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Abstract

Two image analysis techniques, which integrate texture and spatial context properties for urban land

use classification are presented in this paper. Very high resolution imagery of IRS-1C satellite system and
KVR-1000, covering the city of Athens, have been processed to produce land use maps according to the
EUROSTAT’s CLUSTER nomenclature scheme. The classification approaches devised are the Kernel based
Artificial Neural Network and the Kernel Reclassification Algorithm.
The satellite pre-processing steps and the level of performance of the above mentioned classification
techniques, as well as the relevant comparison of their cost with more common approaches based on aerial
acquisition campaigns are presented in this paper. The study shows that the use of kernel based approaches,
return rather satisfactory results in terms of classification accuracy and land use class discrimination, while the
cost of the works is kept at much lower level. A change detection study using the same satellite data is also
reported in the paper.

Introduction

Satellite remote sensing data can provide regular and up to date information on urban areas. Although
the relevant technology has changed significantly, there are still open questions concerning the development and
implementation of a robust methodology for exploiting fruitfully the satellite imagery in urban areas.

The level of information that can be extracted from remotely sensed data is related to the spatial and
temporal resolution of the acquired images. The interpretation of the aerial photography typically provides the
needed information for urban studies. However, this approach is costly and difficult to apply with sufficient
frequency. In contrary, satellite remote sensing can provide a method for acquiring regular and up to date
information about urban areas, which may be particularly useful for monitoring the environment within and on
the fringes of urban development (Foster B.C. 1985). Moreover, the continuous advancement of satellite
technology and the acquisition of higher quality images, is strongly required for change detection studies in
urban areas.

The first attempts to use satellite imagery in urban studies were not encouraging in terms of land use
class specificity and map accuracy (Toll. D.L., 1985, Barnsley M.J. et al., 1989, Sadler G.J. et al. 1990). This
was initially attributed to the coarse spatial resolution of the satellite sensors (Landsat TM, SPOT XS and P).
Typical examples may be found in Haac B. et al. 1987, Khorram S. et al. 1987, Martin L.R.G. et al. 1989,
Harrison A.R. et al. 1988.

However, satellite technology has changed and new sensors with higher spatial resolution and
stereopair capabilities are offered for wider use (IRS, Radarsat, Ikonos, SPOT 5, KVR, KFA, etc). But the
technology advancement introduced a new problem, that is to identify a robust, transferable and easily
repeatable methodology in exploiting fruitfully the satellite imagery in urban areas and many research topics are
still open and under investigation. This is attributed, by its turn, in the problem of "scene noise" (Martin L.R.G.
et al. 1988, Cushnie J.L. et al. 1987), as the spectral responses of urban areas are much more varied, as being
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composed of the spectral responses of individual scene elements. This makes land use class description and
identification problematic, especially when classification is treated on a per-pixel fashion.

The classification in urban land use classes is more than the identification of the exact label of classified
objects on the image plane. Urban areas are not characterised by typical signatures, but mainly by texture, which
is caused by the road network, residential areas of varying density and buildings of different kinds and height.
This mixture of roads, buildings and also vegetation, produces a certain pattern which appears on satellite data as
a mixture of very high and low pixel values. In other words the fundamental problem in producing accurate
lands use maps is that urban areas present a complex spatial arrangement of land cover types. Thus, the necessity
for integrating techniques which account for the spatial arrangement of pixel values or alternatively land cover
labels within a neighbourhood has been considered indispensable by a number of researchers (Haralick R.M. et
al.1973, Jensen J. 1979, Haralick R.M., 1979, Conners R.W. et al. 1980, Nagao M. et al. 1980, Peddle D.R. et
al. 1991, Galloway M.M. 1992, Vilnrotter F.M. et al. 1986, Ryherd S. et al. 1996, Gahegan M. et al 1996, Paola
D.J. etal. 1997).

The present study examines the results of two methods, developed especially for the purposes of the
study, which integrate texture and spatial context information to infer land use classes, either during
classification or post-classification level of process.

Scope of the study

The study has been realised in the frame of a pilot project launched by the European Communities/CEQ
program with the purpose to identify the extend by which the requirements of EUROSTAT for statistical
information over urban areas, can be met using very high resolution satellite imagery. Between the main
objectives of the study is to define adequate image analysis techniques, to extract reliable signatures for urban
land use classes from very high resolution satellite imagery, by studying image texture and spatial context
properties. Moreover, the identification of the level of performance of the texture/contextual techniques in
comparison to a common per-pixel maximum likelihood classification approach, in terms of classification
accuracy and specificity, is between the scopes of this study.

Study area

The study area has been chosen to be the city of Athens and its surroundings covering an area of
40x40km®. Athens represents a typical example of a large European urban agglomeration with big human and
economic importance. The dynamic change especially of the surroundings requires continuous monitoring and
change detection.

