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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
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al Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

al Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
task of technical committees is to prepare International Standards. Draft International Standa

y the technical committees are circulated to the member bodies for voting. Publication as
al Standard requires approval by at least 75 % of the member bodies casting.a-vote.

brmally published as an International Standard (“state of the art”, for example), it may decide b
ority vote of its participating members to publish a Technical Report! A Technical Report is enti

in nature and does not have to be reviewed until the datarit,provides are considered to be
 or useful.
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707 was prepared by Technical Committee ISO/EC 204, Intelligent transport systems.
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The publication and assessment of the quality of data that may be used by or exchanged between ITS
systems and centres via integrated networks is vitally important. Without a knowledge of the quality of the data
being exchanged, the usefulness of that data') is severely restricted, and whether it is fit for the intended

pu

rpose can not be established. In the worst case, it could lead to incorrect decisions being m

de due to

wrpng interpretations of the real occurrences upon which the data is based.

All

data that does not have a stated quality should therefore be classed as unqualified and‘should

with appropriate caution.

Knpwledge of the quality of data is relevant to all stages in the communication chain and is

im

the

ac

crgdibility with their customers (rebuilding trust is a very hard task).

Simply stating a measurement of quality associated with a piece of data does not in itself guarant

da

levi

a source meets that quality. However, that is more a question«f,the monitoring and enforcemen

Report.

Th

s Technical Report sets out only a framework forthé publication and assessment of data q

be treated

especially

portant where open systems are in place which have no knowledge of the recipient or ultimate uge to which
data may be put. In particular, data quality is now a key issue for service\providers who need to deliver
turate information to their clients. A high level of quality is needed for(the information services to retain

be that the
of service

el agreements between data suppliers and data consumets and is outside the scope of this| Technical

uality. The

intention is that each type of data-application domain should have its own annex setting out the guality meta-

da

a that are appropriate for their type of data and.application.

1)

Note that the term “data” is used throughout this document to mean the collective for data (plural).
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Intelligent transport systems — Integrated transport
information, management and control — Data quality in ITS
systems
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Scope

s Technical Report specifies a set of standard terminology for defining the quality jof\data being
ween data suppliers and data consumers in the ITS domain. This applies to Traffic and Travel |
rvices and Traffic Management and Control Systems, specifically where open interfaces exis
tems. It may of course be applicable for other types of interfaces, including internal interfacq
Chnical Report is aimed solely at open interfaces between systems.

s Technical Report identifies a set of parameters or meta-data such\as accuracy, precision and
ch can give a measure of the quality of the data exchanged and the overall service on an inte
blity is applicable to interfaces between any data supplier and data consumer, but is vitally im
bn interfaces. It includes the quality of the service as a whole or any component part of the ser
bplying or publishing system can provide. For instance, ‘this may give a measure of the avai

pxchanged
nformation
t between
s, but this

timeliness,
face. Data
portant on
vice that a
ability and

ability of the data service in terms of uptime against downtime and the responsiveness of the service, or it

y give a measure of the precision and accuracy of individual attributes in the published data.

he majority of ITS applications, data is routinelyyexchanged between disparate systems. Where
ng exchanged on a closed circuit between khown senders and recipients, the parties concerng
jerstand the quality of the data being exchanged and any resultant restrictions on its subsequ
recipient. In most cases, this is dealtlwith on a case-by-case basis and all parties to the ag
thange data will understand the quality parameters and restrictions.

wever, transport and travel infarmation is frequently being provided now via interfaces onto ope
use by external users and it 'may not always be known from where this data has originated

poses it is suitable. In these circumstances, a stated quality of the data becomes important and
users to understand the quality parameters so that accurate information can be derived from t

itsglf or in combination ‘with data from other sources.

