Lankaxlatlon

POLICY. GOVERNANCE .
STANDARDS STU

Volume 3 of 3
Standardd-ramework

FINAL REPOF
30 December2016







Sri Lanka National Spatial Data Infrastructure

POLICY, GOVERNANCE AND STANDARDS STUDY

Volume 3 of 3
Standards Framework

FINAL REPORT
30 December2016

SDI - ICTA/GOSL/CQIC/2016/64

Prepared for

Information and Communications
Technology Authority (ICTA)

Prepared by
Mark Sorensen

Geographic Planning Collaborative, Inc. (GPC)
California, USA



POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

Table of Contents

EXECUTIVE SUMMARY 8
1 INTRODUCTION 17
1.1 BACKGROUND AND CURRENT SITUATION 18
1.2 MAJOR COMPONENTS OF THE STUDY WORK PROGRAM 19
1.3 STANDARDS FRAMEWORK STRUCTURE 19
1.4 SIGNIFICANCE TO SL-NSDI 21

2 INTERNATIONAL STANDA RDS ORGANISATION (1ISO) TECHNICAL COMMITT EE

211 (TC 211). 27
2.1 1S0O 31000:200RISsk MANAGEMENT T PRINCIPLES AND GUIDELINES 27
2.2 1SO/TC211GLOSSARY OF TERMS 28
2.3 1SO 6709:2008STANDARD R EPRESENTATION OF GEOGRAPHIC POINT LOCATI ON BY
COORDINATES. 28
2.4 1S0O 19101:20035EOGRAPHIC INFORMATIO N -- REFERENCE MODEL T PART 1
FUNDAMENTALS 29
2.5 ISO/TS191012:2008GEOGRAPHIC INFORMATIO N -- REFERENCE MODEL -- PART 2:
IMAGERY 29
2.6 1SO/TS19103:20155EOGRAPHIC INFORMATIO N -- CONCEPTUAL SCHEMA LAN GUAGE 30
2.7 1SO/TS 19104:20185E0GRAPHIC INFORMATIO NT TERMINOLOGY 30
2.8 1S0O 19105:2000GEOGRAPHIC INFORMATIO N -- CONFORMANCE AND TESTI NG 31
2.9 1S0O 19106:20045GEOGRAPHIC INFORMATIO N -- PROFILES 31
2.10 1S0O 19107:20035EOGRAPHIC INFORMATIO N -- SPATIAL SCHEMA 32
2.11 1S0O 19108:20025EOGRAPHIC INFORMATIO N -- TEMPORAL SCHEMA 32
2.12 1SO/CD 19109GEOGRAPHIC INFORMATIO N -- RULES FOR APPLICATION SCHEMA 33
2.13 1S0O 19112:20035EOGRAPHIC INFORMATIO N -- SPATIAL REFERENCING B Y GEOGRAPHIC
IDENTIFIERS 34
2.14 1S0O 19113:200Z5EO0GRAPHIC INFORMATIO N -- QUALITY PRINCIPLES 34
2.15 1S0 19157:20135EOGRAPHIC INFORMATIO N -- DATA QUALITY 35
2.16 1S0O 19115:20035EOGRAPHIC INFORMATIO N -- METADATA 35

2.17 1SO/DIS 191151 GEOGRAPHIC INFORMAT ION -- METADATA -- PART 1: FUNDAMENTALS 36
2.18 1SO 191152:2009GEOGRAPHIC INFORMATIO N -- METADATA -- PART 2: EXTENSIONS FOR

IMA GERY AND GRIDDED DAT A 37
2.19 1S0 19116:20045EOGRAPHIC INFORMATIO N -- POSITIONING SERVICES 37
2.20 1S0 19118:2011GEOGRAPHIC INFORMATIO N1 ENCODING 38
2.21 1S0O 19119:20185EOGRAPHIC INFORMATIO N1 SERVICES 38
2.22 ISO/TR 19120:2001GEOGRAPHIC INFORMATIO N -- FUNCTIONAL STANDARDS . 39
2.23 ISO/TR 19121:20005EOGRAPHIC INFORMATIO N -- IMAGERY AND GRIDDED D ATA 39
2.24 1SO/TR 19122:20045EOGRAPHIC INFORMATIO N/GEOMATICS -- QUALIFICATION AND
CERTIFICATION OF PER SONNEL 40
2.25 1S0 19123:20055EO0GRAPHIC INFORMATIO N -- SCHEMA FOR COVERAGE G EOMETRY AND
FUNCTIONS. 40
2.26 1S0O 191251:2004GEOGRAPHIC INFORMATIO N -- SIMPLE FEATURE ACCESS -- PART 1:
COMMON ARCHITECTURE 41
2.27 1S0 191252:2004GEOGRAPHIC INFORMATIO N -- SIMPLE FEATURE ACCESS -- PART 2: SQL
OPTION 41
2.28 1S0 19126:2009GEOGRAPHIC INFORMATIO N -- FEATURE CONCEPT DICTI ONARIES AND
REGISTERS 42

Sri Lanka NSDI Page4



POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

2.29 1SO/TS19127:20055EOGRAPHIC INFORMATIO N -- GEODETIC CODES AND PARAMETERS 42
2.30 1S0 19128:20055EOGRAPHIC INFORMATIO N -- WEB MAP SERVER INTERF ACE 42
2.31 1SO/TS19129:2009GEOGRAPHIC INFORMATIO N -- IMAGERY , GRIDDED AND COVERAG E
DATA FRAMEWORK 43
2.32 1SO/TS19130:20105EOGRAPHIC INFORMATION - |MAGERY SENSOR MODELS FOR
GEOPOSITIONING 44
2.33 1SO/DTS 191302 GEOGRAPHIC INFORMATIO N -- IMAGERY SENSOR MODELS FOR
GEOPOSITIONING -- PART 2: SAR, INSAR, LIDAR AND SONAR 44
2.34 1S0 19131:2007/GEOGRAPHIC INFORMATIO N -- DATA PRODUCT SPECIFICATION S 45
2.35 1S0 19132:200/GEOGRAPHIC INFORMATIO N -- LOCATION -BASED SERVICES-- REFERENCE
MODEL 46
2.36 1S0O 19133:20055EO0GRAPHIC INFORMATIO N -- LOCATION -BASED SERVICES-- TRACKING
AND NAVIGATION 47
2.37 1S0 19134:2007fGEOGRAPHIC INFORMATIO N -- LOCATION -BASED SERVICES --

M ULTIMODAL ROUTING AN D NAVIGATION 47

2.38
2.39

ISO 19135:20055EOGRAPHIC INFORMATIO
I1ISO 19136:200 ~GEOGRAPHIC INFORMATIO
49

N -- PROCEDURES FOR ITEM REGISTRATION 48
N -- GEOGRAPHY MARKUP L ANGUAGE (GML)

2.40 1S0 19137:2007TGEOGRAPHIC INFORMATIO N -- CORE PROFILE OF THE SPATIAL SCHEMA 49
2.41 1SO/TS 19138:200865EOGRAPHIC INFORMATIO N -- DATA QUALITY MEASURES 50
2.42 1SO/TS 19139:200MGEOGRAPHIC INFORMATIO N -- METADATA -- XML SCHEMA
IMPLEMENTATION 50
2.43 1SO/DTS 191392 GEOGRAPHIC |INFORMATION -- METADATA -- XML SCHEMA
IMPLEMENTATION -- PART 2: EXTENSIONS FOR IMAGER Y AND GRIDDED DATA 51
2.44 1S0 19141:20085EOGRAPHIC INFORMATIO N -- SCHEMA FOR MOVING FEA TURES 51
2.45 1S0 19142:2010GEOGRAPHIC INFORMATIO N -- WEB FEATURE SERVICE 52
2.46 1S0 19143:2010GEOGRAPHIC INFORMATIO N -- FILTER ENCODING 53
2.47 1S0 191441:2009GEOGRAPHIC INFORMATION -- CLASSIFICATION SYSTEM S-- PART 1:
CLASSIFICATION SYSTEM STRUCTURE 54
2.48 1S0 191442:2012GEOGRAPHIC INFORMATION - CLASSIFICATION SYSTEM S-- PART 2:
LAND COVER META LANGUAGE (LCML) 55
2.49 1SO/DIS 19145GEOGRAPHIC INFORMATIO N -- REGISTRY OF REPRESENTATIONS OF
GEOGRAPHIC POINT LOC ATION 56
2.50 1S0 19146:2010GEOGRAPHIC INFORMATIO N -- CROSS-DOMAIN VOCABULARIE S 57
2.51 1SO/CD 19147GEOGRAPHIC INFORMATIO N -- LOCATION BASED SERVIC ES-- TRANSFER
NODES 58
2.52 1S0 19148:20125EOGRAPHIC INFORMATIO N -- LINEAR REFERENCING 59
2.53 1S0 19149:2011GEOGRAPHIC INFORMATIO N -- RIGHTS EXPRESSION LAN GUAGE FOR
GEOGRAPHIC INFORMATI ON -- GEOREL 60

2.54
60
2.55

ISO/PRF TS 191501 GEOGRAPHIC INFORMATIO N -- ONTOLOGY -- PART 1: FRAMEWORK

ISO/CD 191582 GEOGRAPHIC INFORMATIO N -- ONTOLOGY -- PART 2: RULES FOR
DEVELOPING ONTOLOGIE S IN THE WEB ONTOLOGY LANGUAGE (OWL)

62

2.56 ISO/FDIS 19152GEOGRAPHIC INFORMATIO N -- LAND ADMINISTRATION DOMAIN M ODEL
(LADM) 62
2.57 ISO/DIS 19153GEOSPATIAL DIGITAL RIGHTS MANAGEMENT REFERENCE MODEL
(GEODRM RM) 63
2.58 ISO/WD 19154GEOGRAPHIC INFORMATIO N -- UBIQUITOUS PUBLIC ACC ESS-- REFERENCE
MODEL 64
2.59 1S0 19155:201A5E0GRAPHIC INFORMATIO N -- PLACE IDENTIFIER (PI) ARCHITECTURE 65

2.60
2.61
2.62

1ISO 19156:2011GEOGRAPHIC INFORMATIO

68
2.63

ISO/DIS 19157GEOGRAPHIC INFORMATIO N -- DATA QUALITY
ISO/TS 19158:20135E0GRAPHIC INFORMATIO NO QUALITY ASSURANCE OF DATA SUPPLY

ISO/WD 191601 ADDRESSING -- PART 1; CONCEPTUAL MODEL

67
68

N -- OBSERVATIONS AND MEASUREMENTS

69

Sri Lanka NSDI

Page5



POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

3 OPEN GEOSPATIAL CONSORTIUM (OGQC) 69
3.1 OPENGIS® FILTER ENCODING |MPLEMENTATION SPECIFICATION , VERSION 1 70
3.2 OPENGIS® WEB MAP CONTEXT (WMC) DOCUMENTS IMPLEMENTATION SPECIFICATION ,
VERSION 1.1.0Ww/CORRIGENDUM 1 70
3.3 OPENGIS® WEB PROCESSING SERVICE, VERSION: 1.0.0w/ CORRIGENDUM 71
3.4 OPENGIS® SYMBOLOGY ENCODING IMPLEMENTATION SPECIFICATION , VERSION 1.1.0 71
3.5 OPENGIS® STYLED LAYER DESCRIPTOR (SLD) PROFILE OF THE OPENGIS® WEB M AP
SERVICE (WMS) ENCODING STANDARD 72
3.6 AUGMENTED REALITY MARKUP LANGUAGE (ARML 2.0) 72
3.7 City GML 72
3.8 COORDINATE TRANSFORMATION SERVICE 73
3.9 GEOPACKAGE ENCODING STANDARD 73
3.10 OGC GEOSCIENCE MARKUP LANGUAGE (GEOSCIML) 73
3.11 GEOSPARQL T A GEOGRAPHIC QUERY LANGUAGE FOR RDF DATA 74
3.12 GEOSPATIAL USERFEEDBACK (GUF) 74
3.13 OGC INDOORGML 75
3.14 KML 75
3.15 LAND AND INFRASTRUCTURE (LANDINFRA) 76
3.16 LOCATION SERVICE (OPENLS) 77
3.17 OPEN GEOSMS STANDARD - CORE 77
3.18 OPENMODELLING INTERFACE (OPENMI) INTERFACE STANDARD 77
3.19 ORDERING SERVICES FRAMEWORK FOR EARTH OBSERVATION PRODUCTS INTERFACE
STANDARD 78
3.20 OGC SENSORWEB ENABLEMENT (SWE) 78
3.21 OGC WATERML 79
4 U.S. FEDERAL GEOGRAPHIC DATA COMMITTEE (  FGDC) 79
4.1 GEOSPATIAL POSITIONING ACCURACY STANDARDS, PART 4: ARCHITECTURE ,

ENGINEERING , CONSTRUCTION AND FACILITIES MANAGEMENT 80
4.2 GEOSPATIAL POSITIONING ACCURACY STANDARDS, PART 5: STANDARDS FOR NAUTICAL
CHARTING HYDROGRAPHIC SURVEYS 80
4.3 CONTENT STANDARDS FOR DIGITAL ORTHOIMAGERY 80
4.4 UTILITIES DATA CONTENT STANDARD, FGDC-STD-010-2000 81
5 INSPIRE 81
5.1 DATA SPECIFICATION ON ADDRESSESI TECHNICAL GUIDELINES 82
5.2 DATA SPECIFICATION ON ADMINISTRATIVE UNITS T TECHNICAL GUIDELINES 82
5.3 DATA SPECIFICATION ON CADASTRAL PARCELS T TECHNICAL GUIDELINES 84
5.4 DATA SPECIFICATION ON COORDINATE REFERENCE SYSTEMS T TECHNICAL GUIDELINES 84
5.5 DATA SPECIFICATION ON GEOGRAPHICAL NAMES T TECHNICAL GUIDELINES 85
5.6 DATA SPECIFICATION ON HYDROGRAPHY T TECHNICAL GUIDELINES 3.1 86
5.7 DATA SPECIFICATION ON PROTECTED SITES | TECHNICAL GUIDELINES 86
5.8 DATA SPECIFICATION ON TRANSPORT NETWORKS i TECHNICAL GUIDELINES 87
6 OTHER COMMUNITY MAIN TAINED STANDARDS. 90
6.1 GEOTIFF 90
6.2 NETWORK COMMON DATA FORM (NETCDF) 90
ANNEX A i GEOSPATIAL DATA DICTIONARY 92

Sri Lanka NSDI

Page6



POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

List of Figures

HGURH - LOGICAMODEL OBRILANKANSDPROGRAN. ... .ciettieiiteeeeite e et e et eesea e e st e e st e ssan s essaaneesetaeeeranaees 17
FHGURRE ¢ RELATIONSHN ODEL ONISDIPROJECTS .ottt eiiietii i e e e e eeitties e e e ettt e e e e ettt s e e et aat s e e e s e etaan s e e e s enrannaeaaees 18
List of Tables

TABLEL - STANDARDSGNIFICANCE BENSDPROGRAMME. ... .cttiittiiitietite i eae e et e st e e st e st sea e sassbasesnassranss 21

Sri Lanka NSDI Page7



POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

EXECUTIVE SUMMARY

This report summarizébe Governance Framework and Procedures for the Sri Lanka National
Spatial Data Infrastructure (SUSDI) programme. This report is one of three volumes that
together comprise the fAPolicy, Governance an

Vol 117 SL-NSDI PolicyFramework Development

Vol 27 SL-NSDI Governance Model and Processes

Vol 317 SL-NSDI Standards Framework Developmen{current document)

As outlined in this document, the SNSDI programme is to provide leadership in the adoption
of standards that will support interoperability across the community of stakeholdersuse

of standards by all community members will ensure that the invesimeata, applications
and computing infrastructure can be optimized, systems can

There are a wide variety of existing standards that have been developed internationally
specifically for or related to Geographic Information System (GIS) and NationahlSpata
Infrastructure (NSDL) Thesecan be categorized dalling generally intoseveralcategories,
including:

Terminology and Definitions. It is important that the SNSDI community ultimately
speaks the same Al anguageo when referring
standard glossary can support this and help to avoid miscommunication or confusion.

