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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed*for
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

The advancement of telecommunication and database technologies has helped the introduction of new
types of services such as indoor navigation and multimodal navigation deployed on rapidly proliferating
mobile devices such as smartphones. These newly emerging services may require geospatial databases
that contain diverse and detailed content beyond the map databases used in current car navigations
systems. A new database service framework that enables the usage and sharing of geospatial databases

can

facilitate emerging ITS applications and services.

This document addresses a database service framework and the components of the framework based

on
dat
geo
geo

Thd

A federated database architecture commonly adopted to resolve heterogeneousnes
hbases. The purpose of the ISO 19297 series of standards is to promote the intetop
kpatial databases for both suppliers and user environments, to enable the usage-and
cpatial databases and to facilitate ITS applications that satisfy market needs.

ISO 19297 series of standards is a two-part standard. The following is a brief-description ¢
Part 1: Framework

ISO 19297-1 describes the concept, architecture and characterisfics of the shareable
database framework and use cases. It provides an introductionte the standard series an
key components of the framework, which will be developed{as Separate standards.

Part 4: Common data structure

ISO 19297-41) explains a common data structure<fer data delivery. A common data
transports query results to information mediatorsor user applications. Thus, data sour
from heterogeneous geospatial databases become homogenous to information mediat
applications.

s between
brability of
sharing of

fthe parts.

geospatial
H identifies

structure
ces coming
DI's or user

1y

To be published. Current stage: 20.00.
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Scope

5 document defines a shareable geospatial database service framework and provides an ¢
[SO 19297 series of standards. This is intended to enhance user accessibilit{pand interop
hbases. It does not cover ITS applications or service specific issues.

Normative references

re are no normative references in this document.

Terms and definitions
the purposes of this document, the following term&and definitions apply.
and IEC maintain terminological databases fortuse in standardization at the following ad

ISO Online browsing platform: available athttps://www.iso.org/obp

IEC Electropedia: available at http: /fwww.electropedia.org/

A warehouse
rial kind of database systeni built upon existing operational databases that plays a
ding a decision supportsystem for an organization or an enterprise

erated database
pction of co-gperating database systems that are autonomous and heterogeneous

ure catalogue
llogue’containing definitions and descriptions of the feature types, feature attributes 2

verview of
erability of

dresses:

key role in

nd feature

tionships occurring in one or more sets of geographic data, together with any feature

operations

tha

1 1. 1
L L4l DT dpPpIlIcUu

[SOURCE: 1SO 19101-1:2014, 4.1.13]

3.4

geospatial database
database that is optimized to store and query data that represents objects defined in a geometric space

3.5
ind

oor navigation

application of monitoring and controlling the movement of people or vehicles from one place to another
within a building
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3.6

information mediator

software module that exploits encoded knowledge about certain sets or subsets of data to create
information for a higher layer of applications

3.7

interoperability

capability to communicate, execute programs, or transfer data among various functional units in a
manner that requires the user to have little or no knowledge of the unique characteristics of those units

[SOURCE: ISO/IEC 2382:2015, 2121317, modified — <fundamental terms> at the beginning of the
definition has been deleted. Notes 1 and 2 to entry have been deleted.]

3.8
multimodal navigation
application] that provides information on a trip from an origin to a destination using altérnative mddes
of transportation or a combination of transport modes for one trip

3.9
volunteered geographic information
harnessing of tools to create, assemble, and disseminate geographic data-provided voluntarilyf by
individuals

3.10

wrapper
software ¢omponent that establishes the communication andythe data flow between information
mediators (3.6) and data sources

4 Symbols and abbreviated terms

DB Database

GDF Geographic Data File

ITS Intelligent Transport Systems
LDM Local Dynamic Map

LDO Logical Data Organization

OLAP Online Analytical Processing

POI Point ofdnterest
PSF Physical Storage Format
Ww3cC World Wide Web Consortium

5 Shareable geospatial database framework

5.1 Concept

A shareable geospatial database framework should allow diverse ITS applications to access, query,
process, and download various types of geospatial data content stored in separated databases in a
simple and unified way. The framework originates from a wrapper and information mediator-based
architecture where a pool of participating geospatial databases operated by individual organizations or
enterprises form a virtually integrated database, and the architecture makes these coupled databases
easily accessible over the internet.

