
Urban mapping through 

object–based image analysis

Prof. Luis Ángel Ruiz Fernández

GISCA - 2023 – Bishkek, 29-31 May, 2023

www.cgat.webs.upv.es

Geo-Environmental Cartography and 

Remote Sensing Research Group



Contents

• Introduction

– Land use vs Land cover

– Potential of object-based classification

– LULC Geodatabase updating steps

• Object-based LULC classification

– Segmentation

– Feature extraction

– Classification

• Study case: classification of Valencia urban area

• Final remarks

GISCA - 2023 – Bishkek, 29-31 May, 2023



Land Use vs. Land Cover

Land cover data documents how much of a region is covered by forests, wetlands, 

impervious surfaces, agriculture, and other land and water types. 

Land use shows how people use the landscape – whether for development, 

conservation, or mixed uses. The different types of land cover can be managed or 

used quite differently. 

Identification of land cover establishes the baseline from which monitoring activities 

(change detection) can be performed, and provides the ground cover information for 

baseline thematic maps. 

Land use knowledge helps to develop strategies to balance conservation, conflicting 

uses, and developmental pressures. This is used for studies including the removal or 

disturbance of productive land, urban sprawl, and forests evolution. 

GISCA - 2023 – Bishkek, 29-31 May, 2023

Introduction



Earth Observation
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Accurate LU/LC cartography of cities can be used for physical 

(viewshed, analysis, environmental impact assessment), economic 

(accessibility, transport), or social (socio-demographic distributions) 

planning, and forecast models (urban growth) (Donnay et al., 2001)

Nowadays, there is a large amount of data acquired from the territory 

(images, LiDAR,…) as a regular basis and from different sensors, but new 

and more efficient methods to process and integrate them are needed 

(Object-based image analysis/classification)

Today, applications require updated

information. LULC geodatabases

need to be updated with high

frequency, but this is difficult using

traditional methods (field, 

photointerpretation) because of high

cost and delay.
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Precision vs. Updating frequency
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Nowadays, there is a large amount of data acquired from the territory 

(images, LiDAR,…) as a regular basis and from different sensors, but 

new and more efficient methods to process and integrate them are 

needed (Object-based image analysis/classification).

In GEOBIA (Geographic Object-Based Image Analysis) approaches, 

the unit of analysis and classification is not the pixel, but an

aggregation of pixels that constitute a semantic unit.

As compared to pixel classification, object-oriented techniques have

some advantages, such as the reduction of processing time, higher

spatial coherence of the results, and the potential for combination

with other geospatial databases.
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Geodatabase updating steps

PREPROCESSING FEATURE 

EXTRACTION
CLASSIFICATION

REVISION 

AND 

EVALUATION

DATA

Automatization of the process

Procedure Supporting Tools
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Segmentation is the process of identifying and extracting distinct, homogeneous regions from

an image.  

DATA 

PREPROCESSING

FEATURE EXTRACTION CLASSIFICATION
REVISION, EDITION, 

EVALUATIONDATA
SEGMENTATION
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With this technique, detected edges in an image are assumed to represent object 

boundaries, and used to identify these objects.
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Multi-scale segmentation results of T-1: (a) scale 10, 614 regions; (b) scale 

14, 320 regions; (c) scale 20, 158 regions and (d) scale 30, 57 regions. 

Region Merging
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Watershed algorithm

The Watershed transformation considers the gradient 

magnitude of an image as a topographic surface. 

Pixels having the highest gradient magnitude 

intensities (GMIs) correspond to watershed lines, 

which represent the region boundaries. Water placed 

on any pixel enclosed by a common watershed line 

flows downhill to a common local intensity minima 

(LMI). Pixels draining to a common minimum form a 

catchment basin, which represent the regions.

The figure depicts how the regions are found. (a) is a 

matrix showing typical GMI values with the LMIs 

circled. (b) shows the morphological gradient 

directions for the matrix in (a).