Input satellite data

Multi-temporal and multi-spectral IRS-1C LISIII data with the spatial resolution of 25 m covering the
city of Athens and its surroundings have been used for the purposes of the study. In addition, panchromatic
satellite scenes of the IRS 1C-P and KVR-1000 sensors with a spatial resolution of Sm and 2m respectively have
been exploited in the frame of the study.

Satellite data pre-processing

The need to proceed with multi-temporal classification required the application of radiometric and
atmospheric corrections of the two multi spectral scenes. The assumptions made on the atmospheric model,
aerosol and visibility index, were driven by real atmospheric data which have been collected the same dates and
time as the available LISS III scenes as well as on existing reference spectra for specific targets found on the
image plane. ‘

The geometric registration of the two multi-spectral scenes, was based on the use of control points
collected appropriately throughout the satellite scenes and an accurate Digital Elevation Model of the study area.
The registration of the panchromatic scenes IRS-1C P and KVR-1000 was done with the accuracy of the sub-
pixel. This experiment showed that these images could be used, in terms of geometric accuracy, for mapping
purposes at the scales of 1:20000 and 1:10000 respectively.
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The study required the integration of the multi-spectral IRS-1C LISS III scenes with the panchromatic
data in order to combine in one product the spectral information with the pronounced texture and structure
information provided by the panchromatic layers. The standard Principal Components Analysis technique
(Welch R et al. 1987, Crippen R.E., 1989) has been used for the data fusion.

Kernel based classification approaches for the interpretation of IRS satellite imagery

On the basis of the above mentioned studies, it becomes clear that the extraction of reliable signatures
for urban land use classes, requires algorithms which measure the spatial distribution of the spectral and texture
properties found in the pixel context and produce significant features to introduce into the classification
procedure. Therefore two Kernel Based Classification Approaches have been considered, for the purposes of the
study. A combination of a supervised and unsupervised Artificial Neural Network (ANN) approach, as well as
the Kernel Reclassification Algorithm.

The application of an unsupervised neural network based on a topological network (Kohonen map,
Kohonen T., 1987, 1988) was done in order to decide about the optimal kernel size and input image information
content, similarly to the works of Paola J.D. et al. 1995 and Wilkinson et al. 1995. The best class differentiation
was given when using a 7x7 window on the basis of the multi-temporal and enhanced (merged) data set. The
output of this investigation, was used to feed appropriately the back-propagation neural network, consisted of
one input layer, two hidden layers and an output layer. The number of hidden layers and their dimension
depends on the complexity of the given separation problem. The dimension of the network has been defined in
an iterative approach in order to avoid over-learning of the network. The following network definition was used
for the purposes of the study:

Layers = 4 (number of all layers)
Layer#l =7 *7%6,0,0,0
Layer#2=14*%9%6,0,0,0
Layer#3=26*2*1,0,0,0
Layer#4 =8*1%*1,0,0,0

For layer #1, the notation ""7*7* is the applied window size and ,,6* defines the number of input layer.
For layer #4, ,8 defines the number of output classes and ,,1* the number of output layer. The network
dimension is defined in layers #2 and 3 whereas the number of zeros indicates, that all layers are completely
linked with each other layer. The classification has been achieved in three steps: the training phase, the pre-
reclassification phase to verify the success of the learning phase and the classification phase.

The Kernel Based Reclassification Algorithm attempts to derive information on urban land use based
on the frequency and the spatial arrangement of the land cover labels within a square kernel. The assumption
underlying this approach is that individual categories of land use have characteristic spatial mixtures of
spectrally distinct land cover types that enable their recognition in high spatial resolution images (Wharton 1982,
Barnsley et al. 1992). The algorithm operates in two stages: The first involves labelling of the image pixels into
single land cover classes by the application of a supervised or unsupervised clustering. In a second stage, the
pixel labels are grouped into discrete land use categories on the basis of their frequency and spatial arrangement
within a square kernel.

The algorithm operates by examining pairs of adjacent labels within a square kernel, which scans the
image. For each new position of the square kernel, a so-called adjacency-event matrix M is calculated.
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The matrix dimension equals to the nxn, where n = number of land cover classes. The matrix elements "fij"
denote the frequency with which pixels belonging to class "i" are adjacent to those belonging to class "j",
within the square kernel. As the spatial reclassification kernel is passed over the image, the current adjacency-
event matrix is compared with template matrices (produced during the stage of classifier training) using a

statistical similarity criterion given by:
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where Mij is an element of the current adjacency-event matrix, Tkij is the corresponding element of the template
matrix for land use category "k" and, N is the total number of adjacency events in the kernel. By the term Ay is
expressed the degree of match between the current adjacency even matrix and the template matrix for land use
category "k". Values of A¢ close to 1 indicates a perfect match while a value very close to 0 indicates no match.
A detailed presentation of this method is given in Barnsley M. et al. 1996.