2 © IS0 2019 - All rights reserved
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5.2 Architecture of the shareable geospatial database framework

5.2.1 Tier1l

The shareable geospatial database framework consists of four tiers (Figure 1). Tier 1 represents a pool
of service centres operated by map providers, mobile network operators, private companies, central
or local governments, and even commercial buildings (e.g. department stores) participating in the
federated database architecture. These service centres have full autonomy in their operations and

great diversity of geospatial data content.

5.2
Tiel
the

use
Wr

5.2

Tiel

2 Tier 2

2 denotes wrappers. A wrapper is a software component that establishes the commun
data flow between information mediators and data sources. Access and querying’of dg
s is transparent regardless of the database type due to the standardized interfaces of
ippers are usually closely coupled with the service centre databases.

3 Tier3

3, information mediators, exist between wrappers and user, application tiers. An i

medliator is a software module that exploits encoded knowledge abouit certain sets or subset

cre
fun
the
The
infq

Thd

ite information for a higher layer of applicationslél. An inferfnation mediator offers two
Ctions: information reconciliation and information brokérage. Information reconciliatiq
actions of translation, distribution, and dispatching user requests to acquire proper qug
information brokerage function covers a series of praeesses so that user applications are
rmation about services, feature catalogues, and metadata.

mediator-wrapper architecture effectively resolves database heterogeneity and greatly

cation and
tabases by
wrappers.

nformation
s of data to
important
n refers to
ry results.
able to get

l[essens the

burfdens of building a huge integrated centralized geospatial data store.

5.24 Tier4

Tier 4 in the architecture comprises a group of ITS user applications running on various types of
platforms including mobile phones, car navigation systems (i.e. ITS stations), tablets, anf ordinary
perfonal computing devices.

All [the tiers in the architecture are interconnected with a standard networking methoglology (i.e.
intdrnet/intranet). Internet, common protocols, and standard web environment provlde a very
conpenient and interopéerable environment between the constituents of all four layers.

A copnceptual model of the shareable geospatial database framework is shown in Figure 1.

tot
dat

he four tjers, there is another indispensable constituent of this architectural framework
h structure that helps to transport geospatially-related data content from wrappe

applications via information mediators.

Dat

[n addition
a common
's to user

should be

h flows between the database tier and the npp]irnfinn tier is hidirectional Appli(‘m’inm

able to query and fetch geospatial data from the one or more servers through the information mediators
and wrappers. Database servers may also be able to get user data within this framework. Applications
that need data uploading from the users such as volunteered geographic information applications, will
be one of the examples.

Due to the diverse and heterogeneous environments of service centres and user applications, service
specific issues such as billing, traffic management, security, physical service architectures, and
transaction handling are not covered in this architectural framework.

© IS0 2019 - All rights reserved
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Tier 3 Information Mediator
R PP\ X
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Heterogeneous Application Group
Wireless/Wired Network

Tier 4 RN

Data Converxter Data Converter Data Converter

Smartphones CNS Mobile Devices

Ty

igure 1-==~Conceptual model of the shareable geospatial database framework

5.3 Characteristicsamd tapabilitiesof the framrework

5.3.1 Scalable architecture

The shareable geospatial database framework shall be scalable enough to ensure the addition of source
databases, i.e. participation of service centres into the framework, in an easy and cost-effective manner.
Addition of new geospatial databases will increase accessible data content for user applications.

5.3.2 Operational levels

The framework shall be applicable to all organizations (local, regional, national, and international)
regardless of size. Because interconnections between the components in the framework are
conveniently implementable over the Internet, the framework can be implemented globally. Moreover,

4 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=17c2771cd7bba868c5914d9e2f69c9e4

IS0 19297-1:2019(E)

this framework supports several ways of combining many different organization levels by connecting
information mediators and wrappers.

5.3.3 Geospatial data model types

This shareable geospatial database framework shall be able to utilize all the ITS related service
centres or institutions that maintain various kinds of geospatial databases. Vector-based geospatial
data content such as road networks will dominate the volume of data handling within the databases,
however image-based geospatial data content such as satellite imagery may be transferable to user
applications.