Metadata A standardized catalggoviding a complete accounting of all the fundamental
geospatial data sets (FGDS) available across th&lHDI community is one of the
foundation components of the programme. The catalog describes the source of the
information and a series of standatthacteristics that can interpreted to understand
whether a dataset is appropriate for a specific application.

Data Content. Data content standard ensure that any FGDS that is published through the
SL-NSDI contains the information that is needed in comrop the stakeholders. Data
content standards provide an agreed target to be fulfilled by the assigned datargustodia
organization, and source of information that is known and reliable for use by the
community.

Data Standard Interchange Format It can be expected that some stakeholders may be
using different systems for developing and managing their GIS data. It is therefore
important that data format interchange standards be adopted that will allow the lossless
conversion of data to required forreat

DataPrinciples andStructures. How real world features are represented in a digital GIS
environment is importanh allowing this information to be manipulated and analyzed
effectively. Lower level standards regarding data structure can be referenced to ensure
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that any open source or commercial systems that are implemented incorporate these lower
level standards tensure consistency and interoperability.

Software Principles and FunctionsHow GIS and related software functions is important

to ensure consistency and interoperability across systems. Lower level standards
regarding software principles and functioren be referenced to ensure that any open
source or commercial systems that are implemented incorporate these standards.

The international GIS and NSDI communities have over the past two decades developed and
adopted a wide range of standards that coVéreakey requirements of the SNSDI. Several
international and national organizations have been active in the development of standards and
these communities continue to develop new standards and evolve legacy standards as new
principles and technologt capabilities arise. The organizations that have been consulted in
compiling the standards listed in this document include the following:

International Standards Organisation (ISO) ISO/TC 211 is astandardtechnical
committee formed withinSO, tasked with coverip the areas of digitajeographic
information (such as used bgeographic information systeinand geomatics It is
responsible for preparation of a series of International Standards and Technical
Specifications numbered in the nber range starting at 191611SO/TC 211 applies a
rigorous, systematic process inclusive of broad professional consultation and involvement
in the development and refinement of standards over time.

Open Geospatial Consortium (OGC)The Open Geospati@@onsortium (OGC), an
international voluntary consensus standards organization, originated in 1994. In the OGC,
more than 500 commercial, governmental, nonprofit and research organizations
worldwide collaborate in a consensus process encouraging developanent
implementation of open standards for geospatial content and services, sensor web and
Internet of Things, GIS data processing and data sharing.

U.S. Federal Geographic Data Committee (FGDC)The United StatesFederal
Geographic Data Committee (FGD@) an organized structure of Federal geospatial
professionals and constituents that provide executive, managerial, and advisory direction
and oversight for geospatial decisions and initiatives across W& Federal
government. The FGDC is chaired by th&ecretary of the Interior with the Deputy
Director forManagement, OMB as Vie€hair. FGDC has since its inception facilitated

the development or adoption of existing geospatial standards and guidelines. This has
involved a structured process involviadproad spectrum of stakeholder organizations and
individuals.

INSPIRE. INSPIRE is "an EU initiative to establish an infrastructure for spatial
information in Europe that is geared to help to make spatial or geographical information
more accessible andteroperable for a wide range of purposes supporting sustainable

L https://en.wikipedia.org/wiki/ISO/TC_211_Geographic_information/Geomatics
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development".The INSPIRE directive lays down a general framework for a Spatial Data
Infrastructure (SDI) for the purposes of European Community environmental policies and
policies or activities which may affect the environment. INSPIRE is based on the
infrastructures for spatial information established and operated by the member states of
the European Union. The directive addresses 34 spatial data themes needed for
environmental applations.

Other. Some de facto standards have emerged through various research and development
efforts and are now ioommon usage in the industry.

The referenced standardee described in extensive documentation that is general accessible
online. Those standards that have been deemed to be applicable toN&DEhre not
included in their entirety in this document. Rather, an abstract of each standard as provided by
the source organization is included along with a summary of how that standard may be
applicable to the SINSDI programme.

Not all standards will be equally applicable or of immediate significance to HNSEIL. Some

will be immediately required (e.g. melata), others will be developed through a continuous
process over time (e.g. data content) and others are-lewadr highly technical standards that

will only be referenced or used to ensure compliance of commercial ancdsoper® systems

and servicesFor the purposes of the SISDI, the first two relevance classes mentioned are

of primary importance to the program and are therefore given more attention in this report and
reflected in related SNSDI reports. Lower level standards are developed anotainaed by
international organizations who focus on these issues on behalf of the global geospatial
community thus it is suggested that the-8SISDI program reference, monitor and otherwise
take advantage of those developments rather than making divestnrent of time and
resources.A matrix is provided in Section 1.4 of this report to distinguish the vacdlasses

of standard#n terms of their relevance to the $ISDI program.
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List of Abbreviations and Acronyms

CINTEC Council for InformatioriTechnology (CINTEC)

DMC Disaster Management Centre

FGDS Fundamental Geospatial Data Sets (FGDS).

Geomaturity Geomaturity is a measure of the level of technical and institut
development in regards to the use of GIS technology angamization,

Geoportal Web-based portal for discovering, accessing and viewing GIS
services

Geospatial AfnGeospati al datao means info

Data location and characteristics of natural or constructed features
boundaries on the earth. This information may be derived from, a
other things, remote sensing, mapping, and surveying technol
Statistical data may be included in this definition at the discretion ¢
collecting agency.

GIS Geographic Informigon System

GPS Global Positioning System

GSL-NSDI Global Spatial Data Infrastructure

ICT Information and Communication Technologies

ICTA Information and Communications Technology Authority

IP Internet Protocol

IT Information Technology

ISO International Standards Organisation

ISO/TC International Standards Organisation/Technical Committee

ISP InternetServiceProvider

LGN Lanka Government Network

National The "National Geospatial Data Clearinghousegans a distribute

Geospatial network of geospatial data producers, managers, and users

Data electronically

Clearinghouse

NMP National Map Portal

NSL-NSDI National Spatial Data Infrastructure. An institutional and techr
framework for coordinating and sharing geospaiidbrmation across «
stakeholder community.

OECD Organisation for Economic Cooperation and Development

OGC Open Geospatial Consortium

PDF Portable Document Format

RDBMS Relational Data Base Management System

RTI Right To Information

SDD Spatial Data Dictionary

SDE Spatial Data Engine

SL-NSDI Spatial Data Infrastructure

SL-NSDI Sri Lanka National Spatial Data Infrastructure” {S5DI) means thé
technology, policies, standards, and human resources necess
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acquire, process, stomistribute, and improve utilization of geospat
data

SME Subject Matter Expert

SOA Service Oriented Architecture

TOR Terms of Reference

UN United Nations

VGI Volunteered Geographic Information

WofG Whole of Government

WFS Web Featuré&ervice

WMS Web Map Service

XML eXtensibleMarkupLanguage
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1 INTRODUCTION

Thisr eport r e PStardarésht s metwhoer ko component of t he
St andar ds Sof thedSri danka dNatibnial Spatial Data Infrastructure (Sri Lanka NSDI)
program which iscurrently underway. Thiss one of several components being carried out by
different teams in &eries ofparallel and overlappingctivities that are intended to expedite the
planning, design and development of the foundation program and system fdrltaek& NSDI.

The ICTA has developed a conceptual model for the NSDI as represented in the following figure:

Logical Model of NSDI Program - Sri Lanka

Figure 1 - Logical Model of Sri Lanka NSDI Program

The individual efforts and their interdepemties as definedybthe ICTA areillustrated in the
following figure. The position of thisPolicy, Governance and Standar8tudy (Policies and
Proceduresis highlightedin the diagram
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Relational Model of NSDI Projects

1 Baseline Study 4 NSDI Policy & |
Procedures
! I [ i
Information l
Classification
—
| Legal Background
N N Study

Change Management Plan }__

Figure 21 Relationship Model of NSDI Projects

1.1 Background and Current Situation

With the aims of improving optimum use of spatial data across the government and making effective
evidence based decisions, Information and Communication Technology Agency of Sri Lanka (ICTA)
is in the process of implementing a NMaal Spatial Data Infrastructure (NSDI) program, in
collaboration with stakeholder institutions. NSDI has been identified as one of the key initiatives
identified under the National Digital Policy
Ecoro my 0 . | CTA has obtained the service of thi
study to define in detail the system requirements, related specifications, conduct information
classification, system prototype model and the implementatiocagp.

The Government of Sri Lanka has spatial information collected by various government departments.
Spatial information technology skills are highly developed in some of the government institutions and
the systems used to collect this informationadse advanced.

Usage of spatial information across government institutions in a collaborative manner is in
significance with respect to the service provisioning and decision making process. Further, spatial
information is not able to be easily shared between organizatibithe present time; nor is it
accessible to the broader community.

Spatial data sets are collected by a number of government organizations to support conducting of an
organi zation's business and not wmdnagediriclosed a g
systems and this has created a multitude of information silos. Currently, data collected by
organizations is not accessible. It is difficult to know what information is available and where it is
held. This has led to several organizasiaollecting the same information because they are unaware
that the information already exists.

Organizations across the government sector recognize that current processes are inefficient and that
more cooperation across the sector is required. Howexisting data sharing policies are restricting
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collaboration. There is a significant paper trail of agreements that need to be processed before data
sets can be transferred from one organization to another. Manual data sharing procedures contribute
to dehy in sharing, and the effort required to manually integrate updates from one agency to another
is labour intensive and time consuming. The NSDI program has been conceived to address these
issues and facilitate a process of standardizing and streamiirendevelopment and sharing of
geospatial data across government and other sectors of Sri Lanka society.

1.2 Major Componentsof the Study Work Program

Accomplishing the general and specific goals and objediwvekis activityrequires a comprehensive
and systematic approach. A work progriamaddressing the development of theIS&DI Policy,
Governance and Standards componént defined here comprising three interdependent
implementatiortracksintended to addreske scopes defined in the EOIThese tracks adesigned
to build on tke results of the Baseline Study and Requirements Assessment efloethreeTracks
include the following

Track 1i SL-NSDI Policy Framework Development
Track 2i SL-NSDI Standardé&ramework Development
Track 31 SL-NSDI Governance Model and Processes

The tracks outlined aboveve beecarried out as parallel activities, withicorporation okisneeded
interdependencies amgdordination among theand with parallel related activigs being carried out
by others, as illustratepreviouslyin Figure 1 The current report addresses Track SL-NSDI
Standard$ramework Development

1.3 StandardsFramework Structure

There are a wide variety of existing standards that have been develtgyedtionally specifically
for or related to Geographic Information System (GIS) and National Spatial Data Infrastructure
(NSDI). These can be categorized as falling generally into X categories, including:

Terminology and Definitions. It is important that the SNSDI community ultimately speaks
the same Al anguageodo when referring to tern
glossary can support this and help to avoid miscommunication or confusion.

Metadata A standardized catalogroviding a complete accounting of all the fundamental
geospatial data sets (FGDS) available across thid DI community is one of the foundation
components of the programme. The catalog describes the source of the information and a series
of standard learacteristics that can interpreted to understand whether a dataset is appropriate for
a specific application.

Data Content. Data content standard ensure that any FGDS that is published through the SL
NSDI contains the information that is needed in comrbyg the stakeholders. Data content
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standards provide an agreed target to be fulfilled by the assigned data custodian organization,
and source of information that is known and reliable for use by the community.

Data Standard Interchange Format It can be expected that some stakeholders may be using
different systems for developing and managing their GIS data. It is therefore important that data
format interchange standards be adopted that will allow the lossless conversion of data to
required formats

Data Principles and Structures.How real world features are represented in a digital GIS
environment is important in allowing this information to be manipulated and analyzed
effectively. Lower level standards regarding data structure can be refetemreire that any

open source or commercial systems that are implemented incorporate these lower level
standards to ensure consistency and interoperability.

Software Principles and Functions How GIS and related software functions is important to
ensue consistency and interoperability across systems. Lower level standards regarding
software principles and functions can be referenced to ensure that any open source or
commercial systems that are implemented incorporate these standards.

The internationGIS and NSDI communities have over the past two decades developed and adopted
a wide range of standards that cover all the key requirements of tN&BL Several international

and national organizations have been active in the development of staaudttiese communities
continue to develop new standards and evolve legacy standards as new principles and technological
capabilities arise. The organizations that have been consulted in compiling the standards listed in this
document are listed belowlhe standardsameworks established by each of these organizations has

a certain internal logic and integrity, thttee document is organized according e tauthoring
organizations to keep the families of standards intact for the benefit of the retmeever, not all

of these standards are of equal immediate significance to tHéSBL initiative, thus a matrix
providing a ranking of the standards is provided in the section following to provide the reader with a
convenient way to reference those staddahat are most relevant.

The key standards organizations referenced for this study include the following:

International Standards Organisation (ISO)ISO/TC 211 is astandardechnical committee
formed withinISO, tasked with covering the areas of diggalographic informatiofsuch as

used bygeographicnformation systemsandgeomaticslt is responsible for preparation of a
series of International Standards and Technical Specifications numbered in the number range
starting at 1910%. ISO/TC 211 applies a rigorous, systematic process inclusive of broad
professional consultation and involvement in the development and refinement of standards over
time.

Open Geospatial Consortium (OGC) The Open Geospatial Consortium (OGC), an
international voluntary consensus standards organization, originated in 1994. In the OGC, more
than 500 commercial, governmental, nonprofit and research organizations worldwide

2 https://en.wikipedia.org/wiki/ISO/TC_211 Geographic_information/Geomatics
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collaborate in a consensus processoaraging development and implementation of open
standards for geospatial content and services, sensor web and Internet of Things, GIS data
processing and data sharing.

U.S. Federal Geographic Data Committee (FGDCThe United States~ederal Geographic

Data Committee (FGDC) is an organized structure of Federal geospatial professionals and
constituents that provide executive, managerial, and advisory direction and oversight for
geospatial decisions and initiatives acrossUtte Federal governmentThe FGDC is chaired

by the Secretary of the Interior with the Deputy DirectoManagement, OMB as Vie€hair.

FGDC has since its inception facilitated the development or adoption of existing geospatial
standards and guidelines. This has involved a strutpmeeess involving a broad spectrum of
stakeholder organizations and individuals.

INSPIRE. INSPIRE is "an EU initiative to establish an infrastructure for spatial information in
Europe that is geared to help to make spatial or geographical informati@naccessible and
interoperable for a wide range of purposes supporting sustainable develophinentNSPIRE

directive lays down a general framework for a Spatial Data Infrastructure (SDI) for the purposes
of European Community environmental policeexl policies or activities which may affect the
environment. INSPIRE is based on the infrastructures for spatial information established and
operated by the member states of the European Union. The directive addresses 34 spatial data
themes needed for em@hmental applications.