D

a quality meta~data includes the usual range of parameters normally associated with the meas

quglity such as,accuracy, precision and timeliness of the data. However, there are other import
mgta-data such as ownership of the data. Ownership is important in many applications, and data suppliers
mgy wishto*restrict the usage of their data to certain classes of users. Measures of data quality m
important’ in determining the relative monetary value of data in a commercial situation and so it ig
thdt there is a common understanding of these measures.

his data is
bd need to
bnt use by
eement to

N networks
br for what
it is critical
he data by

Lrement of
ant quality

ay also be
important

It should be noted that, in the context of this Technical Report, data may be taken to be either raw data as
initially collected, or as processed data, both of which may be made available via an interface to data
consumers. The data consumer may be internal or external to the organization which is making the data
available. Additionally, the data may be derived from real time data (e.g. live traffic event data, traffic
measurement data or live camera images) or may be static data which has been derived and validated off-line
(e.g. a location table defining a network). Measurements of data quality are of importance in all such cases.

This report is suitable for application to all open ITS interfaces in the Traffic and Travel Information Services
domain and the Traffic Management and Control Systems domain.

© 1SO 2008 — All rights reserved
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2 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

AE

AP

BC

CA

CM

CP

DL

ED

CcVv

DC

DO

DP

DT

DV

EM

EP

ET

FC

GC

ITS

LR

LT

LV

ME

ML

MS

NP

OR

PC

Mean Absolute Error
Availability Period

Business Rules Coverage

Calculation/Estimation Method

Collection Method

Calgulation Period

Stapdard Deviation Of Data Latency

Errgr Standard Deviation
Crops-Verified

Datp Correctness

Dath Owner

Nurpber of Decimal Places
Datp Type(s) Covered

Data Validity Period

Estimation/Simulation Model Identity

Errgr Probability
Eqyipment Type
Phyisical Coverage
Geggraphic Coverage

Intelligent Transpoft Systems

Locption Referencing Standard Identification

Locption Types

Lochtian \erification Standard

Mean Error

Mean Data Latency
Measurement Source ldentity
Number of Data Points

Data Owner’s Original Reference

Percentage Occurrence Coverage

© 1SO 2008 — All rights reserved
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RL  Reliability

RU  Restricted Use of Data

SF Number of Significant Figures
SG  Service Grade

SL Source of Location Data

Soatial

SS—SpatialBata-Set

TF Mean Time Between Failures (MTBF)
TR  Time Precision

TR  Mean Time To Repair (MTTR)

TS Data Time Stamping Regime

Ul Data Update Interval

UN Data Update Mode

VP Validation Process

3 | General requirements

3.1 What is data quality?

a quality is a slight misnomer since the-“perception of quality” or “measurement of excellence”

really mean here. These terms actually relate to the perception of quality by the data consum
terms used to assess the fitness for purpose of the received data. What we mean in this Technica
thg term “data quality” is a set of meta-data which defines parameters relating to the supplied data
thgt allows data consumers to~make their own assessment as to whether the data is fit for the
application. Different applications require different aspects of data quality and so it is not possible
instance, that a data set witha reporting interval of one minute is of a higher quality than one with
intgrval of 3 min. Onlycthe’ data consumer can make this judgement of “perceived quality” since
based on the needs©f their application (e.g. in terms of timeliness, accuracy, completeness, etc.).

What should a data quality standard define?

s not what
er and are
Report by
or service
r intended
to say, for
B reporting
it must be

From the_previous section it is clear that any standard for data quality should not be trying to define how

a-data are

mgasurements of excellence can be defined, but instead needs to identify what types of met

apprepriate and useful for a data supplier to provide and how this data may be structured and promuilgated.

Different application and data domains within ITS may have very different requirements for data qu

ality meta-

data. It is therefore the intention that this data quality Technical Report specifies only a framework which each
application and data domain can follow for identifying data quality requirements within their respective domain.
Each ITS application and data domain will be required to define its own quality meta-data profile in a specific

annex.

© 1SO 2008 — All rights reserved
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3.3 Data quality meta-data overview

Measurements of data quality are applicable to different levels within the structure of information flows across
an interface.

At the lowest level, data quality meta-data is a measurement of the accuracy, precision or probability of
correctness of any attribute within the data structure exchanged across an interface. For instance, this could
be a measure of the accuracy of a location, a length of a queue or a timestamp, or it could be the probability of
correctness of a severity estimate (selected from an enumerated list).

camera imlage from a road video information system. The data quality meta-data which is applicable(to-th¢
high level [data objects is an assessment of the combined data quality of the individual attributes’that ga
make up the high level data object; for instance, does an accident event really exist or not.

