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BACKGROUND

Why?

• Canada is a huge landmass with a lot of varied geography. It is mapped 
by 10 provincial, 2 territorial and 8 federal agencies. There has long 
been a problem of compatibility and interworking between these 
agencies. 

• To solve this problem nationally Canada first began developing 
geographic information standards for its own use over 20 years ago.

• Canada is also a member of several international treaty arrangements 
that require compatibility with other countries, such as through the 
International Hydrographic Organization (IHO), the World 
Meteorological Organization (WMO), and NATO (DGIWG). We also 
need compatibility with the USA across a 4,000 km border.

• There is a large legacy of existing data in many formats that must be 
accessed and accommodated.

• Canada has supported the International Organization for 
Standardization ISO/TC 211 work on Geographic 
Information/Geomatics since its inception in 1993 in order to build a 
common base to allow for the compatible support, interoperability and 
convergence of these many sources of geographic data.



BACKGROUND

What?

• Initially Canada developed a national data interchange format through 
the Canadian Council on Geomatics (CCOG), which is a Federal -
Provincial coordinating commission. This provided an initial format for 
data interchange, but it was limited in applicability. There remained the 
need to handle a broad range of data organizations to address diverse 
needs.

• Canada also supported more focused “defined formats” such as the 
DGIWG DIGEST and IHO S-57 for specific uses.

• Canada also developed a model based exchange structure called SAIF, 
which had a object oriented schema out of different exchange structures 
could be handled. This became an early input to the work of OGC.

• Both DIGEST and SAIF are currently Canadian national standards.

• Canada has participated from the beginning in the work of TC 211 to 
allow it to restructure its national standard to conform to an 
international framework.

• Now that the ISO/TC 211 standards have reached a level of maturity 
Canada plans to rewrite its national standards and provincial and 
industrial formats in terms of the ISO/TC 211 base standards.



CANADA & ISO/TC 211

• Under the umbrella of the Standards Council of Canada and the 
Canadian Advisory Committee to ISO/TC 211, Canada is actively 
involved in TC 211 work, in various working groups and projects.  

• Key to success is seen in open standards and specifications:

• ISO/TC 211 and ISO JTC 1 SC 32 and SC 24; 

• OGC (Open GIS Consortium): WMT-1, 2 and now GML;

• W3C (World Wide Web Consortium): XML, XHTML;

• Canada will adopt All ISO/TC 211 19100 suite of standards; 
Instantiations and Profiles will be developed as needed by Canadian   
Users, with a harmonized view with the US and other North American 
Countries such as Mexico (CAPANT, Canadian Pan-American 
Standards Commission).



Technology

• Canadian industry is building standards based products and system 
components in support of the Canadian national requirements and also 
to address North American and international needs.

• These components fit with other components developed by other 
companies in the United States and other countries due to some of the 
standardized interfaces.

• Many of the products address the storage, access and display of 
geographic information, and Canadian companies have been active 
participants in the OGC test bed projects, through the 3i (Information 
Interoperability Institute) a Canadian technology consortium.

• Some Canadian companies have also addressed specialized types of 
geographic information, such as hydrographic data, and certain types of 
remote sensing data.

• A prime requirement in Canada has been for Cultural and Linguistic 
Adaptability to address the two official languages in Canada French and 
English) as well as the many native Amerindian languages such as 
Inuktikut.



STANDARDS IN ACTION WORKSHOP

Lisbon 2001 and Adelaide 2001

Lisbon

• In the last Standards in Action workshop, Canada created a 
demonstration to showcase a number of emerging standards based 
products and services. 

• Primarily metadata based searching for geographic information, web 
access to data and co-presentation of this data was demonstrated.

• Much of this linked to the work Canadian companies have done 
through the OGC and 3i.

Adelaide

• In this presentation we will concentrate on the Canadian 
implementation of the suite of TC 211 standards. In particular:

• Metadata (including CLA)

• Catalogue of available data and simple feature access

• Web mapping services

• Imagery, Gridded and Coverage data

• Feature Catalogue Ontology



METADATA

• The Canadian General Standards Board - Committee on Geomatics 
(CGSB-COG) is developing a national metadata standard for data 
discovery and access which is an implementation specification based on 
ISO 19115 Geographic Information - Metadata.

• This implementation specification includes the mandatory fields 
defined in ISO 19115 plus additional national requirements including:

• Code Lists for Canadian specific information (e.g. names of Canadian 
Provinces, toponomy, extents-boundaries)

• Multilingual support for French, English and native Amerindian 
languages

• This project will be done in cooperation with the USA to jointly address 
Canadian and American requirements.

• In the future this will be expanded to include Mexico and the other 
countries of PANT, ( Pan-American Standards Commission).



METADATA

• Several Canadian companies have developed tools for managing 
metadata. Some allow one to document data and others provide a user 
access to the data, using protocols such as ANSI Z39.50.

