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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(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
non-goverhmental, in liaison with ISO, also take part in the work. ISO collaborates closely with
Internationgl Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

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

The main ftask of technical committees is to prepare International Standards. Draft International Standa
the technical committees are circulated to the member bodies for voting. Publication as
Internationgl Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In other cjrcumstances, particularly when there is an urgent market requirement for such documents
technical gommittee may decide to publish other types of normative document;

— an ISOQ Publicly Available Specification (ISO/PAS) represents an agreement between technical experts
an ISQ working group and is accepted for publication if it is approved by more than 50 % of the memb)
of the |parent committee casting a vote;

— an ISQ Technical Specification (ISO/TS) represents an agréement between the members of a techn
commfittee and is accepted for publication if it is approved by 2/3 of the members of the committee cast

e years, revised to become an International Standard, or withdrawn. If the ISO/PAS or ISO/TS
confirmed,|it is reviewed again after a further_three years, at which time it must either be transformed into
Internationpl Standard or be withdrawn.

Attention i$ drawn to the possibility that'some of the elements of this document may be the subject of pat
rights. ISO| shall not be held responsible’for identifying any or all such patent rights.

ISO/TS 19[138 was prepared by-Technical Committee ISO/TC 211, Geographic information/Geomatics.
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Introduction

Knowledge of the quality of geographic data is often crucial for the application of the data, as different users

and different applications often have different data quality requirements. A user of geographic data

may have

multiple datasets from which to choose. Therefore, it is necessary to compare the quality of the datasets to

determine which best fulfils the requirements of the user. To facilitate such comparisons, it is essen
reqults of the quality reports are expressed in a comparable way and that there is a common under:
thg data quality measures that have been used. These data quality measures provide descrip
quality of geographic data through comparison with the universe of discourse. The useé ‘ef in
measures makes data quality comparisons impossible to perform.

Data quality needs to be reported by the producer and evaluated by the user against'his or her re
for|different criteria and data quality measures. It is essential that reported quality for a dataset c
quality measurements that may be of interest to a potential user of the dataset, and that the metri
defermine the quality are reported and available to the user.
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TECHNICAL SPECIFICATION

ISO/TS 19138:2006(E)

Geographic information — Data quality measures

1

Th
qu
qu

Th

s Technical Specification defines a set of data quality measures. These can be used whényrep
lity for the data quality subelements identified in ISO 19113. Multiple measures are defined for,
lity subelement, and the choice of which to use will depend on the type of data and its-intended

b data quality measures are structured so that they can be maintained inha-register estg

comformance with ISO 19135.

Th

s Technical Specification does not attempt to describe every possible data' quality measure, or

cofmmonly used ones.

2

An

Conformance

y set of data quality measures claiming conformance withrthis Technical Specification shall pas|

conditions specified in the abstract test suite (Annex A).
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Normative references

following referenced documents are_indispensable for the application of this document.
rences, only the edition cited applies. For undated references, the latest edition of the
cument (including any amendments) applies.

W

D/TS 19103:2005, Geographiciinformation — Conceptual schema language
D 19113:2002, Geographic-information — Quality principles
D 19115:2003, Geographic information — Metadata

D 19135:2005, ) Geographic information — Procedures for item registration

Terms and definitions
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correctness
correspondence with the universe of discourse

4.2

data quality basic measure
generic data quality measure used as a basis for the creation of specific data quality measures

NO

TE

quality.
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4.3
data quality scope
extent or characteristic(s) of the data for which quality information is reported

[1SO 19113]

NOTE A data quality scope for a dataset can comprise a dataset series to which the dataset belongs, the dataset
itself, or a smaller grouping of data located physically within the dataset sharing common characteristics. Common
characteristics can be an identified feature type, feature attribute, or feature relationship; data collection criteria; original
source; or a specified geographic or temporal extent.

4.4
error
discrepangy with the universe of discourse

4.5
measurand
particular quantity subject to measurement

[Internatioal Vocabulary of Basic and General Terms in Metrology (VIM)]

4.6
universe ¢f discourse
view of thg real or hypothetical world that includes everything of interest

[ISO 19101]

5 Relationships to other standards

ISO 19113 describes relevant data quality elements and ‘their corresponding data quality subelements and it
indicates How quality should be reported. 1ISO 19144_describes procedures for the evaluation of quantitafive
quality. ISO 19115 contains elements and classes-for data quality reporting within the UML models and dpta
dictionaries.

ISO 19113 specifies a set of descriptors for‘a data quality subelement, for use in recording data quality. Qne
of these degscriptors is the data qualitymeasure. A data quality measure is described by the components listed
in7.1.

Table 1 provides a list of data quality elements and data quality subelements as defined in ISO 19113.

2 © 1SO 2006 — Al rights reserved
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Table 1 — Data quality elements and data quality subelements with definitions (ISO 19113)

Data quality element

Data quality subelement

Definition

completeness

commission

excess data present in a dataset

omission

data absent from a dataset

logical consistency

conceptual consistency

adherence to rules of the conceptual schema

domain consistency

adherence of values to the value domains

format consistency

degree to which data is stored in accordance

I TSP o .
withrttrephysicatstroctureof thedataset

topological consistency

correctness of the explicitly| encoded
topological characteristics of'a‘datasgt

pofitional accuracy

absolute or external accuracy

closeness of reportedGoordinate| values to
values accepted as or'being true

relative or internal accuracy

closeness of the relative positions off features in
a dataset to their respective relative positions
accepted as or'being true

gridded data position accuracy

closeness) of gridded data positior] values to
valu€s accepted as or being true

temnporal accuracy

accuracy of a time measurement

correctness of the temporal referepces of an
item (reporting of error in time measyrement)

temporal consistency

correctness of ordered events or sgquences, if
reported

temporal validity

validity of data with respect to time

thematic accuracy

classification correctness

comparison of the classes assigned|to features
or their attributes to a universe of discourse
(e.g. ground truth or reference datasgt)

non-quantitative attribute correctness

correctness of non-quantitative attribute

quantitative attribute accuracy

accuracy of quantitative attributes

6 | Register

A register of data @uality measures shall contain a set of data quality measures, described| using the

cofnponents listedin 7.1. The registration procedures shall be performed according to ISO 19135.

Anhex D of«his Technical Specification contains the list of standardized data quality measures.| A register
shall contaih'these data quality measures and may also contain additional data quality measureq submitted
thrpugh the procedures defined within ISO 19135. The registration process also allows retiring data quality

megasures.

7 Components of a data quality measure

7.1 List of components

Each data quality measure shall be described using the following technical components:

— name (7.2.1)

— alias (7.2.2)

© 1SO 2006 — All rights reserved
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— data quality element (7.2.3)

— data quality subelement (7.2.4)

— data quality basic measure (7.2.5)

— definit

— descri

— paraneter (7.2.8)

— data quality value type (7.2.9)

— data quality value structure (7.2.10)
— sourceg reference (7.2.11)

—  example (7.2.12)

— identi

7.2 Con

7.21 Na
Name refe]

If the data
a name sh

NOTE

7.2.2 Alias

Alias refer
name, or g

More than
7.2.3 Da

Data qualif

NOTE

ion (7.2.6)

ption (7.2.7)

er (7.2.13)
nponent details

me
F's to the name of the data quality measure.

quality measure already has a commonly used‘iame, this name should be used. If no name exi
all be chosen that reflects the nature of the-measure.

The component name is specified in the.base standard for registers, ISO 19135.

5 to other recognized name for the same data quality measure. It may be a different commonly ug
n abbreviation or a short name.

one alias may besprovided.

a quality element

y element refers to the name of the data quality element to which this data quality measure appli

5ts,

ed

Allist of data quality elements is provided in Table 1.

7.2.4 Data quality subelement

Data quality subelement refers to the name of the data quality subelement to which this data quality measure

applies.

NOTE

A list of data quality subelements is provided in Table 1.

7.2.5 Data quality basic measure

Each data quality basic measure is described by its name, definition and value type. Data quality basic
measures are identified by their names.

© 1SO 2006 — All rights reserved
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A variety of data quality measures are based on counting of erroneous items. There are also several data
quality measures dealing with the uncertainty of numerical values. In order to avoid repetition, all possible
methods of constructing counting-related data quality measures as well as general statistical measures for
one- and two-dimensional random variables shall be defined in terms of data quality basic measures.

The data quality basic measures are defined in Annex C.

If a data quality measure is based on one of the set of data quality basic measures, the name of the data
quality basic measure shall be provided in the field data quality basic measure. If the data quality measure is
not based ona data quality baS|c measure, it shaII be indicated in this field that a data quallty baS|c measure

7.2

De

If t

quality basic measure definition and specialized for this data quality measure.

NO

7.2

De
for

If t
inc

NO

7.2

Pa
an

Mo

7.2

Da

A ¢

ality measures

.6 Definition
finition states the fundamental concept of the data quality measure.

he data quality measure is derived from a data quality basic measure, the definition is based d

TE The component definition is specified in the base standard for registers, ISO 19135.