Other. Some de facto standards have emerged through various research and development
efforts and are now ioommon usage in the industry.

The referenced standards are described in extensive documentation that isagenesitble online.

Those standards that have been deemed to be applicable to-WfeD&lare not included in their
entirety in this document. Rather, an abstract of each standard as provided by the source organization
is included along with a summarylodw that standard may be applicable to theN&DI programme.

1.4 Significance to SLNSDI

Not all standards will be equally applicable or of immediate significance to tiSELL. Some will

be immediately required (e.g. metadata), others will be deveiopezientallythrough a continuous
process over time (e.g. data content) and others are-lewadr highly technical standards that will

only be referenced or used to ensure compliance of commercial anrdmper systems and services.

For the purposed the SL-NSDI, the first two relevance classes mentioned are of primary importance

to the program and are therefore given more attention in this report and reflected in relst@DISL
reports. Lower level standards are developed and maintained by timesh@rganizations who

focus on these issues on behalf of the global geospatial community, thus it is suggested that the SL
NSDI program reference, monitor and otherwise take advantage of those developments rather than
making direct investment of time @mesources. The below matrix is provided to distinguish the
various classes of standards in terms of their relevance to thSBL program.

Table 1 - Standards Significance to SENSDI Programme
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Standards
Author
Organization | Section and Title Referenaa Document H* | M

2.1 1SO 31000:2009 Risk Management

ISO Principles and Guidelines X

ISO 2.2 1ISO/TC211 Glossary of Terms X
2.3 1SO 6709:2008 Standard representati

ISO of geographic point location by coordinate
2.4 1S019101:2002 Geographic informatio

ISO -- Reference modeg] Part 1 Fundamentals
2.51SO/TS 191a2:2008 Geographic
information -- Reference mode} Part 2:

ISO Imagery
2.6 ISO/TS 19103:2015 Geographic

ISO information -- Conceptual schema languag
2.7 1ISO/TS 19104:2016 Geographic

ISO information ¢ Terminology X
2.8 1SO 19105:2000 Geographic informati

ISO -- Conformance and testing
2.9 1SO 19106:2004 Geographic informati

ISO -- Profiles
2.10 1SO 19107:2003 Geographic

ISO information -- Spatial schema
2.111S0O 19108:2002 Geographic

ISO information-- Temporal schema
2.12 1SO/CD 19109 Geographic informatig

ISO -- Rules for application schema
2.131S0 19112:2003 Geographic
information -- Spatialreferencing by

ISO geographic identifiers
2.14 1S0O 19113:2002 Geographic

ISO information -- Quality principles X
2.151S0 19157:2013 Geographic

ISO information -- Data quality X
2.16 1SO 19115:2003 Geographic

ISO information -- Metadata X
2.17 1SO/DIS 19115 Geographic
information -- Metadata-- Part 1:

ISO Fundamentals X
2.18 1SO 1911£2:2009 Geographic
information -- Metadata-- Part 2: Extension

ISO for imagery and gridded data X
2.191S0 19116:2004 Geographic

ISO information -- Positioning services
2.20 1S0O 19118:2011 Geographic

ISO information ¢ Encoding
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ISO

2.211S0 19119:2016 Geographic
information¢ Services

ISO

2.22 1SO/TR 19120:2001 Geographic
information -- Functional standards.

ISO

2.23 1SO/TRL9121:2000 Geographic
information -- Imagery and gridded data

ISO

2.24 ISO/TR 19122:2004 Geographic
information/Geomatics- Qualification and
certification of personnel

ISO

2.251S0 19123:2005 Geographic
information -- Schema for coverage
geometry and functions.

ISO

2.26 1SO 19128.:2004 Geographic
information -- Simple feature accessPart
1: Common architecture

ISO

2.27 1S0O 19128:2004 Geographic
information -- Simple feature accessPart
2: SQL option

ISO

2.2815019126:2009 Geographic
information -- Feature concept dictionaries
and registers

ISO

2.29 ISO/TS 19127:2005 Geographic
information -- Geodetic codes and
parameters

ISO

2.301S0O 19128:2005 Geographic
information -- Web map server interface

ISO

2.31 ISO/TS 19129:2009 Geographic
information -- Imagery, gridded and
coverage data framework

ISO

2.32 I1SO/TS 19130:2010 Geographic
information - Imagery sensor models for
geopositioning

ISO

2.33 ISO/DTS 1913 Geographic
information -- Imagery sensor models for
geopositioning- Part 2: SAR, INSAR, Lidar
and Sonar

ISO

2.341S0 19131:2007 Geographic
information -- Data product specifications

ISO

2.35 1S0O 19132:2007 Geographic
information -- Locationbased services
Reference model

ISO

2.36 1SO 19133:2005 Geographic
information-- Locationrbased services
Tracking and navigation

ISO

2.37 1SO 19134:2007 Geographic
information -- Locationbased services
Multimodal routing and navigation
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ISO

2.38 1SO 19135:2005 Geographic
information -- Procedures for item
registration

ISO

2.39 1S0O 19136:2007 Geographic
information -- Geography Markup Languag
(GML)

ISO

2.40 1SO 19137:2007 Geographic
information -- Core profile of the spatial
schema

ISO

2.41 1SO/TS 19138:2006 Geographic
information -- Data quality measures

ISO

2.42 1SO/TS 19139:2007 Geographic
information-- Metadata-- XML schema
implementation

ISO

2.43 ISO/DTS 19138 Geographic
Information-- Metadata-- XML Schema
Implementation-- Part 2: Extensions for
imagery and gridded data

ISO

2.441S0 19141:2008 Geographic
information -- Schema for moving features

ISO

2.451S0 19142:2010 Geographic
information-- Web Feature Service

ISO

2.4615019143:2010 Geographic
information -- Filter encoding

ISO

2.47 1SO 19144.:2009 Geographic
information -- Classification systemsPart
1: Classification system structure

ISO

2.48 1SO 19144:2012 Geographic
information - Classification systemsPart 2:
Land Cover Meta Language (LCML)

ISO

2.49 ISO/DIS 19145 Geographic informati
-- Registry of representations of geographi
point location

ISO

2.50 1SO 19146:2010 Geographic
information -- Crossdomain vocabularies

ISO

2.51 ISO/CD 19147 Geographic informatig
-- Location based servicesTransfer Nodes

ISO

2.521S0O 19148:2012 Geographic
information -- Linear referencing

ISO

2.531S0 19149:2011 Geographic
information -- Rights expression language
for geographic information- GeoREL

ISO

2.54 ISO/PRF TS 191305eographic
information -- Ontology-- Part 1:
Framework

ISO

2.55 ISO/CD 1915Q Geographic

information -- Ontology-- Part 2: Rules for
developing ontologies in the Web Ontology
Language (OWL)
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2.56 ISO/FDIS 19152 Geographic
information -- Land Administration Domain

ISO Model (LADM)
2.57 ISO/DIS 19153 Geospatial Digital Rig
Management Reference Model (GeoDRM
ISO RM)
2.58 ISO/WD 19154 Geographic informati
-- Ubiquitous public accessReference
ISO model
2.59 1SO 19155:2012 Geographic
information -- Place Identifier (PI)
ISO architecture
2.60 1SO 19156:2011 Geographic
information -- Observations and
ISO measurements
2.61 ISO/DIS 1915Geographic information
ISO -- Data quality
2.62 ISO/TS 19158:2012 Geographic
informationt Quality assurance of data
ISO supply
2.63 ISO/WD 19164 Addressing- Part 1:
ISO Conceptual model
3.10penGIS® Filter Encoding
OoGC ImplementationSpecification, version 1
3.2 OpenGIS® Web Map Context (WMC)
Documents Implementation Specification,
OGC Version 1.1.0 w/Corrigendum 1
3.3 OpenGIS® Web Processing Service,
OGC Version: 1.0.0 w/ Corrigendum
3.4 OpenGIS® Symbologgcoding
OGC Implementation Specification, version 1.1.
3.5 OpenGIS® Styled Layer Descriptor (S
Profile of the OpenGIS® Web Map Service
OGC (WMS) Encoding Standard
3.6 Augmented Reality Markup Language
OGC (ARML 2.0)
OGC 3.7 City GML
0OGC 3.8 Coordinate Transformation Service
OGC 3.9 GeoPackage Encoding Standard
3.10 OGC GeoScience Markup Language
OGC (GeoSciML)
3.11 GeoSPARQA Geographic Query
OGC Language for RDF Data
OoGC 3.12 Geospatial User FeedbaRUF)
OGC 3.13 OGC IndoorGML
0OGC 3.14 KML
OGC 3.15 Land and Infrastructure (Landinfra)
OGC 3.16 Location Service (OpenLS)
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OoGC 3.17 Open GeoSMS Standar@ore X
3.18 Open Modelling Interface (OpenMI)
OGC Interface Standard X
3.19 Ordering Services Framework for Eal
OGC Observation Products Interface Standard X
OGC 3.20 OGC Sensor Web Enablement (SWE X
OoGC 3.21 OGC WaterML
4.1 Geospatial Positioning Accuracy
Standards, Part 4: Architecturéngineering,
FGDC Construction and Facilities Management
4.2 Geospatial Positioning Accuracy
Standards, Part 5: Standards for Nautical
FGDC Charting Hydrographic Surveys
4.3 Content Standards for Digital
FGDC Orthoimagery
4.4 UtilitiesData Content Standard, FGD(
FGDC STB010-2000
5.1 Data Specification on Addressges
INSPIRE | Technical Guidelines
5.2 Data Specification on Administrative
INSPIRE | Units¢ Technical Guidelines
5.3 Data Specification on Cadastral Parge
INSPIRE | Technical Guidelines
5.4 Data Specification on Coordinate
INSPIRE | Reference SystengsTechnical Guidelines
5.5 Data Specification on Geographical
INSPIRE | Names; Technical Guidelines
5.6 Data Specification on Hydrography
INSPIRE | TechnicalGuidelines 3.1
5.7 Data Specification on Protected Siies
INSPIRE | Technical Guidelines
5.8 Data Specification on Transport
INSPIRE | Networksc Technical Guidelines
Other 6.1 GeoTIFF X
Other 6.2 Network Common Data Form (NetCD X

*H = High Significance to early stage
M = Moderate Significance

R = Reference Standard. Mostly used by software
developers
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2 INTERNATIONAL STANDA RDS ORGANISATION (ISO) TECHNICAL
COMMITTEE 211 (TC 211).

ISO/TC 211 is astandardechnical committee formed withisO, tasked with covering the areas of
digital geographic informatiofsuch as used lyeographic information systejrsndgeomaticsilt is
responsible for preparation of a series of International Stdsdand Technical Specifications
numbered in the number range starting at 1$1080/TC 211 applies a rigorous, systematic process
inclusive of broad professional consultation and involvement in the development and refinement of
standards over timelt is therefore recommended that the-I$&DI adopt and following these
standards to the extent that they are relevant to the Sri Lanka context. The following outlines those
specific ISO/TC 211 standards that have some relevance to t{N&BL with some explaation of

such relevancéo the programme Links to the website locations where each ISO standard can be
purchased are provided.

A majority of the text in the following sections has been excerpted or paraphrased from the available
ISO resources online.

2.1 SO 31000:2009 Risk Managemerit Principles and Guidelines

ISO 31000:2009 provides principles and gengtimelines on risk management. This gugl@ot
speific to any industry or sector arin be used by any public, private or community enterprise,
association, group or individual.

This guidecan be applied throughout the life of an organization, and to a wide range of activities,
including strategies and decisions, operations, processes, functions, projects, products, services and
assets. It can alsobe applied to any type of risk, whatever its nature, whether having positive or
negative consequences.

Although ISO 31000:2009 provides generic guidelines, it is not intended to promote uniformity of
risk management across organizations. Thegdesid implementation of risk management plans and
frameworks will need to take into account the varying needs of a specific organization, its particular
objectives, context, structure, operations, processes, functions, projects, products, servigds, or ass
and specific practices employed.

It is intended that ISO 31000:2009 be utilized to harmonize risk management processes in existing
and future standards. It provides a common approach in support of standards dealing with specific

risks and/or sectorand does not replace those standards.

ISO 31000:2009 is not intended for the purpose of certification.

3 https://en.wikipedia.org/wiki/ISO/TC_211 Geographic_information/Geomatics
Sri Lanka NSDI Page27


https://en.wikipedia.org/wiki/International_standard
https://en.wikipedia.org/wiki/International_Organization_for_Standardization
https://en.wikipedia.org/wiki/Geographic_information
https://en.wikipedia.org/wiki/Geographic_information_systems
https://en.wikipedia.org/wiki/Geomatics

POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

This guideline provides useful information for the preparation of business continuityisasder
recovery plans, both for individual organizationsadl as the SEINSDI community as a whole.

This standard can be acquired at the following link:
http://www.iso.org/iso/catalogue_detail?csnumber=43170

2.2 1SO/TC211 Glossary of Terms

The ISO/TC 211 MultiLingual Glossary of Terms is a compilation of terms developed from
International Standards developed by ISO/TC 211. Its purpose is to encourage consistency in the use
and interpretation of geospatial terms. Every record in the gjossdudes a term, its definitions

and a reference to an authoritative source document. Abbreviations, examples and notes are also
included where available. Terms and definitions that are under review (due to a revision of an
International standard) aréearly identified.

This glossary can provide a useful reference for th&lSDI and a basis for the development of an
adapted version that contains terminology that is specific to Sri Lanka.

This multtlingual glossary can be accessed at the following:UR
http://www.isotc211.org/Terminology.htm

2.3 1SO 6709:2008 Standard representation of geographic point location by
coordinates

This International Standard is applicable to the interchange ofinated describing geographic point
location. It specifies the representation of coordinates, including latitude and longitude, to be used in
data interchange. It additionally specifies representation of horizontal point location using coordinate
types othethan latitude and longitude. It also specifies the representation of height and depth that
may be associated with horizontal coordinates. Representation includes units of measure and
coordinate order.

This International Standard is not applicable ta#presentation of information held within computer
memories during processing and in their use in registers of geodetic codes and parameters.

This International Standard supports point location representation through the eXtensible Markup
Language (XML)and, recognizing the need for compatibility with the previous version of this
International StandardSO 6709:1983allows for the use of a single alphameric string to describe

point locations.

For computer data interchange of latitude and longitude, this International Standard generally
suggests that decimal degrees be used. It allows the use of sexagesimal notations: degrees, minute:
and decimal minutes or degrees, minutespsds and decimal secondBhis International Standard

does not require special internal proceduresgiiganization techniques, storage medium, languages,

etc., to be used in its implementation.
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This standard is useful as a general technical refefemcsoftware and data developers who are
involved with the SENSDI.

This standard can ecquiredatthe following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=39242

2.4 1SO 19101:2002 Geographic information- Reference model Part 1
Fundamentals

This part oflISO 19101defines the reference model for standardization in the field of geographic
information. This reference model describes the notion of interoperability and sets forth the
fundamentals by which this standardization takes plagaovides a guide to struging geographic
information standards in a way that it will enable the universal usage of digital geographic
information. It sets out the fundamentals for standardization in geographic information including
description, management, and services, and lmy &re interrelated to support interoperability
within the geographic information realm and beyond to ensure interoperability with other information
communities. As such, this parti&019101develops a vision for the standardization in geographic
information from which it would be possible to integrate geographic information with other types of
information and conversely.Although structured in the context of information technologg a
information technology standards, this part I80 19101 is independent of any application
development method or technology implementation approach.