• Compusult Inc. provides tools called Meta Manager and Meta Miner. 
These tools are used extensively in the Canadian GeoConnections Access 
Portal (CEONet) and in the US in organizations such as USGS.

• Intélec Geomatics provides a product called M3Cat which supports a 
multilingual interface.

• First we will show the M3Cat product to illustrate multilingual creation 
and editing of metadata for data sets.

• The Meta Manager will be shown in conjunction with Simple Feature 
Access. This is a geo metadata search tool.

• Currently these products support the US FGDC metadata standard 
and the Canadian 171/3 metadata standard, but they are being adapted 
to support the full ISO 19115 metadata standard and the joint 
Canada/US implementation specification.



METADATA

Multistandard and Multilingual Metadata 
Cataloguing (M3Cat)

- Web based cataloguing tool

- Tested with users, Available free (paid for as part of the Canadian 
Geospatial Data Infrastructure)

- Features

Use of various technologies

Web (standalone and Internet)

Various DBMS

Support of HTML, XML and SGML

Interface to Z39.50 servers

Import and Export



METADATA - FUNCTIONS 

• Multiple standards and templates:
provided with FGDC, GILS & ISO 19115

• Multilingual with templates, profiles, and semi-automatic user-
driven language translation

• Cataloguing aids

Wizards and Help

Metadata according to data set type (templates)

Multiple levels of data sets with inheritance

Online validations and reference parameters in pick lists

Map interface (multi-projection, multi datum)



METADATA – CULTURAL AND 

LINGUISTIC ADAPTABILITY



METADATA - CONCEPT

Datastore

Database

Z39.50 Service

- Meta model to allow users to insert and use 

standards, profiles of standards, and 

templates

- Multilingual and cultural templates

- Semantic Analysis Tools for mapping 

between languages and profiles

http://intelecgeomatics.dhis.org/m3cat_iso/


CATALOG, METADATA,

SIMPLE FEATURE ACCESS

• Compusult Inc. provides a product called Web Enterprise that 
includes:

• a data warehouse for geographic information (Percipio over Oracle 
SDO);

• an internet based OGC compliant web mapping tool (Map Manager); and

• a clearing house geographic information server search and presentation 
tool (Meta Miner). 

• These products have been implemented in several organizations in 
North America (Natural Resources Canada, Canadian Department of 
National Defence, USGS, NIMA and others).



CATALOG, METADATA,

SIMPLE FEATURE ACCESS

Percipio: a data warehouse product especially suited to the needs of 
organizations for receiving, archiving, cataloguing, maintaining and 
disseminating data holdings.

Map Manager: an Internet-based OGC-compliant mapping  solution 
that provides organizations and agencies with the ability to present, link, 
distribute, and publish geomatics-based data, products, and services. It 
provides the infrastructure for users to  access spatial information from 
various disparate data sources and to display the information in a 
WWW client browser.

Meta Miner: a clearinghouse application that includes a Z39.50  client 
that provides search specification fields, a clearinghouse server 
registration and search module, and clearinghouse server searching and 
result processing. It supports XML processing.



CATALOG, METADATA,

SIMPLE FEATURE ACCESS



CATALOG, METADATA,

SIMPLE FEATURE ACCESS



CATALOG, METADATA,

SIMPLE FEATURE ACCESS



WEB MAPPING SERVICES

• A number of Canadian companies are prime participants in the OGC 
Web-Mapping developments. 

• Compusult, Cubewerx and Caris are prime participants, through OGC and 3i.

• The Cubewerx product includes a datastore (CubeStor) that can accommodate 
VERY large volumes of vector and raster data. The data is partitioned and 
indexed using Morton codes in Riemann hyperspace to achieve an index that is 
very fast even for very large geospatial data sets.

• The web map server (CubeServ) is a cascading web server, unique technology 
to CubeWerx, that allows indexing to local and external data that have the same 
web-mapping services interface specifications.

• The CARIS spatial fusion product from Universal Systems is based on similar 
hyperspatial technology.



WEB MAPPING SERVICES

OPERATIONS:

• Describe Capabilities

• Select Features

• Generate Map

RETURN :

• Capabilities (XML)

• Map (Many Formats)

• FeatureInfo (MIME Type)

REQUEST:

• GetCapabilities (HTTP Get)

• GetMap (HTTP Get)

• GetFeatureInfo (HTTP Get))
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IMAGERY, GRIDDED & 

COVERAGE DATA

• Several Canadian Companies provide tools for handling imagery, 
gridded and coverage data. 

• In particular this includes PCI Geomatics and Helical Systems Inc.

• The standards for Imagery and Gridded data are still under 
development, and these companies are participating to provide input, 
and have indicated that they will implement the standards when they are 
complete.

