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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
established has the right to be represented on that committee. International organizations, governmental and
non-governmental, in liaison with ISO_ also take part in the wark ISO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Fart 2.

The main task of technical committees is to prepare International Standards. Draft Internationpl Standards
adopjed by the technical committees are circulated to the member bodies fer<voting. Publigation as an
Interpational Standard requires approval by at least 75 % of the member bodies-casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 19114 was prepared by Technical Committee ISO/TC 211, Geographic information/Geomatigs.
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Introduction

For the purpose of evaluating the quality of a dataset, clearly defined procedures must be used in a consistent
manner. This enables data producers to express how well their product meets the criteria set forth in its
product specification and enables data users to establish the extent to which a dataset meets their
requirements. The quality of a dataset is described using two components: a quantitative component and a
non-quantitati jecti i i i i ideli Jation
procedures ¢f quantitative quality information for geographic data in accordance with the quality pringiples
described in |SO 19113. It also offers guidance on reporting quality information.

This Internafional Standard recognizes that a data producer and a data user may view data quality| from
different pergpectives. Conformance quality levels can be set using the data producer’s product specifigation
or a data uspr’s data quality requirements. If the data user requires more data quality jinformation tha:I: that
provided by the data producer, the data user may follow the data producer’s data quality evaluation prgcess
flow to get the additional information. In this case, the data user requirementscare’ treated as a prpduct
specification [for the purpose of using the data producer process flow.

The quality gvaluation procedures described in this International Standard;~when applied in accordancg with
ISO 19113, provide a consistent and standard manner to determine and report the quality information in a
dataset.

vi © ISO 2003 — All rights reserved
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Geographic information — Quality evaluation procedures

1 Scope

This |nternational Standard provides a framework of procedures for determining and evaluating’quality that is
applicable to digital geographic datasets, consistent with the data quality principles defined)in ISO 19113. It
also pstablishes a framework for evaluating and reporting data quality results, either as part of data quality
metafata only, or also as a quality evaluation report.

This [nternational Standard is applicable to data producers when providing quality information on how well a
dataget conforms to the product specification, and to data users attempting. to Jdetermine whether or not the
dataget contains data of sufficient quality to be fit for use in their particular applications.

Although this International Standard is applicable to all types of digital geographic data, its pringiples can be
exterjded to many other forms of geographic data such as maps, charts and textual documents.

2 Conformance
This |nternational Standard defines three classes of conformance: one for quality evaluation progedures, one

for eyaluating data quality, and one for reporting,:quality information. The abstract test suites [for the three
classges of conformance are given in Annex A.

3 Normative references
The [following referenced documeénts are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated references, the latest edition of the¢ referenced
document (including any amendments) applies.

ISO 19113:2002, Geographic information — Quality principles

ISO 19115:2003, Geographic information — Metadata

4 Terms and definitions

For the purposes of this document, the terms and definitions given in TSO 19113 and TSO 19115 (some of
which are repeated for convenience) and the following apply.

41

conformance quality level

threshold value or set of threshold values for data quality results used to determine how well a dataset meets
the criteria set forth in its product specification or user requirements

4.2
dataset
identifiable collection of data

[1SO 19115]

© 1SO 2003 — Al rights reserved 1
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NOTE

A dataset may be a smaller grouping of data which, though limited by some constraint such as spatial extent

or feature type, is located physically within a larger dataset. For purposes of data quality evaluation, a dataset may be as
small as a single feature or feature attribute contained within a larger dataset.

4.3

dataset series
collection of datasets sharing the same product specification

[1SO 19115]

4.4

direct evaluation method

method of eV

4.5
full inspecti
inspection off

NOTE Fd
4.6
indirect eva

method of eV
NOTE E
4.7

item

that which c4

[1SO 2859-1]

NOTE
of these.

4.8
population
totality of iter
[ISO 3534-2]
EXAMPLE 1
EXAMPLE 2

4.9

aluating the quality of a dataset based on inspection of the items within the dataset

bn

every item in a dataset

Il inspection is also known as 100 % inspection.
uation method

aluating the quality of a dataset based on external knowledge

amples of external knowledge are dataset lineage, such as production method or source data.

n be individually described or considered

An item can be any part of a dataset, such _as‘a feature, feature relationship, feature attribute, or combi

ns under consideration

All points inadataset.

Names‘of)all roads in a certain geographic area.

reference dqta

hation

data accepted as representing the universe of discourse, 10 be used as reference for direct external quality

evaluation m

ethods

5 Abbreviated terms

ADQR
AQL

RMSE

aggregated data quality results
acceptance quality limit [ISO 3534-2]

root mean square error
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6 Process for evaluating data quality

6.1 General

A quality evaluation process may be used in different phases of a product life cycle, having different objectives
in each phase. The phases of the life cycle considered here are specification, production, delivery, use and
update. Annex B describes some specific dataset-related operations to which quality evaluation procedures
are applicable.

The process for evaluating data quality is a sequence of steps to produce and report a data quality result. A
quality evaluation process consists of the application of quality evaluation procedures to specific dataset-
related operations performed by the dataset producer and the dataset user.

Proc¢sses for evaluating data quality are applicable to static datasets and to dynamic)datas¢ts. Dynamic
datagets are datasets that receive updates so frequently that for all practical purposesithey are|continuously
changing. Annex C describes the application of the process to evaluate data quality to dynamic datasets.

6.2 | Components of the process

6.2.1| Process flow

The quality evaluation process is a sequence of steps taken to produce a quality evaluation regult. Figure 1
illustriates the process flow for evaluating and reporting data quality results.

Dataset as Product specification

specified by or user requirements
the scope

Step 1

Identify an applicable data quality
L— element, data quality sub-element,
and data quality scope

Step 2

Identify a data quality measure

Step 3 Confgrmance
quality level
Select and apply a data quality

evaluation method

Qtpp 4 4

Determine the data quality result| Step 5

L ________ Determine conformance
Report data quality Report data quality
result (quantitative) result (pass/fail)
4

Figure 1 — Evaluating and reporting data quality results
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6.2.2 Process steps

Table 1 specifies the process steps.

Table 1 — Process steps

Process Action Description
step

1 Identify an applicable data quality | The data quality element, data quality sub-element, and data quality

element, data quality sub-element, |scope to be tested is identified in accordance with the requirements
and data quality scope of ISO 19113. This is repeated for as many different tests as required
by-the-preduct-spesificationerusertegirerents:

2 Identify a data quality measure A data quality measure, data quality value type and, if applicable} a
data quality value unit is identified for each test to be performed.
Annex D provides examples of data quality measures for the data
quality elements and data quality sub-elements given in*ISO 191/13.
Annex D, by these examples, provides assistance 'tg the user in
selection of a measure.

3 Select and apply a data quality A data quality evaluation method for each identified data quality

evaluation method measure is selected.
NOTE A spatial description of the results (achievable by spatial
interpolation of the results, graphical portrayal, etc.) might be useful,
corresponding not to a result, but ta"a\different, although related, dataset

4 Determine the data quality result A quantitative data quality result, a data quality value or set of dgta
quality values, a data quality- value unit and a date are the outpuf of
applying the method.

5 Determine conformance Whenever a conformance quality level has been specified in the
product specification or user requirements, the data quality resulf is
compared withiit to determine conformance. A conformance datg
quality result{(pass-fail) is the comparison of the quantitative data
quality result with a conformance quality level.

7 Data quality evaluation methods

7.1 Classffication of data qualityevaluation methods

A data quality evaluation procedure, is accomplished through the application of one or more data quality
evaluation methods. Data quality-evaluation methods are divided into two main classes: direct and indirect.
Direct methgds determine dataquality through the comparison of the data with internal and/or exfernal
reference infprmation. Indiréct methods infer or estimate data quality using information on the data, sugh as
lineage. The|direct evaluation methods are further subclassified by the source of the information needed to

perform the gvaluation-Figure 2 depicts this classification structure.

Quality evaluation methods

l

l

method

Direct evaluation Indirect evaluation

method

!

l

Internal

External

Figure 2 — Classification of data quality evaluation methods (informative)
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7.2 Direct evaluation methods

7.21

Types of direct evaluation methods

The direct evaluation method is further subdivided into internal and external. All the data needed to perform an
internal direct data quality evaluation method are internal to the dataset being evaluated.

EXAMPLE 1

closure resides in a topologically structured dataset.

External direct quality evaluation requires reference data external to the dataset being tested.

EXAN
inforn

EXAN

7.2.2

For b
and f

Data
the fd

a)

b)

All the data necessary to perform a logical consistency test for topological consistency of boundary

!

!

!

q

!

q

!

[

ation source of road names.

PLE 3 A positional accuracy test requires a reference dataset or a new survey.

Means of accomplishing direct evaluation

oth external and internal evaluation methods, there are two considerations, automated or ng
LIl inspection or sampling.

quality elements and data quality sub-elements which are easily checked by automated m
llowing:

bgical consistency: format consistency;

EXAMPLE  Check data fields for positive entry.

bgical consistency: topological consistency;

EXAMPLE  Polygon closure.

bgical consistency: domain consistency;

FXAMPLE  Bounds violations/Specified domain value violations.
ompleteness: omission;

EXAMPLE  Comparison check of street names from another file.
ompleteness:commission;

EXAMPEE> "Comparison check of street names from another file.

emporal accuracy: temporal consistency.

PLE 2 The data needed to perform a completeness test for the road names in a dataset rel}uires another

n-automated

eans include

EXAMPLE Check all records for appropriate range of dates.

7.2.3 Full inspection

Full inspection requires testing every item in the population specified by the data quality scope. Table 2
describes the procedure for full inspection that shall be used.

© 1SO 2003 — Al rights reserved
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Table 2 — Procedure for full inspection

Procedure step Description
Define items An item is a minimum unit to be inspected. An item can be a feature, a
feature attribute or a feature relationship.
Inspect items in the data quality scope Inspect every item it the data quality scope.
NOTE Full inspection is most appropriate for small populations or for tests that can be accomplished by automated
means.

7.24 Sampling

Sampling requires testing sufficient items in the population in order to achieve a data quality reésult. Table 3
describes thg¢ sampling procedure that shall be used.

Table 3 — Sampling procedure

Procedure step Description

Define a sampling method Examples of sampling methods are giveh in Annex E. Those mefhods
include simple random sampling,-stfatified sampling (e.g. guiddd by
feature type, a feature relationship*or an area), multistage sampling and
non-random sampling.

Define items An item is a minimum unit to-be inspected. An item can be a featyre, a
feature attribute or a feature relationship.

Divide data qyality scope (population) into lots | A lot is a collection\of items in the data quality scope from whjch a
sample is drawncand inspected. Each lot should, as far as posgible,
consist of items\produced under the same conditions and at the fame

time.
Divide lots to sampling units Sampling unit is the area of the lot where inspection is conducted.
Define the sampling ratio or sample size A sampling ratio gives information on how many items on averagg are

extracted for inspection from each lot.

Select sampling units Select required number of sampling units so that the sampling rafio or
sample size for items is fulfilled.

Inspect items|in the sampling units Inspect every item in the sampling units.

The sampling procedure shall’be reported in accordance with Clause 8.

The 1SO 2859 seriessand 1SO 3951-1 may be applied to sampling for evaluating conformance to a prpduct
specification| These standards were originally developed for non-spatial use. Annex E of this Internalional
Standard giyes”'examples describing how to apply the ISO 2859 series and ISO 3951-1 and prat/ides
guidelines onp_how to define samples and devise sampling methods, taking the geographic nature of thg data
into account.

The reliability of the data quality result should be analysed when using sampling, especially when using small
sample sizes and methods other than simple random sampling.