.7 Description

scription refers to the description of the data quality measure including methods of calculatig
mulae and/or illustrations needed to establish the result,of applying the measure.

he data quality measure uses the concept of ertors, it shall be stated how an item shall be cl
prrect.

TE The component description is specified’in the base standard for registers, ISO 19135.

.8 Parameter

| description.
re than one parameter-may be provided.
.9 Data quality)value type

ta quality<value type refers to the value type for reporting a data quality result.

sharll be used when appropriate.

ata¢quality value type shall be provided for a data quality result. The data types defined in ISC

rameter refers to an auxiliary variable used by the data quality measure. It shall include namg,

g new data
wdent data

n the data

n, with all

assified as

definition

/TS 19103

Table 2 — Examples of data quality value types

Boolean

Real

Integer

Ratio (numerator of type integer : denominator of type integer)

Percentage

Measure(s) [value(s) + unit(s)]

© 1SO 2006 — All rights reserved
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7.2.10 Data quality value structure
Data quality value structure gives the structure for reporting a complex data quality result.
A data quality result may consist of multiple values. In this case, the data quality result shall be structured

using the data quality value structures as given in Table 3. The structure may consist of homogeneous or
heterogeneous data quality value types. The possible data quality value types are given in 7.2.9.

Table 3 — Data quality value structures

Bag
Set
Sequence
Table
Matrix

Coverage

NOTE The values within a structure can be multiple. For example, the covariance madtrix*as given in Table D.3R is
reported as| matrix of measure, where the matrix elements may have different units of ‘measure. A list may consisf of
different dafa quality value types.

7.2.11 Soprce reference
Source reference gives the citation of the source of the data quality measure.

When a ddta quality measure for which additional information is'provided in an external source is added to the
list of stan¢lardized data quality measures, a reference to that source may be provided here.

NOTE The component source reference is specified in the base standard for registers, ISO 19135.
7.2.12 Example

Example npay provide examples of applying the data quality measure or the result obtained for the data qudlity
measure.

More than [one example may be provided.
7.2.13 ldentifier

Identifier cpnsists of an integer number that uniquely identifies a data quality measure.

If data qudlity measures are administered in a register, then identifiers may only be assigned by the regigter
manager.

NOTE 'The)component identifier is specified in the base standard for registers, ISO 19135.

7.2.14 Obligation of the above-listed components

Some of the components are mandatory, others are conditional or optional. Table B.1 provides further
information on the obligation of each technical component.

7.3 Standardized data quality measures

In order to make data quality related metadata and data quality reports comparable, standardized data quality
measures shall be used in evaluating and reporting data quality, where appropriate. Annex D gives a list of
commonly used data quality measures with all required components for data quality measures as specified in
this Technical Specification.

6 © 1SO 2006 — Al rights reserved
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Annex A
(normative)

Abstract test suite

A.1 Test case identifier: Component test

a) | Test purpose: to determine conformance by ensuring that all necessary components of a.data quality
measure are provided.

b) | Test method: examine the entry for the data quality measure and verify that the components jhave been
provided as required by Table B.1.

c) | Reference: 7.2 and Annex B.

d) | Test type: Capability.

A.R Test case identifier: Name test

a) | Test purpose: to determine if a distinct name for the data.quality measure is used.

b) | Test method: determine if the name for the data quality measure is distinct from other megsures with
different concepts, and if the name is not in \conflict with other data quality basic meadures, their
definitions and descriptions.

c) | Reference: 7.2.1.

d) | Test type: Capability.

A.B Test case identifier: Data quality element and subelement test

a) | Test purpose: to determine
— if data quality element and subelement are assigned;

— if they are-taken from the list of data quality elements and subelements in ISO 19113 or if they are an
additional data quality element and subelement created in conformance with the rules of IJO 19113;
— \if'the data quality measure is relevant for the given data quality element and subelement.

b) “Fest—method:—eheek—if—proper—vatues—are—assigned—to—the—data—euality—etement—and—subelement
components and if the data quality measure has bearing on these.

c) Reference: 7.2.3 and 7.2.4.

d) Test type: Capability.

© 1SO 2006 — Al rights reserved 7
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A.4 Test case identifier: Data quality basic measure test

a)

b)

c)

d)

A.5 Test case identifier: Definition test

a)

b)

c)

d)

A.6 Test case identifier: Description test

a)

b)

c)

d)

A.7 Test case identifier;-PRarameter test

a)

b)

c)

d)

Test purpose: to determine if a data quality measure is properly derived from a data quality basic
measure.

Test method: check if an appropriate data quality basic measure for the data quality measure exists and,
if it does, that the data quality measure is utilizing this data quality basic measure in conformance with
this Technical Specification.

Reference: 7.2.5.

Test type: Capability.

Test gurpose: to determine if a fitting, correct and complete definition is provided.

Test method: check that the given definition contains no ambiguities and that.it is in conformance with
charagteristics of a definition as stated in ISO 19135:2005, 7.3.1.

Referg¢nce: 7.2.6 and ISO 19135:2005, 7.3.1.

Test type: Capability.

Test gurpose: to determine if an exhaustive descriptiontis provided.

Test method: check if the description contains a,comprehensive explanation with all required formulag to
facilitgte the application of the data quality measure.

Referénce: 7.2.7.

Test type: Capability.

Test gurpose: to determirie if required parameters are provided.

Test method: check if all parameters occurring in the description are provided in the paramgter
component.

ReferTnce: 7.2.8.

Test type: Capability.

A.8 Test case identifier: Data quality value type test

a)
b)
c)

d)

Test purpose: to determine if a proper data quality value type is provided.
Test method: check if the provided data quality value type is included in the list in Table 3.
Reference: 7.2.9.

Test type: Capability.

© 1SO 2006 — All rights reserved
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A.9 Test case identifier: Source reference test
a) Test purpose: to determine if a proper source reference is provided.

b) Test method: check if the cited reference source exists and if it reflects the concept of the provided data
quality measure.

c) Reference: 7.2.11.

d) Test type: Capability.

A.10 Test case identifier: Example test
a) | Test purpose: to determine if the example, if provided, is a valid example for the data’quality mg¢asure.

b) [ Test method: check if the example is free of errors and if it is representative of the usage ¢f the data
quality measure.

c) | Reference: 7.2.12.

d) | Test type: Capability.

© 1SO 2006 — Al rights reserved 9
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Annex B
(normative)

Structure of data quality measures

B.1 Components defining a data quality measure

Table B.1 [shall be used for the technical specification of every data quality measure. The descriptor, [for
obligation/gondition may have the following values: M (mandatory), C (conditional), or O (optional).
Table B.1 — Components defining a data quality measure
Line Component Description Obligation/condition

1 Ngme Name of the data quality measure applied to the M
data

2 Alips @ Another recognized name, an abbreviation or a (e}
short name for the same data quality measure

3 D4ta quality element Name of the data quality element for which M
quality is reported

4 Dgta quality subelement [Name of the data quality subelementfor which M
quality is reported

5 Ddta quality basic Name of the data quality basic“measure from| C/if derived from basic measufe

mgasure which the data quality measure is derived

6 Ddfinition Definition of the fundamental concept for the M
data quality measure

7 Ddscription Description of “the data quality measure,| C/if the definition is not sufficignt
including all formulae and/or illustrations needed | for the understanding of the ddta
to establish the result of applying the measure quality measure concept

8 Pdrameter 2 Auxiliary\\wvariable used by the data quality Clif required
measute, including its name, definition and
optionally its description

9 Ddta quality value type 2 ~ |\alue type for reporting a data quality result M

10 Ddta quality value Structure for reporting a complex data quality (0]

strpcture result

11 Saurce reference? Reference to the source of an item that has been| C/if an external source existg
adopted from an external source

12 Example'd lllustration of the use of a data quality measure (0]

13 Id¢gntifier Integer number, uniquely identifying a data| C/if data quality measures ar¢
quality measure administered in a register

@  Multiple entries are allowed. When values for the optional or conditional elements are not present, this should be indicated by
assigning the character “—” to the appropriate component.

10

© 1SO 2006 — All rights reserved


https://standardsiso.com/api/?name=336d66d69901dce425895be6d46f2ec3

B.2 Mapping of the components to ISO 19115 and ISO 19135

ISO/TS 19138:2006(E)

Table B.2 — Mapping of the components to ISO 19115 and ISO 19135

element information]

Line Component ISO 19115 element name ISO 19135 element name
1 Name nameOfMeasure name
2 Alias - alternativeExpressions
3 Data quality element DQ_Element -
4 Data quality subelement lines 108-127 [B.2.4.3 Data quality |—

5 Data quality basic measure - -

6 Definition - definition

7 Description measureDescription description

8 Parameter - -

9 Data quality value type - -

10 Data quality value structure - -

11 Source reference - source

12 Example - -

13 Identifier measureldentification itemldentifier

B.3 UML-diagram for data quality measure

Fidure B.1 defines the components for data ‘quality measures and Figure B.2 defines the relationship of data

quality measures and registered items fram 1ISO 19135. Both figures are in UML notation.

