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EARTH CASE STUDY

Mapping urban areas in the Santa Barbara South Coast
using Ikonos data and Definiens eCognition
Introduction
New data resources from high spatial resolution satellite sensors
like Ikonos or Quickbird, and innovative concepts in image analysis have the potential for improving mapping and analysis of
urban land use structures and related dynamics. Considering the
high amount of spatial detail in those types of data and the land
cover heterogeneity of urban areas it is more diﬃcult to apply
traditional digital image analysis algorithms to derive thematic
information. The object-oriented image analysis approach provides a new and innovative avenue in the analysis of high spatial
resolution (2.5 m – 4 m) sensors that represent urban land
cover objects such as houses, roads and vegetation patches in a
number of adjacent pixels. However, the geometry of the targets
(e.g. three dimensional roof structures and topography) and the
heterogeneity of the objects themselves (e.g. roads with cracks
or ﬁllings) result in distinct spectral variation within these areas
of homogenous land cover (image objects). Furthermore, satellite sensors like Ikonos and Quickbird are limited in their spectral
resolution especially evident in urban area remote sensing. The
widely known spectral complexity of urban land cover materials
results in speciﬁc limitations in the separation of built up and
non-built up materials, of roofs and roads and of diﬀerent roof
types (Herold et al. 2002). Accordingly, the image classiﬁcation
should include additional spatial and contextual characteristics
as additional level of information in land cover type separation
and mapping the complex urban environment. In previous
studies object-oriented techniques using the Deﬁniens eCognition Software system have shown their potential to consider
and approach the problems raised in the image classiﬁcation
process (Blaschke & Strobl 2001) and provide more detailed and
accurate mapping products. In this context we explore and present our experiences with
the software system
Deﬁniens eCognition
in analyzing multispectral Ikonos data for
object-oriented urban
land cover mapping
in the Santa Barbara South Coast area
(California, USA), which
includes three adjacent
urban areas covering
over 350 sq km.

Datasets and Processing
The dataset consists of seven individual multi-spectral Ikonos
images (4 m spatial resolution) acquired in April and May 2001.
The preprocessing of the data included the geometric correction and the normalization of atmospheric eﬀects to provide a
consistent and calibrated dataset covering the entire Santa Barbara South Coast area. The ﬁrst step in object-oriented analysis
with Deﬁniens eCognition is the image segmentation to extract

meaningful image objects (e.g. roads, houses, swimming pools
etc.) with the parameters Scale 8, Color 0.7/Shape 0.3, Smoothness 0.4/Compactness 0.6. Given the size of Ikonos mosaic (over
500 MB), the segmentation required a fair amount of processing time and sophisticated computer hardware. However,
signiﬁcantly less computing power was needed for the following image classiﬁcation and analysis based on the segmented
image objects. Figure 1 indicates the distinct representation of
individual building structures, the spatial homogenizations of
segmented image objects, and the additional object information provided by Deﬁniens eCognition.

Classiﬁcation
The classiﬁcation in Deﬁniens eCognition was implemented as
hierarchical system with Level I classes: water, built up, vegetation, and bare land surfaces. The Level I classes were separated
using spectral information (nearest neighbor distance), except
for bare soil/beach/bare rock areas, which were constrained by a
minimum object size to avoid confusion with speciﬁc roof types.
Another minimum size rule was applied for water bodies to
include another separation criterion to shadows and swimming
pools. The Level II built up class, roofs, and transportation areas,
were separated using spectral and shape information. Usually
road image objects are determined by a linear structure whereas
buildings have more compact shapes. We used the length/width
ratio of objects to represent this feature in the classiﬁcation
process. Figure 2 shows the comparison of the ﬁnal results of the
classiﬁcation to a false color composite, and digital data layers of
buildings and roads. The overall land cover pattern of vegetation, buildings, and roads are well represented in the classiﬁed
map. The land cover categories appear as homogenous objects
due to the object-oriented approach used for classiﬁcation,
providing a sophisticated and accurate representation of the
real world structures. The accuracy assessment was performed
applying independent ﬁeld reference data that considered one
image object as one reference point. The error matrix of the ﬁnal
aggregated classiﬁcation result (shown in Table 1) indicates a
very accurate classiﬁcation for green vegetation, water bodies
and swimming pools. Good results are shown for light roofs
that confuse with roads (esp. light concrete roads), and red tile
roofs that obviously mix with bare soil and non-photosynthetic
vegetation (NPV). The lowest accuracies can be found for dark
roofs and roads that confuse with each other. Some parts of the
roads appear as smaller individual objects and are classiﬁed as
roofs due to their shape and vice versa as both classes are not
distinctively separated based on their spectral characteristics.

Conclusion
The software system Deﬁniens eCognition has proven its
excellent concepts for improved mapping of urban areas from
remote sensing data. Given the sensor capabilities of high
spatial resolution satellite systems and the spatial and spectral
complexity of the urban environment image segmentation and
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object-oriented classiﬁcation provide a
superior approach in deriving detailed
land cover information. Deﬁniens
eCognition was able to handle a large
dataset and derive an accurate and
comprehensive mapping product. The
results strongly encourage the application of the derived land cover map in
studies analyzing spatial urban structure, socio-economic characteristics and
transportation infrastructure as part of a
research project funded by U.S. Department of Transportation, Research and
Special Programs Administration (OTA#
DTRS-00-T-0002).
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Figure 1: NDVI image subset
(top), segmented image derived from IKONOS in channel
4,3,2 color composite (middle)
and length/width ratio of the
segmented image objects.
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Figure 2: Deﬁniens eCognition classiﬁcation result (bottom) compared to IKONOS
false color composite (top) and digital
data representing house and roads overlaid the NDVI (middle).
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Table 1: Classiﬁcation error matrix
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Deﬁniens is a global leader in providing advanced image intelligence solutions and services that enable its clients to harness all relevant information from digital images to support fast and accurate
decision making crucial to its business process.
Deﬁniens’ products are built on its platform technology (eCognition) that represents a quantum leap
in the realms of digital image analysis. Our products are oﬀered across chosen markets, initially focusing on Earth Observation/Remote Sensing and Life Sciences. Deﬁniens oﬀers advanced and robust image analysis solutions to accelerate the drug discovery, development, and diagnostics processes in life sciences, and perform satellite and aerial image classiﬁcation more intelligently, more
accurately, and more eﬃciently than traditional methods. Deﬁniens has customers worldwide in the
areas of Life Sciences and Earth Observation, including leading companies, academic centers, and
government agencies.
Founded in 1994 by Nobel Laureate Prof. Dr. Gerd Binnig, Deﬁniens is a multi-national organization
with headquarters in Munich, Germany and oﬃces in the US and UK.
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