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Presentation Overview

ÁGive some context around 1:250 000 
topographical mapping at NRCan

ÁGeneralization model used for the 
development of the prototype

ÁPrototype using FME 2010



Topographical Mapping in 
Canada

Á10 000 000 km 2 to map

ÁShared responsibility between the 
provinces and the federal government

Á1:50 000 is our national base mapping 
that covers almost all the country

Á13 200 map sheets at 1:50 000 

Á983 map sheets at 1:250 000



State of the 1:250 000 
Topographic Product in Canada

Á1:250 000 product is old

Á1:250 000 product is still widely used:

ÁReconnaissance scale

ÁOften used as the base mapping in the north

ÁLots of download

Á1:250 000 product is not aligned with the 
newer CanVec 1:50 000 product

ÁEmergency to create a new CanVec     
1:250 000 product



1:250 000 Production at NRCan

ÁThe goal of the project is to automatically 
derive 1:250 000 from the database at 
scale  1:50 000:

ÁCompletion of the vectorization of all the  
1:50 000 paper maps

ÁCompletion of the planimetric precision 
improvement of all the 1: 50 000 datasets

ÁCompletion of the updating of all the        
1:50 000 datasets in the north

ÁTerminating the acquisition of the missing 
1:50 000 datasets in the north
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Automatic Generalization 
Problematic

ÁAutomatic generalization is a very complex 
process

ÁTries to simulate the behavior of a human 
cartographer

ÁThe market offers few complete solutions

ÁCollaboration with Dr Sabo from Laval 
University

ÁImplementing a subset of Dr Saboôs 
generalization model for the prototype



The Principles of Good 
Generalization Automation

ÁObjective tools to characterize map 
objects

ÁReactive control of the map objectsô state 
during the process

ÁSimple and efficient decomposition of the 
tasks performed by the cartographers

ÁUnambiguous rules in order to guide the 
process
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Measures

ÁMeasures are used to calculate the characteristics 
of map objects (or group of map objects ) (ex.: 
the distance between 2 adjacent contour 
lines)

ÁMeasures are used before (to know how to 
generalize) and after the generalization (to assess 
the success of applied generalization operations)

ÁMeasures involve simple mathematical formulas 
(ex.: the length of a line), complex algorithms or 
auxiliary data structures (ex.: triangulation for 
computing proximity)
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Constraints

ÁConstraints are rules applied to data in order to 
comply with requirements of the target map 
specifications (ex.: An area must respect the 

minimum size threshold)

ÁConstraints  can be applied to a single feature 
(ex.: minimal length) , or to the relationships 
between several features (ex: constraint for 

maintaining network connectivity)

ÁConstraint uses measures to assess the degree of 
satisfaction

ÁTo achieve generalization, a feature must fulfill 
several constraints



Generalization Model

Evaluate characteristics of geographic 
objects

Assess the need of generalization and 
coordinate the generalization process

Generalize objects

Generalized data

(Measures)

(Constraints)

(Behavior)

(Operators)

Target map 
specifications

Formalizing knowledge 
(Generalisation cases)

Characterize the properties of 
geographic objects

Initial data



Generalization Case and 
Generalization Behaviour

ÁGeneralization case: 

ÁIt is a formalization of the cartographers 
knowledge (generalization rules) and  a 
communication tool between the 
cartographer and the generalization analyst

ÁGeneralization case allows to hide the 
complexity of " how to generalize "

ÁGeneralization cases do not tell us what 
algorithms or what parameters to use



Generalization Case and 
Generalization Behaviour

Example of a Generalization case

ÁFor all the Vegetation which breaks the constraint 
Dimension: Minimum area

ÁIf the Vegetation breaks the constraint: Position 
proximity

ÁAggregate the area

ÁElse

ÁEliminate the area



Generalization Case and 
Generalization Behaviour

ÁGeneralization behaviour

ÁControl unit which allows to carry out 
generalization cases

ÁProvides a bridge between concrete constraints 
and concrete generalization operations and 
algorithms

ÁMechanism for choosing algorithms and 
parameters are implemented

ÁEx.: When the Constraint: Minimum detail is not 
satisfied, simplify using Douglas -Peucker with a 
pre -defined parameter and re -evaluate the 
constraint. If the result does not meet the 
requirements, use a different algorithm or a 
greater parameter.
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Generalisation Operators 
and Algorithms

ÁGeneralization operators are typical and recurrent 
transformations. They allow the decomposition of 
the generalization process into several sub -
problems in order to manage complexity

ÁThese operators are abstract transformations and 
are implemented using generalization algorithms

ÁThere is a dozen of generalization operators: 
Selection, Simplification, Smoothing, 
Aggregation, é 

ÁFor each generalization operator there is a 
multitude of algorithms. Ex.: For simplification: 
Douglas & Peucker, Lang, Wang
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Prototype Context

ÁWe chose a dataset with:

ÁNo man made features

ÁModerate topography

ÁNo name features (no toponymy)

ÁFocus on geographic model versus 
cartographic model

Á5 entities to generalize: Contours, water 
course, water body, vegetation, wetland

ÁContract with Safe Software to develop 
new generalization tools in FME



Safe Software Contract
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Assess the need of generalization and 
coordinate the generalization process

Generalize objects

Generalized data

(Measures)

(Constraints)

(Behavior)

(Operators)

Target map 
specifications

Formalizing knowledge 
(Generalisation cases)

Characterize the properties of 
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13 new measures

6 new generalization 

algorithms



Line Simplification

Line simplification

Basic generalization 
operation

We all thought of the 
Douglas -Peucker 
algorithm to solve that 
problemé

Does it simulate the work 
of the cartographer well 
enough?