The UML models describe the content model, if a register for data quality measures is implemented

The class RE_Registeredltem\is’/defined in ISO 19135.

© 1SO 2006 — All rights reserved
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12

RegisteredDataQualityMeasure

0.1

1 | qualityMeasure

DataQualityMeasure

1.1
+name : CharacterString

+alias[0..*] : CharacterString
+dataQualityElement : TypeName
+dataQualitySubelement : TypeName 1.*

basic

1.* O * |loornoDAf
Faenmniion . Lhiaracterstring . ""’ Al TR

+description[0..1] : Description
Measure |l 0.1 +dataQualityValueStructure[0..1] : Value Structure Cl_Citation
| +dataQualityValueType[1..*] : TypeName

Dat3

QualityBasicMeasure +example[0..*] : Description

+narn
+def
+exg
+val

he : CharacterString
nition : CharacterString
mple : CharacterString
eType : TypeName

0..* y parameter

Parameter

+name : CharacterString

<<DataType>>
Description

+description[0..1] : Description
+parameterValueType % TypeName

+te
+ex

+parameterValueStructure[0..1] : ValueStructure

tDescription : CharacterString
endedDescription[0..1] : MD_BrowseGraphic

<<CodeList>>

T
|
|
|
|
|
|
I +definition : CharacterString
|
|
|
|
|
|
I ValueStructure

-{The value of dataQualityElement shall be the TypeName of a data quality elementIl +bag :
specified in ISO 191 15§ +set :
-{The value of dataQualitySubElement shall be the TypeName of a data quality

+ .
subelement specified in ISO 19115 +t8:tﬂ:e_nce ’
-{The value for dataQualityVValueType shall be the name'of one of the basic data +matri>; .

types specified in ISO 19103. It shall be Measure if the value is associated with

a unit of measure } +coverage :
-{A value shall be provided for dataQualityValueStructure if the result of the

DataQualityMeasure includes more than onevalue )-

Figure B.1 — Data quality measure
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RE_Registereditem

+itemldentifier : Integer
+name : CharacterString
E— +definition : CharacterString
+description[0..1] : CharacterString 1.1
+fieldOfApplication[0..1] : Set<RE_FieldOfApplication>
+alternativeExpressions : Set<RE_AlternativeExpression>
+/dateAccepted[0..1] : Date
+/dateAmended[o..1] : Date

specifiedltem

A 0..1 | specificationSource
\

RE_Reference

¢
0..1

1 | qualityMeasure

DataQualityMeasure

{ RegisteredDataQualityMeasure.name = DataQualityMeasure.nathe }

L { RegisteredDataQualityMeasure.definition = DataQualityMedsure.definition }

~ 7K RegisteredDataQualityMeasure.description = DataQualityMeasure.description

{ RegisteredDataQualityMeasure.specificationSource =(DataQualityMeasure.source }

|
|
|
|
|
|
|
|
|
[
|
|
I RegisteredDataQualityMeasure
|
|
|
|
|
|
|
|
|
|
|
|
|

Figure B.2 — Relationship between registered item of ISO 19135 and data quality measure
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Annex C
(normative)

Data quality basic measures

C.1 Purpose of data quality basic measures

The concept of data quality basic measures is introduced in this Technical Specification to avoid the repetifive

definition

f the same concept. There are data quality measures that have certain communaliti€s,

For

example, fhe counting-related data quality measures are dealing with the concept of counting errers. The

number of errors may be used to construct different kind of data quality measures. The).concept
constructing these data quality measures is defined for the generic data quality basic measures and shall
used for the creation of data quality measures that share these communalities.

Counting-

of data quality basic measures are listed in this annex. The counting-related data quality basic measures
e concept of counting errors or correct items. The uncertainty-related,data quality basic measufes
on the concept of modelling the uncertainty of measurements, with statistical methods. The
quantity can be embedded in different dimensions. Depending oncthe dimension of the measufed
fferent types of data quality basic measures shall be used to construct data quality measures.

based on

are based
measured
quantity, d

Annex D yses the data quality basic measures of Annex C whereS appropriate. When appropriate,
n of new data quality measures shall be derived from\one of the following data quality bdsic

constructia
measures.

of
be

nd uncertainty-related data quality measures can be identified. Therefore twg principle categotlies

are

the

C.2 Counting-related data quality basic measures

The data quality basic measures based on different-methods of counting errors or counting the numberf of

correct valpes are listed in Table C.1.

Table C.1 — Data quality basic measures for counting-related data quality measures
Data quaJIity basic Data quality basic measure definition | Example Data quality value type
measuife name
Error indicgtor Indicator thatan item is in error False Boolean (if the value is true the item is
not correct)
Correctnesk indicator | Indicator that an item is not in error True Boolean (if the value is true the item is
correct)

Error count Total number of items that are subject to| 11 Integer
an error of a specified type

Correct iterrs count Total number of items that are free of 571 Integer
errors of a specified type

Error rate Number of the erroneous items with|0,0189 Error rate can either be presented as
respect to the total number of items that| 1,89% real, percentage or as ratio
should have been present 11,582

Correct items rate Number of the correct items with respect|0,9811 Correct items rate can either be
to the total number of items that should |98,11% presented as real, percentage or as ratio
have been present 571:582

NOTE 1
data quality

EXAMPLE
NOTE 2

14

Number of items is defined using number of items in the universe of discourse for the dataset specified by

scope.

Use number of items found in the real world or reference dataset.

A list of data quality value types is provided in Table 2 (see 7.2.9).
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C.3 Uncertainty-related data quality basic measures

C.3.1 General

Numerical values that are obtained by some kind of measuring procedure can only be observed to a certain
accuracy. By treating the measured quantity (measurand) as random variable, this uncertainty can be

quantified. The different ways of describing uncertainty with statistical methods are used for the d
uncertainty-related data quality basic measures.

The statistical methods used for the definition of uncertainty-related data quality measures are
cefftain assumptions:

—| uncertainties are homogeneous for all observed values;
—| the observed values are not correlated,;

—| the observed values have normal distribution.

C.3.2 One-dimensional random variable, 2

Fof a continuous measurand (i.e. the value domain of the measured quantities is the real num
impossible to give the probability of a single value to be the true value. But it is possible to give the
for|the true value to be within a certain interval. This interval is called the confidence interval. It is g
prgbability P of the true value being between the lower and the dpper limit. This probability P is alsd
sighificance level.

P(lower limit < true value < upper limit) =P

If the standard deviation o is known, the limits“are given by the quantiles u of the normal
disfribution P(z, —u-o <true value <z, +u-g)=P.

efinition of

based on

bers), it is
probability
ven by the
called the

Gaussian)

Table C.2 — Relation between the'quantiles of the normal distribution and the significance level
Probability P Quantile Datargg:'sig:as‘c Name Data q‘t‘;‘;;y value
P 68,3 % Ugg3v = 1 Ugg 3% Oz LE68.3 measure
P 50 % U5y, = 0,6745 usgy, -0z LES0 measure
P90 % ugge, = 1,645 uggy, Oz LE9O measure
P+95% ugse, = 1,960 ugsy, -0z LE95 measure
PF99 % uggy, = 2,576 uggy, Oz LE99 measure
P 998 % ugg gy, =3 Ug9 8% Tz LE99.8 measure

If the standard deviation o is unknown, but the one-dimensional random variable Zis measured redundantly
by Nindependent observations, it is possible to estimate the standard deviation from the observations.

Zmi
can be estimated by

_ 1% 2
Sz = 72 (Zmi —2¢)
i1

© 1SO 2006 — All rights reserved
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with redundancy r being the number of observations » = N. If the true value is unknown, it may be estimated
N

as the arithmetic mean of the observations z, = ZZmi .
i=1

The standard deviation may then be estimated using the same formula, with » = N — 1.

If the standard deviation is estimated by redundant measurements, the confidence interval can be derived
from the Student’s #distribution with parameter r:

P(—t-

Z AY el
T2 t\[~52):|3 WM (Z=2Z; )73, ~ I(T)

Table C.p — Relation between the quantiles of the Student’s ¢-distribution and the significance level
for different redundancies r

provavilfyp | Quantle | Quanle | Quantle | Quantly | Quanile, - Quantle
P =50 % t=1,221 t=1,301 t=1,344 t=1,423 t=1,604 t=2,414
P =68,3 % t=1,524 t=1,657 t=1,731 t=1,868 132203 t=3,933
P=90% t=2,228 t=2,571 t=2,776 t=3,182 7= 4,303 t=12,706
P=95% t=2,634 t=3,163 t = 3,495 t=4,177 t=6,205 t = 25,452
P =99 % t=3,581 t=4,773 t=5,598 t=7,453 t=14,089 t=127,321
P =99,8 % t=4,587 t=6,869 t=8,610 t="12,924 t=31,599 t=636,619

Table C.¢ — Data quality basic measures for different probabilities P of a one-dimensional quantity,
where the standard deviation is estimated from redundant measurements

Probability P Data quality basic measure Name Data quality value type
P =50,0 % 1500, (r) - 57 LE50(r) measure
P=683% 168:3% (") 57 LE68.3(r) measure
P =90,0% T90%(r) sz LEQO(r) measure
P=950% 1950, (r)-sz LE95(r) measure
P =99,0 % t999,(r) sz LE99(r) measure
P =998 % t99,8%(r) sz LE99.8(r) measure
NOTE The values of ¢ for a number of redundancies r can be obtained from Table C.3.