7.3 Indirect evaluation method

The indirect evaluation method is a method of evaluating the quality of a dataset based on external knowledge.
This external knowledge may include, but is not limited to, data quality overview elements and other quality
reports on the dataset or data used to produce the dataset.

NOTE 1 This method is recommended only if direct evaluation methods cannot be used.

6 © 1SO 2003 — Al rights reserved
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NOTE 2  Usage information records uses of a dataset. This is helpful when searching for datasets that have been
produced or used for specific purposes.

NOTE 3  Lineage information records information about the production and history of the dataset. It includes information
about, for example, source materials to produce a dataset or the production processes applied. This is useful when
determining the suitability of a dataset for a given use. An example is lineage metadata relating to a digital terrain model
file that has been created by means of stereo-correlation from images captured under certain conditions. Experience tells
the evaluator that the horizontal positional RMSE is 10 m for this type of imagery. Or, for example, lineage metadata of a
digitized 1:25 000 scale topographic map indicates conformance to a town planner’s requirements for a base map.

NOTE 4  Purpose information describes the purpose for which the dataset was produced. A purpose may be in support
of a specific requirement, or the dataset may be a general purpose dataset for several uses. This is useful when

'd t' H dla H 1 £ ol N
laentfymgtnepossiore-varae ora aataset:

7.4 | Data quality evaluation examples

Exanpples of typical methods used and how they may be applied are described in Annexes F, G gnd H.

8 Reporting data quality evaluation information

8.1 [Reporting as metadata

Quantitative quality results shall be reported as metadata in compliance with 1ISO 19115, which| contains the
related model and data dictionary.

8.2 | Reporting in a quality evaluation report

Ther¢ are two conditions under which a quality evaldation report shall be produced:
a) When data quality results reported as metadata are only reported as pass/fail;
b) Wwhen aggregated data quality results are generated.

The feport is required in the latter.condition to explain how aggregation was done and how to|interpret the
meaning of the aggregate resulti However, a quality evaluation report may be created at any other time (such
as to| provide more detail than\reported as metadata) but a quality evaluation report cannot be used in lieu of

repofting as metadata.

A quaglity evaluation_report shall be produced in compliance with Annex | which contains the reJevant model
and data dictionary;

8.3 | Reporting aggregated data quality result

When several quality results are aggregated into a single quality result for reportlng the quahty of a dataset,
g data quality
report. The data quality result shaII be reported as type “aggregate”. Annex J descrlbes the productlon of
aggregate data quality results and Annex H provides a production example.

© 1SO 2003 — Al rights reserved 7
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Annex A
(normative)

Abstract test suites

A.1 Introduction

This annex

quality

evaluati

reporting

Any quality
requirementg
Standard sh
this Internati

!

fines three classes of conformance
aluation procedure (A.2),
g data quality (A.3), and

data quality (A.4).

pvaluation procedures claiming conformance with this International Standard shall pass

Il pass all the requirements given in A.3. Any report of data quality claiming conformancs
nal Standard shall pass all the requirements given in A.4.

of the test cases are of test type “basic”.

y evaluation procedures
suite for class 1 shall be as follows.

rpose: to assure the quality evaluation~ procedure was produced in accordance with
bnal Standard.

hod: pass all the requirements described in A.3 and A.4.

ce: A.3 and A4.

fating data quality
suite for class)2'shall be as follows.

pose: tofassure the quality evaluation procedure was produced in accordance with the g
n process in Clause 6.

hod: compare the quality evaluation procedure with the quality evaluation as appropriate.

Il the
given in A.2. Any evaluation of data quality claiming conformance with this Intern;ional

with

this

uality

ce: ISO 19114:2003, Clause 6.

rting data quality

suite for class 3 shall be as follows.

Test purpose: to assure data quality has been reported in accordance with Clause 8.

reported in accordance with Clause 8 and applicable annexes.

NOTE Al
A.2 Quali
Abstract test
a) Test pu
Internati
b) Testme)
c) Referen
A.3 Evalu
Abstract test
a) Test pu
evaluati
b) Testme|
c) Referen
A.4 Repo
Abstract test
a)
b)
c) Referen
8

ce: 1ISO 19114:2003, Clause 8.

Test method: compare the quality evaluation reported to assure data quality results were appropriately
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Annex B
(informative)

Uses of quality evaluation procedures

Introduction

Qual
exan

B.2

2ssq

spec
evall

B.3

At th
not g
appli
metal
quali

B.4

On g
resul
datas
be re|

The
then
to be

ty evaluation procedures may be used in different phases of a product life cycle. This.an
ples of stages of a product's life cycle during which quality evaluation procedures maybe-ag

Development of a product specification or user requirements
developing a product specification or user requirement, quality evaluation procedures mg

fication or user requirement should include conformance quality-levels for the datasetf
ation procedures to be applied during production and updating.

Quality control during dataset creation

b production stage, the producer may apply quality*evaluation procedures, either explicitly €
ontained in the product specification, as part ofithe process of quality control. The desc

data including, but not necessarily limited-to, the quality evaluation procedures applied,
y levels established and the results.

Inspection for conformance to a product specification

ompletion of the production;y a quality evaluation process is used to produce and report

et passes inspection-(composed of a set of quality evaluation procedures), the dataset is ¢
ady for use. The results of the inspection operation should be reported in accordance with C

pfter the data have been corrected, a new inspection will be required before the product ca
in conformance with the product specification.

in establishing conformance quality levels that should be met\by the final producj.

hex provides
plied.

y be used to
A product
and quality

stablished or
Fiption of the

pd quality evaluation procedures, when used fefproduction quality control, should be reportgd as lineage

conformance

data quality

s. These results may be used to determine whether a dataset conforms to its product specification. If the

onsidered to
ause 8.

butcome of the inspection will be either acceptance or rejection of the dataset. If the datasgt is rejected,

N be deemed

B.5

e B —— . |

Quality evaluation procedures are used to establish the conformance quality levels for a dataset to meet a
user requirement. Indirect as well as direct methods may be used in analyses of dataset conformance to user
requirements. The results of the quality evaluation for conformance to user requirements may be reported as
usage metadata for the dataset.

B.6

Quality control during dataset update

Quality evaluation procedures are applied to dataset update operations, both to the items being used for
update and to benchmark the quality of the dataset after update has occurred. Guidance for the use of
ISO 19113 and this International Standard on dynamic datasets is given in Annex C.
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Annex C
(informative)

Applying quality evaluation procedures to dynamic datasets

C.1 Introduction

This annex d
datasets are
continuously
There are b
continuous.

C.2 Deter

C.2.1 Bend

The benchm
monthly) and
dataset. This

C.2.2 Confinuous procedure

The continud
equivalent tq
process-orie

procedures ¢

C.3 Establishing continuous)quality evaluation procedures

C.3.1 Ident

In accordang
quality sub-e
the evaluatio

escribes how quality evaluation procedures may be applied to dynamic datasets. Here.dys
defined as datasets that receive updates so frequently that, for all practical purposes; the
being updated. For example, an online cadastre dataset may receive updates every.few mir
hsically two ways to determine and report the quality of a dynamic dataset: ;behchmark

mining and reporting the quality of a dynamic dataset

hmark procedure
ark procedure is based on the establishment of a suitablereporting frequency (e.g. weekly

making a copy of the dataset at the reporting date. Thenthe copy is tested as if it were a
type of testing and reporting will provide the quality ofthe dataset as of the date/time of the

us procedure is based on testing the updates and evaluating the impact of the updates. T
embedding the quality evaluation procedures given in this International Standard in

s described in C.3 in order to establish the quality of the updated database.

ify the parts

e with the.steps given in 6.2, identify applicable data quality elements and their associated
lements;data quality scopes, data quality measure, and conformance quality levels to be us
h andireporting of the results.

amic
y are
utes.

and

or tri-
static

copy.

his is
o an

nted procedure (e.g. that given in 1ISQ-9001). Since this procedure only can provide the cdirrent
status of the quality of the updated items, it_is necessary to combine both benchmark and contir

uous

data
ed in

C.3.2 Sele

L

N
7

Select the data quality evaluation method to be applied. Then the evaluation will be on the updated feature
and the relationship of that feature with the others within the data quality scope. In continuous quality
evaluation procedures, only indirect or internal direct methods may be applied.

EXAMPLES
a)
b) Does the
c) Does the

10

Is the update from a trusted source?

update preserve topological consistency?

address of the feature updated retain logical consistency?

© 1SO 2003 — Al rights reserved
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C.3.3 Establish a dataset quality reference

Use the benchmark procedure to establish reference values for the quality of the dataset for the features and
feature attributes within scope to be checked during the continuous testing.

C.3.4 Integrate continuous tests into update process

Integrate the continuous tests into the update process flow so that each proposed update is tested and
accepted before it is introduced into the dataset.

C.3.5 Dynamically update data quality results

By integrating the continuous tests into the update process flow, each accepted update causep the current
qualify results to be adjusted accordingly. This will allow for immediate reports on dataset fjuality to be
genefated.

C.4 |Periodically re-establish the reference quality of the dataset

All agpects of the quality of a dataset may not be tested through a contihuous process-based operation. For
examn)ple, omission of features may not be found when only updateddtems are tested. The dataget should be
subjgct to periodic benchmark-type quality procedures.

© 1SO 2003 — Al rights reserved 11
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Annex D
(informative)

Examples of data quality measures

D.1 Introduction

This annex [provides simple examples of data quality measures for each data quality element/and its
associated dub-elements, defined in 1ISO 19113, to demonstrate how the data quality components felate
during an evpluation operation. More detailed examples may be found in other annexes of this'International
Standard.

For each data quality element and sub-element combination, an example data quality scepe is given together
with example dataset parameters. Then three data quality measures are shown, each designg¢d to
demonstrate|a different way to evaluate quality. The examples are as complete.as)possible; a data quality
date and corfformance quality level are given. Finally, an interpretation of the data _quality result is given gs an
example of the quality result meaning.

While the edamples given in this annex are simple, it may be desirable to"refer to them in profiles or |other

documents. Therefore, this annex has a data quality measure identification code which relates the example to
the data quality element and data quality sub-element.

D.2 Relationship of the data quality components

Table D.1 giyes the relationship of the data quality components.

In order to pave space, each data quality component has been given a short name that will be |used
throughout this annex.

12 © 1SO 2003 — Al rights reserved
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Table D.1 — Relationship of data quality components

ISO 19114:2003(E)

Data quality components Short name? Component domain Example
Data quality scope DQ_Scope Free text All items classified as houses
Data quality element DQ_Element Enumerated domain 1 — Completeness

1 — completeness

2 — logical consistency
3 — positional accuracy
4 — temporal accuracy

5 — thematic accuracy

data quality element
describing the presence or
absence of features, their
attributes and their
relationships

Data quality subelement

DQ_Subelement

Enumerated domain

1 — Commission

(pependacent uport datda quality

EXCESS data imthe dataset

method type

element)
EXAMPLE
Data quality measure DQ_Measure
Data quality measure DQ_MeasureDesc Free text Existence of ejcess items
description
Data quality measure DQ_MeasurelD Enumerated domain 10101
identification code
Data quality evaluation method | DQ_EvalMethod
Data quality evaluation DQ_EvalMethodType Enumerated. domain 2 — external

1 —internal (direct)
2 — external (direct)
3 — indirect

Data quality evaluation
method description

DQ_EvalMethodDesc

Free text or citation (depends
on data quality evaluation
method type)

Compare counf of items in
dataset againsf count of items
in universe of discourse

Data quality result

DQ_QualityResulf

Data quality value type

DQ_ValueType

Enumerated domain
1 — Boolean variable

2 — number

3 —ratio

4 — percentage
5 — sample

6 — table

7 — binary image
8 — matrix

9 — citation (ISO 19115)
10 — free text
11 — other

1 — Boolean vgriable

Data‘quality value

DQ_Value

Record (ISO 11404)
(Depends on data quality
value type )

True

Data quality value unit

DQ_ValueUnit

(Depends on data quality
value)

Not applicable

Data quality date

DQ_Date

1ISO 8601:1988

2000-03-05

Conformance quality level

DQ_ConformanceLevel

value or set of values

Zero difference between
dataset and universe of
discourse counts

@  Short name is for use within this annex.