Finally, an assessment of the quality of the data service as a whole or sub-parts of a data service that a
supplier can offer to a data consumer is also an important measure. This is to do with-the availability gnd
reliability df the service as a whole and a definition of how well the data supplier covers, the information in the
live domain.

However, pnother way of classifying quality meta-data parameters is to detepmine whether they relate to the
measurement of the quality of specific instances of data items, or whether’they relate to the measurement of
quality of data items, objects, the whole data service or parts of the whol€ service specified over a time peripd.
The termg “instance data quality” and “generic data quality” are introduced for this purpose and can |be
expressed|as follows.

— Instarice data quality:

Meta-flata which gives a measure of quality for each, specific instance of a data item. Each meta-data
value [is directly linked to an individual instance ofidata which flows across an ITS interface and either
relates to an instance of a high level data object/or to an individual attribute within a data object. This dpta
would| normally be promulgated along with ‘the data itself and would therefore be included in the dpta
mode| or schema of the published data. Eaeh instance of a delivered data item will have its own value|for
these |quality meta-data parameters.

— Genetic data quality:

Meta-flata giving a measure of quality over time of a data service, parts of a data service, its compongnt
high l¢vel data objects or. specific data items within those data objects. Different parts or components gf a
single| data service would normally have different generic meta-data. It does not directly apply| to
indiviqual instances-of data since it is a measure over time. This meta-data can be provided off-line pfior
to any data consumer connecting to the service or sent separately from the data itself. It allows a gre-
assespment ofWwhat can be expected from a service since it is a prediction of quality by the data suppjier
for a gefinedsservice period. Generic data quality meta-data are vitally important since they give a dpta
er a(clear idea of how useful the data might be in their intended application by defining predicted
measyirements of quality such as coverage, availability, veracity, timeliness, etc. They should allow a data
cons i i : i [o]] i i will
need to define generic data quality meta-data for each service since it is likely that each will be different.

Of course these generic measurements of quality could be calculated retrospectively by an historical
analysis of a data service. In fact, this may be how a data supplier derives some of the meta-data and it
may be retrospectively derived in cases of dispute about service level agreements which relate to quality
of data.

Clause 4 defines the different types of quality meta-data which should be considered for inclusion in a
particular domain’s data quality standard annex.

4 © 1SO 2008 — All rights reserved
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Data quality meta-data

Each type of quality meta-data is defined as a data quality object, each with a set of possible quality meta-
data parameters. Data quality objects can be associated with a service as a whole, or with specific parts or
entities within a data publication model and these would normally be delivered/published separately from the
data feed. Also, data quality objects may be associated with specific groups or instances of data and may be

del

ivered alongside the data to which it relates.

Clause 5 gives an indication as to which of these would normally be used as “instance” quality meta-data and

wh

ich would normally be used as “generic” quality meta-data. Of course a system designer can put anything

he
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usion of per-instance quality information where available.

ch application and data domain will need to define which of these quality data objects and |meta-data
ameters are applicable in their specific case.

ch quality meta-data parameter has been assigned a two letter code for optionalfse in interfacing to legacy
tems where bandwidth may be limited.

Service completeness
b service completeness quality object contains meta-data parametets relating to a whole data sefvice which
buld give a clear indication of how complete the coverage is of-thie stated service’s domain. Depending on
type of service, there will be different sorts of completeness meta-data such as geographic bpsed, data
e based, event capture based, etc. For instance, a real titme traffic event service should be ablé to clearly
ntify

the geographical coverage of the service,

the road types on which events are reported,

the types of events which are reported, and

a measure of the percentage of aceurring significant events which would be expected to be repprted.

D

following meta-data parameters are applicable to the service completeness quality object.

Geographic coverage~(GC): A definition of the geographic area covered by the service. THis may be
specified in a variety-of ways such as a spatial area by coordinate sets, by a regular geometric shape
centred on a paint{e.g. a circular area of given radius), as a named area (e.g. a fuzzy area|such as a
town’s industfial area or a well-known tourist area), etc. When using coordinates to define geographic
areas, it is_imiportant to define the coordinate system reference base and its time stamp.