• PCI provides imagery presentation and analysis tools including a free 
multi-format tool called Geomatica Free Viewer. They also have a tool 
called GeoImage that handles imagery on a relational database (Oracle 
SDO).

• Helical Systems provides tools for managing large point set and 
gridded data using the Riemann hyperspatial structure, HHCodes and a 
unique Self Defining Structure (SDS) to link attributes to particular 
pixels or groups of pixels. This permits feature oriented attribution on 
imagery.



IMAGERY, GRIDDED & 

COVERAGE DATA

CV_Coverage

+evaluate(p : DirectPosition) : Record

+evaluateInverse(v : Record) : Set<GM_Object>

+domainExtent [1..*] : EX_Extent

GM_Object FeatureAttributeType

1..n

Domain

element

collection

1..n

Range

element

collection

CV_DiscreteCoverage CV_ContinuousCoverage

{Ordered}

FeatureCRS

Coordinate Reference System

Other Attributions
Value Range

(e.g. Radiance)

Metadata Elements

(e.g. title, abstract,

Topic Category, etc.)



IMAGERY, GRIDDED & 

COVERAGE DATA

• Riemann Hyperspatial Structure, which is a complex 
coverage function where data elements may be of different 
sizes, and the coverage may be in a number of dimensions.

• Multiattributions, which is the Encapsulation of Metadata 
and Information associated with data elements.

• Multidimensions.



IMAGERY, GRIDDED & 

COVERAGE DATA

Ortho-rectified photograph 

fused with Lidar Altimetry

View of Truro Bridge (Nova 

Scotia, Canada) from beneath 

fused with Lidar Altimetry



FEATURE CATALOGUE

ONTOLOGY

• The Feature catalogue Methodology standard 19110 defines the 
methodology for defining a feature catalogue in a consistent manner.

• In addition to this there is the need to establish a common set of feature 
definitions that can be shared between feature catalogues. 

• Establishing common definitions is very complex since the meaning of a 
feature is dependent on context.

• An ontology is a context sensitive method of describing features.

• The use of registries and authoritative referencing, as defined by ISO 
JTC1 SC 24 WG 8 for the EDCS feature data dictionary will give the 
basis to establishing a national ontology.



CANADIAN GEOSPATIAL STANDARDS

ARCHITECTURE

The architecture is broken into the following component 
tiers:

- Client Tier: the client component displays information and 
processes graphics, communications, keyboard input, and local 
applications. These interfaces provide maximum portability across 
computer operating systems;

- Applications Service Tier: a set of shareable,                                                
multi-tasking components that interact with clients, peer services, 
and the data source tier;

- Data Source Tier: the data and metadata configurations and 
environments.



ARCHITECTURE - HIGHLIGHTS

Clients link to CubeServ/ArcIMS/Map Manager Server and other                                             
OGC compliant Web Map servers through the APIs using five                                              
different protocols and mechanisms:

- Geographic Library Transfer Protocol (GLTP) for the OGDI; 

- Hypertext Transfer Protocol (HTTP) for the Open GIS Consortium 
(OGC) Get Protocols; 

- Tomcat Java server to interpret calls from the Unified Service 
Interface (USI) and the ArcView-USI extension; 

- Sequel Query Language (SQL)/Open Database Connectivity (ODBC) 
to interpret queries from Helical Hyperspatial Viewer; and 

- Parsed html to interpret calls from Service Manager, ArcIMS, 
Percipio, and MetaMiner. 

Clients also use metadata tools to populate and update databases and 
Z39.50 server protocol to connect to different FGDC clearinghouse. 
Clearinghouses could be created and managed using MetaMiner from 
Compusult.
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FUTURE WORK

• Enterprise Architecture, Interoperability.

• Integration of Web Feature Server and Metadata at the 
Feature level.

• Portrayal in 3D.

• Grid with Multidimensions, Multiattributions.

• Integration of Standards based components into an 
application (e.g. Canada Disaster Management Information 
System).



CCRS GEOSPATIAL STANDARDS
www.ccrs.nrcan.gc.ca/imgserv/standards/message_e.html
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Multiple spatial data sources
NTDB

1
VMap

2
BC Digital Baseline
Mapping (BCDBM)

3
ON Digital Topographic

Database (ONDTD)
4

BDTQ
5

Information sur les terres
et les eaux pour la

province du Nouveau-
Brunswick

6

- Waterbody 
- Watercourse 
- Irrigation Canal 
- Navigable Canal 
- Flooded area 
- Reservoir 

- Liquid depot/dump 

- Lake/Pond 
- Lake subject to

inundation 
- River/stream 

- Coastline/shoreline 

- Coastline 
- Ditch 
- Flooded land 
- Lake 

- River/stream 

- Flooded land ❑ 
- Lake ❑ 

- River/stream ❑ 

- Canal ⬧ 
- Cours d’eau ⬧ 
- Lac 

- Mare 

- Canal 
- Rivière–trait double 
- Lac (?)
- Littoral (?)