© 1SO 2003 — Al rights reserved
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D.3 Examples of data quality completeness measures

Completeness is the presence or absence of features, their attributes and their relationships. It has the

following sub-elements:

commission: excess data in a dataset;

omission: data absent from a dataset.

Table D.2 provides some examples for the sub-elements.

Table D.2 — Examples of data quality completeness measures

Data quality component

Example 1

Example 2

Example-3

DQ_Scope All items classified as houses | All items classified as houses | All items classified as hdquses
in the dataset. and bounded by longitudes and inthe.town of Augusta,
—-83,1 -83,3 and latitudes Georgia/ U.S.A.
+38,3 +38,4.
DQ_Element 1 — Completeness 1 — Completeness 7 — Completeness

| DQ_Subeldment

1 — Commission

1 — Commission

1 — Commission

| DQ_Mdasure

DQ| MeasureDesc Pass-Fail Number of commi§sions Percentage of commissipns
DQJ] MeasurelD 10101 10102 10103
DQ] EvalMethod

DQ_EvalMethodType 2 — External 2 <~External 2 — External

DQ_EvalMethodDesc

Compare count of items in
dataset against count of items
in universe of discourse.

Compare count of items in

dataset against count of items

in universe of discourse.

Divide count of excess items
in dataset by count of itgms in
universe of discourse; then
multiply by 100.

DQJ QualityResult

DQ_ValueType 1 — Booleanyvariable 2 — Number 4 — Percentage

DQ_Value False 10 10

DQ_ValueUnit NA Houses Percent
DQ_Date 2000-03-05 2000-03-06 2000-03-04

DQ_ConformancelLevel

Zero commissions in dataset.

Less than 9 commissions in
dataset.

Less than 9 % commissipns in
dataset.

Example datas¢t parameters

110 items in dataset are
within the data quality scope;
100 items in the universe of
discourse are within the
scope.

110 items in dataset are
within the data quality scope;
100 items in the universe of
discourse are within the
scope.

110 items in dataset are
within the data quality sdope;
100 items in the univers¢ of
discourse are within the
scope.

Example quality result meaning

Dataset fails. Excess items
exist. More items are
classified as houses in the
dataset than are in the
universe of discourse.

Dataset fails. The number of
excess items in the dataset
exceeds the data quality
conformance quality level.

Dataset fails. The percentage
of excess items in the dataset
exceeds the data quality
conformance quality level.

14
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Table D.2 (continued)

ISO 19114:2003(E)

Data quality component

Example 4

Example 5

Example 6

DQ_Scope All items classified as houses | All items classified as houses | All items classified as houses
in the dataset. and bounded by longitudes and in the city of Stockholm,
—-83,1 -83,3 and latitudes Sweden.
+38,3 +38,4.
DQ_Element 1 — Completeness 1 — Completeness 1 — Completeness

| DQ_Subelement

2 — Omission

2 — Omission

2 — Omission

| DQ_Measure

DQ_MeasureDesc Pass-Fail Number of ommissions Percentagé’effommissions
DQ_MeasurelD 10201 10202 10203
DQ_EvalMethod

DQ_EvalMethodType 2 — External 2 — External 2 — External

DQ_EvalMethodDesc

Compare count of items in
dataset against count of items
in universe of discourse.

Compare count of items_in
dataset against count 'of items
in universe of discourse.

Divide count g
in dataset by

in universe of
multiply by 10

f excess items
ount of items

discourse; then
D.

DQ_QualityResult

DQ_ValueType 1 — Boolean variable 2 — Number 4 — Percentagpe

DQ_Value False 10 10

DQ_ValueUnit NA Houses Percent
DQ_Date 2000-03-06 2000-03-03 2000-03-04

DQ_ConformanceLevel

Zero omissions in dataset.

Less than 9 omissions in
dataset.

Less than 9 %
dataset.

omissions in

Example dataset parameters

90 items in dataset are within
the data quality scope;

100 itemsiir'the universe of
discoursé are within the
scope.

90 items in dataset are within
the data quality scope;

100 items in the universe of
discourse are within the
scope.

90 items in da
the data qualif
100 items in th
discourse are
scope.

aset are within
y scope;

e universe of
within the

Example quality result meaning

Dataset fails. Omissions exist.
Fewer items are classified as
houses in the dataset than are
in the universe of discourse.

Dataset fails. The number of
missing items in the dataset
exceeds the data quality
conformance quality level.

Dataset fails.
of missing iten
dataset exceg
quality confort
level.

['he percentage
hs in the

(s the data
hance quality

D.4

Logidal consistency is the degree of adherence to logical rules of data structure, attribution and
(data| stracture can be conceptual, logical or physical). Logical consistency has the following sub-

Examples-of data quality logical consistency measures

relationships
blements:

dataset;

Table D.3 provides some examples of the sub-elements.

© 1SO 2003 — Al rights reserved

conceptual consistency: adherence to rules of the conceptual schema;

domain consistency: adherence of values to the value domain;

format consistency: degree to which data are stored in accordance with the physical structure of the

topological consistency: correctness of the explicitly encoded topological characteristics of a dataset.

15
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Table D.3 — Examples of data quality logical consistency measures

Data quality component

Example 1

Example 2

Example 3

DQ_Scope All items classified as houses | All items classified as houses | All items classified as houses
in the dataset. and bounded by longitudes and in the city of Helsinki,
—-83,1 -83,3 and latitudes Finland.
+38,3 +38,4.
DQ_Element 2 — Logical consistency 2 — Logical consistency 2 — Logical consistency

| DQ_Subelement

1 — Conceptual consistency

1 — Conceptual consistency

1 — Conceptual consistency

| DQ_Measure

DQ MeasureDesc Pass-Fail Number of violating items Percentage of violating, [tems
DQ MeasurelD 20101 20102 20103
DQ _EvalMethod

DQ_EvalMethodType 1 — Internal 1 — Internal 1 — Internal

DQ_EvalMethodDesc

Count the number of features
and feature relationships
which violate the conceptual
schema of the dataset.

Count the number of features
and feature relationships
which violate the conceptual
schema of the dataset.

Divide count of features|and
feature relationships which

violate the conceptual
schema by count of thoge in
dataset.

DQ QualityResult

DQ_ValueType 1 — Boolean variable 2 — Number 4 — Percentage

DQ_Value False 1 1,0 %

DQ_ValueUnit NA Count Percent
DQ_D4dte 2000-03-06 2000-03-06 2000-03-06

DQ_CqgnformanceLevel

Zero violations in dataset.

Zero violations in dataset.

Zero percent violations |n
dataset.

Example datasgt parameters

80 features and 20 feature
relationships are within the
data quality scope) One
feature relationship exists
which is not\defined in the
conceptual’'schema.

80 features and 20 feature
relationships are within the
data quality scope. One
feature relationship exists
which is not defined in the
conceptual schema.

80 features and 20 featyre
relationships are within fhe
data quality scope. One
feature relationship exists
which is not defined in the
conceptual schema.

Example quality result meaning

The dataset fails. Violation of
the/conceptual schema exists.

The dataset fails. The number
of violation items exceeds the
conformance quality level.

The dataset fails. The
percentage of violation ftems
exceeds the conformange

quality level.

16
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Table D.3 (continued)

ISO 19114:2003(E)

Data quality component

Example 4

Example 5

Example 6

DQ_Scope All items classified as living All items classified as living All items classified as living
quarters. quarters and bounded by quarters and in the city of
longitudes -91,3 -91,4 and London, England, U.K.
latitudes +40,0 +40,2.
DQ_Element 2 — Logical consistency 2 — Logical consistency 2 — Logical consistency

| DQ_Subelement

2 — Domain consistency

2 — Domain consistency

2 — Domain consistency

| DQ_Measure
DQ_MeasureDesc Pass-Fail Number of domain Percentage oidomain
inconsistencies inconsijstenci
DQ_MeasurelD 20201 20202 20203
DQ_EvalMethod
DQ_EvalMethodType 1 — Internal 1 — Internal 1 — Internal

DQ_EvalMethodDesc

Compare attribute of items
within scope against
acceptable attribute domain
(acceptable attributes) and
determine if any are outside
the domain.

Compare attribute of.items
within scope against
acceptable attribute ‘domain
(acceptable attributes) and
count thoséthat are outside
the domain,

Divide the nur
with attribute

the total numb
within scope g
result by 100.

hber of items
iolations by

er of items

nd multiply the

DQ_QualityResult

DQ_ValueType 1 — Boolean variable 2% "Number 4 — Percentage

DQ_Value False 8 8,0 %

DQ_ValueUnit NA Attribute violations Percent
DQ_Date 2000-03-06 2000-03-06 2000-03-06

DQ_ConformanceLevel

Zero items with attribute
violations.

10 or fewer items with
attribute violations.

Less than 5,0
with attribute

% of the items
iolations.

Exam

ple dataset parameters

100 item$ within scope in the
dataset. Eight of the items

100 items within scope in the
dataset. Eight of the items

100 items within scope in the

dataset. Eight

of the items

have attributes that violate the | have attributes that violate the | have attribute$ that violate
attribute domain. attribute domain. the attribute dpmain.
Exampple quality result meaning Dataset fails. The attributes of | Dataset passes. Fewer than Dataset fails. 3reater than
at least one item violated the |ten items had attributes that 5 % of the items had
attribute domain. violated the attribute domain. | attributes thatfviolated the

attribute domdin.

©1SO

2003 — Al rights reserved
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Table D.3 (continued)

Data quality component

Example 7

Example 8

Example 9

DQ_Scope All records in the dataset for | All records in the dataset for | All records in the dataset for
items classified as living items classified as living items classified as living
quarters. quarters and bounded by quarters and in the city of

longitudes +139 +140 and Tokyo, Japan.
latitudes +36,0 +37,0.
DQ_Element 2 — Logical consistency 2 — Logical consistency 2 — Logical consistency

| DQ_Subelement

3 — Format consistency

3 — Format consistency

3 — Format consistency

| DQ_Mdasure

DQ MeasureDesc Pass-Fail Number of format Percentage of format
inconsistencies inconsistencies
DQ MeasurelD 20301 20302 20303
DQ EvalMethod
DQ_EvalMethodType 1 — Internal 1 — Internal 1 Internal

DQ_EvalMethodDesc

Compare the record structure
for all items within scope to
specified field definitions and
structure and count those that
are inconsistent. Specifically
assure that the field for the
living quarter’s type code is an
alphabetic field of

5 characters in length.

Compare the record structure
for all items within scope to
specified field definitionstand
structure and count thgse that
are inconsistent. . Specifically
assure that the field for the
living quarter’s type code is an
alphabeticfield of

5 characters in length.

Compare the record strjicture
for all items within scop¢ to
specified field definition$ and
structure and count thos
that are inconsistent.
Specifically assure that the
field for the living quartgr's
type code is an alphabstic
field of 5 characters in Ig¢ngth.
Divide the count by the
number of records checked
and multiply the results
by 100.