Physicalcoverage (FC): A definition of the physical coverage of the service. For instance, this [might be a
list of-infrastructure items which are monitored by the service, such as lists of roads covered pr types of
sensors on specific roads that are covered.

Percentage occurrence coverage (PC): A measure of the percentage of physical occurrences which the
service is expected to report out of the total actual significant occurrences which occur in the defined
coverage. A significant occurrence is something which meets the stated criteria for detection and
reporting by the data source. A value of 100 % would imply that the service guarantees to report all
significant occurrences in the defined coverage all the time.

Business rules coverage (BC): A textual definition of the coverage in terms of specified business rules
(e.g. a traffic flow service only covering vehicles of length > 5,5 m).

Data type(s) covered (DT): A list of one or more types of data which the service will report. While this
would typically be described by the data model/data format itself, there may also be cases where the
same data model may be used for different data types, thereby justifying this attribute.

© 1SO 2008 — All rights reserved 5
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4.2 Service availability

A data supplier should be able to specify a set of meta-data which defines the availability of the service that a
data consumer can expect (most probably derived from measurements of past performance), and demand if
signed up to a service level agreement that references the service availability meta-data.

The followi

ng meta-data parameters are applicable to the service availability quality object:

— Availability period (AP): The period during which the availability of the service to the specified standard is
defined/guaranteed. This may be by time of day/week/month or other special periods (e.g. 24 h per day

every

— Mean

into operation.

— Mean

The intrins

Availg

NOTE

organization (e.g. Internet links).

4.3 Service grade

consumer
such a se

A data suiplier may wish to grade their data service to providezan overall assessment which may help d

meaning and justification of each grade will need to be defined by each application domain.

As an exd
applicable

pu | £ Ll 1 Lacls ' Ll alial HPD PR Y
ay Ul uic WTTNR, TAUVIUUITY TTIauuliar 1iviiudy JyCriuuo .

time to repair (TR): The mean time to repair (MTTR) the service fault and bring the service’ back

time between failures (TF): The mean time between failures (MTBF) of the service:
¢ availability of the service can be calculated as follows:

bility (intrinsic) = MTBF / (MTBF+MTTR)

Service availability meta-data may explicitly exclude communication problems external to the data suppl

ers

ata

decide the use to which the data may be put. If a<particular ITS application domain wishes to Use

ice grading system then some meaningful scalés of grading must be defined by that domain. 1

mple, a Traffic Monitoring and Control application domain might define a set of service grad
to data services as shown in Table 1,

Table 1 — Service grades applicable to data services

'he

es

Seryice Grade Meaning

Safety criti¢

The_data service is absolutely trustworthy and suitable for use in controlling equipme
al where lives would clearly be put at risk if the service provided erroneous data or fail
(e.g. control of traffic tidal flow systems or traffic access across a railway crossing, etc.)

hts
bd.

The data service is very trustworthy and is suitable for controlling equipments which are

High qualit critical to the operation of the road network.
The data service is generally reliable and is suitable for most control and monitoring
Normal quality operations, but should not be relied upon to control equipment affecting the critigal
T operation of the road network or which control life-threatening situations.
. The data service is only reliable for monitoring applications and should not be used to
Low quality

control equipment.

Special quality

measurement equipment).

The data service can only be regarded as reliable within the bounds of special conditions
defined for the service (e.g. weather conditions may affect the accuracy of certain

Each application domain needs to decide whether such a grading system is useful, and if so, define a set of
grades with explicit meanings and justifications which are specific to the application domain.

© 1SO 2008 — All rights reserved
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4.4 Veracity

The veracity quality object should contain meta-data which allows a data consumer to determine the expected
correctness, truthfulness or error rate in the delivered data. This is applicable to high level data objects and
attributes that are exchanged across an interface. From this metadata the data consumer should be able to
make a judgement as to how reliable he should consider the delivered data to be. Different types of veracity

meta-data may be applicable as follows.

static data (e.g. location table records) this is a measure or assessment of the probabi

Error probability (EP): For a service providing dynamic data (i.e. reflecting real world occurrences) or

lity of high

Th
pu
as
ve
(e.
ah
ha

Ernor probability of a data object should be defined as 1 in 10X, where X is explicitly specified. A de
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erroneous within the bounds of the accuracy and timeliness defined.

s is an important measure for a data consumer to be able to consider. For instance, if a-data
blishing event/situation information for a particular road (either in real time or historicalty); this wo
bessment as to whether events were likely to be erroneous or spurious. Obviously in this case
y dependent on the degree of certainty that the data supplier attaches to the Spurce of their i
j. a service generating accident reports from only a single, non official source’would probably be
igh probability of error). On the other hand, a traffic flow service which is dérived directly from a
5 good error checking and reporting would be rated with a low probability ©of)error.

