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� Needs of up-to-date and multiscale information

� Automatic acquisition is complex, difficult and time-
consuming

� High and very high resolution images are potential 
sources of information

Context

Exemple of Strasbourg
(France)

Urban area

Pixel

Urban object

Urban fabric

1/100,000 - 1/50,000

1/25,000 - 1/15,000

1/10,000 - 1/5000

20 - 30 m

10 - 15 m

1 - 5 m
Quickbird MS 2.8 m

Spot P 10 m

Landsat ETM 30 m

Quickbird MS 2.8m
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SEMANTIC GAP

� Image interpretation

� Object-oriented method based on the used of  
domain-knowledge

Context

Image 
(bands)

Low-level descriptors
(spectral response, texture,…)

Landcover/
landuse

High-level descriptors
(shape, index, context,…)

Regions
Features

extraction

Segmentation Rules
definition

NDVI = 168
Area = 20.5
IH = 0.65 
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� Major issue = domain knowledge formalization 
and exploitation

� Construction of an urban ontology in 3 steps:

� Matching process between regions and 
concepts

� Experiments on VHR imagery

Objective

Step 1: Phase of specification

Step 2: Phase of conceptualisation

Step 3: Phase of formalisation 

=> multi-scale mapping of urban area (from 
1/100,000 to 1/10,000) 



JIGOT – Strasbourg  26&27 novembre 2007 6

Ontologies applied to images

� Definition (Gruber, 1993)

= landcover/use analysis in urban and peri-urban areas 
based on aerial or satellite images

A 'simplified view of the world which is represented for 
specific purpose' …. a 'result of a consensus in an user 
community to clarify the communication' (Gruber, 1993) 

� Domain-dependent ontology 

� From high to very high resolution images 
THR

HR

Landsat (30m)

SPOT (20m)

ASTER (15m)

Quickbird (2.8m)

Object

Area
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Ontology oriented 'images'
1. Phase of specification

� Inventory of semantic objects used by experts in urban 
management for mapping urban area (from 1/100,000 to 
1/10,000)

� Terminological analysis of existing typologies and 
nomenclatures (western cities)

� Range of products to map urban area from 1/100,000 to 
1/25,000 but not at 1/10,000 

� Utility of VHR images (1m) to propose a typology adapted to 
map urban area at 1/10,000 ….

� …based on urban objects in GIS platform and definition of 
the minimal spatial resolution of urban object identification 
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Ontology oriented 'images'
1. Phase of specification

� Extract of the nomenclature for mapping urban area (from 
1/100,000 to 1/10,000)
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Ontology oriented 'images'
2. Phase of conceptualisation

� From a lexicon of thematic classes to a taxonomy of 
concepts

� Definition of 'Image Objects' and 'built Objects'

a tree a tree line a park
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Ontology oriented 'images'
2. Phase of conceptualisation

� 'Image object' (IO) stored in a dictionary with:

- Name and textual definition

- Representation in a GIS database

- Range of spatial resolution at which the object is identifiable

- Type of IO (single, aggregate)

- Thematic code 

- Color code

- Radiometric measures (some objects)

- Graphic illustration (orthophoto)

- Low-level descriptors in images

Satellites images

Real world
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Ontology oriented 'images'
2. Phase of conceptualisation

� Low-level descriptors

Descriptors Comments

Spectral reflectance Range of observed values in 4 spectral bands: Blue 
(B) – Green (G) – Red (R) – near-infrared (NIR)

Normalized Difference
Vegetation Index (NDVI)

Range of observed values of NDVI

Soil Brightness Index (BI) Range of observed values of BI

Shape properties Range of observed values of area, perimeter, 
elongation, diameter, compactness (Miller index), 
and solidity

Texture Range of observed values of the homogeneity index 
and of the variance derived from the co-occurrence 
grey-level matrix (Haralick, 1973)

Context (or relationships) Adjacency, inclusion, composition, neighbourhood



JIGOT – Strasbourg  26&27 novembre 2007 12

Example
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Ontology oriented 'images'
3. Phase of formalisation

� Modelling and implementing the knowledge in a 
computer-usable form 

� Extract of the ontology:

� 91 concepts, 20 attributes, depth (6)

� For each concept = a label

'Orange_house' = individual houses with orange roof til es
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Ontology oriented 'images'
3. Phase of formalisation

� Example of the concept 'Orange_House' :
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Matching process
Step 1: Matching score

� based on a similarity measure between the features of  a 
region and the characteristics of a the concepts

� with a local component representing the inner properties 
of the concept and a global component evaluating the 
pertinence in the hierarchy of concepts
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Let Valid(a,C,R) be the validity 
degree of an attribute ’a’ between 
a region R and a concept C

Degree of validity:

Example:
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Matching process
Step 1: Matching score

� The local similarity measure compares the features of a 
region with the attributes of a concept

Let be Simα(R,C) the local 
similarity between a region R and 
a concept C using the attributes 
of each class in α.
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Local similarity:

� The global score measure evaluates the pertinence of the 
matching in the hierarchy of concepts
Matching score:

Let Scoreα(R,C) be the matching 
score between a region R and a 
concept C, and P(C) be the path 
starting from the root of the 
ontology and ending at the 
concept C. 
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Matching process
Step 2: Navigation in the ontology

� Objective = navigate in the ontology to find the bes t 
concept(s) according to the score for a region

� Level-wise algorithm developed to navigate in the 
ontology using heuristics to reduce the search space

� With two thresholds :

• maxDepth is the exploration maximal depth (e.g. the 
degree of detail)

• minScore is the minimal value of the matching score 
between a region and a concept to allocate the 
corresponding label to the region
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Matching process
Step 2: Navigation algorithm
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Experiments on VHR images
� Area of Strasbourg (France) – urban fabric with individua l 

houses

� Quickbird image (pan-sharpened image with 0.7m spatial 
resolution) with four spectral bands

� Test only with some concepts (vegetation, water, orange 
house, road)

� Validation with a manually labeled map 

©DigitalGlobe, 2001
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� Importance of the algorithm of segmentation 
(research in progress by Sebastien Derivaux)

Step 1: Segmentation

Experiments on VHR images

Quickbird image Segmented image

Step 2: Matching and results

Recognized objects
In white = unknown object
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Step 3: Results assessment

Experiments on VHR images

Compared results between minScore = 1 and minScore = 0.98.

Values of Precision, Recall and F-measure (on/in overall, all 
classes) for several minScore values
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Percentage of recognized objects according to the minScore
value, and the percentage of the corresponding image (pixels 

of the recognized objects) according to the minScore value 

Step 3: Results assessment

Experiments on VHR images
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Conclusion and perspectives

� Experiment results have shown effectiveness of the 
method, despite the fact that the results could be 
improved with more attention on the segmentation 
algorithms

� Automatic extraction of knowledge could be done 
by machine learning system to enrich the ontology

� Topological relations based on the RCC-8 (Region 
Connection Calculus) theory will also be integrated

� Incorporation in a multi-strategy classification 
approach in order to guide the process, to label the 
clusters, and to improve the final classification 
results
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ACI MD 'FoDoMusT' (2004-2007)

“FOuille de DOnnées MUlti-STratégie pour extraire

et qualifier la végétation urbaine à partir d'une

banque de données images”

http://lsiit.u-strasbg.fr/afd/sites/fodomust/fr-acc ueil.php
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Thanks for your attention !