The data quality basic measures for the uncertainty of one-dimensional quantities are given in Tables C.2 and
C.4. They both aim to measure the uncertainty by giving the upper and lower limit of a confidence interval.
The difference is in how the standard deviation is obtained. If it is known a priori, then Table C.2 is relevant. If
the standard deviation is estimated from redundant measurements, then Table C.4 in conjunction with
Table C.3 is relevant.
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C.3.3 Two-dimensional random variable Xand Y

The case of the one-dimensional random variable Z can be expanded to two dimensions where the
measurand is always observed by two values. The measurand is given by the tuple X, Y. This has the same
assumptions as in the case of the one-dimensional random variable.

The observations are x,, and y,.. The equivalence of the confidence interval in one dimension is the
confidence area, which is usually described as a circle around the best estimation for the true value. The
probability for the true value to lie in this area is calculated by area integration over the two-dimensional

Fo

Table C.5 — Relationship between the probability P and the corresponding radius of the cirg
Probability P Data quality basic Name Data quality value
y measure type
1
P=394% 62442 CE39.4 measure
AR
P=50% 1’1\/7_74 Uf + 03 CE50 measure
2
P=90% L\/ﬁG gf +0§ CE90 measure
2
P=95% 2’3‘177 Uf + 03 CE95 measure
2
P =99,8 % % o2+ o2 CE99.8 measure
2

1[<x—xt)2 L O,

)2]
2 2 2
P(R,cy,0y)=—— IJ. e X 7Y Jdxdy
(x-x)2+(y-y)?=R?

some particular probabilities, the radius can be calculated depending*~on the standard
and o,
y

C.3.4 Three-dimensional random variable X, Y, 27

Th
meg
the

Th

e case of the one-dimensional random variable Z can be expanded to three dimensions
asurand-is always observed by three values. The measurand is given by the tuple X; Y, Z Theg
same/assumptions as in the case of the one-dimensional random variable.

deviations

ular area

where the
y underlay

& ODSErvations are x and z,.. 1 he equivatence of the confidence mtervatim one dimen

mir Vmi

sion is the

confidence volume, which is usually described as a sphere around the best estimation for the true value. The
probability for the true value to lie in this volume is calculated by volume integration over the three-
dimensional density function of the normal distribution. A spherical volume is characterized by its radius. This
radius is used as measure for the accuracy of three-dimensional random variables.

© 1SO 2006 — All rights reserved
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Table C.6 — Relationship between the probability P and the corresponding radius
of the spherical volume

Probability P Datag:zﬁ:ﬂoasic Name Data qltJ;ILi;y value
P=50% 0,51.(5)( ‘o, +Uz) ?ggle;r)ical error probable measure
P=61% o2 +G§ ro? gﬂesgé?dial spherical error measure
P =90 % 0,833 -(Ux +o,+ UZ) ggzl’d;;’c;"m;”": IR measure
b = 99 % 17122_(0x ‘to, +Uz) g&:/zjastherical accuracy measure

© 1SO 2006 — All rights reserved
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(normative)

List of data quality measures

D.1 Completeness

ISO/TS 19138:2006(E)

D.1.1 Overview

This annex defines data quality measures. In order to achieve well defined and comparaple quality
infprmation, it is strongly recommended to carry out the evaluation and reporting of datatquality ysing these
dafa quality measures. Due to the nature of quality and geospatial information, this-list 'cannot bg complete.
Therefore, there may be cases where the user of this Technical Specification has”to come up|with user-
defined data quality measures. In cases where user-defined data quality measures are related to efror counts

or
cay

D

Th

.1.2 Commission

Table D.1 — Excess item

o uncertainty, they shall be defined using the data quality basic measures as provided in Annek C. In any
e, a data quality measure shall be defined using the structure as given in Annex B.

b data quality measures for the data quality subelement commission are provided in Tables D.1 tp D.4.

Line Component Description
1 Name excess item
2 Alias -
3 Data quality element completeness
4 Data quality subelement commission
5 Data quality basic measure error indicator
6 Definition indication that an item is incorrectly present in the data
7 Description -
8 Parameter -
9 Data quality’'value type Boolean (true indicates that the item is in excess)
10 Data\quality value structure -
11 Source reference -
12 Example -
13 Identifier 1

© 1SO 2006 — All rights reserved
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Table D.2 — Number of excess items

Line Component Description

1 Name number of excess items

2 Alias -

3 Data quality element completeness

4 Data quality subelement commission

5 Data quality basic measure error count

6 Oefinition number of items within the dataset that should not have been in the dataset
7 Oescription -

8 Harameter -

9 Oata quality value type integer

10 DOata quality value structure -

11 Yource reference -

12 Hxample -

13 Identifier 2

Table D.3 — Rate of excess items
Line Component Description

1 Name Rate of excess items

2 Alias -

3 Data quality element completeness

4 Data quality subelement commission

5 Data quality basic measure error rate

6 Definition number of excess items in the dataset in relation to the number of items that

should have been present

7 Qescription -

8 Harameter -

9 Data quality value type real, percentage, ratio

10 Data quality. value structure -

11 Yource reference -

12 xample -

13 Identifier 3
20 © 1SO 2006 — Al rights reserved
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Table D.4 — Number of duplicate feature instances

Line Component Description

1 Name number of duplicate feature instances

2 Alias -

3 Data quality element completeness

4 Data quality subelement commission

5 Data quality basic measure error count

6 Definition total number of exact duplications of feature instances within the dgta

7 Description count of all items in the data that are incorrectly extracted with duplicate
geometries

8 Parameter -

9 Data quality value type integer

10 Data quality value structure -

11 Source reference -

12 Example Features with identical attribution and identical coordinates:
A two (or more) points collected on top of each other;
—— two (or more)-curves collected on top of each other;

two(or more) surfaces collected on top of each other.
13 Identifier 4

D.1.3 Omission

The data quality measures forithe data quality subelement omission are provided in Tables D.5 to D.7.

© 1SO 2006 — All rights reserved
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Table D.5 — Missing item

Line Component Description

1 Name missing item

2 Alias -

3 Data quality element completeness

4 Data quality subelement omission

5 Data quality basic measure error indicator

6 Definition indicator that shows that a specific item is missing in the data

7 Oescription -

8 Harameter -

9 Oata quality value type Boolean (true indicates that an item is missing)

10 DOata quality value structure -

11 Yource reference -

12 Hxample A product specification requires all towers higher than 300 m to be captured.
The data quality measure “missing item” allows a data quality evaluator of a
data user to report that a specific item,,in(this case a feature of type “tower”
(name depends on the application schemia), is missing.

Data quality scope: all towers with height > 300 m

Example result of a completeness evaluation of a particular data set:

missing item = true for.
¢ tower.name\= “Eiffel Tower, Paris, France”
e tower.name = “Beijing Tower, Beijing, China”
13 Identifier 5
Table:D.6 — Number of missing items
Line Component Description

1 Name number of missing items

2 Alias -

3 Oata quality element completeness

4 Oata quality'subelement omission

5 Oata.quality basic measure error count

6 efinition count of all items that should have been in the dataset and are missing

7 Description -

8 Parameter -

9 Data quality value type integer

10 Data quality value structure -

11 Source reference -

12 Example -

13 Identifier 6
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Table D.7 — Rate of missing items
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Line Component Description
1 Name rate of missing items
2 Alias -
3 Data quality element completeness
4 Data quality subelement omission
5 Data quality basic measure error rate
6 Definition number of missing items in the dataset in relation to the numberof jtems that
should have been present
7 Description -
8 Parameter -
9 Data quality value type real, percentage, ratio
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 7

D.2 Logical consistency

D.2.1 Conceptual consistency

The data quality measures for the data‘quality subelement conceptual consistency are provided in
Taples D.8 to D.13.