5.3[4 Real time data handling ITS applications support

The shareable database framework shall be able to handle real time data transférring between
databases servers and user applications with the aid of the framework components, i.e.lwrappers,
infdrmation mediators, and a common data structure. For example, this capability is ne¢essary for
sonje ITS applications such as multimodal transportation routing applicatiofnis‘that need redl time data
conjing from several databases simultaneously.

© IS0 2019 - All rights reserved 5


https://standardsiso.com/api/?name=17c2771cd7bba868c5914d9e2f69c9e4

ISO 19297-1:2019(E)
Annex A
(informative)

Geospatial data sharing

A.1 General

Geospatial| data sharing commonly refers to a series of processes for exchanging or transferring
data betwg¢en systems or organizations. This geospatial data sharing concept is sometimes|extended
to the geosgpatial database interoperability according to the levels of sharing. At an enterprise of an
infrastrucfure level, geospatial data sharing means not only a way of interchanging ‘data, but also
making gepspatial database accessible or available to users.

Contempotary geospatial information systems own a geospatial database @s, the most important
component and primarily focused on providing a variety of geospatial inforfnation services for either
business of public service purposes. Geospatial data sharing thus spans d«wide spectrum of concg¢pts
from data| exchanging to database interoperability in current geospatial information technology
environment.

A.2 Benefits of geospatial database sharing

Sharing gdospatial databases offers many benefits to alkstakeholders. Following is a list of mpjor
benefits.

— Reducing the cost of collecting or converting geospatial data when setting up new services.

— Accelefating application or service developmient and deployment.

— HelpinF geospatial data maintenance.and enhancing the quality of geospatial data.
— Minimjizing redevelopment of geospatial database access programs.
— Remoying the entry barriers-to hew comers in business.

— Easily [integrating varipus.:geospatial data sets.

A.3 Database sharing approaches

A.3.1 Gepneral

There areltwo different npprn:\r‘hpc available when ch:\ring databases. The first npprnqr‘h, ata

warehousing, aims to physically integrate data sets in the centralized store so that this approach
can make the database a unified data source. A federated database approach is the second approach
applicable for sharing databases in the database environment. Compared to the data warehousing, a
number of physically distributed databases form a virtually unified database so that users can easily
access multiple databases simultaneously without knowing the details of database locations.

A.3.2 Data warehousing approach

A data warehouse is a special kind of database system built upon existing operational databases
and plays a key role in building a decision support system for an organization or an enterprise.
Since data content from the separated operational database systems are centrally stored within the
data warehouse, users are able to access, process, and analyze the whole spectrum of organization/
enterprise data content very effectively and efficiently. According to Inmon:2005(3], a data warehouse

6 © IS0 2019 - All rights reserved
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has four characteristics in subject oriented, integrated, non-volatile, and time variant collection of data.
In the viewpoint of data sharing, the integrated data storage approach is the most attractive point
among the four characteristics.

Figure A.1 shows a typical architecture of an enterprise wide data warehouse. The warehouse data
server has one or more integrated central data stores that contain data content extracted, cleaned, and
transformed from both internal and external data sources. The warehouse server also maintains the
metadata of data content to keep information about data sources. Client tools or applications conduct
various types of analyses in conjunction with the OLAP server.

)]

Data Warehouse ~

Client front-end tools

Query Query Query
Reports Reports Reports
Vs v
\ (@
OLAP Server
A
ﬁVarehouse Data Server
Administration
—
J
———
—
- ==y
Extract
—— Clean
Transform | Gateway
Load

Data Source

Internal Data Source External Data Source

SOURCE: Yeung, A. K. W. and G. B. Hall, Spatial Database Systems — Design, Implementation and Project
Management, Springer, 2007(3]

Figure A.1 — Architecture of an enterprise wide data warehouse

Implementation of a spatial data warehouse is one good strategy to share spatial data content and
enhance the organization/enterprise’s decision support capabilities. Currently available spatial

© IS0 2019 - All rights reserved 7
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database environments provide solutions for spatial data warehousing by combing spatial analysis
tools with their spatial database systems.