This standard will provide a b for developers inside and outside of theN&DI community to
incorporate geographic interoperability into their data and applicatioms extending the value and
impact of geospatial referencing across the Country.

This standard can be acquired at the following Iimkps://www.iso.org/obp/ui/#iso:std:is0:19101:
l:edl:vl:en

2.5 ISO/TS 191012:2008 Geographic information-- Reference mode-- Part 2:
Imagery

This standarddefines a reference model for standardization in the field of geographic imagery
processing. This reference model identifies the scope of the standardization activity being undertaken
and the context in which it takggace. The reference model includes gridded data with an emphasis
on imagery. Although structured in the context of information technology and information technology
standards, ISO/TS 19122008 is independent of any application development method or
tecdhnology implementation approach.

This standard will provide a basis for developers inside and outside of tN&SBLcommunity to
incorporate geospatial imagery and gridded data into their data and applications, thus extending the

value and impact of gspatial referencing across the Country.

This standard can be acquired at the following link:
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http://www.iso.org/iso/home/store/catalogue tc/catalogqueil dta?csnumber=39983

2.6 ISO/TS 19103:2015 Geographic information- Conceptual schema language

ISO 19103:2015 provides rules and guidelines for the use of a conceptual schema language within
the conext of geographic informationThis standards concered with the adoption and use of a
conceptual schema language (CSL) for developing computer interpretable models, or schemas, of
geographic information. Standardization of geographic information requires the use of a formal CSL
to specify unambiguous schesninat can serve as a basis for data interchange and the definition of
interoperable services. An important goal of the ISO geographic information suite of standards is to
create a framework in which data interchange and service interoperability canibedraaross
multiple implementation environments. The adoption and consistent use of a CSL to specify
geographic information is of fundamental importance in achieving this go&.chosen conceptual
schema language is the Unified Modeling Language (UML)

This standard provides a basis for developers inside and outside of 4K8CHLcommunity to
develop commonly structured computer interpretable schemas, thus increasing compatibility and
interoperability of data and applications services.

This standard can be acquired at the following link:
http://www.iso.org/iso/home/store/catalogue ics/catalogue detail ics.htm?csnumber=56734

2.7 1SO/TS 19104:206 Geographic information i Terminology

ISO TS 19104:201@rovides the guidelines for collection and maintenance of terminology in the
field of geographic informatiormhe standardpecifies requirements for the collection, management
and publication ofd@grminology in theitld of geographic informationThe scope of this document
includes

A selection of concepts, harmonization of concepts and development of concept systems,
structure and content of terminological entries,

term selection,

definition preparation,

cultural and linguistic adaptation,

layout and formatting requirements in rendered documents, and

establishment and management of terminology registers.

> > > > > > >

This standard provides the $ISDI community with a framework for developing and maintegra
common lexicon of relevant terminology. This will help to streamline and clarify communications
across the community by introducing a common language of terms that are understoodrbg all.
registry for this lexicon would most logically be maimgd by the entity responsible for coordinating
the overall SENSDI initiative.

This standard can be acquired at the following link:
http://www.iso.org/iso/home/store/catalogue ics/catalogue detail ics.htm?csnumber=63541
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2.8 1SO 19105:2000 Geographic information- Conformance and testing

This International Standard specifies the framework, concepts and methodology for testing and
criteria to be achieved to claim conformance to the family of ISO geographic information standards.
It provides a framework for specifying abstract test suites (ATS) and for defining the procedures to
be followed during conformance testing. Conformance mayaimet! for data or software products

or services or by specifications including any profile or functional standard.

Standardization of test methods and criteria for conformance to geographic information standards will
allow verification of conformance tohése standards. Verifiable conformance is important to
geographic information users, in order to iagk data transfer and sharinglhis International
Standard is applicable to all the phases of conformance and testing. These phases are characterizec
by the following major activities:

A the definition of ATS for conformance to the 1ISO geographic information standards;

A the definition of test methods for conformance to the ISO geographic information standards;

A the conformance assessment process carried out bgsting laboratory for a client,

culminating in the production of a conformance test report.

This International Standard specifies the requirements for, and gives guidance on, the procedures to
be followed in conformance testing for the IS@gephicinformation standardslt includes only
such information as is necessary to meet the followigectibes:
A to achieve confidence in the tests as a measure of conformance;
A to achieve comparability between the results of corresponding tests appliedriendifiaces
at different times;
A to facilitate communication between the parties responsible for the activities described in 1)
and 2).

This standard provides the $SISDI community with a framework for confirming conformance with
interoperability standards. This will help to reinforce and support common interoperability across
the community.

This standard can be acquired at the foilmplink:
https://www.iso.org/obp/ui/#iso:std:26010:en

2.9 1SO 19106:2004 Geographic information- Profiles

ISO 19106:2004 is intended to define the concept of a profile of the ISO geagipinmation
standards developed by ISO/TC 211 and to provide guidance for the creation of such profiles. Only
those components of specifications that meet the definition of a profile contained herein can be
established and managed through the mechande®saibed in this International Standard. These
profiles can be standardized internationally using the ISO standardization process. This document
also provides guidance for establishing, managing, and standardizing at the national level.
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An ISOgeographic information profile is a subset of one or several of the ISO geographic information
standards. For example, there may be a profile from ISO 19115 developed to serve a particular
application area such as cadastral mapping. The profile wouldst@fis choice of the metadata
elements available in 1ISO 19115. ISO 19115 would serve as a base standard for the development of
the profile. An example for a base standard only introducing a methodology is given by ISO 19110.

It contains methods for creag feature and attribute definitions. A profile of ISO 19110 would not
contain instances of feature definitions, since there are no instances in the base standard from which
to choose. A profile of ISO 19110 would contain only a subset of the rules anodséund in that
standard.

This standard provides the $NSDI community with a common framework for defining and
documenting standards profiles. This will help to establish a common approach to the development
or refinement of custom standards acrbgsdcommunity.

This standard can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19106:&d1:en

2.101SO 19107:2003 Geographic information- Spatial schema

ISO 19107:2003 specifies conceptual schemas for describing the spatial characteristics of geographic
features, and a set of spatial operations consistent with these schemas. It treats vector geometry anc
topology up to three dimensions. It definandard spatial operations for use in access, query,
management, processing, and data exchange of geographic information for spatial (geometric and
topological) objects of up to three topological dimensions embedded in coordinate spaces of up to
three axe.

Standardized conceptual schemas for spatial characteristics will increase theathbtysl-NSDI
communityto share geographic information among applications. These schemas will be used by
geographic information system and software developers and users of geographic information to
provide consistently understandable spatial data structures.

This standard cabe acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19107-&w1:en

2.11 ISO 19108:2002 Geographic informatiorr- Temporal schema

This standardlefines congats for describing temporal characteristics of geographic information. It
depends upon existing information technology standards for the interchange of temporal information.
It provides a basis for defining temporal feature attributes, feature operatidrfeature associations,

and for defining the temporal aspects of metadata about geographic information. Since this
International Standard is concerned with the temporal characteristics of geographic information as
they are abstracted from the real woilé&gmphasizes valid time rather than transaction time.
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Historically, temporal characteristics of features have been treated as thematic feature attributes. For
example, a feature "Building" may have an attribute "date of construction". However, there is
increasing interest in describing the behaviour of features as a function of time. This can be supported
to a limited extent when time is treated independently of space. For example, the path followed by a
moving object can be represented as a set ofre=satalled "way point”, each of which is represented

as a point and has an attribute that provides the time at which the object was at that spatial position.
Behaviour in time may be described more easily if the temporal dimension is combined with the
spatal dimensions, so that a feature can be represented as a spatiotemporal object. For example, the
path of a moving object could be represented as a curve described by coordinates in x, y and t. This
International Standard has been prepared in order tdastiine the use of time in feature attributes.
Although it does not describe feature geometry in terms of a combination of spatial and temporal
coordinates, it has been written to establish a basis for doing so in a future standard within the 1ISO
19100 sees.

This standard provides a common way to express the temporal dimehsliata This will provide
developers with the basic formats required to add the sigatiporal dimension to data in a form that
is compatible with other SNSDI data and applican services

This standard can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19108:&d1:en

2.12 1SO/CD 19109 Geographic information-- Rules fa application schema

ISO 19109:2015 defines rules for creating and documenting application schemas, including principles
for the definition of featuresThe widespread application of computers and geographic information
systems (GIS) has led to an ined use of geographic data within multiple disciplines. With current
technol ogy as an enabl er, societybds reliance
increasingly being shared and exchanged. They are also used for purposes other thanithmse for

they were produced.

To ensure that data will be understood by both computer systems and users, the data structures for
data access and exchange must be fully documented. The interfaces between systems, therefore, nee
to be defined with respect ttata and operations, using the methods standardized in this Standard.
For the construction of internal software and data storage within proprietary systems, any method
may be used that enables the standardized interfaces to be supported.

An applicationschema provides the formal description of the data structure and content required by
one or more applications. An application schema contains the descriptions of both geographic data
and other related data. A fundamental concept of geographic dataestiine f

The scope of thist&ndard includes the following:
A conceptual modelling of features and their properties from a universe of discourse;
A definition of application schemas;
A use of the conceptual schema language for application schemas;
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A transitionfrom the concepts in the conceptual model to the data types in the application
schema;

A integration of standardized schemas from other ISO geographic information standards with
the application schema.

This standard provides the SNSDI community with a bas for establishing a commadiormal
description of the data structure and content required by one or more appljdtisnsupporting
consistency and interoperability across the community application schema contains the
descriptions of both geograghilata and other related data.

This standard can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19109%:2d1:en

2.13 1SO 19112:2003 Geographic informaon -- Spatial referencing by
geographic identifiers

ISO 19112:2003 defines the conceptual schema for spatial references based on geographic identifiers.
It establishes a general model for spatial referencing using geographic identifiers, defines the
components of a spatial reference system and defines the essential components of a gazetteer. Spatia
referencing by coordinates is not addressed in this document; however, a mechanism for recording
complementary coordinate references is included.

ISO 19112:2003 assists users in understanding the spatial references used in datasets. It enables
gazetteers to be constructed in a consistent manner and supports the development of other standard:
in the field of geographic information. It is applicable tgi@il geographic data, and its principles

may be extended to other forms of geographic data such as maps, charts and textual documents.

This standard provides the $LSDI community with a basis for establishing gazetteer and point of
interest identifieras a basis for identify explicit geographic locations

This standard can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataleg tc/cataloque detail.htm?csnumber=26017

2.14 1S0O 19113:2002 Geographic information- Quality principles

ISO 19113:2002 establishes the principles for describing the quality of geographic data and specifies
components for reporting quality informatidhalso provides an approach to organizing information
about data quality.

ISO 19113:2002 is applicable to data producers providing quality information to describe and assess
how well a dataset meets its mapping of the universe of discourse as specifier product
specification, formal or implied, and to data users attempting to determine whether or not specific
geographic data is of sufficient quality for their particular application. This International Standard
should be considered by organizatiomgolved in data acquisition and purchase, in such a way that
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it makes it possible to fulfil the intentions of the product specification. It can additionally be used for
defining application schemas and describing quality requirements.

As well as being apggable to digital geographic data, the principles of ISO 19113:2002 can be
extended to identify, collect and report the quality information for a geographic dataset, its principles
can be extended and used to identify, collect and report quality informfati a dataset series or
smaller groupings of data that are a subset of a dataset.

Although 1SO 19113:2002 is applicable to digital geographic data, its principles can be extended to
many other forms of geographic data such as maps, charts and textualeahts.

ISO 19113:2002 does not attempt to define a minimum acceptable level of quality for geographic
data.

This standard provides the SISDI community with a basis for defining and assessing data quality
characteristics and standatrds.

This standed can be acquired at the following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=26018

2.15 1S0 19157:2013 Geographic information- Data quality

ISO 19157:201&stablishes the principles for describing the quality of geographic data. It

A defines components for describing data quality;

A specifies components and content structure of a register for data quality measures;

A describes general procedures for evaluatiegytlity of geographic data;

A establishes principles for reporting data quality.

ISO 19157:2013 also defines a set of data quality measures for use in evaluating and reporting data
guality. It is applicable to data producers providing quality informatiodescribe and assess how

well a data set conforms to its product specification and to data users attempting to determine whether
or not specific geographic data are of sufficient quality for their particular application.

ISO 19157:2013 does not atteniptefine minimum acceptable levels of quality for geographic data.

This standard provides the SNSDI community with a basis for defining data quality assurance
criteria and procedures.

This standard can be acquired at the following link:
http://www.iso.org/iso/home/store/catalogue ics/catalogue detail ics.htm?csnumber=32575

2.16 1S0 19115:2003 Geographic information- Metadata
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ISO 191152003 defines the schema required for describing geographic information and services. It
provides information about the identification, the extent, the quality, the spatial and temporal schema,
spatial reference, and distribution of digital geographic data.

ISO 19115:2003 is applicable to:
A the cataloguing of datasets, clearinghouse activities, and the full description of datasets;
A geographic datasets, dataset series, and individual geographic features and feature properties.

ISO 19115:2003 defines:
A mandatory and conditional metadata sections, metadata entities, and metadata elements;
A the minimum set of metadata required to serve the full range of metadata applications (data
discovery, determining data fitness for use, data access, data transtese aridligital data);
A optional metadata elementto allow for a more extensive standard description of geographic
data, if required;
A a method for extending metadata to fit specialized needs.

Though I1SO 19115:2003 is applicable to digital data, its jpi@s can be extended to many other
forms of geographic data such as maps, charts, and textual documents as wejleayregphic data.

NOTE Certain mandatory metadata elements may not apply to these other forms of data.

This standard is to be adoptegithe official metadata catalog standard for theNSIDI community.
This standard data catalog will be a fundamental cornerstone of tNSBLprogramme.

This standard can be acquired at the following link:
http://www.iso.org/iso/catalogue detail?csnumber=26020

2.17 1SO/DIS 191151 Geographic information -- Metadata -- Part 1.:
Fundamentals

ISO 191151:2014 defines the schema requireddescribing geographic information and services

by means of metadata. It provides information about the identification, the extent, the quality, the
spatial and temporal aspects, the content, the spatial reference, the portrayal, distribution, and other
properties of digital geographic data and services.

ISO 191151:2014 is applicable to:
A the cataloguing of all types of resources, clearinghouse activities, and the full description of
datasets and services;
A geographic services, geographic datasets, datages, and individual geographic features
and feature properties.

ISO 191151:2014 defines:

A mandatory and conditional metadata sections, metadata entiiesetmdata elements;
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A the minimum set of metadata required to serve most metadata applicdtitansliccovery,
determining data fitness for use, data access, data transfer, afidig#al data and services);

A optional metadata elements to allow for a more extensive standard tiesafpesources, if
required;

A a method for extending metadatditspecialized needs.

Though ISO 19118:2014 is applicable to digital data and services, its principles can be extended to
many other types of resources such as maps, charts, and textual documents as wgba@graphic
data. Certain conditional natata elements might not apply to these other forms of data.

This standard is to be adopted as the official metadata catalog standard folNB® Btommunity,
as one part of ISO 19115.