(]

DQ QualityResult

DQ_ValueType 1 — Boolean variable 2 — Number 4 — Percentage

DQ_Value False 8 8,0 %

DQ_ValueUnit NA Format violations Percent
DQ_Ddte 2000-08-06 2000-03-06 2000-03-06

DQ_CqgnformanceLevel

Zerovitems may have format
violations.

Zero items may have format
violations.

Zero percent of the iten]s
may have format violatipns.

Example datasgt parameters

100 items within scope in the
dataset. Eight of the items
violate the specified format.

100 items within scope in the
dataset. Eight of the items
violate the specified format.

100 items within scope [n the
dataset. Eight of the itefns
violate the specified format.

Example quality result meaning

Dataset fails. Format
violations found.

Dataset fails. Format
violations found.

Dataset fails. Format
violations found.

18
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Table D.3 (continued)

ISO 191

14:2003(E)

Data quality component

Example 10

Example 11

Exam

ple 12

DQ_Scope All province boundaries in the | All state boundaries in the All state boundaries in the
dataset. United States. United States.
DQ_Element 2 — Logical consistency 2 — Logical consistency 2 — Logical consistency

| DQ_Subelement

4 — Topological consistency

4 — Topological consistency

4 — Topological consistency

Count the number of
provinces whose boundaries
do not close.

Count the number of
provinces whose bounhdaries
do not close.

| DQ_Measure
DQ_MeasureDesc Pass-Fail Number of items with Percentage of items with
topotogicatinconsistencies topotogicatingonsistencies

DQ_MeasurelD 20401 20402 20403

DQ_EvalMethod
DQ_EvalMethodType 1 — Internal 1 — Internal N~ Internal
DQ_EvalMethodDesc For each province, check the | For each state, check the For each statq, check the

boundaries to assure closure. | boundaries to assure closure. |boundaries tojassure

closure. Coun
provinces whq
do not close.

count by the number of
records checked and multiply
the result by 100.

the number of
se boundaries
Divide the

DQ_QualityResult

DQ_ValueType 1 — Boolean variable 2-"Number 4 — Percentage
DQ_Value False 2 2,0%
DQ_ValueUnit NA Topological inconsistencies Percent of topplogical
inconsistencigs
DQ_Date 2000-03-06 2000-03-06 2000-03-06

DQ_ConformancelLevel

Zero itemsmay have
topologicalviolations.

Zero items may have
topological violations.

Zero percent
may have top
violations.

f the items
logical

Example dataset parameters

100.items within scope in the
dataset. Two of the items
have topological
inconsistencies.

100 items within scope in the
dataset. Two of the items
have topological
inconsistencies.

100 items witHin scope in the

dataset. Two
have topologi

inconsistencies.

f the items
al

Example quality result meaning

Dataset fails. Topological
inconsistencies found.

Dataset fails. Number of
topological inconsistencies
exceeds conformance quality
level.

Dataset fails.
topological ing
exceeds confd
level.

Percentage of
onsistencies
rmance quality

D.5

Examples of data quality positional accuracy measures

Positlonal accuracy is the accuracy of the pncifinn of a feature—Positional aCCUracy has

subelements:

true;

relative positions accepted as or being true;

true.

© 1SO 2003 — Al rights reserved

he following

absolute or external accuracy: closeness of reported coordinate values to values accepted as or being

relative or internal accuracy: closeness of the relative positions of features in a dataset to their respective

gridded data position accuracy: closeness of gridded data position values to values accepted as or being
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Table D.4 provides some examples for the sub-elements.

20

Table D.4 — Examples of data quality positional accuracy measures

Data quality component

Example 1

Example 2

DQ_Scope All nodes forming road All nodes forming road
boundaries in the dataset. boundaries in the area bounded
by longitudes +139 +140 and
latitudes +36,0 +37,0.
DQ_Element 3 — Positional accuracy 3 — Positional accuracy
DQ_GUbC:UI 11Tl It 1 - Abau:utc Ul C}\tcl 1 Id: 1 - AbDU:UtU Ul C}\tcl 1 Id:
accuracy accuracy
DQ_Measure
DQ_MeasureDesc RMSE Percentage of items with
coordinate error greater than
specification limit.
DQ_MeasurelD 30101 30102
DQ_EvalMethod
DQ_EvalMethodType 2 — External 2 — External

DQ_EvalMethodDesc

For each node, measure the
error distance between
absolute coordinate values of
the node in the dataset and
those in the universe of
discourse. Compute RMSE
from the error distances.

Foreach node, measure the
efrordistance between
absolute coordinate values of
the node in the dataset and
those in the universe of
discourse. Count the number of
the nodes whose error distance
exceeds the specification limit
(e.g.1 m). Divide the number of
the non-conforming nodes by
the number of the nodes in the
data quality scope. Multiply the
result by 100.

DQ_QualityResult

DQ_ValueType 2 — Number 4 — Percentage
DQ_Value 1,70 m 25 %
DQ_ValueUnit Metre Percentage
DQ_Date 2000-03-06 2000-03-06
DQ_ConformanceLevel Not specified Not specified
Bxample datasétparameters Omitted Omitted

i

xample guality result meaning

RMSE of distance of the nodes
is 1,70 m. Since conformance
quality level is not specified,
only the RMSE is reported.

25 % of the nodes within the
data quality scope have error
distance more than 1 m. Since
conformance quality level is not

speciffed; oy thepercentage
is reported.

© 1SO 2003 — Al rights reserved
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Table D.4 (continued)

Data quality component Example 3 Example 4
DQ_Scope
DQ_Element 3 — Positional accuracy 3 — Positional accuracy
DQ_Subelement 2 — Relative or internal 2 — Relative or internal
accuracy accuracy
DQ_Measure
DQ_MeasureDesc RMSE Percentage of items with

W HPE doe Ll
cooramate-errorgreaterat

specification limit.

DQ_MeasurelD 30201 30202

DQ_EvalMethod

DQ_EvalMethodType 2 — External 2 — External

DQ_EvalMethodDesc For each node, measure the For each node, measure the
error distance between relative |error distance between relative
coordinate values of the node coerdinate values of the node
in the dataset and those in the |inthe dataset and those in the
universe of discourse. Compute |universe of discourse. Count
RMSE from the error distancés? | the number of the nodes whosg
error distance exceeds the
specification limit (e.g.1 m).
Divide the number of the non-
conforming nodes by the
number of the nodes in the dath
quality scope. Multiply the
result by 100.

DQ_QualityResult

DQ_ValueType 2.4 Number 4 — Percentage
DQ_Value 1,50 m 20 %
DQ_ValueUnit Metre Percentage
DQ_Date 2000-03-06 2000-03-06
DQ_ConformanceLevel Not specified Not specified
Example dataset parameéters Omitted Omitted
Example quality résult meaning RMSE of distance of the nodes |20 % of the nodes within the
is 1,50 m. Since conformance |data quality scope have error
quality level is not specified, distance more than 1 m. Since
only the RMSE is reported. conformance quality level is not
specified, only the percentage
is reported.

© 1SO 2003 — Al rights reserved 21
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Table D.4 (continued)

Data quality component

Example 5

Example 6

Example 7

DQ_Scope All gridded elevation point All gridded elevation point All gridded elevation point
data of DEM in the dataset. data of DEM in the area data of DEM in the city of
bounded by longitudes +139 | Bangkok, Thailand.
+140 and latitudes +36,0
+37,0.
DQ_Element 3 — Positional accuracy 3 — Positional accuracy 3 — Positional accuracy

DQ_Subelement

3 — Gridded data position
accuracy

3 — Gridded data position
accuracy

3 — Gridded data position
accuracy

DQ_Mgasure
DQ MeasureDesc RMSE Percentage of items with Pass-fail
coordinate error greater than
specification limit.
DQ MeasurelD 30301 30302 30308
DQ _EvalMethod
DQ_EvalMethodType 2 — External 2 — External 2 — External

DQ_EvalMethodDesc

For each gridded point,
measure the difference
between absolute height
value of the point in the
dataset and that in the
universe of discourse.
Compute RMSE from the
height differences.

For each gridded point,
measure the difference
between absolute height
value of the point(in the
dataset and that in the
universe of.discourse. Count
the number of the points
whoseg height difference
exceeds the specification limit
(€:g.1 m). Divide the number
of the non-conforming points
by the number of the points in
the data quality scope.
Multiply the result by 100.

For each gridded point,
measure the difference
between absolute height
value of the point in the
dataset and that in the
universe of discourse. Gount
the number of the point
whose height differenceg
exceeds the specificatig
limit (e.g.1 m). Divide th
number of the non-
conforming points by the
number of the points in fhe
data quality scope and
multiply the ratio by 100Q.
Compare the percentage of
the nonconforming poinfs
against the conformancg
quality level.

(=]

DQ QualityResult

DQ_ValueType 2 — Number 4 — Percentage 1 — Boolean variable
DQ_Value 0,8m 8 % False
DQ_ValueUnit Metre Percent of points with height | NA
error greater than the
specification limit.
DQ_Dgte 2000-03-06 2000-03-06 2000-03-06
DQ_CqgnfermanceLevel Not specified Not specified Less than 5 % of items may
have height error greater
than specification limit.
Example dataset parameters Omitted Omitted Omitted

Example quality result meaning

RMSE of height is 0,8 m.
Since conformance quality
level is not specified, only the
RMSE is reported.

8 % of the gridded points
within the data quality scope
have height error more than
1 m. Since conformance
quality level is not specified,
only the percentage is
reported.

Dataset fails. Percentage of
nonconforming points
exceeds the conformance
quality level.
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D.6 Examples of data quality temporal accuracy measures

Temporal accuracy is the accuracy of the temporal attributes and temporal relationships. Temporal accuracy
has the following sub-elements:

— accuracy of a time measurement: correctness of the temporal references of a time (reporting of error in
time measurement);

— temporal consistency: correctness of ordered events or sequences;

— temporal validity: validity of data with respect to time.

Tablg D.5 provides some examples of thematic accuracy for the sub-elements accuracy of a time
meagurement, temporal consistency and temporal validity.
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Table D.5 — Examples of data quality temporal accuracy measures

Data quality component

Example 1

Example 2

Example 3

measure the difference
between accident occurrence
time in the dataset and that in
the universe of discourse.
Compute RMSE from the
occurrence time differences.

DQ_Scope All traffic accident data in the | All traffic accident data in the | All traffic accident data in the
dataset. area bounded by longitudes city of London, UK.
+139 +140 and latitudes
+36,0 +37,0.
DQ_Element 4 — Temporal accuracy 4 — Temporal accuracy 4 — Temporal accuracy
DQ_Subelement 1 — Accuracy of a time 1 — Accuracy of a time 1 — Accuracy of a time
measurement measurement measurement
DQ_Measure
DQ MeasureDesc RMSE Percentage of items with the | Pass-fail
error of temporal attribute
greater than specification
limit.
DQ MeasurelD 40101 40102 40103
DQ _EvalMethod
DQ_EvalMethodType 2 — External 2 — External 2= External
DQ_EvalMethodDesc For each traffic accident data, |For each traffic accident data, | For each traffic acciden

measure the difference
between accident pecurrence
time in the dataset and that in
the universe of discourse.
Count the number of the
accidents whose occurrence
time difference exceeds the
specification limit (e.g. 2 h).
Divide the number of the non-
conforming accident data by
the number of accident data in
the data quality scope, and
multiply the result by 100.

data, measure the diffefence
between accident occurfence
time in the dataset and that
in the universe of discoyrse.
Count the number of thd
accidents whose occurrence
time difference exceedq the
specification limit (e.g. 4 h).
Divide the number of the
non-conforming accider
data by the number of
accident data in the datf
quality scope, and multiply
the result by 100. Comgare
the percentage of the ngn-
conforming accident da
against the conformanc
quality level.