- Lac de rivière (?)

- Wetland  - Marsh/swamp  - Marsh 

- Swamp 

- Marsh/Fen ❑  - Milieu humide

(végétation) 

- Marais de canneberge (?)

- Marais (?)

- Road 

- Limited access road 

- Road 

- Car track 

- Road  - Accesway 

- Road 

- Voie de

communication 
- Autoroute 
- Rue 
- Chemin 

- Route 

- Artère (?)
- Route collectrice (?)
- Chemin local (?)
- Chemin municipal (?)
- Chemin d’accès aux

ressources naturelles (?)
- Route en construction (?)

- Rue (?)

- Vegetation  - Trees 
- Orchard/plantation 

- Vineyard 

- Wooded area 
- Vineyard 
- Orchard 

- Nursery 

- Wooded area ❑  - Milieu boisé 

- Verger (aires

désignées) 

- Clairière (?)
- Bande défrichée (>100m)

(?)
- Pépinière (?)
- Verger (?)
- Rangée d’arbres (>100m)

(?)

- Zone boisée (>2m haut) (?)

- Railroad  - Railroad 

- Railroad siding/railroad

spur 

- RailLine  - Rail line  - Voie ferrée  - Chemin de fer (?)

- Triage de chemin de fer (?)

- Bridge 

- Obstacle to air

Navigation 

- Bridge/overpass/viaduc
(?)

- Bridge ⬧ 

- Trestle ⬧ 

- Bridge (roadway) 
- Bridge (railway) 
- Culvert (roadway) 

- Culvert (railway) 

- Pont 

- Pont d’étagement 

- Pont (?)

- Ponceau (petit) (?)
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Interoperability: a bi-directional process

Conceptual framework of
geospatial data interoperability

The reality

Topographic reality at a given time about which Au want information

The
cognitive model/

Concepts

Abstraction of reality consisting of properties structured in concepts

Queries using
conceptual

representations

Physical signals of relevant properties of concepts in a specific situation

Recognition of conceptual
representations/

by concepts in
database memory

Assign a signification; infer concepts of similar meaning to Au's concepts 

Answer with
conceptual

representations

Encoded from concepts satisfying  Au's interests

Recognition of conceptual
representations/

by concepts in
cognitive model

If infer the same concepts (R'), then interoperability happenned
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Real-world phenomena
and ontology

• Real-world phenomena identification and description have been 
studied in philosophy, AI, and database modelling

• Ontology
– consist in a formal description of phenomena with an underlying 

vocabulary including definitions that make the intended meaning 
explicit and describe phenomena and their interrelationships [Gruber 
1993; Guarino 1998]

– is seen as an underlying layer providing linkage components between 
conceptual models to allow semantic interoperability; it provides 
identity to phenomena and their various representations through 
intrinsic (i.e. literal meaning) and extrinsic (i.e. meaning obtained from 
relationships with other phenomena) properties.
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Five ontological phases of geospatial 
data interoperability

• R: the reality itself

• R': the Au's cognitive model (its set of concepts)

• R'': the conceptual representations generated by Au

• R''': the Adp's cognitive model (its set of concepts)

• R'''': the conceptual representations generated by Adp
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Levels of ontology

• In AI, ontology is frequently 

subdivided in global (e.g. Wordnet, 

CYC), domain (e.g. National Standards 

for the Exchange of Digital Topographic 

Data: Topographic Codes and Dictionary of 

Topographic Features), and 

application ontologies (e.g.

National Topographic Data Base—Standards 

and Specifications) distinguishing 
different levels of granularity.

• Together, they form the three 
levels of ontology

Application Ontology

Domain Ontology

Global Ontology
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Ontology and geospatial
data interoperability

The conceptual framework along with the five ontological 
phases of geospatial data interoperability and the three levels 
of ontology constitute the overall picture to study semantic 
interoprability of geospatial data and could be described in a 
two-dimensional representation .

Ontology R R’ R’’ R’’’ R’’’’

Global O
R

G O
R

G

'

O
R

G

''

O
R

G

'''

O
R

G

''''

Domain O
R

D O
R

D

'

O
R

D

''

O
R

D

'''

O
R

D

''''

Application O
R

A O
R

A

'

O
R

A

''

O
R

A

'''

O
R

A

''''
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Other related aspects

• Context
– governs real-world phenomena perception, abstraction and 

representation; 

– situation providing a conceptual representation with 
intrinsic and extrinsic properties and its real-world 
semantics [Kashyap and Sheth 1996; Wisse 2000];

• Semantic proximity
– context-based reasoning methodology;

– expresses the similarity between conceptual 
representations.