Table D.8 — Conceptual schema noncompliance

Line Component Description

1 Name conceptual schema noncompliance

2 Alias -

3 Data quality/element logical consistency

4 Data guality subelement conceptual consistency

5 Data quality basic measure error indicator

6 Definition indication that an item is not compliant to the rules of the relevant gonceptual
schema

7 Description -

8 Parameter -

9 Data quality value type Boolean (true indicates that an item is not compliant with the rules of the
conceptual schema)

10 Data quality value structure -

11 Source reference -

12 Example -

13 Identifier 8

© 1SO 2006 — All rights reserved
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Table D.9 — Conceptual schema compliance

Line Component Description

1 Name conceptual schema compliance

2 Alias -

3 Data quality element logical consistency

4 Data quality subelement conceptual consistency

5 Data quality basic measure correctness indicator

6 Definition indication that an item complies with the rules of the relevant conceptpal
schema

7 Qescription -

8 Harameter -

9 Oata quality value type Boolean (true indicates that an item is in compliance with”the rules of {he
conceptual schema)

10 Data quality value structure -

11 Yource reference -

12 Hxample -

13 Identifier 9

Tlable D.10 — Number of items not compliant with‘the rules of the conceptual schema
Line Component Description

1 Name number of itemis:not compliant with the rules of the conceptual schema

2 Alias -

3 Data quality element logical consistency

4 Data quality subelement conceptual consistency

5 Data quality basic measure error count

6 Definition count of all items in the dataset that are not compliant with the rules of the
conceptual schema

7 Description If the conceptual schema explicitly or implicitly describes rules, these rules
shall be followed. Violations against such rules can be, for example, invglid
placement of features within a defined tolerance, duplication of features gnd
invalid overlap of features.

8 Harameter -

9 Datarqualibvalue-type rteger

10 Data quality value structure -

11 Source reference -

24 © 1SO 2006 — Al rights reserved
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Table D.10 (continued)

Line Component Description

12 Example Example 1: Towers with identical attribution and within search tolerance
(search tolerance = 10 m)
(tien) ((gn)

Example 2: Bridge has invalid Transportation. Use Category'of Road

)@
2

Example 3: Invalid placement of Airport inside a Lake

Example 4: Invalid overlap of area feature Lake within line feature Railroad

0

/

N

4
&

Key

1 Bridge

2 Railroad

3 Lake

4 Airport
13 Identifier 10
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Table D.11 — Number of invalid overlaps of surfaces

Line Component Description

1 Name number of invalid overlaps of surfaces

2 Alias overlapping surfaces

3 Data quality element logical consistency

4 Data quality subelement conceptual consistency

5 Data quality basic measure error count

6 Definition total number of erroneous overlaps within the data

7 Description Which surfaces may overlap and which shall not is application dependent-ot
all overlapping surfaces are necessarily erroneous.
When reporting this data quality measure, the types of features clasges
corresponding to the illegal overlapping surfaces shall be reportedas well.

8 Harameter -

9 Data quality value type integer

10 DOata quality value structure -

11 Yource reference -

12 Hxample 1 2

3

Key
1  Surface 1
2  Surface2
3 Overlapping Area

13 Igentifier 11

Tlable D.12 — Noncompliance rate with respect to the rules of the conceptual schema
Line Component Description

1 Name noncompliance rate with respect to the rules of the conceptual schema

2 Alias -

3 DOata quality~element logical consistency

4 Data guality subelement conceptual consistency

5 Oataquality basic measure error rate

6 Definition number of items in the dataset that are not compliant with the rules of the
conceptual schema in relation to the total number of these items supposed to
be in the dataset

7 Description -

8 Parameter -

9 Data quality value type real, percentage, ratio

10 Data quality value structure -

11 Source reference -

12 Example -

13 Identifier 12
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Table D.13 — Compliance rate with the rules of the conceptual schema

Line Component Description
1 Name compliance rate with the rules of the conceptual schema
2 Alias -
3 Data quality element logical consistency
4 Data quality subelement conceptual consistency
5 Data quality basic measure correct items rate
6 Definition number of items in the dataset in compliance with the rules of the|conceptual
schema in relation to the total number of items
7 Description -
8 Parameter -
9 Data quality value type real, percentage, ratio
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 13

D.2.2 Domain consistency

The

Tables D.14 to D.18.

data quality measures for the data quality subelement domain consistency are p

Table D.14,— Value domain nonconformance

rovided in

Line Component Description
1 Name value domain nonconformance
2 Alias -
3 Data quality element logical consistency
4 Data quality-subelement domain consistency
5 Data gtality basic measure error indicator
6 Definjtion indication of if an item is not in conformance with its value domain
7 Pescription -
8 Parameter -
9 Data quality value type Boolean (true indicates that an item is not in conformance with its value
domain)
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 14

© 1SO 2006 — All rights reserved
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Table D.15 — Value domain conformance

Line Component Description

1 Name value domain conformance

2 Alias -

3 Data quality element logical consistency

4 Data quality subelement domain consistency

5 Data quality basic measure correctness indicator

6 Definition indication of if an item is conforming to its value domain

7 Oescription -

8 Harameter -

9 Oata quality value type Boolean (true indicates that an item is conforming to its value domain)
10 Oata quality value structure -

11 Yource reference -

12 Hxample -

13 Identifier 15

Table D.16 — Number of items not in conformance with their value domain
Line Component Description

1 Name number of items notiA conformance with their value domain

2 Alias -

3 Data quality element logical consistency

4 Oata quality subelement domain.consistency

5 DOata quality basic measure error count

6 Definition count of all items in the dataset that are not in conformance with their value

domain

7 Qescription -

8 Harameter -

9 Data quality value type integer

10 Data quality. value structure -

11 Yource reference -

12 xample -

13 Identifier 16
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Table D.17 — Value domain conformance rate

Line Component Description
1 Name value domain conformance rate
2 Alias -
3 Data quality element logical consistency
4 Data quality subelement domain consistency
5 Data quality basic measure correct items rate
6 Definition number of items in the dataset that are in conformance with, [their value
domain in relation to the total number of items in the dataset
7 Description -
8 Parameter -
9 Data quality value type real, percentage, ratio
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 17
Table D.18 — Value domain’'nonconformance rate
Line Component Description
1 Name value domain nonconformance rate
2 Alias -
3 Data quality element logical consistency
4 Data quality subelement domain consistency
5 Data quality basic measure error ratio
6 Definition number of items in the dataset that are not in conformance with|their value
domain in relation to the total number of items
7 Description -
8 Paraméter -
9 Data quality value type real, percentage, ratio
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 18
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D.2.3 Format consistency

The data quality measures for the data quality subelement format consistency are provided in
Tables D.19 and D.20.

Table D.19 — Physical structure conflicts

Line Component Description
1 Name physical structure conflicts
2 lias
3 Data quality element logical consistency
4 Oata quality subelement format consistency
5 DOata quality basic measure error count
6 Definition count of all items in the dataset that are stored in conflictywith the physital
structure of the dataset
7 Oescription -
8 Harameter -
9 Data quality value type integer
10 DOata quality value structure -
11 Yource reference -
12 Hxample -
13 Identifier 19
Table D.20 — Physical structure conflict rate
Line Component Description
1 Name physical structure conflict rate
2 Alias -
3 Oata quality element logical consistency
4 Data quality subelement format consistency
5 Oata quality basic measure error rate
6 Definition number of items in the dataset that are stored in conflict with the physiral
structure of the dataset divided by the total number of items
7 Qescription -
8 Harameter -
9 Oata guality value type real, percentage, ratio
10 Data-guality value structure -
11 Source reference -
12 Example -
13 Identifier 20

D.2.4 Topological consistency
The data quality measures in Tables D.21 to D.27 are designed to test the topological consistency of

geometric representations of features. They will not serve as measures of the consistency of explicit
descriptions of topology using the topological objects specified in ISO 19107.
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Table D.21 — Number of faulty point-curve connections

Line Component Description
1 Name number of faulty point-curve connections
2 Alias extraneous nodes
3 Data quality element logical consistency
4 Data quality subelement topological consistency
5 Data quality basic measure error count
6 Definition number of faulty point-curve connections in the dataset
7 Description A point-curve connection exists where different curves touch.“These curves
have an intrinsic topological relationship that shall Lreflec the true
constellation. If the point-curve connection contradicts the yniverse of
discourse, the point-curve connection is faulty with_respect to this flata quality
measure. The data quality measure counts the number of errors of|this kind.
8 Parameter -
9 Data quality value type integer
10 Data quality value structure -
11 Source reference -
12 Example Example 1: Two-point curve, connections exist where only one|should be
present
)
>
c
)
>
<
i
[
Main Street
g \
= 1
>
<
B
I
Key
1 Junction of two roads should be at a “+” intersection
Example 2: System automatically places point-curve based ¢n vertices
limitation built into software code where no spatial justification for point-curve
exists
— _/
/ b
1 1
Key
1  Link-node
2 500 vertices limit
13 Identifier 21
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Table D.22 — Rate of faulty point-curve connections

Line Component Description

1 Name rate of faulty point-curve connections

2 Alias -

3 Data quality element logical consistency

4 Data quality subelement topological consistency

5 Data quality basic measure error rate

6 Drefimition rurmberof fautty ik modecormections T retatior to-the umber of supposed
link node connections

7 Oescription A point-curve connection exists where different curves touch. These)curyes
have an intrinsic topological relationship that shall reflect ‘the tiue
constellation. If the point-curve connection contradicts the+dniverse | of
discourse, the point-curve connection is faulty with respect+to this data quality
measure. This data quality measure gives the erroneous point-cufve
connections in relation to the total number of point-cur¢esconnections.