An example with 
contours



Contour line 
simplification

Red: Original contours

Black: Contours with DP 
10m

Line Simplification



Contour line 
simplification

Red: Original contours

Black: Contours with DP 
20m

Line Simplification



Contour line 
simplification

Red: Original contours

Black: Contours with DP 
30m

Line Simplification



Contour line 
simplification

Red: Original contours

Black: Contours with DP 
40m

Line Simplification



Contour line 
simplification

Red: Original contours

Black: Contours with DP 
50m

Line Simplification



Contour line 
simplification

Black: Contours with DP 
50m

The results are 
unacceptable

Does it simulate the 
work of the 
cartographer? 

No

Douglas -Peucker line 
simplification is not doing 
a good job of 
generalizing natural 
features

Line Simplification



Line Simplification

Contour line 
simplification

Red: Original contours

Black: Contours with 
Wang algorithm with a 
parameter of  150m

The Wang algorithm will 
remove the bends below 
the tolerance and keep 
the ones above it

New option in FME 2010 
transformer: Generalizer



Line Simplification

Good result achieved 
with natural features:

ÅContour

ÅVegetation

ÅWaterbody

ÅWetland

Åé

Tolerance is not the same 
between feature classes

Before line simplification, 
objects sharing the same 
position are merged in 
order to preserve spatial 
relationships



Aggregation

Aggregation by addition

Build triangles between nearby 
objects

Merge triangles that meet 
minimum distance criteria

Use the ñmerge areaò to 
aggregate the original objects 

The results are excellent and 
look very natural



Aggregation

Aggregation of contour 
isolations with the same 
height

Features in blue circles 
were identified as 
breaking the constraint: 
Proximity



Very good results with 
other natural features:

ÅVegetation

ÅWetland

ÅHydrography

Aggregation



Hydrography Generalization

Hydrography is the most 
important layer in our 1:50 000 
database

>65% of the features and 
toponyms are related to water

Navigability is a prime concern 
when generalizing the 
hydrographic layer

The premises for achieving a 
good hydrography 
generalization is to
stop thinking about 
hydrography as a graphical 
layer andé
start thinking about 
hydrography as a networké



Hydrography Generalization

The first step: 

ÅDerive a skeleton for all area 
features

ÅSet a flow direction for the 
skeleton features

New FME 2010 transformer 
used:

ÅNetworkFlowOrientor (for 
the flow direction)



Hydrography Generalization

The second step: 

ÅDifferentiate the primary
network lines from the 
secondary network line

This is done by identifying one 
sink  and finding the shortest 
path from that sink to the 
different sources

The result:  a network (with 
cycle) is transformed into a tree 
(no cycle)

New FME 2010 transformer 
used:

-StreamPriorityCalculator
-ShortestPathFinder
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The third step:

ÅApply a stream ordering to 
the hydrographic network of 
lines

2 ordering systems are 
interesting for generalization:

- Strahler ordering

- Horton ordering

In a first pass Strahler 
ordering is applied to the 
network

New FME 2010 transformer 
used:
- StreamOrderCalculator

Hydrography Generalization

S1
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Hydrography Generalization

In a second pass Horton 
ordering is applied to the 
network

Starting with the sink, go 
uphill in order to identify 
the main channel

At each junction a choice 
must be done to follow:

- Straightest path

- Longest Path

- Name river

- Other priority



H3 H2

H2

H3

H3

H3

H2

H3

H2

H2

The fourth step: 

ÅLine selection based on Horton 
ordering

The result is comparable to the 
result of a cartographer

Objective and repeatable

Scaleless methodology

Hydrography Generalization



Hydrography Generalization

Bottle necks in areas 
must be managed in 
order to maintain 
minimum size (width and 
length) on the destination 
map



FME Triangulator was 
used to determine 
bottleneck areas

Measures were taken on 
those areas in order to 
determine the 
generalization operation 
to perform

Hydrography Generalization



2 generalization 
operations were 
performed on the 
bottleneck regions: 

- Enlargement

- Collapse (area to line)

Collapse

Enlargement

Hydrography Generalization



ÁOriented bounding box in order to better 
evaluate the width and length of an object

ÁRescaling of an object in order to fit a 
target area size

Other New Tools of FME 2010 
Used in the Prototype



ÁNickerson displacement which 
edits/displaces portion of a line that is too 
close to another line

Other New Tools Used in the 
Prototype



Conclusion  éFor Us

ÁThe qualitative results of the prototype are 
encouraging

ÁNext steps:

ÁBuilding a production generalization 
process

ÁEnhance FME with missing Generalization 
algorithms

ÁInvestigate how to automate the 
ñGeneralization Behaviorò in FME
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Conclusion  éFor the Community

ÁNew tools in FME 2010 adapted for:

Ágeneralization measures

Ágeneralization operators

ÁWork with your cartographer in order to 
understand what they are doing

ÁWrite down the generalization rules  
(generalization case)

ÁDonôt forget the 4 principles of good 
generalizations automation 



Thank You!

ÁQuestions?

ÁFor more information

ÁDaniel Pilon: dpilon@RNCan.gc.ca

ÁNouri Sabo: mamane -nouri.sabo.1@ulaval.ca

ÁNatural Resources Canada: www.nrcan.gc.ca

Áwww.GeoGratis.gc.ca 

Áwww.GeoBase.ca