“X” of infinity could be valid for data items where they are guaranteed to be correct, such as fg
torical data.

[ specific dynamic data attributes within a data object, other measures of correctness may be
fibutes may be expressing subjective or non-physical measurements (i.e. having a value domain
enumerated list or free text) or be representing physical measurements. For these the follow
ta-data may be applicable [the first two are “statistical measures relating normally t
asurements and are illustrated in Figure 1 (which*assumes a normal distribution of errors)].

Error standard deviation (ED). The expected standard deviation of the errors between repor
and the true values. This gives a measure of how far out a reported value is likely to be frg
value after taking into account anyoffset specified by the mean error (see following meta-data

Mean error (ME): The expected mean of the errors between reported values and the true valug
measure of whether the reported values are likely to be above or below the true values.

Mean absolute error((AE): The expected arithmetic mean of the non-signed errors.

Data correctness)(DC): The probability of the data value being correct (within the bounds of
accuracy).

Reliability) (RL): An indicator of “reliable” or “unreliable” subjectively determined by the data su
thisccould be derived from a sensor’s fault monitoring system).

rvice being

supplier is
uld be their
t would be
hformation
rated with
oop which

fault value
r validated

specified.
defined by
ing quality
b physical

ted values
m the true
barameter).

s, giving a

any stated

pplier (e.g.

Cross-verified (CV): A verification flag indicating whether the data value has been cross verifie

H from one

or more additional sources.

It is up to the data consumer to decide whether to trust the reliability information provided by the data supplier.

For static type data which has been verified off-line (such as a static location referencing table), the following
measure of veracity might be applicable.

Validation process (VP): A reference to a formal validation process which is applicable to that type of

static data.
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Cc C
-X +X
Key
1 distribdition of errors between reported values and true values
Y  true vdlues (zero errors)
-X —ve erfor
+X +ve erfor
a Mean érror.
b Mean §f errors.
¢ Error gtandard deviation.
Figure 1 — Error deviation and mean
The precigion quality objéct is applicable only to attributes exchanged across an interface which expresg a
easurement.(ie. having a value domain which represents a physical measurement).

The applichble quality meta-data parameters are as follows.

t-of significant figures (SF): The number of significant figures to which the data is provided in the

specif

Numb
specif

1ea units.

er of decimal places (DP): The number of decimal places to which the data is provided in the
ied units.

Time precision (TP): In the case of a measurement of time, it should be indicated whether the data is

provid

ed to the nearest second, minute or hour.
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4.6 Timeliness

The timeliness data quality object should contain a set of meta-data parameters relating to the timeliness of
high level data objects that are delivered as part of a data service. Each type of high level data object within a
data service may have its own specific set of timeliness meta-data which needs to be specified. Timeliness
meta-data comprises the following.

— Mean data latency (ML): This is the mean delay encountered between the capture of the incoming/live
data and the output of the related occurrence/information to a data consumer. It is an important piece of
quality information which provides a measure of the predicted staleness of high level data objects that are

o noraar—Rata laoton g baowld B H AW 178 laotanacvnarrad that aan

o UuUlTourtivrl. wauwda ICH.UII\Jy QTTUUU O'JUUII_}' uaure IClI.UIIUy PUII\J\.‘ uaral VI” not be

exceeded for instances of the high level data object which are exchanged as part of the data‘sgrvice.

raad aaHabl + o da
Taucavanavic™ o are Jda

—| Standard deviation of data latency (DL): This is the standard deviation of the delay encountergd between
the capture of the incoming/live data and the output of the related occurrencefinformation|to a data
consumer.