Example: Watershed algorithm
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POLYGONS PARCELS SUB-PARCELS

• Pre-defined objects:

Definition of image objects

Object definition
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Feature Extraction

IMAGE 

OBJECTS

SPECTRAL
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Feature Extraction

Spectral Information: Based on the spectral 

response differences of the land cover types

G R NIR

• Indices or ratios (NDVI, …)

NDVI

• Spectral bands

CP-1 CP-2
CP-3

• Transforms based on 

combination of bands: 

principal components, etc.

Object-based LULC classification
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Feature Extraction

Temporal Information: Based on the 

intensity values of the objects obtained 

at different dates

Time distribution of Sentinel 2 scenes
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Aerial image Sentinel 2

Feature Extraction

Temporal Information: intensity values 

or indices of an object along the time
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Texture features

• First order texture features: representing the distribution of values of the 
histogram of an object: kurtosis and skewness
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Texture attributes: Provide information about the spatial 

distribution of the values of a variable (intensity) within the object. 

They quantify properties such as heterogeneity, contrast, 

roughness, directionality, or uniformity in the different areas of an 

image, which vary as a function of the land use or land cover in the 

object.
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Structural information: Distribution and spatial relations of the 

elements that compose an object (regularity patterns, 

directionality, distances between elements, etc.)

Some approaches:

• Semivariogram-based features

• Hough transform

• Fourier spectrum

• Etc.

Feature Extraction
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Feature Extraction – Structural features
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The semivariogram quantifies spatial associations 

of the values of a variable, being a measure of the 

correlation between the pixels inside an object

( ) ( ) ( ) 
2

12

1

=

+−=
N

i

ii hxZxZ
N

h

• Z(xi): intensity of a pixel xi ;

• N : number of pixels 

• h : distance between pixels in a direction

Spatial arrangement and relations of the elements inside each object 

(regularity paterns, distances, directionality, etc.)
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The Hough transform

A straight line can be described as y = ax + b and can be graphically plotted for each pair of 

image points (x1, y1), (x2, y2). 

But also in a parameter space where ρ represents the distance between the line and 

the origin, while θ is the angle of the vector from the origin to its closest point 
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Principal directionSecondary direction

Plantation patterns

• Difference between 

directions

• Proportion of points in both 

directions

• Std. Deviation of distances 

between points

Hough Transform
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Shape: Information about the shape of the objects
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Finally, A vector of features is created for each object, describing it from 

different perspectives

..…

Feature Extraction
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Classification

CLASSIFICATION OF PARCELS / POLYGONS

• Application of a classification 

algorithm , eg. decision trees: 

Set of rules organised in a 

hierarchical manner

• Boosting: iterative learning

• Probability/confidence index

• Evaluation: error matrix,…

• Editing and Mapping
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Data (images)

Spanish National Program of Aerial Ortophotography (PNOA)

•Spatial Res.: 

0.5 m/pixel

• Radiometric Res.: 

8 bits

• Spectral bands: 

Green, red and NIR

Study case
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Data (LiDAR)

Spanish National Program of Aerial Ortophotography (PNOA)

•Instrument: 

RIEGL LMS-Q680 ALS

• Mean flying height: 

1,300 m

• Nominal density: 

0.5 points/m2

• Scan frequency:

46 Hz

• Pulse repetition: 

70 kHz

• Scanning angle:

60º

DTM algorithm

(Estornell et al., 2011)

Normalised DSM

Study case
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Data (GIS data)

Cadastral plots; Urban blocks (Spanish General Directorate for Cadastre);

Neighbourhoods; population data.

Cadastral plots and urban blocks were used to generate the objects for 

attribute extraction and classification.

Cadastral plot

Urban block

Study case
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Methodology based on images and lidar data for automatic 

detection of buildings in urban and periurban landscapes

Integration of this information in parcel-based classification

processes for updating geodatabases

Automatic building detection from images and Lidar data  

Feature extraction

(previous processing)

Study case
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Building detection

Building detection approach based on vegetation masking and 

height thresholding (Hermosilla et al., 2011).

Study case
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nDSM=
DSM-DTM

nDSM > 
height thresh.

Height 
mask

Building detection

Thresholding approach
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nDSM > 
height thresh.

NDVI<thresh.
Morphology 
filter

Vegetation 
mask

Height 
mask

nDSM=
DSM-DTM

Building detection

Thresholding approach
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nDSM > 
height thresh.