—

L)

DQ QualityResult
DQ_ValueType 2 —/Number 4 — Percentage 1 — Boolean variable
DQ_Value 1,5h 18 False
DQ_ValueUnit Hours Percent NA
DQ_Ddte 2000-03-06 2000-03-06 2000-03-06
DQ_Cqgnformangcetevel Not specified Not specified 10 %
Example datasgt parameters Omitted Omitted Omitted

RAMOE

Example qualit

i ;
resuireantg

NIVIOL Uf ULLUITTTIUT t;l 1< ;b
1,5 h. Since conformance
quality level is not specified,
only the RMSE is reported.

18 nO Uf thl‘; dbb;dUl It ddtd
within the data quality scope
have occurrence time error
more than 2 h. Since
conformance quality level is
not specified, only the
percentage is reported.

Datdbct fd;:D. PCIUCI Itabc Of
nonconforming accident data
exceeds the conformance
quality level.
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Data quality component Example 4 Example 5 Example 6
DQ_Scope All historical event data in the | All historical event data in the | All historical event data in
dataset. area bounded by longitudes | China.
+139 +140 and latitudes
+36,0 +37,0.
DQ_Element 4 — Temporal accuracy 4 — Temporal accuracy 4 — Temporal accuracy
| DQ_Subelement 2 — Temporal consistency 2 — Temporal consistency 2 — Temporal consistency
| DQ_Measure
DQ_MeasureDesc Pass-fail Number of items with Percent of iterhs with
inconsistent temporal inconsistent tgmporal
relationships relationships
DQ_MeasurelD 40201 40202 40203
DQ_EvalMethod
DQ_EvalMethodType 1 — External 1 — External 1 — External

DQ_EvalMethodDesc

Check each historical event to
assure that it is correctly
ordered against the rest of
event data.

Check each historical event to
assure that it is correetly
ordered against.the rest of
event data.,Count those that
are not corréctly ordered.

to assure that

it is correctly

Check each thtoricaI event

ordered again
event data. C
are not correc|
Divide the res
number of iten
and multiply it

t the rest of
unt those that
ly ordered.

it by the total
hs within scope
by 100.

DQ_QualityResult

temporal inconsistency.

temporal inconsistency.

DQ_ValueType 1 — Boolean variable 2 — Number 4 — Percentagpe
DQ_Value False 3 60 %
DQ_ValueUnit NA Temporal inconsistencies Percent of tenjporal
inconsistencigs
DQ_Date 2000-03-06 2000-03-06 2000-03-06
DQ_ConformancelLevel Zero itéms may have Zero items may have Zero percent ¢f items may

have temporal inconsistency.

Example dataset parameters

5 historical events in the data
quality scope; {A,B,C,D,E} is
the correct sequence. In the
dataset, the five events are
recorded in the order of
{A,B,D,E,C}. Individual event
(A,B,C,D,E) is defined to be
an item. Iltems with
inconsistent order are
(C,D,E).

5 historical events in the data
quality scope; {A,B,C,D,E} is
the correct sequence. In the
dataset, the five events are
recorded in the order of
{A,B,D,E,C}. Individual event
(A,B,C,D,E) is defined to be
an item. ltems with
inconsistent temporal order
are (C,D,E).

5 historical ev
quality scope;
the correct se
dataset, the fi
recorded in th
{A,B,D,E,C}.

(A,B,C,.D,E)is

bnts in the data
{A,B,CD,E}is
luence. In the
e events are

e order of
ndividual event
defined to be

an item. ltemg with

inconsistent o
(C,D,E).

der are

Example quality result meaning

Dataset fails. Temporal
inconsistency is found.

Dataset fails. Number of
temporal inconsistencies

Dataset fails.
temporal inco

EXCEEds ConforTance quatity
level.

Percentage of
sistencies

exceeds tonformance quality

level.

© 1SO 2003 — Al rights reserved
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Table D.5 (continued)

Data quality component

Example 7

Example 8

Example 9

DQ_Scope All land price data in the All land price data in the area | All land price data in the city
dataset. bounded by longitudes +139 | of Tokyo, Japan.
+140 and latitudes +36,0
+37,0.
DQ_Element 4 — Temporal accuracy 4 — Temporal accuracy 4 — Temporal accuracy

| DQ_Subelement

3 — Temporal validity

3 — Temporal validity

3 — Temporal validity

| DQ_Measure

DQ MeasureDesc Pass-fall Number of items with Percentage of items with
temporal invalidity temporal invalidity,
DQ MeasurelD 40301 40302 40303
DQ _EvalMethod
DQ_EvalMethodType 1 — Internal 1 — Internal 1 — Internal

DQ_EvalMethodDesc

Check land price data to
assure that it was surveyed
in 1995.

Check land price data to
assure that it was surveyed
in 1995. Count those that
were not surveyed in 1995;

€Eheck land price data t
assure that it was surveyed
in 1995. Count those that
were not surveyed in 1995.
Divide the result by the fotal
number of items in data|
quality scope and multigly it
by 100.

DQ QualityResult

DQ_ValueType 1 — Boolean variable 2 — Number 4 — Percentage

DQ_Value False 5 5%

DQ_ValueUnit NA -Temporal invalidity Percent
DQ_D4dte 2000-03-06 2000-03-06 2000-03-06

DQ_CqgnformanceLevel

Zero items may have
temporal invalidity

10 or fewer items may have
temporal invalidity.

Less than 10 % of the items
may have temporal invdlidity.

Example datasgt parameters

100 items with the collection
date of 1995 in the dataset;
95 were _actually collected in
1998; 5 were actually
collected in 1985.

100 items with the collection
date of 1995 in the data
quality scope; 95 were
actually collected in 1995;

5 were actually collected

in 1985.

100 items with the colleftion
date of 1995 in the data
quality scope; 95 were
actually collected in 199
5 were actually collecte
in 1985.

-

Example quality result meaning

Dataset fails. At least one
item has temporal invalidity.

Dataset passes. Fewer than
ten items had temporal
invalidity.

Dataset passes. Less thjan
10 % of the items had
temporal invalidity.

D.7 Examples'of data quality thematic accuracy measures

Thematic accuracyistheaccuracy of quantitativeattributes and thecorrectness of on-quantitativeattr

utes

and of the classifications of features and their relationships. Thematic accuracy has the following

sub-elements:

— classification correctness: comparison of the classes assigned to features or their attributes to a universe
of discourse (ground truth or reference dataset);

— non-quantitative attribute correctness: correctness of non-quantitative attributes;

— quantitative attribute correctness: accuracy of quantitative attributes.

Table D.6 provides some examples of thematic accuracy for the sub-elements.
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Table D.6 — Examples of data quality thematic accuracy measures

Data quality component

Example 1

Example 2

Example 3

DQ_Scope All items classified as A, B All items classified as A, B All items classified as A, B
and C in the dataset. and C in the area bounded by | and C in Saudi Arabia.
longitudes +139 +140 and
latitudes +36,0 +37,0.
DQ_Element 5 — Thematic accuracy 5 — Thematic accuracy 5 — Thematic accuracy
| DQ_Subelement 1 — Classification correctness 1 — Classification correctness | 1 — Classification correctness
| DQ_Measure
DQ_MeasureDesc Pass-fall Percent correctly classified Misclassification percentage
(PCC) matrix
DQ_MeasurelD 50101 50102 50103
DQ_EvalMethod
DQ_EvalMethodType |2 — External 2 — External 2 — External

DQ_EvalMethodDesc

For each item in the dataset,
compare the assigned class
against true class in the
universe of discourse.

For each item in the data
quality scope, compare-the
assigned class against true
class in the universe of
discourse. Count items which
are correctly-classified. Divide
the resultsbysthe total number

For each item in
scope, compare
class against trug
universe of disco
a matrix of N(i,j)
the number of ite
which are classifi

he data quality
he assigned
class in the
urse. Generate
vhere N(i,j) is
ms of class (i)
ed as class (j)

of the items in data quality in the dataset. Divide N(i,j) by
scope ‘and multiply it by 100. | the total number pf items of
class (i) and muliply them
by 100.
DQ_QualityResult
DQ_ValueType 1 — Boolean variable 4 — Percentage 8 — Matrix
DQ_Value False 60 % Datapet class
A B C %
@ A 70 1120 | 10 100
1%}
©
g B 20 |40 | 40 | 100
>
Hl cC 20 (|20 | 60 | 100
% 100 [ 100 | 100
DQ_ValueUnit NA Percent Percent
DQ_Date 2000-03-06 2000-03-06 2000-03-06
DQ_ConformancelLevel |Zero items may have More than 80 % of the items Not specified.
classification errors. shall be correctly classified.
Dataset class Dataset class Datapet class
A|B C | Count A| B | C | Count A B C | Count
ST A |72 1] 0 & A |72 ][1] ©0[&] A [7[2]1] 10
oy oy o
o o o
° B 1 2 2 5 ° B 1 2 2 5 o B 1 2 2 5
2 2 2
= C 1 1 3 5 = C 1 1 3 5 = C 1 1 3 5
Count| 9 | 5 6 20 Count| 9| 5 6 20 Count| 9 5 6 20

Example quality result meaning

Dataset fails. 8 items are
misclassified.

Dataset fails. 40 % of the
items are misclassified.

Since no conformance quality

level is specified,
misclassification
reported.

matrix is

© 1SO 2003 — Al rights reserved
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Table D.6 (continued)

Data quality component

Example 4

Example 5

Example 6

DQ_Scope All items with geographic All items with geographic All items with geographic
names in the dataset. names in the area bounded names in the city of Lisbon,
by longitudes +139 +140 and | Portugal.
latitudes +36,0 +37,0.
DQ_Element 5 — Thematic accuracy 5 — Thematic accuracy 5 — Thematic accuracy

DQ_Subelement

2 — Non-quantitative attribute
correctness

2 — Non-quantitative attribute
correctness

2 — Non-quantitative attribute
correctness

DQ_Measure
DQ MeasureDesc Pass-fail Number of items with Percentage of items with
incorrect geographic names incorrect geographie’names
DQ MeasurelD 50201 50202 50203
DQ EvalMethod
DQ_EvalMethodType 2 — External 2 — External 2 —'External

DQ_EvalMethodDesc

Compare the geographic
names in the dataset against
those in the universe of
discourse.

Compare the geographic
names in the data quality
scope against those in the
universe of discourses Count
items with incorrect
geographic names.

Coempare the geographic
names in the data qualify
scope against those in the
universe of discourse. Gount
items with incorrect
geographic names. Divide
the result by the total nymber
of items in the data quality
scope and multiply it by|100.

geographic.names.

DQ QualityResult
DQ_ValueType 1 — Boolean variable 2-="Number 4 — Percentage
DQ_Value False 5 5%
DQ_ValueUnit NA Number of items with Percent
incorrect geographic names
DQ_Ddte 2000-03-06 2000-03-06 2000-03-06
DQ_CqgnformanceLevel Zero items ‘may have incorrect | Less than 3 items may have |Less than 3 % of items may

incorrect geographic names.

have incorrect geographic

names.

Example datas

bt parameters

100 items with geographic
name in the dataset; 5 names
are misspelled.

100 items with geographic
name in the data quality
scope; 5 names are
misspelled.

100 items with geographi
name in the data quality
scope; 5 names are
misspelled.

C

Example qualit

result meaning

Dataset fails. At least one
item has incorrect geographic
names.

Dataset fails. More than
3 items have incorrect
geographic names.