—| Data update mode (UM): A data service needs to specify the regime for, providing updates {o the high
level data objects which are published as part of the data service. The meta-data should state one or
more of the following:

1) on occurrence (updates are made available to data consumers;as and when they occur);
2) periodic (updates are made at regular intervals);

3) snapshot/on request (latest snapshot of data objects are provided when requested py a data
consumer).

NQTE The on occurrence and periodic regimes are dependent on a subscription type service being availdble.

—| Data update interval (Ul): If periodic update mode is specified then the update interval shoyld also be
specified.

—| Data time stamping regime (TS): All instances of data objects should be time stamped with the time of
capture or collection. This might be the time at which the raw data was collected by the sensqr, the time
the supplier system received the data or the time of computation if generated from many sourges or over
a period of time. Meta-data)should be specified which defines what time stamping is applied fo the data
objects and how it relates)to the collection or computation of the data object’s content.

—| Data validity periedADV). Data objects may also be specified to have a validity period, afterf which the
data objects can’be considered to be no longer valid. Alternatively, data objects can be specified only to
be snap shotsvof the real events/information, and as such can only be regarded as valid at the time of
capture specified by the associated time stamp. For each type of high level data object, the expected data
validityperiod is a useful piece of quality meta-data.

4.7 ~ Location measurement

The location measurement quality object contains meta-data parameters relating to the referencing system
used for locating the high level data objects. The applicable meta-data will be different depending on whether
the location referencing uses on-the-fly referencing or static table referencing.

— Location verification standard (LV): This is the standard against which the spatial data set used for
referencing locations has been checked (e.g. reference to the Alert-C Forum validation tool). This is not
applicable for on-the-fly location referencing systems.

— Source of location information (SL): ldentification of where the location information has been obtained
from (e.g. road authority, police, civilian, national mapping agency, etc.).
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The accuracy/precision of coordinate sets in a static location referencing table is a quality measure of the
downloaded static table, while for on-the-fly location referencing accuracy should be given in the precision
data quality object associated with the coordinate attributes.

For completeness, the following meta-data parameters have also been included here, although strictly
speaking, these parameters actually define the location referencing format rather than specific data quality
and may be included as part of the service description (e.g. as part of a directory of services entry). However,
some may wish to classify them as data quality meta-data parameters.

— Location referencing standard identification (LR): ldentification of the location referencing standard used
includjng any version and date (e.g. Alert-C, TPEG-| oc, AGORA-C)

— Spatigl data set (SS): Identification, version and date of the spatial data set used, for example the.idenitity
of an Alert-C national data table.

— Locatfon types (LT): This identifies the type of locations which will be used to locate data-objects. The
meta-flata should state one or more of the following:

1) ppint;
2) limear (including itineraries/routes);

3) afea (including named and geospatial definitions).

4.8 Mejasurement source

The measpirement source quality object should identify how the data that is contained in the high level data
objects is ¢ollected or measured. The meta-data may include thedfollowing.

— Collegtion method (CM): This can be one of four categories:

1) Manual: the data is provided by manual observation (e.g. manual survey, reporting or observatior) of
CTV etc.);

alculated: the data provided.is-Calculated from one or more raw data sources that may have bgen

G

2) HRaw: the data is provided as collected)from a sensor, no post-processing has been conducted;
G
collected locally or by external.systems (which can be named by the Information Publisher);

4) Estimated: the data provided is estimated from a mathematical model or simulation (which can|be
named by the informatien publisher.

— Measlirement sourcCe-identity (MS): The identity of the source of the raw, calculated or estimated dpta
may bie provided.

— Equipment type (ET): Identification of the type of equipment used to collect the raw data may be provided
(e.g. lpop,"CCTV, automated weather station, etc.).

— Estimation/simulation model identity (EM): Where the collection method is estimated via a mathematical
model or simulation, the identity of the model may be provided.

— Calculation/estimation method (CA): Where the collection method is calculated or estimated, the type of
calculation or estimation method (e.g. arithmetic average over period or alpha-beta predictive filter) may
be provided.

— Number of data points (NP): Where the collection method is calculated or estimated, the number of data
points used may be provided.

— Calculation period (CP): Where the collection method is calculated or estimated, the period over which
the values are determined may be provided.
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