This standard can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/catalogue ics/cataloque detail ics.htm?csnumber=53798

2.18 ISO 191152:2009 Geographic information-- Metadata -- Part 2:
Extensions for imagery and gridded data

ISO 191152:2009 extends the existing geographic metadata standard by defining the schema required
for describing imagery and gridded data. It provides information about the properties of the measuring
equipment used to acquire the data, the geometry of the measuring process employed by the
equipment, and the production process used to digitize the raw data. This extension deals with
metadata needed to describe the derivation of geographic informatiorrdwv data, including the
properties of the measuring system, and the numerical methods and computational procedures used
in the derivation. The metadata required to address coverage data in general is addressed sufficiently
in the general part of ISO 193.

This standard is to be adopted as the official metadata catalog standard folNB® Btommunity,
as one part of ISO 19115.

This standard can be acquired at the following link:
http://www.iso.org/iso/catalogue_detail.htm?csnumber=39229

2.19 1S0 19116:2004 Geographic information- Positioning services

ISO 19116:2004 specifies the data structure and content of an interface that permits communication
between positioiprovidingdevice(s) and positieasing device(s) so that the positiosing device(s)

can obtain and unambiguously interpret position information and determine whether the results meet
the requirements of the use. A standardized interface of geographic informetigrosition allows

the integration of positional information from a variety of positioning technologies into a variety of
geographic information applications, such as surveying, navigation and intelligent transportation
systems. 1ISO 19116:2004 will bertedi wide range of applications for which positional information

IS important.
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This standaravill support location based service delivery and other importantnagiitional uses of
location information from mobile devices and applicaticelated to the ISNSDI.

This standard can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataloqgue tc/catalogue detail.hntm?csnumber=37805

2.20 1S0 19118:2011 Geographic informatiori Encoding

ISO 19118:2011 specifies the requirements for defining encoding rules for use for the interchange of
data that conform to the geographic information in the set of International Standards known as the
"ISO 19100 series".

ISO 19118:2011 specifies requirements for creating encoding rules based on UML schemas,
requirements for creating encoding services, and requirements forb&skd encoding rules for
neutral interchange of data.

ISO 19118:2011 does not gjify any digital media, does not define any transfer services or transfer
protocols, nor does it specify how to encode inline large images.

This standardsupports the development of interoperability in data exchange between different
formats This is a low level technical standard that will be useful fofN®DI software developers
as a reference.

This standard can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataloque tc/cataloqgue detail.htm?csnumber=44212

2.21 1S0 19119:20165eographic information i Services

ISO 19119:2016 defines requirements for how platform neutral and platform specific specification of
services shall be created, in order to allow for one service to be specified independently of one or
more underlying distributed computing platforms.

ISO 19119:2016 defines requirements for a further mapping from platform neutral to platform
specific service spm#fications, in order to enable conformant and interoperable service
implementations.

ISO 19119:2016 addresses the Meta:Service foundation of the ISO geographic information reference
model described in ISO 19191:2014, Clause 6 and Clause 8, respectively

ISO 19119:2016 defines how geographic services shall be categorised according to a service
taxonomy based on architectural areas and allows also for services to be categorised according to a
usage life cycle perspective, as well as according to donpesaifie and user defined service
taxonomies, providing support for easier publication and discovery of services.
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This standardorovides a basis for standardizing the categorizationdiswbvery of application
services.This is a low level technical standard that will be useful foN&DI software developers
as a reference.

This standard can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataloque tc/cataloque detail.htm?csnumber=59221

2.22 1SO/TR 19120:2001 Geographic information- Functional standards

This Technical Report seeks to identify the components of those recognized fursttiadalds and

to identify elements that can be harmonized between these standards and with the ISO/TC 211 base
standards. This Technical Report provides a starting point for a feedback cycle between the functional
standards communities and the ISO 1910&se&omponent project teams.

This Technical Reporprovides the SINSDI community with a framework for understanding
relationships between existing functional standards that are in use today and the base standards of the
ISO/TC 211 framework.This is alow level technical standard that will be useful for-S8DI

software developers as a reference.

This Technical Reportan be acquired at the following link:
https://www.iso.org/obp/ui/#isetd:28928:en

2.23 ISO/TR 19121:2000 Geographic information- Imagery and gridded data

This Technical Report reviews the manner in which raster and gridded data is currently being handled
in the Geomatics community in order to propose how this type of sfatald be supported by
geographic information standards.

This Technical Report identifies those aspects of imagery and gridded data that have been
standardized or are being standardized in other ISO committees and external standards organizations,
and tha influence or support the establishment of raster and gridded data standards for geographic
information. It also describes the components of those identified ISO and external imagery and
gridded data standards that can be harmonized with the I1SO 191i@8 sérgeographic
information/geomatics standards.

A plan is presented for ISO/TC 211 to address imagery and gridded data in an integrated manner,
within the ISO 19100 series of geographic information standards.

This Technical Report provides the -8ISDI community withinsights into how the international
community is standardizing imagery and gridded .data

This Technical Report can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:iso:tr:19121:ed1:en
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2.24 1SO/TR 19122:2004 Geographic information/Geomatics- Qualification
and certification of personnel

ISO/TR 19122:2004 is applicable to the following aspects of the field of Geographic
Information/Geomatics:
A To develop a Type 3 report, which describes a system for the qualification and certification,
by a central independent body, of personnel in the field of Geographic Information/Geomatics.
A To define the boundaries between Geographforination/ Geomatics and other related
disciplines and professions.
A To specify technologies and tasks pertaining to Geographic Information/Geomatics.
A To establish skill sets and competency levels for technologists, professional staff and
management in thigeld.
A To research the relationship between this initiative and other similar certification processes
performed by existing professional associations.
A To develop a plan for the accreditation of candidate institutions and programs, for the
certification ofindividuals in the workforce, and for collaboration with other professional
bodies.

This Technical Report provides the -8ISDI community witha system for the qualification and
certification of geeprofessional staff

This Technical Report providesettSL-NSDI community withinsights into how the international
community is standardizing imagery and gridded data

This Technical Report can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:iso:tr:19121:ew1:en

2.25 IS0 19123:2005 Geographic information- Schema for coverage geometry
and functions.

ISO 19123:2005 defines a captual schema for the spatial characteristics of coverages. Coverages
support mapping from a spatial, temporal or spatiotemporal domain to feature attribute values where
feature attribute types are common to all geographic positions within the domawverag® domain

consists of a collection of direct positions in a coordinate space that may be defined in terms of up to
three spatial dimensions as well as a temporal dimension. Examples of coverages include rasters,
triangulated irregular networks, poirdwerages and polygon coverages. Coverages are the prevailing
data structures in a number of application areas, such as remote sensing, meteorology and mapping
of bathymetry, elevation, soil and vegetation.

ISO 19123:2005 defines the relationship betwberdomain of a coverage and an associated attribute
range. The characteristics of the spatial domain are defined whereas the characteristics of the attribute
range are not part of ISO 19123:2005.
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This standard is a useful reference for technical mendféhe SL-NSDI community to understand
the nature and structure of coverages

This standarctan be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataloque tc/cataloque detail.htm?csnumber=40121

2.26 1SO 191251:2004 Geographic information-- Simple feature access- Part
1: Common architecture

ISO 191251:2004 establishes a common architecture for geograpfoienation and defines terms
to use within the architecture. It also standardizes names and geometric definitions for Types for
Geometry.

ISO 191251:2004 does not place any requirements on how to define the Geometry Types in the
internal schema nor dodsplace any requirements on when or how or who defines the Geometry
Types. ISO 19123:2004 does not attempt to standardize and does not depend upon any part of the
mechanism by which Types are added and maintained.

This standard is a useful referenoe fechnical members of the SNNSDI community todevelop a
common understanding of geospatial architectural names and definitions

This standardcan be acquired at the following link:
http://www.iso.org/iso/iso catalogue/catalogue tc/catalogue detail.htm?csnumber=40114

2.27 1S0O 191252:2004 Geographic information-- Simple feature access- Part
2: SQL option

This part of ISO 19125:2004 specifies an S€hema that supports storage, retrieval, query and
update of simple geospatial feature collections via the SQL Call Level Interface (SQL/CLI) and
establishes an architecture for the implementation of feature tables.

This part of ISO 19125:2004 definesrer to use within the architecture. of geographic information
and defines a simple feature profile of ISO 19107. In addition, this part of ISO 19125:2004 describes
a set of SQL Geometry Types together with SQL functions on those types. The Geometry diypes an
Functions described represent a profile of ISO 13249

This part of ISO 19125:2004 standardizes the names and geometric definitions of the SQL Types for
Geometry and the names, signatures and geometric definitions of the SQL Functions for Geometry.

This part of ISO 19125:2004 does not attempt to standardize and does not depend upon any part of
the mechanism by which Types are added and maintained in the SQL environment, including the
following:

A the syntax and functionality provided for defining types

A the syntax and functionality provided for defining SQL functions;
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A the physical storage of type instances in the database;
A specific terminology used to refer to User Defined Types, for example, UDT.

This standard is a useful reference for technical mesniifethe SENSDI community to develop a
common understanding &QL/CLI.

This standarcdcan be acquired at the following link:
http://www.iso.org/iso80 catalogue/catalogue tc/catalogue detail.htm?csnumber=40115

2.28 1S0 19126:2009 Geographic information- Feature concept dictionaries
and registers

ISO 19126:2009 specifies a schema for feature concept dictionaries to be established and managed a:
registers. It does not specify schemas for feature catalogues or for the management of feature
catalogues as registers. However, because feature catalogue are often derived from feature concepit
dictionaries, ISO 19126:2009 does specify a schema for ard¢heral register of feature concept
dictionaries and feature catalogues. These registers are in accordance with ISO 19135.

This standard is a useful reference for technical members of #NSBSIL community to develop a
commonschema for feature concepttionaries to be established and managed as registers

This standardcan be acquired at the following link:
http://www.iso.org/iso/iso catalogue/catale tc/catalogue detail.ntm?csnumber=44075

2.29 ISO/TS 19127:2005 Geographic information- Geodetic codes and
parameters

ISO TS 19127:2005 defines rules for the population and maintenance of registers of geodetic codes
and parameters and identifies the daliements, in compliance with ISO 19135 and I1ISO 19111,
required within these registers. Recommendations for the use of the registers, the legal aspects, the
applicability to historic data, the completeness of the registers, and a mechanism for maistenance
specified by the registers themselves.

This provides a standard for the development and maintenance of a register of geodetic codes,
parameters and data elements in Sri Lanka

This standardcan be acquired at the following link:
http://www.iso.org/iso/catalogue_detail.ntm?csnumber=41784

2.30 IS0 19128:2005 Geographic informatior- Web map server interface

ISO 19128:2005 specifies the behaviour of a servied phmoduces spatially referenced maps
dynamically from geographic information. It specifies operations to retrieve a description of the maps
offered by a server, to retrieve a map, and to query a server about features displayed on a map. ISO
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19128:2005 ispplicable to pictorial renderings of maps in a graphical format; it is not applicable to
retrieval of actual feature data or coverage data values.

This standard is useful as a technical reference for web map server interface functionality

This standad can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataloque tc/cataloque detail.htm?csnumber=32546

2.31 ISO/TS 19129:20095eo0graphic information -- Imagery, gridded and
coverage data framework

ISO/TS 19129:2009 defines the framework for imagery, gridded and coverage data. This framework
defines a content model for the content type imagery and for other specific contethaymes be
represented as coverage data. These content models are represented as a set of generic UML patterr
for application schemas.

This Technical Specification recognizes that there are many overlapping imagery and gridded data
specifications in wde use that differ significantly in how the information content is structured for
encoding and in what choices of information form the content model. Different types of encoding
may be appropriate in different situations. However, differences in coneedifficult to reconcile.

The existing different encoding standards do not necessarily conflict because they represent different
ways of providing the same information in different contexts. Differences in content are also
permitted for different situatian but the content definition must be the same in similar situations for
interchange to be achieved without loss of information.

Most of the existing specifications for imagery and gridded data used in industry specify how content
is to be expressedather than the content itself. They relate content to encoding, encapsulation and
transfer of data. Those content descriptions that do appear to vary from one specification to another
may not be in conflict or incompatible but reflect different real weitidations that require different
treatments.

This Technical Specification combines a number of sdefined content structures in accordance
with 1ISO 19123, the International Standard for coverage geometry and functions together with
metadata, spatialeferencing and other aspects of imagery, gridded and coverage data into a
framework. This will foster a convergence at the content model level for existing imagery, gridded
and coverage data while allowing for backward compatibility with the identifigd siiiexisting
standards.

This standard is useful as a technical reference for imagery and coverage contenfrmesielsy
the S-NSDI stakeholder community

This standarcdcan be acquired at the following link:
http://www.iso.org/iso/iso catalogue/cataloque tc/cataloque detail.htm?csnumber=43041
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2.32 ISO/TS 19130:2010 Geographic information Imagery sensor models for
geopositioning

ISO/TS 19130:2010 identifies the information required to determine the relationship between the
position of a remotely sensed pixel in image coordinates and its geoposition. It supports exploitation
of remotely sensed images. It defines the metadata tlistréouted with the image to enable user
determination of geographic position from the observations.

ISO/TS 19130:2010 specifies several ways in which information in support of geopositioning may be
provided.

1. It may be provided as a sensor descriptwith the associated physical and geometric
information necessary to rigorously construct a Physical Sensor Model. For the case where
precise geoposition information is needed, ISO/TS 19130:2010 identifies the mathematical
formulae for rigorously construog Physical Sensor Models that relate tshmensional
image space to thre#imensional ground space and the calculation of the associated
propagated errors. ISO/TS 19130:2010 provides detailed information for three types of
passive electroptical/infraral (IR) sensors (frame, pushbroom and whiskbroom) and for an
active microwave sensing system [Synthetic Aperture Radar (SAR)]. It provides a framework
by which these sensor models can be extended to other sensor types.

2. It may be provided as a True Replamnt Model, using functions whose coefficients are
based on a Physical Sensor Model so that they provide information for precise geopositioning,
including the calculation of errors, as precisely as the Physical Sensor Model they replace.

3. It may be provied as a Correspondence Model that provides a functional fitting based on
observed relationships between the geopositions of a set of ground control points and their
image coordinates.

4. It may be provided as a set of ground control points that can be used to develop a
Correspondence Model or to refine a Physical Sensor Model or True Replacement Model.

ISO/TS 19130:2010 does not specify either how users derive geoposition data ondi@f@ontent
of the data the users generate.

This standard is useful as a technical reference for documenting or interpreting the imagery
geopositioning models that will be in use by the&DI stakeholder community

This standardcan be acquired #te following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=51789

2.33 ISO/DTS 191302 Geographic information -- Imagery sensor models for
geopositioning-- Part 2: SAR, INSAR, Lidar and Sonar
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ISO/TS 1913€2:2014 supports exploitation of remotely sensed images. It specifies the sensor models
and metadata for geopositioning images remotely sensed by Synthetic Aperture Radar (SAR),
Interferometric Synthetic Aperture Rad&tSAR), Light Detection And Ranging (lidar), and SOund
Navigation And Ranging (sonar) sensors. The specification also defines the metadata needed for the
aerial triangulation of airborne and spaceborne images.