Compared with a pure statistical approach like the maximum likelihood classifier, neural networks or
reclassification approaches can offer some advantages. This is especially the case, when insensitivity against
noise and redundant information, as well as independence from normal distribution and introduction of texture
information is required. Moreover, the employment of neural network and reclassification techniques, allows the
integration of any type of sources of data classes in order to derive information (land use) classes, indifferently if
the assumption of normal distribution of density functions is fulfilled or not,

Evaluation of the use of the two kernel based algorithms for IRS data classification

The application of the kernel based classification algorithms on high resolution IRS satellite data over
Athens, provided useful information concerning the classification abilities of texture based classifiers in respect
to the EUROSTAT's CLUSTERS nomenclature scheme. It should be noted that the CLUSTERS nomenclature
scheme presents four hierarchical levels of detail in land use/land cover classes for urban, agricultural and
forested areas. The experiments showed that some urban land use classes at Level VI and Level III could be
derived with relatively good accuracy by applying kernel based classifiers. The Neural Network and Kernel
Reclassification algorithms produced more accurate maps at the fourth Level of the CLUSTERS nomenclature
scheme and four residential classes which differ one another in terms of housing density, were returned. These
classes are "Continuous dense residential”, "Continuous residential with moderate density”, "Discontinuous
residential with moderate density”, "Isolated building areas". However these classes, are making a subset of the
CLUSTERS classes, as many of the remaining classes in the nomenclature are functional classes, which can be
derived solely from ancillary data and analog photo-interpretation. Although many experiments have been
conducted by using various kernel sizes and image layer combinations, including multi-spectral and multi-
temporal sets of enhanced (fused) data, it was not possible to separate class "Industrial or commercial activities".
This most likely happens because there is no a typical texture pattern for this class on the image plane.

Best classification results show an accuracy of the order of 72% to 75% for the classified urban classes.
In general, the texture based classification approaches proved to be useful for the classification of high spatial
resolution data. In contrast, pixel-based approaches like e.g. the Maximum Likelihood Classifier, classify most
of these classes as a mixture of single classes, like vegetation, roads and houses of different kinds resulting in
confused classifications with a lot of noise. The results show, that the classification accuracy is directly linked to
the applied size of the kernel used, since heterogeneous classes need large window sizes to be correctly
represented, whereas small objects demand the contrary. Therefore, a combination of both results is necessary in
case homogeneous classes are needed, but without accepting a loss of all small structures. It is for further
research to study a set of pre-defined kernel sizes for data classification depending on the class or set of classes
which are subject of classification. In all the experiments the texture properties of the land use classes have been
introduced by the use of enhanced satellite data, which is the result of the fusion of the multi-spectral images of
LISS I sensor with the high spatial resolution panchromatic image of IRS1C-P sensor. Figure | illustrates an
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Fig. 1. Final classification after refinement of the back-propagation neural network output.

Classification nomenclature: Alll="continuous dense residential’, A112=’continuou
residential of moderate density’, A113="discontinuous residential of moderate density’
Al2="public services’, A321='roads’, A322='rail networks’, A20="industrial o
commercial’, A502="sport facilities’, A503="green/leisure areas”, A421="building sites’
D102="bushes’, C13="conifers’, F201="inland water courses’
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extract of the final classification map provided by the application of the neural network algorithm and refined by
the use of ancillary land use information. The application of the Kernel Reclassification Algorithm returned a
very comparable classification map in terms of thematic and statistical accuracy.

Change detection in urban zones

Change detection has been based on the comparison of a very high resolution satellite imagery captured
by KVR-1000 sensor (2m spatial resolution) in July 1992, with an ortho-photo map produced by the use of high
altitude aerial photography (scale: 1:45000) acquired 5 years earlier. The area of interest is located at the north-
north western part of the city of Athens covering the suburbs of Menidi, Thrakomakedones, Melissia, Nea
Penteli, Kifissia, Erithrea and Ekali. Twelve stereo-pairs of aerial photographs have been processed
appropriately on a digital photogrammetric station to produce an ortho-photo map of the study area. The
production of the ortho-photo map has been based on an accurate aerotriangulation solution with mean RMS
errors of the order of 0x=1.396m, oy=1.359m and 6z=0.916m in the three directions, -fulfilling thus the
requirements for mapping in the scale of 1:10000. A set of appropriately collected GCP points, as well as a very
accurate DTM, were used for the geometric correction and ortho-rectification of the KVR-1000 image covering
the study area, in order that it conforms with the accuracy requirements in the scale of 1:10000.

