrics (forecasted or
transformed data)

Volume

Speed

Lane occupancy
Origin/destination
Vehicle classification
Vehicle weight

Time of preemption
Preemption duration
Begin time

End time

Cycle length

Specific time

Specific location
Queue length

Vehicle trajectories
Vehicle classification
Vehicle occupancy
Time interval/lane type
Vehicle counts/classes
Pricing in effect

Link congestion indices
Stops/delay estimates

X1.3.2.4 Incident management and safety data,
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X1.4 Relationship to Other ITS Related Standards flows among subsystems and terminators, frameworks identi-

X1.4.1 This guide also draws upon relationships with otheffying interrelationships among data elements, and communi-
ITS Standards; a number of the key ones have alreadgation protocols for interoperable uses of the data have been
undergone initial development. Some of these other standar@nong the important activities associated with the other
have begun processes of refinement and updating to reflegtandards.
circumstances such ad) the dynamic nature of the ITS  X1.4.3 However, other standards have not necessarily dealt
program(2) changing information technologB) changes in  with concerns such as metadata—data about the data—or with
the technologies that underlie ITS activities @) changing  what this guide and the associated material for $tendard
institutional relationships or perceived needs, such as aBpecification for Archiving Traffic Monitoring Datare now
increased emphasis on security as an aftermath of the tragegé/rmmg asdata processing documentatiott is expected that

of September 11, 2001. revisions to the other ITS related standards will begin to

X1.4.2 This guide and the subsequent specifications arg . .oorate or refer to these aspects of the ADUS related

intended to build upon, coordinate with, and interact with the, : . :
on-going development of other ITS related standards. Istandards and these types of concepts in the on-going updating

particular, various definitions of data elements involved in datar}Jlnd refinement of their standards.

X2. HISTORY OF SELECTIVE ARCHIVING

X2.1 Archiving and Retrieval Process Prior to maintenance and control of historic data relieving the TMC
Establishment of the ADUS operating group of that burden. Turner continues his descrip-

X2.1.1 While not very widespread, there have been manyion of experiences with the retrieval component of archiving
examples of the selective archiving of ITS-generated data prio?yStems and notes that in some cases even when ITS-generated
to the establishment of the ADUS in 1999. Turner et(&0) data has been archived, the data or information from the system
present a fairly detailed summary of the state-of-the-practicBave not been widely distributed or analyzed for several

prior to the establishment of the ADUS that gives case studie&@sons, which include the following: _
of ITS-data archiving practices for some sixteen different X2.1.2.1 Proprietary data formats and data storage devices
agencies or locations, or both. Turn@d) also reports that (f_or gxample, magnetic tape cartridges) hinder archived data
implementation and analysis of operations data archives in th@istribution. _ _
U.S. have been somewhat limited as a typical practice, despite X2-1.2.2 Distributing archived data to users sometimes
the fact that several early pioneers have been archiving arlaces an unreasonable burden on operations personnel (if the
analyzing operations data from traffic control sensors andlistribution is not automated). o
detectors for at least twenty years. He cites several examples ofX2-1.2.3 Before the Internet and CD technology arrived in
such early pioneering efforts at archiving ITS-generated data d§€ €arly 1990s, it was difficult to distribute the large quantities
well as some of the applications to which the retrieved data anff data that were typically stored in proprietary data formats
information has been applied. He also identifies several reasof$d data storage devices (for example, magnetic tape car-
why the archiving and analysis of operations data are not mor&idges).
widely implemented, which include the following: . .
X2.1.1.1 Some operating workgroups/agencies are focusgd?-2 Archiving and Retrieval Process After
on crisis management and do not see the utility of anything ~ Establishment of the ADUS
other than real-time data. X2.2.1 During the late 1990s, a series of activities raised the
X2.1.1.2 Operating workgroups/agencies see data archivingwareness of the opportunities and importance of establishing
as the responsibility of planning workgroups/agencies, wh®@r improving the archiving and retrieval of ITS-generated data.
they feel are the primary beneficiary of archived data. Those activities lead to the creation of the ADUS as a new user
X2.1.1.3 Planning workgroups/agencies are typically notservice for the National ITS Architecture, and then to the
involved in the operational data collection, thus they are nosubsequent amendment to the National ITS Architecture that
aware of or are not comfortable with the quality of the data toincluded the definition of an ADMS and its interfaces. The
be archived or the quantities of data that need to be dealt witteffort to develop standards for the ADUS was initiated at about
X2.1.1.4 Data archiving was not considered an essentidhe same time. However, this has resulted in an interim period
component of traffic control and management software during@f heightened awareness of the need for archiving and retrieval
system development. of ITS-generated data but a lack of standards to help guide
X2.1.1.5 There may be data ownership, maintenance, d®rganizations interested in establishing or refining archiving
control issues that cannot be resolved between workgroup&nd retrieval systems.
agencies that collect data and archive data, including concerns o ) )
for security and data privacy. X2.3 Archlv_lng_ and Retrieval Process Prior to
X2.1.2 It is noted that the establishment of an ADMS can Establishing these Standards
address many of these issues. For example, with an ADMS in X2.3.1 During this interim time period, a number of orga-
operation it may be able to take on the responsibility for datanizations throughout the nation have been proceeding to plan,
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design, implement, and operate a new or refined ADMS angackages are identified: ITS Data Mart, ITS Data Warehouse,
interfaces to meet their own purposes and objectives. Generalgnd ITS Virtual Data Warehouse.
speaking, such organizations have relied on a combination of X2.4.2 The similarities and differences among these three
the material prepared fdil) requirements established in the ITS market packages are schematically illustrated in a simpli-
ADUS and(2) an amendment to the National ITS Architecture fied fashion in Fig. X2.1. One emphasis of the National ITS
that can be used as a framework, general guidance, or specifigchitecture is to partition function into subsystems and clearly
direction in establishing or refining an ADMS. identify the information flowing into and out of those sub-
X2.3.2 Forinstance, work performed by Maki et@l2)for ~ systems. The three market packages were offered to represent
the Nevada Department of Transportation for the Freeway andifferent approaches to archiving and retrieval of data, and can
Arterial System of Transportation (FAST) for the Las Vegasbe further modified as needed by deployments. This guide can
area is an example that was funded by a grant from the U.Se used to complement and build upon those market packages
DOT. Maki et. al. followed a needs and requirements procesby being more concerned with the quality of the content of the
and identified components of the system design includ&)g data being stored in the archives and specification of particular
data collection and storagb) archival periodc) data retrieval approaches for metadata and retrieval. The discussion in the
(d) archive database description a(e) the ADUS system theory of operations also uses an analogy to traditional library
components. In the data retrieval activity they used dataystems to help distinguish among the three market packages.
warehousing, data mining, and meta-data concepts and aphe purpose of the ADMS is to provide information to the