ISO/TS 1913€:2014 specifies the detailedormation that shall be provided for a sensor description

of SAR, INSAR, lidar, and sonar sensors with the associated physical and geometric information
necessary to rigorously construct a physical sensor model. For the case where precise geoposition
information is needed, this Technical Specification identifies the mathematical formulae for
rigorously constructing physical sensor models that relatedimensional image space to three
dimensional ground space and the calculation of the associated peapbagat.

ISO/TS 19132:2014 does not specify either how users derive geoposition data or the format or
content of the data the users generate.

This standard is useful as a technical reference for documenting or intergestsagy models and
metadata dr geopositioning images remotely sensed by Synthetic Aperture Radar (SAR),
Interferometric Synthetic Aperture Radar (INSAR), Light Detection And Ranging (lidar), and SOund
Navigation And Ranging (sonar) sensors

This standard can be acquired at théofeing link:
http://www.iso.org/iso/iso catalogue/catalogue ics/cataloque detail ics.htm?ics1=35&ics%202=%
20240&ics3=D&csnumber=56113

2.34 1S0 19131:2007 Geographic information- Data product specifications

ISO 19131:2007 specifies requirements for the specification of geographic data products, based upon
the concepts of other ISO 19100 International Standards. Ipaisaes help in the creation of data
product specifications, so that they are easily understood and fit for their intended purpose.

A data product specification is a detailed description of a dataset or dataset series together with
additional informatiorthat will enable it to be created, supplied to and used by another party. It is a
precise technical description of the data product in terms of the requirements that it will or may fulfil.
However, the data product specification only defines how theetathsuld be. For various reasons,
compromises may need to be made in the implementation. The metadata associated with the product
dataset should reflect how the product dataset actually is.

A data product specification may be created and used on differeasions, by different parties and

for different reasons. It may, for example, be used for the original process of collecting data as well
as for products derived from already existing data. It may be created by producers to specify their
product or byusers to state their requirements.
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The purpose of this International Standard is to provide practical help in the creation of data product
specifications, in conformance with other existing standards for geographic information. An aim is to
produce a conipte list of the items used to specify a data product.

This International Standard makes references to parts of existing standards. Some of the items used
to specify the data in a data product can also be used as metadata for a resulting dataseami¢h the
data product.

It is not necessary for a data product specification to specify the production process, but only the
resulting data product. Nevertheless, it may include production and maintenance aspects if judged
necessary to describe the data produc

This International Standard describes the content and structure of a data product specification. An
example of a data product specification is presented in Annex F.

When an item for a data product specification is already defined in another stdrttarts® 19100
series, a reference to that document is explicitly made.

This International Standahn be usedy producers, providers and potential users of data products
within the SI-NSDI community

This standard can be acquired at the following:lin
https://www.iso.org/obp/ui/#iso:std:is0:19131:kd1:en

2.35 IS0 19132:2007 Geographic information- Location-based services-
Reference model

ISO 19132:2007 definesraference model and a conceptual framework for locdiamsed services
(LBS), and describes the basic principles by which LBS applications may interoperate. This
framework references or contains an ontology, a taxonomy, a set of design patterns aiseétaofore
LBS service abstract specifications in UML. ISO 19132:2007 further specifies the framework's
relationship to other frameworks, applications and services for geographic information and to client
applications.

ISO 19132:2007 addresses, for an LBStays the first three basic viewpoints as defined in the
Reference Model for Open Distributed Processing {BDP, see ISO/IEC 10748). These
viewpoints are the Enterprise Viewpointletailing the purpose, scope, and policies of the system;
Information Vievpointi detailing the semantics of information and processing within the system,;
Computational Viewpoint detailing the functional decomposition of the system.

The fourth and fifth viewpoints are addressed only in requirements or examples. These are the
Engineering Viewpointi detailing the infrastructure for distribution; Technology Viewpdint
detailing the technology for implementation;
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Reference models and frameworks can be defined at a variety of levels, from conceptual design to
software document®n. ISO 19132:2007 defines the conceptual framework for and the type of
applications included within LBS, establishes general principles for LBS for both mobile and fixed
clients, specifies the interface for data access while roaming, defines thectuchliteelationship

with other ISO geographic information standards, and identifies areas in which further standards for
LBS are required.

ISO 19132:2007 does not address rules by which LBS are developed, nor general principles for
roaming agreements famnobile clients and tracking targets.

This Standardcan be usedy location based service (LBS) developers within theNSDI
community to define and document services

This standard can be acquired at the following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=40601

2.36 1SO 19133:2005 Geographic information- Location-based services-
Tracking and navigation

ISO 19133:2005 describes the data types, and operatioosiaged with those types, for the
implementation of tracking and navigation services. It is designed to specify web services that can be
made available to wireless devices through-neident proxy applications, but is not restricted to

that environment.

This Standardcan be usedy location based service (LBS) developers within theNSDI
community to define and document tracking and navigation services

This standard can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19133&d1:en

2.37 1SO 19134:2007 Geographic information- Location-based services-
Multimodal routing and navigation

ISO 19134:2006 sifies the data types and their associated operations for the implementation of
multimodal locatiorbased services for routing and navigation. It is designed to specify web services
that may be made available to wireless devices throughresitbent proxyapplications, but is not
limited to that environment.

This Standardcan be useddy location based service (LBS) developers within theNSDI
community to define and document multimodal routing and navigation services

This standard can be acquiredra following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=32552
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2.38 1S0 19135:2005 Geographic information- Procedures for item
registration

ISO 19135:2005specifies procedures to be followed in establishing, maintaining and publishing
registers of unique, unambiguous and permanent identifiers, and meanings that are assigned to items
of geographic information. In order to accomplish this purpose, ISO 191Bbsp@cifies elements

of information that are necessary to provide identification and meaning to the registered items and to
manage the registration of these items.

This Standardan be uselly the SI-=NSDI community to define and document fundamentaktegs
that have a geographic dimension or that can relate to a geographic location. This will need to be
aligned and integrated with the eGovernment registries.

This standard can be acquired at the following link:
http://www.iso.org/iso/cataloque detail.htm?csnumber=32553

ISO/TS 191382:2012 Geographic informaticrProcedures for item registratienPart
2: XML schema implementation

This Technical Specification defines Geographic ReGister XML (grg) encoding, an
XML schema implementation derived from ISO 19139 he ISO 19135 series
standardizes the procedures for the registration of geographic items. Since it does not
provide any encodindor the storage and exchange of registers and register items,
implementations may vary based on the interpretation of the base standard.

This Technical Specification defines an XML encoding for the storage and exchange of
ISO 19135compliant registers ahregister items. This encoding conforms to the rules
described in ISO/TS 19139.

The encoding defined in this Technical Specification is intended to be extended to
specific registers, e.g. ISO 191451) for registers of representations of geographic point
location.

This Specification can be usdaly the SI-NSDI community to structure geographic
register encoding. This will need to be aligned and integrated with the eGovernment
registries.

This standard can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:iso:ts:19135ed 1:vl:en
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2.39 ISO 19136:2007 Geographic informatior- Geography Markup Language
(GML)

The Geography Markup Language (GML) is an XMihcoding in compliance with ISO 19118 for

the transport and storage of geographic information modelled in accordance with the conceptual
modelling framework used in the ISO 19100 series of International Standards and including both the
spatial and nospaial properties of geographic features.

ISO 19136:2007 defines the XML Schema syntax, mechanisms and conventions that:

A provide an open, vendmreutral framework for the description of geospatial application
schemas for the transport and storage of gebgrapformation in XML;

A allow profiles that support proper subsets of GML framework descriptive capabilities;

A support the description of geospatial application schemas for specialized domains and
information communities;

A enable the creation and maintenaaténked geographic application schemas and datasets;

A support the storage and transport of application schemas and data sets;

A increase the ability of organizations to share geographic application schemas and the
information they describe.

Implementers rmy decide to store geographic application schemas and information in GML, or they
may decide to convert from some other storage format on demand and use GML only for schema and
data transport.

NOTE If an ISO 19109 conformant application schema descnbedliL is used as the basis for the
storage and transportation of geographic information, ISO 19136 provides normative rules for the
mapping of such an application schema to a GML application schema in XML Schema and, as such,
to an XML encoding for data Wi a logical structure in accordance with the 1ISO 19109 conformant
application schema.

GML can be usebly the SI-NSDI community to support standard interchange formatting of data.

This standard can be acquired at the following link:
http://www.iso.org/iso/iso catalogue/catalogue tc/catalogue detail.htm?csnumber=32554

2.40 IS0 19137:2007 Geographic informatiorr- Core profile of the spaial
schema

ISO 19137:2007 defines a core profile of the spatial schema specified in ISO 19107 that specifies, in
accordance with ISO 19106, a minimal set of geometric elements necessary for the efficient creation
of application schemata.

It supports mayof the spatial data formats and description languages already developed and in broad
use within several nations or liaison organizations.
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This standard will be useful to the SISDI community as a technical reference in understanding
spatial datdormats and description languages from other countries and organizations.

This standard can be acquired at the following link:
http://www.iso.org/iso/isocatalogue/cataloqgue tc/catalogue detail.htm?csnumber=32555

2.41 1SO/TS 19138:2006 Geographic information- Data quality measures

ISO/TS 19138:2006 defines a set of data quality measures. These can be used when reporting data
quality for the datajuality subelements identified in ISO 19113. Multiple measures are defined for
each data quality subelement, and the choice of which to use will depend on the type of data and its
intended purpose.

The data quality measures are structured so that thelgecaraintained in a register established in
conformance with ISO 19135.

ISO/TS 19138:2006 does not attempt to describe every possible data quality measure, only a set of
commonly used ones.

This standard can provide the -8ISDI community with a set ofaenmon quality measurement
standards for all fundamental geospatial data sets (FGDS).

This standard can be acquired at the following link:
http://www.isoorg/iso/iso catalogue/catalogue tc/catalogue detail.htm?csnumber=32555

2.42 1SO/TS 19139:2007 Geographic information- Metadata -- XML schema
implementation

ISO/TS 19139:2007 defines Geographic MetaData XML (gmd) encoding, an XML Schema
implementabn derived from ISO 19115.

The importance of metadata describing digital geographic data is explained in detail in the text of ISO
19115. ISO 19115 provides a structure for describing digital geographic data by defining metadata
elements and establishing common set of metadata terminology, definitions and extension
procedures. ISO 19115 is abstract in that it provides a worldwide view of metadata relative to
geographic information, but no encoding.

Since ISO 19115 does not provide any encoding, thakiatplementation of geographic information
metadata could vary based on the interpretation of metadata producers. In an attempt to facilitate the
standardization of implementations, this comprehensive metadata implementation specification
provides a defiitive, rulebased encoding for applying ISO 19115. This Technical Specification
provides Extensible Markup Language (XML) schemas that are meant to enhance interoperability by
providing a common specification for describing, validating and exchangingdatetabout
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geographic datasets, dataset series, individual geographic features, feature attributes, feature types,
feature properties, etc.

ISO 19115 defines genefplrpose metadata in the field of geographic information. More detailed
metadata fogeographic data types and geographic services are defined in other ISO 19100 series
standards and user extensions (ISO 19115). This Technical Specification is also intended to define
implementation guidelines for genefirpose metadata. Where necessaitgrpretations of some

other ISO 19100 series standards are incorporated.

ISO 19118 describes the requirements for creating encoding rules based on UML schemas and the
XML -based encoding rules as well as providing an introduction to XML. This TecBpieaification

utilizes the encoding rules defined in ISO 19118 and provides the specific details of their application
with regard to deriving XML schema for the UML models in ISO 19115.

This standard provides the SNSDI community with an XML coding scheanstandard for the
metadata described in ISO 19115.

This standard can be acquired at the following link:
https://www.iso.org/obp/ui/#iso:std:32557:en

2.43 ISO/DTS 191392 Geographic Information -- Metadata -- XML Schema
Implementation -- Part 2: Extensions for imagery and gridded data

ISO 191392:2012 defines Geographic Metadata for imagery and gridded data (gmi) encoding. This
is an XML Schema implementation derived from ISO 19215

This standard is an extension of the previous XML coding schema addressing imagery and gridded
data.

This standard can referencedt the following link:
http://www.iso.org/iso/catlogue detail.htm?csnumber=57104

2.44 1S0 19141:2008 Geographic information- Schema for moving features

ISO 19141:2008 defines a method to describe the geometry of a feature that moves as a rigid body.

Such movement has the following characteristics

The feature moves within any domain composed of spatial objects as specified in ISO 19107.

The feature may move along a planned route, but it may deviate from the planned route.

Motion may be influenced by physical forces, such as orbital, gravitatmmakrtial forces.

Motion of a feature may influence or be influenced by other features, for example:

o The moving feature might follow a predefined route (e.g. road), perhaps part of a network,
and might change routes at known points (e.g. bus stopspiumss)p

v v D D
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o Two or more moving features may be fApul | e
will be refuelled during flight, a predator detects and tracks a prey, refugee groups join
forces).

o Two or more moving features may be constrained to maintgivea spatial relationship
for some period (e.g. tractor and trailer, convoy).

ISO 19141:2008 does not address other types of change to the feature. Examples of changes that are
not adressed include the following:

A The deformation of features.

Thesuccession of either features or their associations.

The change of neapatial attributes of features.

The feature's geometric representation cannot be embedded in a geometric complex that
contains the geometric representations of other features, siscedhid require the other
features' representations to be updated as the feature moves.

> > > P

Because ISO 19141:2008 is concerned with the geometric description of feature movement, it does
not specify a mechanism for describing feature motion in terms ofaygugridentifiers. This is done,
in part, in ISO 19133.

This standard provides a technical reference foiNSIDI database and software developers to
understand the management of moving features.

This standard can referencedt the following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=41445

2.45 1S0 19142:2010 Geographic information- Web Feature Service

This International Standard specifies the behaviour of a@atbre service that provides transactions

on and access to geographic features in a manner independent of the underlying data store. It specifies
discovery operations, query operations, locking operations, transaction operations and operations to
managestored parameterized query expressions.

Discovery operations allow the service to be interrogated to determine its capabilities and to retrieve
the application schema that defines the feature types that the service offers.

Query operations allow features values of feature properties to be retrieved from the underlying
data store based upon constraints, defined by the client, on feature properties.

Locking operations allow exclusive access to features for the purpose of modifying or deleting
features.

Transaction operations allow features to be created, changed, replaced and deleted from the
underlying data store.
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Stored query operations allow clients to create, drop, list and describe parameterized query
expressions that are stored by the servercamdbe repeatedly invoked using different parameter
values.

NOTE This International Standard does not address the access control issues.

This InternationaStandard defines 11 operations:
GetCapailities (discovery operation);
DescribeFemreType(discovery operation);
GetRopertyValue (query operation);

GetFeature (query operation);

LockFeature (locking operation);
GetFeatureWithLockquery and locking operation);
Transaction (transaction operation);
CreateStoreQuery (stored query opeation);
DropStore@uery (stored query operation);
ListStoredQueries (stored query operation);
DescribeStoredQueries (stored query operation).

Qx Ox Ox Ox Ox Ox Ox Ox Ox Ox Ox

This standard provides a mechanism for the publishing of map information over the web. This is one
of several standards that will be most critical to theNSDI.

This standard can referencedt the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19142:ed1:en

2.46 1S0 19143:2010 Geographic information- Filter encoding

ISO 19143:2010 describes an XML and KVP encoding of a system neutral syntax for expressing
projections, selection and sorting clauses colletyicalled a query expressiofthese components

are modular and intended to be used together or individually by other International Standards which
reference 1ISO 19143:2010.