A.3.3 Federated database approach

A federated database can be defined as a collection of co-operating database systems that are
autonomous and heterogeneous (Sheth, A. P. and J. A. Larson:1992)[4]. A federated database allows
database users transparent access to all of the data content through wrappers and information
mediators. A wrapper and information mediator-based architecture is one that practically resolves
database heterogeneity and supports a unified database handling for user applications. Figure A.2

a tof dinf ti diatorti hitect
ShOWS the nn(‘np O (All"ﬂppp?‘ balal iormatlion medlatortlierarcnirtecrure

Wrapper +——

%
A/ gl/ Wrapper ‘—’Os%}ject-orient

ic > Data Sou

Wrappe.@Q—» CAD
N\

Data Sou

%
J0JRIPI

Use e
A/p 5 — C)\\O Wrapper <«~—— US/ZZI/CN
>

Wrapper <+—— Spatial
Data Sou

~

SOURCE: Ypung, AKYW. and G. B. Hall, Spatial Database Systems — Design, Implementation and Projec
Managemept, Springer, 2007[5]

Figure A.2 — Wrapper and mediator-based architecture

A wrapper and information mediator-based federated database system bonds source databases
together and treats them as a single database in order to provide a homogeneous environment for
user applications. A mediator located between wrappers and user applications is a series of software
handling queries providing information about data (i.e. metadata). Through the information mediator,
user applications are able to access the data content that is needed. The other important component of
this architecture is a wrapper that makes heterogeneous data sources homogeneous to the information
mediator and/or user applications. A single wrapper is a standardized database interface specially
designed to a corresponding source database. Adopting standardized wrappers guarantees a consistent
and seamless access to the databases. The scalability of a federated database is also supported with the
mediator-wrapper architecture due to the flexibility of adding source databases.
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Compared to the data warehousing approach, a wrapper and information mediator-based federated
database framework has several advantages in geospatial data accessing and sharing. First, adding
new data content into the federated database is much easier and efficient. Secondly, data exchanging
between service centres will be greatly enhanced. Finally, launching various kinds of new ITS services
into the market will be feasible within a short period of time.

© IS0 2019 - All rights reserved 9
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Annex B
(informative)

Possible services with the shareable geospatial database

framework

B.1 Ge

ral

The sharedble geospatial database framework may be applicable to both traditional ITS and.co6perative

ITS applic

B.2 Info

Many ITS
condition
POIs, traff

transportation facilities, are usually coming from the service centres‘of institutions, governments,

providers,
by a singl
simultaned
due to the
to get thel

B.3 Multimodal and cross navigation se¥vices

Contempoi
of navigab

different geospatial databases. Outdoor and indoor navigation, personal navigation including s

surface, p3
some exan]

Multimodall navigation routing)requires route information of various transportation modes. Bes

basic road
should be

tion fields. The next sub clauses explain some services feasible with the framéwork.

rmation provisioning

pplications need a variety of traffic related information for supporting safe driving,
hotification, disaster warning, routing, and information seryices. This information,
c status, hazardous locations, road work zones, disaster alerts, weather information,

or commercial centres operated independently. All of the data content is not mainta
b organization and one single application cannot guirently access these service cen
usly. Furthermore, users of the applications need the'latest information content in real t
hature of these services. Using the shareable gedspatial database framework, users are
htest information from the participating servige centres in a comprehensive manner.

ary ITS applications often requiir¢-more than one kind of spatial information. Calcula
e space and information browsing when moving one space to another may demand sev|

rking assisted service, 2{and 3-dimensional map services, and multimodal navigation
ples.

hetworks, complete route information about buses, subways, railways, ferries, and airpld
ncluded in the.calculations. Public transportation route information is usually produ

maintaine
to access t

!

, and distributed by the agencies in charge. Sharing such routing information allows u
e detailed)and latest information for many purposes.

b

oad
e.g.
and
ap
ed
[res
ime
hble

[ion
pral
ub-
are

des
nes
red,
bers

B.4 Trai

nSportation data content update

Transportation network updating is still one of the most expensive operations in ITS services. Because
obtaining updated transportation networks costs time and effort, if other alternative data sources
are available that are easily shareable within the framework, transportation network updating can be
performed cost effectively. In addition to transportation networks, updates of timetables, fares, and
road networks, are able to be distributed by using the framework.

B.5 Geospatial content mashups

A pool of federated geospatial databases can provide a very good environment for gathering geospatial
data content and representing these contents to existing applications. Combining geospatial content
with maps, i.e. mashups, especially in a mobile environment provides a very effective way of
representing geospatial information to users. Public and commercial service for local and regional
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