NDVI<thresh.l
Morphology 
filter

Vegetation 
mask

Height 
mask

Intersection Filtering Buildings

Vegetation maskHeight mask

nDSM=
DSM-DTM

Building detection

Thresholding approach
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Segmentation

Feature Extr.

Clasification

Building selection

Filter1

nDSM

Filtering

Building detection

Classification approach
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Segmentation
- nDSM

• Edge detection

• Region growing

Building detection

Classification approach
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Segmentation
- nDSM

Feature 
extraction
- Spectral
- Texture
- Shape
- Height

Feature 
selection Clasification

Building detection

Classification approach
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Segmentation
- nDSM

Feature 
extraction
- Spectral
- Texture
- Shape
- Height

Feature 
selection Clasification Selection Buildings

Building detection

Classification approach
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Image 

QuickBird 

   

Clasification 

approach 

   

Threshold-

based 

approach 

   

Detalles de los resultados de detección de edificios en zonas urbana, industrial y periurbana de Moncada 

empleando los métodos de umbralización y de clasificación orientada a objetos. 

 

Results (Moncada)

Study case
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Results

(Alcalá de Henares)

Imagen 

PNOA 

   

Con 

relaciones 

contextuales 

   

 

Study case
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Context feature extraction

In addition, context was described by analyizing higher and lower 

aggregation levels of the plots. Thus, internal context attributes 

describe an object attending to the distribution of the elements within 

the object (buildings, vegetation). External context characterizes each 

object by considering the properties of the urban block containing the 

plot (Hermosilla et al., 2012). 

Study case
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Methods (Plot-level characterization)

• Plot-level attribute extraction
• From aerial orthoimages

• Spectral

• Texture

• Three-dimensional

nDSM

• H mean

• H std.dev.

• H max.

Height

20 m

0 m

Study case
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Building heights

Historical Open urban Urban

Industrial Detached houses Semi-detached houses

Height

20 m

0 m

Study case
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Methods (Plot-level characterization)

• Plot-level attribute extraction
• From aerial orthoimages

• Spectral

• Texture

• Three-dimensional
• Geometric

• Internal context attributes
• Building related
• Vegetation related

Buildings
• Bldg. covered area
• Bldg. covered % 
• Height mean
• Height std. dev.
• Height max.

Vegetation
• Height mean
• Height std. dev.
• NDVI mean
• NDVI std. Dev.
• Veget. Covered %

Height

20 m

0 m

Study case
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Urban Open urban Semi-detached h. Detached houses Industrial

Religious buildings Commercial b. Public buildings Gardens and parks Irrigated crops Arable lands

Greenhouses Forest/shrubRice cropsCarob-treesCitrus orchards

Historical

Land-use classes defined at cadastral plot level

Study case
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Results

Legend

Historical

Urban

Open urban

Semi-detached house

Detached house

Warehouse/industrial

Gardens/parks

Religious buildings

Comercial

Arable lands

Citrus orchards

Irrigated crops

Carob-trees orchards

Rice fields

Forest

Greenhouse

Public buildings & services

Land-use classification

Study case
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Results
Land-use classification

Classification error matrix. Rows represent reference class and columns classified data

Study case
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G I:   Image features
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G IV: External context

Results (Land-use classification)

Overall accuracy: 84.8%

Study case
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Classification by structural typologies

Land-use classes defined at urban block level

Structural typologies defined: a) Historical town, b) late XIX century expansion (ensanche), c) 

1950-1960s residential areas, d) 1970-1980s residential areas, e) 2000s residential areas, f) single-

family suburban areas, g) industrial areas, h) gardens and parks, i) community service facilities

Study case
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Results

Structural typologies map

Study case
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Final remarks

The proposed methodology enables to derive valuable 

information for a massive and non-subjective characterization 

of urban areas

These techniques may be useful to better understand and model 

the spatial evolution of urban structures within a city, to analyse 

changes in population, employment, migration, and other socio-

economical parameters.

The use of multi-level descriptors providing specific information 

about the land use significantly improves the classification

accuracy of the urban structural typologies
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