proaches. archive users much the same as a library serves the library
users. Using this analogy, differences between the market

X2.4 Archiving Concepts Included in the National ITS packages can be seen as the source of information for the
Architecture archive and where and in what media/format that information

X2.4.1 The theory of operations of the National ITS Archi- is physically kept.
tecture presents a broad level narrative and technical descrip-X2.4.3 ITS Data Mart a National ITS Architecture market
tion of the overall architecture to serve transportation profespackage that houses data collected and owned by a single
sionals involved in ITS planning or implementation, or both.agency, private sector provider, research institution, or other
The theory of operations uses the concept of market packagesganization, typically including data covering a single trans-
to provide an accessible, deployment-oriented perspective foortation mode and jurisdiction collected from an operational
the National ITS Architecture. Market packages collect to-data source; and providing basic data quality, privacy, metadata
gether one or more equipment packages that need to work imanagement, and general query and report access to users.
conjunction with each other to deliver a given transportation X2.4.3.1 An ITS Data Mart is an archiving system that
service. In particular, three archived data management markebllects and archives operational data from one source, such as

Data Warehouse Virtual Data Warehouse
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Note 1—Based on a diagram by Paul Marrero
FIG. X2.1 Similarities and Differences among the Three ITS Market Packages for Data Archiving
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traffic volume, speed, and lane occupancy at detector statioreppears to be no universally best answer as to where to house
along a toll road or at a major bridge or tunnel that may bean ITS data warehouse that serves a particular area. In this
operated by a single purpose authority. It is analogous to earket package, much like the public library, more attention
library whose collection is acquired from a single publisher. Itshould be paid by the librarian to how the information is stored
is anticipated that an ITS Data Mart market package would bé ease access to users to find it, usually on their own, while
used in situations where a particular subsystem or terminatatill protecting the collection by setting up various access
wishes to archive its own operational data, and then make thgermissions.
resulting archived data available to external users or govern- X2.4.5 ITS Virtual Data Warehouseé\ National ITS Archi-
ment reporting systems. This is more like a private library ortecture market package that includes all the features and
special purpose collection that may or may not be open to th&unctionality of a data warehouse, but with enhanced function-
general public at the discretion of the library administrator. ality and interfacing that extends interoperability among physi-
X2.4.4 ITS Data WarehouseA National ITS Architecture cally distributed ITS data sources that are each locally man-
market package that includes all the data collection andged, that is, using remote data access methods over a public
management capabilities provided by a data mart plus emetwork.
hanced functionality and interface definitions following collec- X2.4.5.1 An ITS Virtual Data Warehouse is constructed as
tion and maintenance of data sources from multiple agencigshysically distributed ITS archives that exchange transporta-
and across jurisdictional boundaries such as additional transion related data even though the warehouse is not directly
formations, metadata management, on-line analysis, and dag@sociated with an ITS center. An example might be an
mining. archiving system set-up at a research university that may
X2.4.4.1 An ITS Data Warehouse can be composed oéxchange data with ITS data archives of several traffic man-
physically distributed ITS archives, each locally managedagement centers. An ITS virtual data warehouse is analogous to
exchanged transportation related data. It is analogous to alibrary whose collection is acquired from other libraries or to
library whose collection is acquired from multiple publishers.a central library system that often physically moves items
It is more like a public library that has many collections andavailable in one location to another to serve the needs of a
serves many customers, generally from a specific region goarticular user. Benefits of this market package are that it can
area. Such an ITS Data Warehouse might be administered byadfer more of aone-stop-shoppingxperience for users as well
regional agency, such as a metropolitan planning organizatioas make it more convenient for users to get information in
or by a regional or central office of the state transportationwhich they are interested. In many cases the users may be part
department. There may be some efficiencies of physicallpf a much larger community of interest and not be directly
having the ITS data warehouse at one location, for example, associated with the region of the source archive. The availabil-
regional office of the state transportation department mayty of useful and effective metadata, like a good card catalog
operate 24 h per day, seven days per week. However, thbat adequately describes what is available, becomes even
decision as to the physical location is often more of anmore important to users of such an approach to ITS data
institutional issue rather than a technical issue and therarchiving.
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responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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