8 Harameter -

9 Oata quality value type real, percentage, ratio

10 DOata quality value structure -

11 Yource reference -

12 Hxample -

13 Identifier 22

Table D.23 — Number of missing-eonnections due to undershoots
Line Component Description

1 Name number of 'missing connections due to undershoots

2 Alias undershoots

3 DOata quality element logical consistency

4 Data quality subelement topological consistency

5 DOata quality basic measure error count

6 Oefinition count of items in the dataset, within the parameter tolerance, that are
mismatched due to undershoots

7 Oescription -

8 Harameter search distance from the end of a dangling line

9 Oata quality value type integer

10 Dataquality-vatue-strocture =

11 Source reference -

12 Example Road o,

Con?
N
Road 1

Key
1 Search tolerance =3 m

13 Identifier 23
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Table D.24 — Number of missing connections due to overshoots

Line Component Description

1 Name number of missing connections due to overshoots
2 Alias overshoots
3 Data quality element logical consistency
4 Data quality subelement topological consistency
5 Data quality basic measure error count
6 Definition count of items in the dataset, within the parameter tolerance, that are

mismatched due to overshoots
7 Description -
8 Parameter search tolerance of minimum allowable length in the dataset
9 Data quality value type integer
10 Data quality value structure -
11 Source reference -
12 Example Road o,

lw
Road \ 1

Key

1 Search tolerance =(3.m
13 Identifier 24

© 1SO 2006 — All rights reserved

33


https://standardsiso.com/api/?name=336d66d69901dce425895be6d46f2ec3

ISO/TS 19138:2006(E)

Table D.25 — Number of invalid slivers

Line Component Description
1 Name number of invalid slivers
2 Alias slivers
3 Data quality element logical consistency
4 Data quality subelement topological consistency
5 Data quality basic measure error count
6 EUﬁII;t;UII quIIt Uf a“ ;tUIIID iII t:lc dataoct t:ldt alc ;IIVd“uI D:iVUI buffaut;a
7 DOescription A sliver is an unintended area that occurs when adjacent surfaces @re”not
digitized properly. The borders of the adjacent surfaces may unintentionally
gap or overlap by small amounts to cause a topological error.
8 Harameter This data quality measure has 2 parameters:
e maximum sliver area size
e thickness quotient
The thickness quotient shall be a real number between 0 and 1. This quotignt
is determined by the following formula:
T is the thickness quotient
T = 4 7 [area]/[perimeter]?
T =1 value corresponds to a ¢irclé that has the largest area/perimeter?
value.
T=0 value corresponds to."a line that has the smallest area/perimetpr?
value.
The thickness quotient, is” independent of the size of the surface, and the
closer the value is to-0;*the thinner the selected sliver surfaces shall be.
The maximum area determines the upper limit of a sliver. This is to prevent
surfaces withxSinuous perimeters and large areas from being mistaken |as
slivers.
9 Oata quality value type integer
10 Data quality value structure -
11 Yource reference Environmental Systems Research Institute, Inc. (ESRI)
GIS Data ReViewer 4.2 User Guide
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Table D.25 (continued)

Line Component Description
12 Example
11—
2 _—» %
Key
1  Single line drain
2 Double line drain
a) Maximum area-parameter prevents correct double line drain portrayal
from being flaggéd“as an error
1
3
2
Key
1 Sand
2 Sliver
3 Double line drain
b) Sliver is less than the maximum parameter and is flagged for evaluation of
possible error
13 Identifier 25
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Table D.26 — Number of invalid self-intersect errors

Line Component Description
1 Name number of invalid self-intersect errors
2 Alias loops
3 Data quality element logical consistency
4 Data quality subelement topological consistency
5 Data quality basic measure error count
6 Definition count of all items in the data that illegally intersect with themselves
7 Oescription -
8 Harameter -
9 Data quality value type integer
10 Data quality value structure -
11 Yource reference -
12 Hxample \
11— \ 2
Key
1 Building 1
2 lllegal intersection (loop)
13 Identifier 26
Table D.27 — Number-:ofiinvalid self-overlap errors
Line Component Description
1 Name number-of invalid self-overlap errors
2 Alias kickbacks
3 Oata quality element logical consistency
4 DOata quality subelement topological consistency
5 Oata quality basic measure error count
6 Definition count of all items in the data that illegally self overlap
7 Oescription -
8 Harameter: -
9 Data guality value type integer
10 Data-quality value structure -
11 Source reference -
12 Example - -
1 2 3 4
O O O O
‘\ a %
@  Vertices.
13 Identifier 27
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D.3 Positional accuracy

D.3.1 Absolute or external accuracy

D.3.1.1 General measures for positional uncertainties

The data quality measures for positional uncertainty in general of the data quality subelement absolute or
external accuracy are provided in Tables D.28 to D.32.

Table D.28 — Mean value of positional uncertainties
Line Component Description
1 Name mean value of positional uncertainties (1D, 2D and 3B)
2 Alias -
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure not applicable
6 Definition mean value of the positional Uncertainties for a set of positions| where the
positional uncertainties arefdefined as the distance between al measured
position and what is considered as the corresponding true position
7 Description For a number of points.(V), the measured positions are given as k,;, y,,; and
z,,; coordinates depending on the dimension in which the position pf the point
is measured. A eorresponding set of coordinates, x;, y,; and z,, are|considered
to represent the true positions. The errors are calculated as
1D: ¢; =|xmi —xu»l
. 2 2
2D: ei:\/(xmi*xn‘) + (Vi = Vi)
3D:je; :\/(xmi —xn')2 + (Vi _yn_)z + (2 —Zn')2
The mean positional uncertainties of the horizontal absolute pr external
positions are then calculated as
1 &
ée= eri
i=1
A criterion for the establishing of correspondence should also be ptated (e.g.
allowing for correspondence to the closest position, correspohdence on
vertices or along lines). The criterion/criteria for finding the corfresponding
points shall be reported with the data quality evaluation result.
This data quality measure is different from the standard deviation.
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 28
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Table D.29 — Mean value of positional uncertainties excluding outliers

Line Component Description

1 Name mean value of positional uncertainties excluding outliers (2D)

2 Alias -

3 Data quality element positional accuracy

4 Data quality subelement absolute or external accuracy

5 Data quality basic measure not applicable

6 Definition for a set of points where the distance does not exceed a defined threshgld,
the arithmetical average of distances between their measured positions gnd
what is considered as the corresponding true positions

7 Description For a number of points (), the measured positions are given-as.x,,;, y,,; gnd
z,,; coordinates depending on the dimension in which the position of the pqint
is measured. A corresponding set of coordinates, x;y,; and z; are
considered to represent the true positions. All positional uncertainties abové a
defined threshold e, are then removed from/Athe’ set. The positiopal
uncertainties are calculated as
e = {ei’ if e; < emax

10, ife; > emax
The calculation of ¢; is given by thé ‘data quality measure “mean value| of
positional uncertainties” in one, twé_and three dimensions.
For the remaining number of ertors (NR), the mean of the horizontal absoljte
positions is calculated as
_ 1 &
€excluding outliers = =€
excluding outliers NR - 1

A criterion for_the establishing of correspondence should also be stated (d.g.
allowing fon correspondence to the closest position, correspondence |on
vertices of along lines). The criteria for finding the corresponding points shall
be reported with the data quality evaluation result.

8 Harameter emax is the threshold for accepted positional uncertainties

9 Data quality value type measure

10 Data quality value structure -

11 Yource reference -

12 Bxample -

13 Identifier 29
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Table D.30 — Number of positional uncertainties above a given threshold

Line Component Description

1 Name number of positional uncertainties above a given threshold

2 Alias -

3 Data quality element positional accuracy

4 Data quality subelement absolute or external accuracy

5 Data quality basic measure error count

6 Definition number of positional uncertainties above a given threshold fgr a set of
positions
The errors are defined as the distance between a measured ppsition and
what is considered as the corresponding true position,

7 Description For a number of points (), the measured positions,are given as ¥,,;, y,,; and
z,,; coordinates depending on the dimension in which the position pf the point
is measured. A corresponding set of coordinates, x;;, y; and z;, are|considered
to represent the true positions. The calculation of ¢; is given Hy the data
quality measure “mean value of positional uncertainties” in one, twp and three
dimensions.

All positional uncertainties above_a" defined threshold ep ¢ (e; 3 emax ) are
then counted as error.

A criterion for the establishing of correspondence should also be stated (e.g.
allowing for correspondence to the closest position, correspopdence on
vertices or along lines)! The criterion/criteria for finding the corresponding
points shall be reparted with the data quality evaluation result.