Dataset fails. More than 3 %
of items have incorrect
geographic names.
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Data quality component

Example 7

Example 8

Example 9

DQ_Scope All items which have All items which have All items which have
temperature attribute in the temperature attribute in the temperature attribute in the
dataset. area bounded by longitudes city of Munich, Germany.

+139 +140 and latitudes
+36,0 +37,0.
DQ_Element 5 — Thematic accuracy 5 — Thematic accuracy 5 — Thematic accuracy
DQ_Subelement 3 — Quantitative attribute 3 — Quantitative attribute 3 — Quantitative attribute
accuracy accuracy accuracy
DQ_Measure

DQ_MeasureDesc RMSE Percentage of items with Pass-fail
temperature error greater than
specification limit

DQ_MeasurelD 50301 50302 50303

DQ_EvalMethod

DQ_EvalMethodType 2 — External 2 — External 2 — External

DQ_EvalMethodDesc

For each item, measure the
difference between
temperature value in the
dataset and that in the
universe of discourse.
Compute RMSE from the
differences.

For each item, measure the
difference between
temperaturetvalue in the
dataset™and that in the
universe of discourse. Count
thesnumber of the items
whose temperature difference
exceeds the specification limit
(e.g.1°). Divide the number of
the non-conforming items by
the number of the items in the
data quality scope. Multiply
the result by 100.

For each item
difference bet
temperature V|

measure the
een
Blue in the

dataset and that in the
universe of digcourse. Count
the number offthe items
whose temperfature
difference excpeds the

specification li

Mmit (e.g.1°).

Divide the number of the
non-conformirlg items by the

number of the

items in the

data quality sqope. Multiply

the result by 1
the percentag

00. Compare
b of the non-

conforming itgms against the

conformance

huality level.

DQ_QualityResult

DQ_ValueType 2 — Number 4 — Percentage 1 — Boolean variable
DQ_Value 0,5 5 False
DQ_ValueUnit Degree Percent of the items with NA
temperature error greater than
the specification limit
DQ_Date 2000-03-06 2000-03-06 2000-03-06
DQ_CenformancelLevel Not specified Not specified Less than 1 9% of items may
have temperafjure error
greater than srecification
limit.
Example dataset parameters Omitted Omitted Omitted

Example quality result meaning

RMSE of temperature is 0,5°.
Since conformance quality
level is not specified, only the
RMSE is reported.

5 % of items within the data
quality scope have
temperature error of more
than 1°. Since conformance
quality level is not specified,
only the percentage is
reported.

Dataset fails. Percentage of
nonconforming items
exceeds the conformance

quality level.

© 1SO 2003 — Al rights reserved
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Annex E
(informative)

Guidelines for sampling methods applied to geographic datasets

E.1

Introduction

This annex
evaluating ¢
These stand
ISO 2859 se

E.2 Lot and item

Lot and item
ISO 3951-1.
inspected an

E.3 Sample size

The size of 2
on items. TH
bases are pr

The differen
within the ds
data quality
vertices.

To help over
defined using

EXAMPLE
total curve len

provides guidelines for defining samples and devising sampling methods. For samplin
bnformance to a product specification, the 1SO 2859 series and ISO 3951-1 may _be-ap
ards were originally developed for non-spatial use. This annex describes how .t appl
ies and 1ISO 3951-1 and other spatial sampling techniques to geographic information.

are important concepts in the sampling inspection method specified\in the ISO 2859 serie
A lot is the minimum unit for which quality may be evaluated. Any item is the minimum unit
d should be defined by the data producer in accordance with the)product specification.

population, and consequently the size of samples, may be defined according to different &
bsented in Table E.1.
ce between the perspectives is illustrated in Figure E.1. The whole figure represents the

ta quality scope. The figure depicts;'a possible sample area of approximately 15 % of the
scope area, but only about 10 % of the curve length within the sample area, and 0 % ¢

come sample difficulties such as those in Figure E.1, the size and location of a sample mig
a combination of different criteria, thus enforcing the representativeness of the sample.

The sample should include 10 % of the area covered by the dataset and contain not less than 5 %
pth describing the‘ebjects in the dataset.

Table E.1 — Different bases for defining population

g for
plied.
y the

5 and
to be

ases

e definition of a sample size requires an explicit indication of the items. Examples of different

data
total
f the

ht be

of the

BaS|s

Size of the dataset Sample size

Features

Number of features of a given type
as percentage of the total number of objec

Number of features of a given type expressed

ts

Area covered

Area covered by the dataset Area covered by the sample expresse

percentage of the total area

d as

Curves Total length of the curves in the dataset Length of the sampled curves expressed as a
percentage of the total length
Vertices Total number of vertices describing curves or | Number of vertices in the sample expressed as
areas in the dataset a percentage of the total number of vertices
30 © 1SO 2003 — Al rights reserved
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NOTE

E.4

E.4.1

ISO 19114:2003(E)

The data quality scope is the area in the outer box. The samplé.area is the shaded box.

Figure E.1 — Effect of sample area location on representativeness of items in the sgmple

Sampling strategies

Introduction

This flause provides guidelines for defining samples and sampling methods, considering particular aspects of
geogfaphic data. The sampling strategies described in this annex are shown graphically in Figufe E.2. There
are tyvo aspects to a sampling strategy: the items to be sampled (area or feature), and the manner by which
the items are selected (probability-or judgement).

Sampling strategy components

Population definition

AND

Sampling procedure

OR

OR

Predefined Generated

©1SO

Area-guided

o]

areas areas

2003 — Al rights reserved

Feature-guided Judgemental sampling

Probabilisti

¢ sampling

Simple
random

OR

Figure E.2 — Sampling strategy relationships

OR

Stratified Semi-random

random
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E.4.2 Probabilistic versus judgemental sampling

E.4.21 Differences

Probabilistic sampling applies sampling theory and involves random selection of the sample items. The
essential characteristic of probabilistic sampling is that each member of the population from which the sample
is selected has a known probability of selection. When probabilistic sampling is used, statistical inferences
may be made about the sampled population. Judgemental sample designs involve selection of samples based
on expert knowledge or professional judgement.

E.4.2.2 Simple random sampling

Simple randpm sampling is probability-based and involves selection of samples randomly. The.\partjcular
sample (e.g.|features, location, time) is selected using random numbers to identify the items and)all pos$sible
selections are equally likely. Simple random sampling is useful when the population of interest-is reldtively
homogeneoys in the characteristics being sampled, i.e. no major patterns and clusters. This method mgy not

result in repr
of the area.

bsentative coverage of an area, i.e. it is possible that the sample selected will-be only from

E.4.2.3 Stiatified random sampling

Stratified sar

npling requires the population to be separated into non-overlapping strata or subpopulation

are more hofmogeneous among sample items in the same strata than among sample items in different

This samplin

non-stratified

E.4.24 Se

g strategy has the potential for greater precision in estimatés of mean and variance than th
strategy for the same population.

mi-random sampling

Semi-random or systematic sampling applies random selection of the initial sample items (e.g. location,

feature) and
grid samplin
spaced inter
means, perc

rules for selection for all remaining items.An example of semi-random or systematic sampl
j where the initial position of a grid is\tandomly determined and samples are taken at reg
als (grid cells) over space. Systematic grid sampling is used to search for clusters and to
bntiles or other parameters, and is_Useful for estimating spatial trends or patterns. This m

provides a pifactical and easy way to ensure.coverage of an area.

E.4.3 Feat

E.4.31 Fe
A feature-gu
and not on t
homogeneol
sampling m3
homogeneol
characteristic

NOTE
sample being

ire-guided versus area-guided sampling

hture-guided sampling (non-spatial sampling)

ded sampling/strategy selects sample items based on the non-spatial attributes of the fes
neir spatial, location. A sample within a data quality scope can be selected randomly, asst
s produetion characteristics for the entire data quality scope. In some cases, simple ra

part

5 that
trata.
t of a

time,
ng is
ularly
infer
bthod

tures
ming
hdom

vy notiproduce a satisfactory sample because homogeneity may be found only for subset

concentrated in a small area (which may not be acceptable).

5 and
the

If the sampling method is defined by selecting features randomly, then there is the risk of the occurrence of a

Semi-random sampling may be used to ensure the verification of different criteria on the sample size and/or
location, to satisfy supplementary constraints for the samples or to reduce costs of the inspection process.

EXAMPLE

each type bec

32

A power company needs to evaluate the correctness of the attributes surveyed for features of different
types. Two methods were considered: a random selection and a semi-random selection (selecting randomly the features
of one type and then collecting the objects of different types in the neighbourhood of the first one until the samples for

ome fulfilled) leading to a reduced field inspection cost.
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E.4.3.2 Area-guided sampling (spatial sampling)

In an area-guided sampling strategy, selection of sampling units is based on spatial considerations. The
sampling units may be existing geographic areas (e.g. political or statistical areas) or some other partitioning
of the universe of discourse for which the inspection is conducted. This type of sampling may be used as a
first stage of sampling, followed by a feature-guided sampling within each subarea.

EXAMPLE Random selection of UTM 1 x 1 km grid areas in order to evaluate the attributes of the objects contained
in that area.

Figure E.3 illustrates the result of the definition of areas to be submitted for inspection, obtained by random

eneratioh-of-centre-point-coordinates-of sauates-of- eqgual-area-{constirained-to-be-non-overlappi
g SHOR-O1 RH8POH raat —SgUad —HegqUaH-aF8a{CoRSHANRBG10B8-ROR-0MBHAPPH .

Figure E.3 — Example of area-guided random sampling

When coverage of the entire area is important, then thessample locations should be determined according to a
regular or semi-regular pattern. Figure E.4 illustrates’an example of semi-random (systematic) gampling with
the spmpled features distributed along a regular_pattern used to evaluate the positional accuracy pf a dataset.

NOTE X denotes the grid cells selected by rule for inclusion in the sample.

Figure E.4 — Example of area-guided regular and non-random sampling
Spatial partitioning with different sizes in different areas of the dataset may be needed in semi-random

sampling, if the distribution of features is non-homogeneous. When using a grid of constant cell size, a rule is
needed to include or exclude cells that are not completely inside the area of interest.
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E.5 Probability-based sampling

E.5.1 General considerations

In applying sampling, the following points need to be taken into account.

The areas covered by a geographic dataset may form a continuous space. When splitting the dataset into

lots, special attention should be paid to the omission or commission of items crossing over the lot

ies.

of factors, including the quality of source data and skill of operators, may affect the quality of

a)
boundar
b) A variet
geograp
quality.
E.5.2 Exisf

hic data. The data producer should be careful to define lots to achieve homogeneity in ter

ing standard for inspection by sampling

Based on the characteristics of production and in accordance with the product spécification, su

International
is primarily {
isolated lots,
variables for

The conform
previously cg
the case of |
Specification|

series based
on the produ

E.5.3 Sam

E.5.3.1

ltems should
statistically h

Standards for inspection by sampling should be selected from the existing'standards. ISO 2
or the inspection of a continuing series of lots. ISO 2859-2 may hé~applied for individu
while 1ISO 2859-3 is applied for skip-lot sampling procedures. ISO 3951-1 is for the inspecti
percentage nonconforming items.

ance quality level of a dataset is specified as AQL (acceptance ‘quality limit) in ISO 3534-2. |
lled acceptable quality level in ISO 2859-1, ISO 2859-3 and\ISO 3951, and LQ (limiting qual
5O 2859-2 based on the product specification.

limits for determining conformity of each item should be specified when applying the ISO

on the product specification. In applying ISO 3951-1, quality statistics should be specified |
Ct specification.

bling process

Define items

be defined according to_the) product specification or requirements. If nonconforming item
ghly correlated, they are‘handled as a single item.