ISO 19143:2010 defines an abstract component, named AbstractQueryExpression, from which other
specifications aa subclass concrete query elements to implement query operations.

It also defines an additional abstract query component, named AbstractAdhocQueryExpresison,
which is derived from AbstractQueryExpression and from which other specifications can subclass
concrete query elements which follow the following query pattern:

AAn abstract query element from which service
that implements a query operation that allows a client to specify a list of resourceatypgsional
projection clause, an optional selection clause, and an optional sorting clause to query a subset of
resources that satisfy the selection clause.
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This pattern is referred to as an ad hoc query pattern since the server in not aware oy tnetitjiier
is submitted for processing. This is in contrast to a stored query expression, which is stored and can
be invoked by name or identifier.

ISO 19143:2010 also describes an XML and KVP encoding of a systatral representation of a
select claus. The XML representation is easily validated, parsed and transformed into a server
specific language required to retrieve or modify object instances stored in some persistent object store.

This standard provides a technical reference for the encodsygteimneutral query expressions.

This standard can breferencedat the following link:
http://www.iso.org/iso/iso catalogue/catalogue tc/cataloqueil.dat@?csnumber=42137

2.47 1SO 191441:2009 Geographic information-- Classification systems- Part
1: Classification system structure

ISO 191441:2009 establishes the structure of a geographic information classification system,
together with the mechanisior defining and registering the classifiers for such a system. It specifies
the use of discrete coverages to represent the result of applying the classification system to a particular
area and defines the technical structure of a register of classifecsardance with ISO 19135.

This part of ISO 19144 is based on publications of the Food and Agriculture Organizat@naf-

the United NationsThe first in a series of International Standards related to geographic classification
systems, it defines ¢hstructure of such systems, together with the mechanism for defining and
registering classifiers.

Since there are many different possible application areas, there is no single classification system that
will serve all needs. The method by which classsfigre defined depends upon the application area.

In addition, the classifiers used within a particular application area might not be adequate for all
situations encountered within that application area and could need to be augmented over time. To
facilitate extension of the set of classifiers in a particular application area, classifiers are registered in
a register structure compliant with ISO 19135. This allows the set of classifiers to be maintained. The
use of the 1ISO 19135 registration mechanism altov separate registers to be defined for different
sets of classifiers within multiple information communities, thereby satisfying application needs. This
approach allows for independence between information communities, but also allows relationships to
be developed between different classification systems that potentially allow the conversion, or partial
conversion, of data from one classification system to another, or the fusion of data from two separate
sources.

The concept of classification systensswell known in the geographic information community. A
classification system can be used to subdivide any geographic area into small units, each of which
carries an identifier that describes its type. The results can then be represented as a disegte cove

as described in ISO 19123. Many such classification systems can be defined to address any geographic
area. Different application areas and different information communities can define their own
classification systems. However, if the classificatiosteyn is defined in a compatible way,
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interaction between different information communities becomes possible. In addition, in a particular
application area, it is desirable that there be a few-@glblished classification systems, and that
these themseds be standardized within information communities.

This standard provides the $ISDI community with a common framework for structuring data
classification systems.

This standard can referencedt the following link:
https://www.iso.org/obp/ui/#iso:std:32562:en

2.48 SO 191442:2012 Geographic information- Classification systems- Part
2: Land Cover Meta Language (LCML)

ISO 191442:2012 specifies a Land Cover Meta Language (LCh}pressed as a UML metamodel

that allows different land cover classification systems to be described based on the physiognomic
aspects. ISO 19142:2012 also specifies the detailed structure of a register for the extension of
LCML but does not specify th@aintenance of the register. ISO 19422012 recognizes that there

exist a number of land cover classification systems. It provides a common reference structure for the
comparison and integration of data for any generic land cover classification systetioeb not

intend to replace those classification systems.

Efficient assessment of land cover and the ability to monitor change are fundamental to sustainable
management of natural resources, environmental protection, food security and successful
humaniarian programmes. Such information is also required to help towards raising levels of
nutrition, improving agricultural productivity, enhancing the lives of rural populations and
contributing to sustainable growth of the world economy. However, in the grdsty-makers and
planners have not had access to reliable and comparable land cover data, not onlyfoctoner
countries but also at the regional and global levels.

Access has been limited by two factors: Lack of mapping activities and lack ofamatity between
systems. The solution has been to carry out separate regional mapping projects using national or
regional land cover classification systems. However, it has not been possible to compare or to
exchange information between current systems.

The aim of this part of ISO 19144 is to enable the comparison of information from existing
classification systems in a meaningful way without replacing them. The aim is to complement the
development of future classification systems that can offer momblelcollection methods for
particular national or regional purposes by allowing them to be described in a consistent manner.

A critical factor in implementing such global activities is the availability of a common, umbrella land
cover classification sysin structure. This then provides a reliable basis for interaction without
replacing the increasing number of national, regional and global land cover mapping and monitoring
activities. This enables comparisons of land cover classes to be made regandiapping scale,

land cover type, data collection method or geographic location.
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Another critical factor is the availability of a common reference for land cover classification systems.
This part of ISO 19144 provides a metalanguage expressed as enodél that allows different land
cover classification systems to be described.

This part of ISO 19144 establishes a metalanguage for a set of objects and rules (language) to describe
land cover features based on physiognomy that can be part of diffarehtcbver legends
(nomenclature). This provides a framework for comparing different systems and nomenclatures such
as Corine, Africover, Anderson (USGS), Global Map and national systems without replacing them.
This is not a description of a nomenclature isat a description of a specific set of classes.

This standard provides the $ISDI community with a common framework for structuring and
comparing land cover classifications schemes.

This standard can referencedt the following link:
https://www.iso.org/obp/ui/#iso:std:is0:1914¢ted 1:vl:en

2.49 ISO/DIS 19145 Geographic information-- Registry of representations of
geographic point location

ISO 19145:2013 specifies ghprocess for establishing, maintaining and publishing registers of
representation of geographic point location in compliance with ISO 19135. It identifies and describes
the information elements and the structure of a register of representations of hiequpay location
including the elements for the conversion of one representation to another.

ISO 19145:2013 also specifies the XML implementation of the required XML extension to ISO/TS
191352, for the implementation of a register of geographic poication representations.

ISO 6709:2008 standardizes the mechanisms for the interoperability of geographic point location
representations. However, the representation of geographic point locations takes various schemes
(e.g.1S0O 6709:1983, DCMI Point endond scheme, KML, GeoVRML, Natural Area Coding System,

ISO 8211, GML Point Profile) depending of the application in which they are used. Accordingly, ISO
6709:2008 recognizes and supports flexibility in the representation of geographic point locations and
the requirement for universal interpretation. In order to support the use of a variety of geographic
point location representations, 1ISO 6709:2008 introduces the requirement of a registry of geographic
point location representations. A registry of repres@ms of geographic point location gives access

to the description of the format in which a geographic point location is encoded and also identifies
conversion services to transform the representation of the geographic point location to another
represention. As such, knowing in which format a geographic point location is encoded and the
format in which it must be encoded for its use by a specific application, it can be possible to perform
the appropriate transformation of the representation of a geaognapint location. However, this
requires that encoding formats and their descriptions need to be made accessible either as part of the
geographic point location representation itself or from a registry of representations of geographic
point locations. Assuch, the definition of a standard structure for a registry of representations of
geographic point location is required. Such a registry will support the required flexibility identified

in ISO 6709:2008 for efficient syntactic interoperability of geograjpliint location information.
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This International Standard defines a standard structure of a register in Unified Modelling Language
(UML) that supports the description of geographic point location representation (Clause 7). It also
defines the XML implemeaation of the register's UML structure by extending ISO/TS 191,35
Annex A. Although the structure for the description of geographic point location representation takes
its roots in ISO 19135, it extends that International Standard with specific requisctoean extent

that it goes beyond the definition of a profile of ISO 19135.

This standard provides the $ISDI application and database developers with a common UML
structure for describing geographic point location representation.

This standard caneyeferencedat the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19145:&d1:en

2.50 1S0 19146:2010 Geographic information- Cross-domain vocabularies

ISO 19146:2010 defines a methodology for crosspping technical vocabularies that have been
adopted by industrgpecific geospatial communities. It also specifies an implementation of 1ISO
19135 for the registration of geographic information concepts forutpope of integrating multiple
domainbased vocabularies.

A common language is an essential prerequisite to effective communication. However, a simple
knowledge of a language's vocabulary is insufficient to ensure communication integrity. A word can
have several meanings depending on the context in which it is used. Similarly, a concept can be
referenced by several words, each communicating a different connotation or level of emphasis.

The issues associated with the correct use of language extend flad ld@yto-day communication.

Every field of endeavour, from engineering to cookery, has its own technical language and
vocabulary. In order to participate in discussions on a subject, it is necessary to understand both the
subject's terminology and the dert in which it is to be used. The imprecise use of technical or
professional language (for example, by using two terms interchangeably when, in fact, they have
distinctly different connotations) gives rise to the same traps and dangers associatece with th
inappropriate use of a spoken language.

This International Standard establishes a methodology for-orapping technical vocabularies that

have been adopted by industocussed geospatial communities (for example, geospatial
communities supporting th&#gansport or utilities industries). The processes relate to the unique
identification of concepts and ensuring the existence of monosemic relations between concepts and
designations. The methodology aims to ensure the consistent use aehamsag procgses when
associating disparate geospatial vocabularies and identifying synonyms.

It is not the objective of this International Standard to define an ontology or taxonomy for geographic
information and geomatics. Its purpose is to provide rules for ewswonsistency when

implementing crossnapping processes. The rules, however, have been developed with regard to
taxonomic and ontological concepts and with a view to enabling semantic interoperability. Their

Sri Lanka NSDI Pageb7


https://www.iso.org/obp/ui/#iso:std:iso:19145:ed-1:v1:en

POLICY, GOVERNANCE AND STANDARDS STUDY Volume 3 - Standards Framework

application to vocabulary crossapping, therefre, can be expected to provide input to any future
ontology/taxonomy initiatives.

This International Standard applies the provisions of ISO 19135 to the registration of geospatial
concepts. An online register of crasmpped terminology entries, confonygito the requirements of

ISO 19135, is associated with this International Standard. Administrative arrangements for the
population and maintenance of the online register are beyond the scope of this International Standard.
However, the provisions of IS®135 relating to the maintenance of registers apply.

This International Standard adopts terms and concepts that are taken from UML and terminology
theory and practice. A crossapping between the two terminologies can be found in ISO/TR
24156:2008.

This standard provides the SIISDI community with a commomethodology for crosmapping
technical vocabularies that have been adopted by indiastngse geospatial communities.

This standard can referencedt the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19146:EW1:en

2.51 ISO/CD 19147 Geographic information-- Location based services-
Transfer Nodes

ISO 19147:2015 specifies the data tymesd code lists associated with those types for the
implementation of transfer nodes and their services in transport modelling and location based services.

It includes the following:

A defines transfer nodes in a multimodal way so that the definitigarisral and valid for all
types of transport means and modes;

A links transfer nodes to a location;

A focuses on the attributes defining the transfer node in relation to nodes irspemifc
networks;

A defines the attributes of transfer nodes that are reiéoatravel planning and modelling of
interoperable transport systems by transport planners;

A defines a set of services and facilities that may be related to transfer nodes and a way to provide
information on accessibility, deviations and restrictiongeel#o these services and facilities.

ISO 19147:2015 is applicable for transport infrastructure owners and operators when defining and/or
describing their transport infrastructure and for transpated Service Providers when providing
information to tavellers and others.

It is limited to the transport of persons and is also limited to the static gettiagd gettingpff points.

The main focus is on transfer nodes being part of public transport networks, that are located in road
networks, but thisnternational Standard is also applicable for transfer nodes in rail networks and in
air and sea transport networks.
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This standard provides the $ISDI community with a commaostructure for defining transfer nodes
in a multtmodal transport system

This standard can breferencedat the following link:
http://www.iso.org/iso/iso catalogue/cataloqgue tc/catalogue detail.htm?csnumber=44874

2.52 1S0 191482012 Geographic information-- Linear referencing

ISO 19148:2012 specifies a conceptual schema for locations relative tedan@resional object as
measurement along (and optionally offset from) that object. It defines a description of the data and
opetions required to use and support linear refergncline standand applicable to transportation,
utilities, locationbased services and other applications which define locations relative to linear
objects. It specifies a conceptual schema for loaatigelative to a ondimensional object as
measurement along (and optionally offset from) that object. It defines a description of the data and
operations required to use and support linear referencing.

This International Standard is a description of da¢a and operations required to support linear
referencing. This includes Linear Referencing Systems, linearly located events and linear segments.

Linear Referencing Systems enable the specification of positions along linear objects. The approach
is basedupon the Generalized/odel for Linear Referencindirst standardized within ISO
19133:2005, 6.6. This International Standard extends that which was included in ISO 19133, both in
functionality and explanation.

ISO 19109 supports features representingrdie objects with attributes having values which apply

to the entire feature. ISO 19123 allows the attribute value to vary, depending upon the location within
a feature, but does not support the assignment of attribute values to a single point oldeggih a

linear feature. Linearly located events provide the mechanism for specifying attribution of linear
objects when the attribute value varies along the length of a linear feature. A Linear Referencing
System is used to specify where along the linegeabkeach attribute value applies. The same
mechanism can be used to specify where along a linear object another object is located, such as
guardrail or a traffic accident.

It is common practice to segment a linear object having linearly located evasgsl upon one or

more of its attributes. The resultant linear segments are attributed with just the attributes used in the
segmentation process, insuring that the linear segments are homogeneous in value for these
segmenting attributes.

This standard provides the NSDI community with a common structure fdescribinglinear
reference features and events

This standard can breferencedat the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19148&d1:en
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2.53 ISO 19149:2011 Geographic information- Rights expression language for
geographic information -- GeoREL

ISO 19149:2011 defines an XMhased vocabulary or language to express rights for geographi
information in order that digital licenses can be created for such information and related services. This
language, GeoREL, is an extension of the rights expression language in ISO/IEC24DGs to

be used to compose digital licenses. Each digdahte will unambiguously express those particular
rights that the owners (or their agent) of a digital geographic resource extend to the holders of that
license. The digital rights management system in which these licenses are used can then offer ex ante
(before the fact) protection for all such resources.

NOTE The proper use of a GeoREL includes the preservation of rights access by formula expressed
in usage licenses. Thus, data in the public or private domain, when protected, remain in their
respectivedomains if the usage rights granted so state.

These "rights" are not always covered by copyright law, and are often the result of contracts between
individuals that specify the proper and allowed uses of resources, as opposed to the threat of copyright
litigations which is an ex post facto (after the fact) remediation measure, not an ex ante protection

measure. ISO 19149:2011 is not a reflection of, or extension of, copyright law.

Mechanisms for the enforcement and preservation of those contractatighggecified in ISO/IEC
21000, and it is not the intention of ISO 19149:2011 to replace nor redefine those mechanisms, but to
use them as previously standardized.

This standard provides the $ISDI community with a common structure for documenting rights
usage conditions associated with data and applications.