8 Parameter emax IS the threshold for accepted positional uncertainties

9 Data quality value type integer

10 Data quality value structure -

11 Source reference -

12 Example >

13 Identifier 30
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Table D.31 — Rate of positional errors above a given threshold

Line Component Description

1 Name rate of positional uncertainties above a given threshold

2 Alias -

3 Data quality element positional accuracy

4 Data quality subelement absolute or external accuracy

5 Data quality basic measure not applicable

6 Oefinition number of positional uncertainties above a given threshold for a set|of
positions in relation to the total number of measured positions
The errors are defined as the distance between a measured_position gnd
what is considered as the corresponding true position

7 Description For a number of points (N), the measured positions are given'as x,,;, y,,; gnd
z,,; coordinates depending on the dimension in which the' position of the pqint
is measured. A corresponding set of coordinates, x;;,477and z,;, are considefed
to represent the true positions. The calculation_of e; is given by the d]ata
quality measure “mean value of positional uncertainties” in one, two and thiee
dimensions.
All positional uncertainties above a definedthreshold epox (€; > emay )
are then counted as error. The number, of errors is set in relation to the tqtal
number of measured points.
A criterion for the establishing of,correspondence should also be stated (¢.g.
allowing for correspondence ‘to the closest position, correspondence [on
vertices or along lines).~\The criterion/criteria for finding the corresponding
points shall be reported\with the data quality evaluation result.

8 Harameter emax IS the threshold@above which the positional uncertainties are counted

9 DOata quality value type real, percentagé)ratio

10 Data quality value structure -

11 Yource reference -

12 Hxample =

13 Identifier 31
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Table D.32 — Covariance matrix

Line Component Description

1 Name covariance matrix

2 Alias variance-covariance matrix

3 Data quality element positional accuracy

4 Data quality subelement absolute or external accuracy

5 Data quality basic measure not applicable

6 Definition symmetrical square matrix with variances of point coordinates;-op the main
diagonal and covariances between these coordinates - as ~off-diagonal
elements

7 Description The covariance matrix generalizes the concept of yafiance frorh one to n

dimensions, i.e. from scalar-valued random variables‘\to“vector-valyed random
variables (tuples of scalar random variables).

(1) 1D coordinates (e.g. height data)

X1
Vector-valued random variable: x =
X
2
. . gxt T Ot |
Its covariance matrix: X <| ": - |, with 6y, = 0
O 0'2

xnx1 xn

031 denotes the wariance of the element x4, its square roo{ gives the

standard deviation of this element o 4 = 031 .

The correlation between 2 elements can be calculated by

6 P ) i
Ay =——— . If the coordinates are uncorrelated, the off-diagongl elements
Gxiaxj
are of value 0.

(2) 2D coordinates

*
Vector-valued random variable: x = y:1
Yn

0)%1 Oxtyt " Oxtyn

Its covariance matrix: T, =| ¥ 051 T Oyt

Oynxt O ymyl
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Table D.32 (continued)

Line Component Description
(3) 3D coordinates
X1
b
. z
Vector-valued random variable: x=| !
Yn
Zn
Its covariance matrix:
-, _
Ox1 Oxiyl Ox1zt " Oxtyn Oxlm
2
O x1y1 Oy1 Ozt " Optyn Oyl
2
Yy = Ox1z1 Fy1z1 O " Ozyn Oz
XX . . . . . .
2
Oxtyn Oylyn Ozyn " Oyp O ynzn
2
_O-x1zn Oylzn Oz1zn " Oynzn Oz (
(4) arbitrary observables
a
. . b
Vector-valued random variable: %= .
z
Its covariance matrix:
2
Oq Opa o Ogg
2
Y, =|%ab 7 Tba ) Oz
7 _ 2
Ouy =0zg Op; =0z *+ O
8 Harameter =
9 Data quality value type measures
10 Data quality value structure matrix
11 Yource reference -
12 Hxample -
13 Identifier 32

D.3.1.2 Vertical positional uncertainties

Height measurements are position observations in one dimension. The measurand height may therefore be
treated as a one-dimensional random variable. The data quality measures for positional uncertainties are
therefore based on the data quality basic measure “one-dimensional random variable”.

The data quality measures for vertical positional uncertainty of the data quality subelement absolute or
external accuracy are provided in Tables D.33 to D.41.
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Table D.33 — Linear error probable

Line Component Description
1 Name linear error probable
2 Alias LEP
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure LE50 or LE5O0I, depending on the evaluation procedure
6 Definition half length of the interval defined by an upper and a lower limit; in which the
true value lies with probability 50 %
7 Description See C.3.2
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 33
Table D.34 — Standard linear error
Line Component Description
1 Name standard linear error
2 Alias SD
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure LE68.3 or LE68.3(r), depending on the evaluation procedure
6 Definition half length of the interval defined by an upper and a lower limit, in which the
true value lies with probability 68,3 %
7 Description See C.3.2
8 Paraméter -
9 Data jquality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 34
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Table D.35 — Linear map accuracy at 90 % significance level

Line Component Description

1 Name linear map accuracy at 90 % significance level

2 Alias LMAS 90 %

3 Data quality element positional accuracy

4 Data quality subelement absolute or external accuracy

5 Data quality basic measure LE90 or LE9OI, depending on the evaluation procedure
6 Oefinition half length of the interval defined by an upper and a lower limit, in which.the

true value lies with probability 90 %

7 Description See C.3.2

8 Harameter -

9 Oata quality value type measure

10 Oata quality value structure -

11 Yource reference -

12 Hxample -

13 Identifier 35

Table D.36 — Linear map accuracy at95% significance level
Line Component Description

1 Name linear map accuracy at 95 % significance level

2 Alias LMAS 95 %

3 Data quality element positionakaccuracy

4 Oata quality subelement absolute or external accuracy

5 Oata quality basic measure LE9S or LE9SI, depending on the evaluation procedure
6 Definition half length of the interval defined by an upper and a lower limit, in which the

true value lies with probability 95 %

7 DOescription See C.3.2

8 Harameter -

9 Data quality, value type measure

10 DOata guality value structure -

11 Yource reference -

12 Example -

13 Identifier 36
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Table D.37 — Linear map accuracy at 99 % significance level

Line Component Description
1 Name linear map accuracy at 99 % significance level
2 Alias LMAS 99 %
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure LE99 or LE99(r), depending on the evaluation procedure
6 Definition half length of the interval defined by an upper and a lower limit; in which the
true value lies with probability 99 %
7 Description See C.3.2
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 37
Table D.38 — Near certainty linear error
Line Component Description
1 Name near certainty linear error
2 Alias -
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure LE99.8 or LE99.8(r), depending on the evaluation procedure
6 Definition half length of the interval defined by an upper and a lower limit, in which the
true value lies with probability 99,8 %
7 Description See C.3.2
8 Paraméter -
9 Data jquality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 38
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Table D.39 — Root mean square error

Line Component Description

1 Name root mean square error

2 Alias RMSE

3 Data quality element positional accuracy

4 Data quality subelement absolute or external accuracy

5 Data quality basic measure not applicable

6 Oefinition standard deviation, where the true value is not estimated from-the
observations but known a priori

7 Description The true value of an observable Z is known as z,. From this, the estimator
o, = ii(z ; —Zt)

Iy Z mi

yields to the linear root mean square error RMSE ='c;:

8 Harameter -

9 Data quality value type measure

10 Data quality value structure -

11 Yource reference -

12 Hxample -

13 Identifier 39
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Table D.40 — Absolute linear error at 90 % significance level of biased vertical data (Alternative 1)

Line Component Description
1 Name absolute linear error at 90 % significance level of biased vertical data
(Alternative 1)
2 Alternative name LMAS
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Dataquatity basicmeasure motappticatte
6 Definition absolute vertical accuracy of the data’s coordinates, expressed jn terms of
linear error at 90 % probability given that a bias is present
7 Description A comparison of the data (source) and the control (refefence) is cglculated in
the following manner:
1. Calculate the absolute error in the vertical dimension at each point:
6V; =sourceV; —referenceV; fori=1 4 N
2. Calculate absolute value of the bias:
— |1 X
|ov|= WZ&V,.
i=1
3. Calculate the linear standard deviation of measured differences between
the tested product and the reference source:
1 X 2
o=y
=1
4. Calculate the standard linear standard deviation of errprs in the
reference-source:
OR
5.~ Calculate the linear standard deviation of errors in the tested groduct:
o= w[a,\zA + O'F%
6. Calculate the ratio of the absolute value of the mean efror to the
standard deviation:
7]
ratio=+—
Oy
7. If ratio >1,4, then LMAS = o, -[1,282 +ratio |
8. If ratio <14, then calculate k based on the ratio of the verfical bias to
the standard deviation of the heights using
LMAS = o -[ 1,6435 + 0,92 xratio? - 0, 28 xratio® |
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference NATO STANAG 2215 IGEO (Reference [3])
12 Example -
13 Measure identifier 40
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Table D.41 — Absolute linear error at 90 % significance level of biased vertical data