E.5.3.2 Define the data quality-scope of a dataset to be inspected

If the data
homogeneo|

NOTE H

productio

features,

uality scope/is” not homogeneous, it should be divided into homogeneous subsets. T
s subsets-should be considered as separate data quality scopes.

mogeneity can be deduced where the following conditions occur:

ms of

table
B59-1
al or
bn by

t was
ty) in

2859
ased

S are

hese

source data-of production have almost the same quality;

n systems (hardware, software, skill of operator ) are essentially the same;

are essentially the same.

E.5.3.3 Divide the data quality scope into lots

other factors which may affect the likelihood of occurrence of nonconformities, such as complexity and density of

Lots are generated by dividing the data quality scope. When there is a strong positive spatial auto-correlation
of the occurrence of nonconformity, a smaller lot size is desirable.

34

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=11356b183588ae7b412d7b072dec227e

ISO 19114:2003(E)

E.5.3.4 Divide the lot into sampling unit
A sampling unit may be an existing geographic area or some other partitioning of the universe of discourse for

which the inspection is conducted. When the sampling unit is a geographic area, rules should be provided for
the inclusion of items partially in a sampling unit.

E.5.3.5 Select sampling units by simple random sampling for inspection

The total number of items which belong to selected sampling units should be as specified in relevant
International Standards.

NOT It Tots are statistically heterogeneous, simple random sampling with the same level of sampling cannot be
appligd. The ISO 2859 series additionally allows for stratified sampling.

E.5.3.6 Inspection of selected sampling units

All itgms which belong to the selected sampling units are inspected. The items injthe dataset gre compared
with fhe universe of discourse according to the chosen quality measure.
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Annex F
(informative)

Example of testing for thematic accuracy and completeness

F.1 Introduction

This exampl

been define

is based on techniques used by a national land survey in Europe. The national land suryey is
producing a|Topographic Database (TDB). This is used to make printed topographic maps atcarscale of
1:10 000. The TDB is also used to make several generalized datasets. The quality conformance levels|have

in the product specification.

The objectivg of this example is to illustrate a quality evaluation procedure in use for measurement of thematic
accuracy and completeness in a national topographic dataset. Positional accuracy is not discussed becapse it
ject of this type of report. However, in general, positional accuracy is.also tested by field sufveys
using non-rahdom sampling.

is not the su

The data prgducer’s quality evaluation process is explained in F.2 and the‘reporting of quality information

in F.6.

F.2 Quali

Table F.1 sh

y evaluation process

bws the operations of the quality evaluation progess of this example.

Table F.1 — Quality-evaluation process

Process step

Example 1

Example 2

Identify an ap

plicable data quality element

Completeness

Thematic accuracy

Identify an ap

plicable data quality sub-element

Commission and omission

Classification correctness

Identify a data

quality scope

Topographic database/selected datasets (1:10 000 map sheets)

Identify a data

quality measure

Conformance/number of errors

Conformance/number of errprs

Select and af

ply a data qualityseyaluation method

External direct quality evaluation

External direct quality evaluation

Describe sam

pling method

Multistage sampling

Multistage sampling

Specify confo

Fmancesquality level

AQL =4

AQL =4

Determine qu|

antitative data quality result

See F.4 and Figure F.1

Assess confo

.
mancetoproductspecification

Q = = =0
oCT 1.0 dlU riyguic 1.2

Report quality evaluation results

See F.6

F.3 Method for data quality evaluation

F.3.1 Sampling procedure

Completeness and thematic accuracy testing is carried out by applying the principles of 1ISO 2859-1. In
Table F.2 the procedure for sampling is explained according to ISO 2859-1.

36
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Table F.2 — Procedure for sampling

14:2003(E)

Process step Example

Define a sampling method Multistage sampling. Selecting enough sampling units so that
sample ratio is fulfilled. Sampling is based on weighted features.

Define items All features.

Divide the data quality scope (population) into lots Number of datasets.

Divide lots into sampling units N-number 1 km x 1 km squares.

Define the sampling ratio or the size of the sample | Sample size depends on the AQL value for that lot.

Sele¢t sampling units Select required number of sampling units so that Sar
sample size for items is fulfilled.

npling ratio or

Inspgct items in the sampling units Inspect every item in the sampling units.

F.3.2 Sampling methods

If thg quality requirements for the feature is 1 nonconformity per 100-units (AQL = 1), then
colle¢ted are checked from the data source. Inspection by sampling is-done when the AQL =
inspgction level is the general inspection level 1; i.e. the single sample ‘programme for normal i
ISO 2859-1, there are three general inspection levels (1, II, Ill) and four additional special levels (
and $-4). In general, inspection level defines the sample size fromcthe lot size.

A lot|used for testing should consist of datasets produced as far as possible at the same time
samg methods. From the lot, sampling units of N-number 1 km x 1 km squares are selected
number of features in the sample is sufficient for an AQL = 4.

Sampling is carried out using pre-established default weights for the features. In weighting, a de
1 is given to features of which there are manyin the lot or for which no AQL for completeng
estafjlished. Features whose completeness>AQL = 4 or 15 are given a weight of 2 or 3. A weighf
to feagtures that are sparse in the lot. Otherwise, a weight of 2 is used. A procedure is available
wherg the required sample size is not.achieved. In general the programme tries to use spec
level$ S-1 to S-4.

All fgatures in the sampled squares are checked in the field. A feature is nonconforming if
(omigsion) or if the feature in"the dataset does not exist in the field (commission).

F.3.3 Full inspection

A fullfinspection is~carried out on those features which have a quality requirement AQL = 1.

F.4 |Inspection for quality

all features
A or 15. The
nspection. In
5-1, S-2, S-3

and with the
so that the

fault value of
ss has been
of 3 is given
for situations
al inspection

it is missing

A report of the type shown below is completed in the field for each sample test area, and th
summarized to generate the report shown in Figure F.1. In the sample test area, there were, for
other buildings of one to two floors; one was missing in the dataset (omission) and there were 11
should not have been collected according to product specification.

© 1SO 2003 — Al rights reserved
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Name of the Dataset: L213101C
Sampling unit: coordinates (North (m),East (m)): 6741000 2509000,
length (m), width (m): 2000 1000
Feature Completeness Thematic accuracy
Number Classification
of items Omission | Comission correctness
Number | Number Number of errors
of errors | of errors
Road class lla 4
Road class llla 6
Build|ng, residential, (one to two floor) 10
Build|ng, other building, (one to two floor) 28 1 11
Fiigure F.1 — Example of a field quality check annotations for a portion of.an area
F.5 Determination of data quality results and conformance
A computer-generated report is produced for each quality test condueted. The full report of quality
includes ovef 65 features, some with one or more attributes. Figure F.2.shows an example of a complete

and thematid

In Figure F.2
algorithm is
unit is shown
every item
Figure F.2.

For example
100 units in

the sample there were 184 items. ISO 2859-1 requires 80 items for this lot size and inspection level s

minimum req
completenes|
classification
per 100 unitg

s checked for completeness and thematic accuracy. The results are then summariz

5 or in classification. Innthe sample there were only two errors both in completeness

accuracy evaluation report of the topographic datasets:
there are 16 databases (1:10 000 map sheets) which are chosen for the sample. The com

in Figure F.2. A printout of that sampling unitdis used in the field together with Figure F.1

the feature “Road” may have faur errors per 100 units for completeness and four error
lassification. In the databases_there were 4712 different roads (a road is line between nodsg

uirements are met. The acceptance value for this sample size is 10 so there may be 10 err

so the test is accepted. For reference, there is also the acceptance value for AQL =1 (1
). This time also this criteria would have been met.

tests
ness

puter

sed for selection of 1 km x 1 km squares from. those databases. An example of one sanppling

, and

pd to

5 per

s). In
o the
DI'sS in

and
error
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TEST NAME: 213101 04
Date: 09.09.1996 15:15:56

Area: L213101A L213101B L213101C L213101D L213102A L213102B
L213102C L213102D L213103A L213103B L213103C L213103D
L213104A L213104B L213104C L213104D

(Area is defined by map sheets)

Feature Attribute Lot |Sample| Size at |Inspection| AQL | Accep- | Accep- |Completeness| Thematic
type data type size size |inspection level tance fance | (omissionor | accuracy
level 1 value | value for| commission), |Classification
AQL 1 Number correctness
of errars Number
of errors
RPAD 4712 184 80 | 4 10 7 2
class (la -llla) 4 10 7 2
road number 1 0 0
road section 1 0 0
number
vertical status 1 0 0
one-way traffic 0 184 80
pavement type 0 184 80
status 0 184 80
free height 0 184 0
BUILDING 6447 222 80. | 4 14 7 4 4
use 0 222 80 2
number of floors 0 222 80
NOTH Some features are not shown in this example for clarity.

Figure F<2 — Completeness and thematic accuracy of topographic database

F.6 |Reporting quality results

Figues.F.3'and F.4 give examples of how to report the quality results. In Figure F.3, the quality| results have
been| reported for metadata described in ISO 19115. A Quality Evaluation Report is then uged to report
detailed quality information (Figure F.4). In parentheses there is an explanation of used codes that can be
found from ISO 19115, but they are not part of the report.
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DataQuality
dgScope
scplLvl 012 (feature type) 003 (feature attribute class)
SCpPEXt Extent
exDesc Lot area
geoEle
exTypeCode 1 (inclusion)
BoundPoly
polygon | 6740000,2500000,6770000,2500000,6770000,2510000,6760000,2510000,6750000,
Z510000,6 750000, 2520000,6 7240000,2520000,6 740000, 2500000 =
J
dgRegort (\Q
- O
elgTypCode 001 (completeness) 005 (thematic accuracy) kﬂ/
subEleCode 001 (additional) commission and omission 002 (classification correctngi&)\)‘
addSybEle kO)\
. . N
adfiName commission and omission ay
adfiDesc commission and omission of the dataset \O)\J
dgRedult ,_S\\\
mdasName number of excess or missing items numbeerQerrors
dajeTime 1996-09-09 1996
mdasResult \\‘
Result G\Q
ConResult \\'QQ)
¢onSpec N
resTitle The Quality model of the TDB ‘\\Q)‘
~3
resRefDate 1996 . 9
conExpl conformance to product sp‘gqi,[ication
Pass 1 (pass) ,.\\ | 1 (pass)
DuanResult . NJ
quanValDom number A@ number
quanRes 2 (-‘\.) 2
Ov
Figur — Reporting as metadata according to ISO 19115
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reportidentification Quality Evaluation Report for the Topographic Database
Reportscope Scope defined in metadata (see: dqScope)
compQuantDesc
dataQualityMeasure
mathDesc Number of missing or excess items Number of errors
compMeasValue 2 2
valType number number
realibilityValue 99 99
realibilityValueUnit | percent percent
conformRealibility
conformRelValues AQL=4 AQL=4
conformRrelpom numper namber ]
ReferenceDoc Quality manual of topographic data, Quality model of Topographic data, In%ﬁlons
for topographic data compilation, Feature catalogue and definitions
dgeMethodTypelnfo ;“ l/
dgeMethodType 1 (direct external) r\\)‘
dgeSamplingApplied 1 (sampling) (\'\ i
dgeMethodInfo '\VJ
dgeTheory see ISO 2859 and Quality model of Topographic Data m
dgeProcAlgorithm Following program is used in testing: MLAATU.EXE ¢ @‘rﬁd procedures:
LAADUNTARKISTUS.COM and parameters are defined in files: P99.p99,P97.p97| P98.p98
geParaminfo /
dgeParamDefinition Acceptable quality level (see ISO 2859) ’%ceptable quality level (see ISQ 2859)
dgeParamValues 4 O 0 (not defined)
dgieParamDomain AQL number \\\\ AQL number
geParaminfo ‘\\)’
dgieParamDefinition Lot size ‘,\Q) Lot size
dfieParamValues 4712 QN 6447
dgeParamDomain number A@ number
geParaminfo \\U
dgieParamDefinition Sample size f\\‘ Sample size
d¢ieParamValues 184 N N 222
dgeParamDomain number ‘.\(",'7 number
geParaminfo cN
dgieParamDefinition Sample@ze?é’quired at inspection level 1
dgeParamValues 80
d§ieParamDomain nuniber”

geParaminfo

)

o

geParamDefinition

(_Ihspection level

d¢ieParamValues ‘\"’.) |
N A )
dfieParamDomain =) | class
geParaminfo /)\)
d*]eParamDefinﬁpé‘ Acceptance value Acceptance value
dleParamVafues' 10 222
dgiePar main number number

geSanipleMethod

o

-]e%n‘plingScheme

From the lot, an area of so many 1km x 1km squares are sampled that the numbjer of