This standard can breferencedt the following link:
http://lwww.iso.org/iso/iso cataloguatalogue tc/cataloque detail.htm?csnumber=32567

2.54 ISO/PRF TS 1915601 Geographic information -- Ontology -- Part 1:
Framework

ISO/TS 19150a1:2012 defines the framework for semantic interoperability of geographic information.
This framework defines a higkevel model of the components required to handle semantics in the
ISO geographic information standards with the use of ontologies.

For more than two decades (since the World Wide Web was established) the web has been a network
of data with proper syntaxstfucture) but without any meaning (semantics) to the machine. The
Semantic Web has introduced the Web of data. The Semantic Web became an extension of the already
existing web of data, by adding machim®cessable data (with embedded semantics) as apfse

just documents. It can be seen as a tremendous worldwide open database that people can query from
their own perspective, understanding, or abstraction of real world phenomena or events and get
accurate, detailed, and appropriate answers. This appiroaitties reasoning capabilities based on
ontol ogi es. Foll owing this path the notion of
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kinds, coming from different sources, to be connected together on the Web by the way of HTTP URIs.
As a consequesrgs the Semantic Web and Linked Data bring new opportunities for the geographic
information realm to lay out a new generation of standards in order to benefit from these in achieving
semantic interoperability of geographic information.

Ontology consists of formal representation of phenomena of a universe of discourse with an
underlying vocabulary including definitions and axioms that make the intended meaning explicit and
describe phenomena and their interrelationships. It supports the representatmceyts that
supports the interpretation of data and reasoning to concur to semantic interoperability. Data from
different disciplines including geographic information can be integrated and contribute to addressing
from specific (e.g. oil spill) to globadroblems (e.g. climate change).

This Technical Specification defines a high level framework that structures the standards specifically
addressing the semantics of geographic information through ontologies. The proposed other parts of
the framework include

ISO 191562, Geographic informatiod Ontologyd Part 2: Rules for developing ontologies in the
Web Ontology Language (OWL), defines rules and guidelines for the development of ontologies in
OWL-DL, including a mapping between UML class diagram elemantsOWL-DL and rules for
describing application schemas in OVIJL.

ISO 191563, Geographic informatiod Ontologyd Part 3: Semantic operators, defines semantic
proximity operators between concepts that complement geometric and temporal operators.

ISO 191504, Geographic informatio® Ontology & Part 4: Service ontology, identifies the
framework for service ontology and defines the description of Web services for geographic
information in an ontology language.

ISO 191565, Geographic informatiod Ontologyd Part 5: Domain ontology registry, defines an
international registry of geographic information domain ontologies and its maintenance.

ISO 191506, Geographic informatiod Ontologyd Part 6: Service ontology registry, defines an
international rgistry of geographic information service ontologies and its maintenance.

These parts are completed with the ISO/TC 211 Harmonized ontologies that consist of a set of OWL
DL ontologies that translate and complement the ISO/TC 211 Harmonized models d#velope
UML.

This Technical Specification is intended to be used primarily by standards developers in geographic
information. It can also benefit information system analysts, program planners and developers of ISO
geographic information standards. It willpnove understanding of the basic principles of semantic
interoperability and their consistent application to geographic information.
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This Technical Specification provides the -BISDI community with a technical reference for
monitoring ongoing developmeniis geographic ontologies as well as a common framework for
building semantic interoperability into the future programme as it develops.

This Technical Specificationan bereferencedt the following link:
https://www.iso.org/obp/ui/#iso:std:iso:ts:191H0ed 1:vl:en

2.55 ISO/CD 1915062 Geographic information -- Ontology -- Part 2: Rules for
developing ontologies in the Web Ontology Language (OWL)

ISO 191502:2015 defines fes and guidelines for the development of ontologies to support better
the interoperability of geographic information over the Semantic Web. The Web Ontology Language
(OWL) is the language adopted for ontologies.

It defines the conversion of the UML statriew modeling elements used in the ISO geographic
information standards into OWL. It further defines conversion rules for describing application
schemas based on the General Feature Model defined in ISO 19109 into OWL.

It does not define semanticgperators, rules for service ontologies, and does not develop any
ontology.

This Standargrovides the SINSDI community with ontology rules and guidelines to support better
interoperability over the web and across the community

This Standarctan be referenced at the following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=57466

2.56 ISO/FDIS 19152 Geographic information-- Land Administration Domain
Model (LADM)

This Standarddefines a reference Land Administration Domain Model (LADM) covering basic
informationrelated components of land administration (including those over water and land, and
elements above arzklow the surface of the earth). plovides armabstract, conceptual model with

four packages related to parties (people and organizations); basic administrative units, rights,
responsibilities, and restrictions (ownership rights); spatial units (parcels, and the legal space of
buildings and utility netorks); spatial sources (surveying), and spatial represergggjeometry and
topology). It alsoprovides terminology for land administration, based on various national and
international systems, that is as simple as possible in order to be usefuiticeprEhe terminology

allows a shared description of different formal or informal practices and dan@=e in various
jurisdictions. The Standardrovides a basis fonational and regional profiles arehables the
combining of land administration inforran from different sources in a coherent manner.

This Standardprovides the SENSDI community with a common framework for describing
informationrelated components of land administration
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This Standardctan be referenced at the following link:
http://www.iso.org/iso/catalogue_detail.htm?csnumber=51206

2.57 1SO/DIS 19153 Geospatial Digital Rights Management Reference Model
(GeoDRM RM)

ISO 19153:2014 is a reference model fogiw@l rights management (DRM) functionality for
geospatial resources (GeoDRM). As such, it is connected to the general DRM market in that
geospatial resources shall be treated as nearly as possible like other resources, such as music, text, o
services. Itis not the intention to reinvent a market nor the technology that already exists and is
thriving, but to make sure that a larger market has access to geospatial resources through a mechanisn
that it understands and that is similar to and consistent natbries already in use.

ISO 19153:2014 does not replace any previous standards, but it is dependent upon them. Each
resource and service standard that exists or will exist becomes a resource description in I1ISO
19153:2014, and hopefully will be subjectthe® same protection that is afforded to other resources.

This International Standard defines:

A A conceptual model for digital rights management of geospatial resources, providing a
framework and reference for more detailed specification in this area.

A A metadata model for the expression of rights that associate users to the acts that they can
perform against a particular geospatial resource, and associated information used in the
enforcement and granting of those rights, such as owner metadata, avajtableand issuer
of those rights.

A Requirements that are placed on rights management systems for the enforcement of those
rights. A rights management system shall be necessary and sufficient: it shall implement only
those restrictions necessary to enfdremrights defined therein, and it shall be sufficient to
enforce those rights.

A How this is to work conceptually in the larger DRM context to ensure the ubiquity of
geospatial resources in the general services market.

A A resource in this context is a ddila, or service for geographic information or process.

This abstract descriptive standard builds on and complements the existing standards, and defines at
an abstract level a rights model to enable the digital rights management of stdredadiospatial
resources. Future GeoDRM standards will be written to implement the concepts defined in I1ISO
19153:2014.

This Standardprovides the SEINSDI community with a conceptual framework for digital rights
management.

This Standardccan be referenced dite following link:
http://www.iso.org/iso/catalogue detail.htm?csnumber=32571
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2.58 ISO/WD 19154 Geographic information-- Ubiquitous public access-
Reference model

ISO 19154:2014defines a reference model for ubiquitous public access (UPA) to geographic
information. This reference model uses standard concepts from bdiiptn distributed processing
Reference model (RMDDP) in ISO/IEC 1074R1 and ISO 19101.

The reference model spified in ISO 19154:2014 defines the following:

A conceptual models for ubiquitous public access (UPA) to geographic information;

A areference model and framework to support current and future specification development in
this area;

A the semantics oihformation and processing within systems and services for the UPA of
geographic information;

A the architectural relationship between this International Standard and other ISO geographic
information standards.

ISO 19154 is applicable to locatidrased setiees (LBS), ubiquitous computing environments, linked
open data, and other domains that require a seamless public access to geographic information.

Although structured in the context of information technology and information technology standards,
ISO 191%:2014 is independent of any application development method or technology
implementation approach.

The use of ubiquitous computing in geographic information is often obstructed by legal concerns
about the rights of the holders and owners of data and iotb#ectual property resources. It can be

the case that once data or other resource is released into any unconstrained and unprotected
environment, the value of the holding is decreased because the underlying data theoretically becomes
available from othr sources. The multimedia industry has taken the lead in solving this problem by
creating a general model for digital rights protection, in which a language was developed in order that
instances of those rights might be documented, a rights expressioaden specifically in ISO/IEC
210005, the ISO REL. This language, used in conjunction with Digital Rights Management (DRM)
systems, can protect the value of data and still allow it to be distributed subject to a system of
licensing, trust and enforcement

This International Standard extends the ISO REL to encompass the concerns of holders of geographic
data and service resources to equally ensure their protection. This allows the geographic information
market to operate with minimal constraints deriveahf the need for the protection of intellectual

property.

There are two major sources for falational material for this work:

A The first source is ISO/IEC 21000, a multiple part standard that defines digital rights
management in general. There is no nieeelxtend this basic foundation for expressing and
enforcing rights for resources except in those cases where the special requirements of
geographic information and services make it necessary.
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A The second source is 1ISO 19153 (originally an Open Geospatistrakt Specification
volume), which enumerates these special cases for geographic information as well as
providing an overall reference model using common geographic information terms that ties
the work of the ISO/IEC 21000 work into this spatial standard

Given these two foundations, the purpose of this International Standard is to extend the ISO REL,
consistent with the requirements for such extensions given in ISO/IEC-B1@@@over the special
cases enumerated in ISO 19153.

This Standardprovidesthe SI-NSDI community with a common reference model for ubiquitous
public access.

This Standardcan be referenced at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19149%&d1:en

2.59 ISO 19155:2012 Geographic information- Place Identifier (PI)
architecture

ISO 19155:2012 specifies an architecture that defines a reference model with an encoding method for
an identifier of glace. The concept of "place” within ISO 19155:2012 includes "places” not only in
the real world but also those in the virtual world. These "places" are identified using either coordinate
identifiers, geographic identifiers, or virtual world identifierglsuas URI. In ISO 19155:2012, an
identifier of a place is referred to as a Place Identifier (PI).

The reference model defines a mechanism to match multiple Place Identifiers to the same place. In
addition, a data structure and set of service interfaeeslso defined in this reference model.

ISO 19155:2012 is applicable to location based services, emergency management services and other
application domains that require a common architecture, across specific domains, for the
representation of place deiptions using coordinate, geographic, or virtual world identifiers.

The rapid development of information technology has blurred the boundaries between the real and
virtual worlds in such a way that they cannot easily be disassociated from each othars ldama
reference places in both worlds and easily differentiate between them. However for computers to
clearly differentiate these places, a set of matched linkages between them are required.

In the discipline of geography, space normally refers to tHawiof the earth. However, in other
disciplines, space can refer to different paradigms. In architecture, space may be the extent of a room
or a building. In mathematics, space is defined as a set having structure. In the context of the World
Wide Web spce is defined by URLs/URIs that identify web pages.

Within this International Standard fAspaceo i s
or location identifies an element.
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Currently, within the domain of ISO/TC 211, standards existpfecise positioning and locating

using either coordinates or geographic identifiers. However, the concept of place is broader than both
position and | ocation. A fAplaceo is referred
coordinates. Sima r | vy, a Aplaceodo is referred to as a 0
geographic identifiers. However, existing standards defined by ISO/TC 211 do not provide a
mechanism for the representation drictaatingrasat ual
Acommon based which can be used to refer to t

Within this International Standar d, Apl aceo i
include Aplaceso exi st i nw those in theowvrtuaywoildnPlateb are r e ¢
identified wusing either fpositiondo by coordir
world identifiersod such as a URI

In this International Standard, the identifier of a place is referred t@asa Identifier (PI). A single

Aipl aceo may be identified usPlaceglesgigions areadséors ep ar
information retrieval. Inreality, those identifiers often refer to the same place. Currently these
relationships are diffult for machines to correctly distinguish, which impedes the discovery and
retrieval of information. The conceptual architecture and reference model defined in this International
Standard provides a mechanism for solving these problems.

When implementedhis architecture would enable the access and sharing of place descriptions using
the Place Identifier as the standardized method.

Within the reference model, place descriptions are defined using a PIl. A PI consists of a reference
system (RS), a valuand the valid temporal period of that value.

The internal format and content of the value are determined by each community or domain. The
content of the values are not subject to any kind of standardization or unification by this International
Standard. e RS is also defined by each community, and should be unique across multiple
communities. Subsequently, Place Identifiers are unique within each RS. However, the values of the
Place Identifiers may be similar or even identical across multiple communiities.distributed
concept ensures that each community would maintain their own Place Identifiers. Well formed Place
Identifiers may be shared between communities.

Instead of specifying a framework for a globally unique type of identifier, the key idéae of
architecture defined in this International Standard enables the original place descriptions to be easily
maintained, without requiring difficult conversions and cregsimunity harmonization.

An encoding scheme based on Geography Markup Language (GMD 19136:2007) is
normatively defined in this International Standard. In addition, a group of alternate encoding schemes
are presented as informative annexes. Depending on the encoding method of choice, globally unique
Place Identifiers may be createxulting from the requirements of the encoding method used.

Met hods for the conversion of Alocated featur
of this International Standard. While the direct relationship with the PI ArchitecturetasrdSpatial
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Data Infrastructures (SDIs) is not explained, an implementation of the Pl Architecture can be
considered part of an SDI. Various constructs, such as registries and databases, may be used to store
Place Identifiers. The flexible structure oktRlace Identifier will allow for data stored in common

Gl systems to be easily registered as Place Identifiers, however, the design and implementation of
those procedures is out of scope of this International Standard.

This Standard provides the $SNSDI community with a commoframework and coding method for
the identification of places

This Standard can be referenced at the following link:
https://www.iso.org/obp/ui/#iso:std:is0:19155:&d1:en

2.60 1S0O 19156:2011 Geographic information- Observations and
measurements

ISO 19156:2011 defines a conceptual schema for observations, and for features involved in sampling
when making observationghese provide models for the exchange of information describing
observation acts and their results, both within and between different scientific and technical
communities.

Observations commonly involve sampling of an ultimate feattviaterest. ISO 19162011 defines

a common set of sampling feature types classified primarily by topological dimension, as well as
samples for essitu observations. The schema includes relationships between sampling features (sub
sampling, derived samples).

This Internatiomal Standard arises from work originally undertaken through the Open Geospatial
Consortiumds Sensor Web Enabl ement (SWE) acti\
and protocols that will enabl e a ficcewlldbeable Web 0
to access sensors of all types, and observations generated by them, over the Web. SWE has defined
prototyped and tested several components needed for a Sensor Web, namely:

Sensor Model Language (SensorML).
Observations & Measuremer{@&M).
Sensor Observation Service (SOS).
Sensor Planning Service (SPS).
Sensor Alert Service (SAS).

v v v D D>

This International Standard specifies the Observations and Measurements schema, including a schema
for sampling features.

The content presented here desrom an earlier version published by Open Geospatial Consortium
as OGC 07022r1, Observations and Measuremeént®art 10 Observation schema and OGGC 07
002r3, Observations and Measuremént®art 20 Sampling Features. A technical note describing
the clanges from the earlier version is available from the Open Geospatial Consortium (see
http://www.opengeospatial.org/standards/om).

Sri Lanka NSDI Page67


https://www.iso.org/obp/ui/#iso:std:iso:19155:ed-1:v1:en












































