Line Component Description
1 Name absolute linear error at 90 % significance level of biased vertical data
2 Alternative name ALE
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure not applicable
6 Definition absolute vertical accuracy of the data’s coordinates, expressed in terms| of
linear error at 90 % probability given that a bias is present
7 Description A comparison of the data (source) and the control (reference) is.calculated in
the following manner:
1. Calculate the absolute error in the vertical dimension atieach point:
oV; =sourceV; —referenceV; fori=1... N
2. Calculate the mean vertical error:
— |1 N
|ov]= WZdV[
i=1
3. Calculate the standard deviation-of the vertical errors:
oy = LiAV-Z
VoA No1&T
i=1
4. Calculate the ratio<ef the absolute value of the mean error to the
standard deviation:
ratio = ‘W‘/UV
5. If ratie>14,then £k=12815
6. If ratio<1,4, then calculate k£ based on the ratio of the vertical bias|to
the standard deviation of the heights using a cubic polynomial fit through the
tabular values as defined in the Handbook of Tables for Probability gnd
Statistics (Reference [4]).
k =1,6435 (0,999 556 xratio) + 0,923 237 xratio? ) - (0,282 533 xratio
7. Compute LE9O for the source:
LE9Oource =|0 |+ (kxo)
8. Compute absolute LE90:
2 2
LEgoabs = \/LEgOreference + LEgOsource
8 Harameter Qampln size: minimum of 30 pninfe is nnrmally used but may. not Q|\AIQyQ be
possible depending on identifiable control points. For feature level attribution
sample 10 % of the feature population.
9 Data quality value type measure
10 Data quality value structure -
11 Source reference 1. Mapping, Charting and Geodesy Accuracy (Reference [5])
2. Handbook of Tables for Probability and Statistics (Reference [4])
12 Example -
13 Measure identifier 41
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D.3.1.3 Horizontal positional uncertainties

Horizontal point locations are defined by a 2D coordinates. The uncertainty of any point location can be
described using the data quality basic measures for 2D random variables as described in C.3.3. The data
quality measures for horizontal positional uncertainty of the data quality subelement absolute or external
accuracy are provided in Tables D.42 to D.51.

Table D.42 — Circular standard deviation

I[ine Component Description
1 Name circular standard deviation
2 Alias circular standard error, Helmert's point error, CSE
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure CE39.4
6 Definition radius describing a circle, in whichthe’/ true point location ligs with the
probability of 39,4 %
7 Description See C.3.3
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 42
Table D.43 — Circular error probable
Line Component Description
1 Name circular error probable
2 Alias CEP
3 Data guality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure CE50
6 Definition radius describing a circle, in which the true point location ligs with the
probability of 50 %
7 Description See C.3.3
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 43
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Table D.44 — Circular map accuracy standard

Line Component Description
1 Name circular map accuracy standard
2 Alias CMAS
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure CE90
6 Definition radius describing a circle, in which the true point location lies with-the
probability of 90 %
7 Description See C.3.3
8 Harameter -
9 Oata quality value type measure
10 Oata quality value structure -
11 Yource reference -
12 Hxample -
13 Identifier 44
Table D.45 — Circular error at 95 % significance level
Line Component Description
1 Name circular error at 95 % significance level
2 Alias navigation accuracy
3 Data quality element positionakaccuracy
4 Oata quality subelement absolute or external accuracy
5 Oata quality basic measure CE95
6 Definition radius describing a circle, in which the true point location lies with the
probability of 95 %
7 DOescription See C.3.3
8 Harameter -
9 Data quality, value type measure
10 DOata guality value structure -
11 Yource reference -
12 Example -
13 Identifier 45
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Table D.46 — Circular near certainty error
Line Component Description
1 Name circular near certainty error
2 Alias CNCE
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure CE99.8
6 Definition radius describing a circle, in which the true point locationcligs with the
probability of 99,8 %.
7 Description See C.3.3
8 Parameter -
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 46
Table D.47 — Root mean square error of planimetry
Line Component Description
1 Name root mean square error of planimetry
2 Alias RMSEP
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure not applicable
6 Definition radius of a circle around the given point, in which the true valye lies with
probability P
7 Description The true values of the observed coordinates X and Y are known &s x, and y,
From this the estimator
o :\/%Z,’.’:1[(xm,~ )2+ (i =)
yields to the linear root mean square error of planimetry RMSEP = |o
8 Parameter =
9 Data quality value type measure
10 Data quality value structure -
11 Source reference -
12 Example -
13 Identifier 47
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Table D.48 — Absolute circular error at 90 % significance level of biased data (Alternative 2)

Line Component Description
1 Name absolute circular error at 90 % significance level of biased data (Alternative 2)
2 Alternative name absolute horizontal accuracy measure at the 90 % CMAS
significance level of biased data
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Dataquatity basicmeasure notappticatte
6 Definition absolute horizontal accuracy of the data’s coordinates, expressed in-termsg of
circular error at 90 % probability given that a bias is present
7 Description A comparison of the data (source) and the control (reference)riscalculated in
the following manner:
1. Calculate the absolute error in the horizontal dimension at each pqint
and each coordinate X; and Y;:
5X; =(sourceX; —referenceX;) and &Yi = (sourceY; —referencey;) fo
i=1..N
2. Calculate the mean horizontal error ofleach coordinate:
— 1< — 1
60X =—) 8Xi and §Y =— > 9¥
y 20  249%
3. Calculate the circular ‘standard deviation of measured differenges
between the tested product@nd the reference source:
oom= |5 S (o257 + 3 (s30- 5%
M 2N i=1 i=1
4. Calculate™he circular standard deviation of errors in the refererjce
source: - ©¢R
5.  Calculate the circular standard deviation of errors in the tested product
[ 2 2
0c =yOCM T OCR
6. Compute absolute circular error at 90 % confidence level of biased data
(CMAS):
D
CMAS =0 12943+ || 2220 |,0,7254
oc
8 Harameter -
9 Data‘quality value type measure
10 ata qllnlify value structure. —
11 Source reference NATO STANAG 2215 IGEO (Reference [3])
12 Example -
13 Measure identifier 48
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Table D.49 — Absolute circular error at 90 % significance level of biased data

Line

Component

Description

N

Name

absolute circular error at 90 % significance level of biased data

2 Alternative name ACE
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure not applicable
6 Definition absolute horizontal accuracy of the data’s coordinates, expressed|in terms of
circular error at 90% probability given that a bias is present
7 Description A comparison of the data (source) and the control (reference) is cglculated in
the following manner:
1. Calculate the absolute error in the horizontal dimension at eagh point:
AH; = \/(sourceX,» - referenceX,»)2 +(solirceY; —referenceY; )]
fori=1...N
2. Calculate the mean horizontal errof:
(ar)
HH = N
3. Calculate the standard/deviation of the horizontal errors:
2
P Z(AHz —,UH)
: (V-1)
4. Calculaterthe ratio of the absolute value of the mean efror to the
standard deviation:
ratio = |y |/ oy
5 If ratio>1,4, then £k =1,2815
6. If ratio<1,4, then calculate k%, the ratio of the mean to the standard
deviation, using a cubic polynomial fit through the tabular values a$ defined in
the CRC Handbook of Tables for Probability and Statistics
k =1,643 5 (0,999 556 xatio) + (0,923 237 xratio ) - (0,282 533 yratio®
7. Compute CE90 for the source:
CE90source = |/UH| +(kx o)
8. Compute absolute CE90:
2 2
CEgOabs = \/CEgOreference + CEgosource
8 Parameter Sample size: minimum of 30 points is normally used but may nof always be
possibtedepernding o identifrabte controt-points—or featuretevel attribution
sample 10 % of the feature population.
9 Data quality value type Measure
10 Data quality value structure -
11 Source reference 1. Mapping, Charting and Geodesy Accuracy (Reference [5])
2. Handbook of Tables for Probability and Statistics (Reference [4])
12 Example -
13 Measure identifier 49
© 1SO 2006 — Al rights reserved 53


https://standardsiso.com/api/?name=336d66d69901dce425895be6d46f2ec3

ISO/TS 19138:2006(E)

Table D.50 — Uncertainty ellipse

Line Component Description
1 Name uncertainty ellipse
2 Alias standard point error ellipse
3 Data quality element positional accuracy
4 Data quality subelement absolute or external accuracy
5 Data quality basic measure not applicable
6 Definition 2D ellipse with the two main axes indicating the direction and magnitude| of
the highest and the lowest uncertainty of a 2D point
7 DOescription From a given covariance matrix (data quality measure Table D.32) of2D pqint
coordinates, the elements describing the uncertainty ellipse can |be
determined by its eigenvalues.
For a single point %, the covariance matrix is given by
k sz O xkyk
X X .
Z X)C: 2 ,W|th O-Xkykzo-ykxk
Oyixk O yk
The direction a (bearing) of the major semi-axis of the uncertainty ellipse dan
be computed by
20
Q= larctan —Xkykz
Oxk —Oyk
and
1 2 2 2 2)\? 2
a :\/E[ka +Gyk +\/(ka *Gyk) +4kayk
10080 2 2 2)\? 2
b:JE[ka +O'yk *\/(O'xk 7Gyk) +4kayk
8 Harameter -
9 Data quality value type measures
10 Oata quality value structure list (a, b, @)
11 Yource reference -
12 Hxample -
13 Identifier 50
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