Toads T te SdAlpre TS atteastthesame as AUL=4 lequin—_‘b.

dgeltemDescription Item is aroad line between nodes | Item is a building

dgeLotDescription A lot is group of databases (1:10 000 map sheet) which are taken for inspection. The
lot size is number of features in the lot

dgeSamplingRatio On average an area comprising 4 map sheets (16 databases) with 6 to 10 1 km x 1 km
squares is recommended as a practical lot size

Figure F.4 — Quality Evaluation Report according to ISO 19114:2003, Annex |
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Annex G
(informative)

Example of measurement and reporting of completeness and

thematic accuracy

G.1 Intro

This annex

The objectivg of this example is as follows:

to demag
data qug

to provig

to demo

The exampl¢ includes details of how data quality results may be reported in metadata and as a q

evaluation re

G.2 Datas
The “real wd
universe of

considered i

For the purp

the ideal dataset that meets the product specification) is graphically depicted in Figure G.3. In all the figur

the digit
metres,
— the digit
the nam

The relationg

hstrate the use of misclassification matrices as a tool for data quality evaluation.

uction

rovides an example of the measurement and reporting of thematic accuracy and complete
nstrate how quality evaluation procedures may be applied to measure and)report quanti
lity results;

e an example of measurement and reporting of thematic accuracy and.completeness;

port.

et description
rld” is represented by Figure G.2. The product specification, given in Figure G.1, describe

discourse. The specification defines those features, attributes and relationships tha
hportant and should be in the dataset.

in the symbol of a house is the number of occupants of the house, and
b of the occupants of a house is noted beside the symbol of the house.

hip.between the three figures is as follows:

ness.

fative

uality

s the
are

bse of demonstrating how the.dataset may have been produced, the universe of discoursg (i.e.

eS

or letter representing-domain of digits under the symbol of a tree is the height of the trjee in

Figure G2 Tepresents the Teat world™, whith generaity contains more features tham wittbe contai

the dataset;

real worl

42

d that is to be included in the dataset, if the dataset is completely and accurately produced;

Figure G.4 represents the dataset as produced.

ed in

Figure G.3 represents the “universe of discourse” given by the product specification; it is that part of the
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Underlined item is feature type. Listed below each feature type are zero or more attribute names.
Each attribute name is followed by a value type of string or integer and separated from the attribute
name by a colon. Each value type is followed by an optional value domain enclosed by braces.

Feature types

Industrial building

House

family name : string

number of occupants : integer

Tree

:I\eight class : string {A : from 1 to 3 metre, B : from 3 to 5 metre, C : from 5 to 10 metre, D impre
han 10 metre}

Path

Road
Condition : string {surfaced, unsurfaced}

Rules from product specification
1+— trees with a height of less than 1 metre shall not be recorded

1+— the attribute "condition" of a road may have no value ("undetermined value")

1+— the attributes "name" and "number of occupants"” of a hgusé may have no value
("undetermined value")

Figure G.1 — Product specification

© 1SO 2003 — Al rights reserved
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Charlier

11

Trondheim

Lake

Franquin

FH  Hospital building

I_l:| Industrial building

43 5 Tree with height of 3,5 m
——__ Path

Railway

House with 4 occupants

Road: surfaced

Road: unsurfaced

Figure G.2 —Graphical representation of the “real world”
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Charlier

4 Lake
3
Trondheim EE
Key
—H Hospital building —~+—— Railway
I_l:| Industrial building House with 4 occupants
43 5 Tree with height 0fi3;5 m s Road: surfaced
IR Path —  Road: unsurfaced
H2

Figure G.3'=— Graphical representation of the universe of discourse
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i

A /

L
/
S
Goscinny c

/
// / 4&0

Franklin

Key
I_l:| Industrial building House with 4 occupants
40 Tree with height of 5 m to 10!m e Road: surfaced
15 ———— Path Road: unsurfaced

Figure G.4'= Graphical representation of the dataset
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Frankli

afe

Error number

FH  Hospital building ®
I_l:| Industrial building House with 4 occupants

48 Tree with height 0fi3;5 m s Road: surfaced

——_—_ Path —  Road: unsurfaced
H4

Figure G.5.— Graphical representation of dataset error locations

G.3 [Evaluation of,data quality

G.3.1 Identification of errors

By comparing the dataset, represented by Figure G.4, with the universe of discourse, regresented by
Figune(G3, a list of errors in the example dataset can be produced. The following is a list of degtected errors
with efror numbers given for reference.

a) Errors of omission and commission in recording of trees. Three trees (No. 6, No. 8, No. 27) are in excess
and two trees are missing (No. 9, No. 25).

b) Errors of omission and commission in recording paths. One path is missing (No. 18) and one is in excess
(No. 19).

c) A house replaces an industrial building (No. 23).
d) Two paths are miscoded as roads (No. 17, No. 26).

e) A house is missing (No. 21).
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error on roads. Two roads have the wrong “condition” (No. 29, No. 28).

A hospital is represented in the dataset (No. 3).

Two trees with a height less than 1 m are represented in the dataset (No. 6, No. 8)

e (No. 22).

No. 16, No. 20, No. 24).

Tree height attribute class code missing. A tree is missing a class code while it is B in the universe of

Tree height attribute misclassified. Six trees have the wrong height class assigned (No. 2, No. 11, No. 13,

f)  Attribute

9)

h)

i)
discours

i)

k) House
in the
(No. 12)

)  Housen
the univ

m) House ¢
and wro

n) Omissio

NOTE TH

me attribute “family name” errors. The houses named “van Hamme” (No. 7) and “Hergé? {(}

urj:verse of discourse have no name in the dataset. The house named “Goscinny” in_the“d3

has no name in the universe of discourse.

ame attribute “family name” errors. The houses named “Franquin” (No. 5) and. “Pratt” (No.
prse of discourse are named “Franklin” and “Prat” respectively in the dataset.

ccupant count attribute errors. The occupant count attribute is missing for one house (N
ng for three houses (No. 4, No. 14, No. 30).

h error in industrial buildings. One industrial building is missing(No. 10).

e classification of errors as omission/commission, completeness or thematic accuracy is subjectiv

example, the fnisclassification of a house as an industrial building could alternately be considered as an error of on

of the one and

G.3.2 Com

ISO 19113 ¢
relationships
are commiss|

commission of the other.

pleteness

efines completeness as the presencex‘anhd absence of features, their attributes and

on and omission. Table G.1 depicts‘a.way to classify completeness.

Table G.1=='Completeness by feature class

No. 1)
taset

5) in

b. 31)

p. For
ission

their

Completeness in this example is classified by feature class. The types of measures testg¢d for

Feature class Number of Commission Commission Omission count Omissioh
instances in thé count percentage?® percentage®
universe of
discourse
Path 7 0 0 2 29
Road 5 2 40 0 0
Tree 25 3 12 2 7
Industrial builfing 4 0 0 2 50
House 10 1 10 1 10
Hospital 0 1 100 0 0

a

b

Commission percentage = number of included items/number of items in the universe of discourse x 100

Omission percentage = number of omitted items/number of items in the universe of discourse x 100

48
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G.3.31

ISO 19114:2003(E)

ISO 19113 defines thematic accuracy as the accuracy of quantitative attributes and the

correctness of non-quantitative attributes and of the classifications of features and their relationships. One
way of depicting errors associated with thematic accuracy is by using a “misclassification matrix”.

NOTE 1

A misclassification matrix is a square matrix where the i, j element corresponds to the quantity classified as
belonging to class j when it actually belong to class i.

Table G.2 is a misclassification matrix that shows errors by feature class. It explains how well the instances in
the dataset are classified. The different percentages should always refer to the population in the dataset.

NOTH 2

Table G.2 — Feature misclassification matrix

In the matrices, the number after the name of the feature type denotes the number of occurr
valuelin the cell is the percent of misclassification.

bnces and the

Dataset
Uniyerse of - :
discourse Path 5 Road 7 Tree 26 Industrial House 10 | Npne (omitted
building 2 features)

Path|7 4/5 =80 % 2[7=29% 0% 0% 0% 1/5=20 %
Road 5 0% 57=71% 0% 0% 0% 0%
Tree|25 0% 0% 23/26 = 88 % 0% 0% 2/5 =40 %
Indugtrial 0% 0% 0% 2/2 =100 % 1/10=10 % 1/5=20 %
build|ng 4
Houge 10 0% 0% 0% 0% 9/10 =90 % 1/5=20 %
Nong 3 0% 0% 3126 =11 % 0% 0%
(committed
features)
Sum| dataset| 5/5=100% 7/7 =100 2% 26/26 = 100 % 2/2 =100 % 10/10 = 100 %
population

In Tgbles G.3 and G.4, only features that have homologue in the same feature type (“class”) dre taken into

account.

G.3.3.2

Attribute-height of trees is shown in Table G.3.
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Table G.3 — Feature attribute height misclassification matrix — Tree height

Dataset
. £ di class A class B class C class D not determined
Universe of discourse 1to3m 3to5m S5to10m >10m (missing values)
5 10 5 4 4
Class A5 3/5=60 % 110 =10 % 0% 0% 1/4 =25 %
Class B 8 1/5=20 % 5/10 =50 % 0% 0% 2/4 =50 %
Class C 10 0% 2/10 =20 % 5/5 =100 % 2/4 =50 % 1/4 =25 %
Class D 2 0% 0% 0% 2/4 =50 % 0%
Not determjined 3 1/5=20 % 2/10 =20 % 0% 0% 0.%
(commissidn)
Sum datasgt population 5/5 =100 % 10/10 =100 % 5/5 =100 % 4/4 =100 % 4/4 =100 9
G.3.3.3 Attribute condition of roads is shown in Table G.4.
Table G.4 — Feature attribute misclassification matrix — Road condition
| Dataset
Universe of discourse
surfaced 2 unsurfaced 3
Surfaced 2 1/2=50 % 1/3=33%
|Unsurfaced 3 1/2 =50 % 2/3=67 %
G.3.34 Attribute “number of occupants” of houses-as an example of accuracy of a quantitative fdature

attribute defi
accuracy an
commission/
— 1/9 hous

— Dbias: 2/§

— RMSE: 0,87 occupant;

— sample

G.4 Repo

Size: 8.

= -0,25 occupants;

rting quality results

es has no value for the number of occupants;

ned by a value. The following demonstrates a way to measure the data quality elements thematic
d completeness, and how to exptess the results of the measurements in terms of| text,
bmission ratios and error statistics:

G.4.1 Example of error of commission

An example is shown in G.4.2 and G.4.3 of how to report the quality results for one type of error, commission
errors for feature type “path”. First the quality results are reported as metadata. A data quality evaluation
report is then used to report detailed quality information.
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