Image differencing (Macleod R.D., 1998) was applied by subtracting the pixel values of the two
panchromatic layers, that is the ortho-photo map and the KVR-1000 image for the area of interest. A series of
threshold values based on standard deviations from the mean were used on the difference image to determine the
changed from unchanged pixels. Threshold values were chosen using 0.5, 1, 1.5 and 2 standard deviations from
the mean. An accuracy assessment on the no-change / change pixels was performed by applying visual photo-
interpretation of the two panchromatic scenes. This helped to identify the threshold value, which returns better
discrimination between changed and unchanged pixels. This experiment showed that a threshold value close to
one standard deviation returns better result. Photo-interpretation of the difference image in combination with the
two panchromatic layers and the corresponding enhanced multi-spectral images, resulted in the identification of
the following changes within the study area:

From discontinuous residential to continuous residential of moderate density.
From isolated residential areas to discontinuous residential of moderate density.
From open land/green areas to discontinuous residential of moderate density.
From open land/green areas to isolated residential areas.

From open and agricultural land to industrial activities.

From open and agricultural land to commercial activities.

New road construction.

Figure 2 illustrates a subset of the final change image map. The dashed polygons represent areas of change.

The advantage of using high spatial resolution satellite imagery for urban mapping

The use of very high spatial resolution satellite imagery for land use mapping in urban areas is
recommended especially when extended areas have to be covered and map update is often required. This pilot
project demonstrated that the satellite imagery may be useful to produce appropriate cartographic products on
which land use delineation and identification may be realised. The integration of the multi-spectral and
panchromatic layers returns a very detailed map with useful spectral content and pronounced texture and
structure components very similar to the ones found on high altitude aerial photography (aerial photography
scale: 1:40000 to 1:50000). The classification of the satellite data with the advanced processing algorithms based
on texture, results in accurate map products which may be easily refined and completed by the integration of
ancillary land use information, especially when functional classes have to be mapped. Therefore the need for in
site visits to report or confirm already reported land use classes is minimised significantly. The possibility for
continuous image acquisition in lower cost comparing to the one for the organisation and realisation of an aerial
survey campaign is best suited for the monitoring of the urban and peri-urban areas towards the identification of
changed (legally or illegally) land use classes. The differencing method presented in this paper shows rather
easily areas which present high probability that changes have been happened. The delineation of
changed/unchanged areas is done by photo-interpretation of the multi-spectral enhanced satellite data and the
reported changes are labelled mainly on the screen and few of them in-site if it is required.
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The cost analysis realised in the frame of the study showed that the use of satellite imagery reduces the cost for
map production by a factor of 2 compared to the one needed when aerial survey campaign is required. In
addition, the cost for regular update of the map is even lower since it is partially released from the cost of the
ancillary data acquisition, DTM production and classification algorithm testing. The cost analysis showed that it
is very important to have available ancillary data for the study area, since they are very useful to perform
accurate classifications and refine final map products. In case that ancillary data do no exist the mapping cost per
km?® becomes the double, since the number of in-site visits increases significantly.

Conclusions

The use of very high resolution satellite imagery (IRS-1C, KVR-1000) for urban land use classification,
requires the employment of kernel based classification approaches in order to discriminate between land use
classes with representative texture patterns. The two kernel based classification approaches tested, that is the
back-propagation neural network and the Kernel Reclassification algorithm, returned satisfactory classification
results for classes differing in terms of housing density. The rest of the artificial land use classes, as they are
required by the CLUSTERS nomenclature (e.g. public services/local authorities, commercial activities, cultural
sites, sport facilities) may not be provided by any of the automatic approaches tested in the frame of the study.
Their identification is subject of classification refinement, in which rule based techniques and ancillary maps are
integrated in the labelling process. The employment of image analysis techniques which account for the
geometric and structural properties of the objects, as well as the use of specific knowledge to recognise and label
them, in respect to their use (e.g airports, extractive industries, wasteland, tips, sport facilities, etc), is considered
indispensable, especially nowadays that the spatial resolution of the satellite data is getting increased.

High spatial resolution satellite imagery has been proved useful for land use change detection studies.
The comparison of a KVR-1000 scene (resolution of 2m) acquired on July 1992, with a high altitude aerial
photography acquired 5 years earlier showed 10 types of land use changes within the north / north western part
of the city. These changes were mainly the result of the continuous housing construction activity and
industrialisation of the city surroundings, especially along the axes of big roads (e.g national auto-route "Athens-
Thessaloniki").

As a general conclusion the advent of the satellite technology, provides to the city planners base maps
but also value added products which may be used for land use mapping and change detection studies. High
spatial resolution satellite imagery provides low cost information in time, which respond to current requirements
for studying the urban environment. A relevant study showed that the cost of using high altitude aerial
photography for the same reason is the double of the one required when satellite imagery is used.
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