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ABSTRACT: Visualizations of forest landscape are useful in communicating the
structure of land cover patterns to professionals and to the public by making the
information on environment more attractive and easier to interpret. In order to
demonstrate the current potential and future needs in this context a sample
visualization of a forest test area was prepared using IKONOS satellite image, aerial
photographs and some pre-existing GIS datasets. Images draped over a surface terrain
model supplied texture data for a part of the Kozienice Forest. GIS layers were used
for the satellite image enhancement and as supplementary data ameliorating
visualization itself. The presented discussion on the quality of the final product
referred to the comparison of IKONOS based visualization with an orthophotomap of
the test site.

1 INTRODUCTION

The aim of the paper is to present techniques of forest visualisation with the use of
IKONOS satellite image. The visualisation is focused on tourism applications but will
also supply geo-data for forest monitoring and local administration.

Creating modern spatial information systems requires the application of modern
technologies and georeferenced multi-source data bases. More often spatial
information systems are meant not only for people interested in collecting and
analysing spatial data in order to manage, administer and support decision-making
processes, but they are also created and made available to a wide range of users.
Hence, all the data should be available in a ‘‘readable’’, interesting and appealing
manner. Among other things, multi-source data can be presented on background maps
using satellite images and aerial photographs. On one hand such visualisations of
satellite images and aerial photographs can present a terrain in a clear and simple way,
and on the other hand they can highlight the diversity of the area presented. For
example if we use the image with the registered reflection of the electromagnetic
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radiation in the infrared range, it allows to pinpoint the information about the diversity
of vegetation.

Interesting 2D and 3D presentations are needed in order to disseminate the regional
information, to promote advantages of a region and its tourist infrastructure. 3D
landscape models are one of the best forms to present complex spatial relationships in a
region.

A digital terrain model or a digital terrain surface model together with the
information about the surface texture are used to develop 3D landscape models. The
surface texture can then be obtained using satellite images or aerial photographs or other
spatial data allowing landscape simulation. 3D models with a natural terrain view can
then be used to create virtual panoramas or virtual flyovers.

Part of Kozienice Forest which is situated approximately 100 km south of Warsaw
was selected as a test area for the presentation of new visualization techniques. The
Kozienice Forest is located at the fork of two glacial valleys at the confluence of the
Vistula and the Radomka rivers. Typical landforms in this area include sandy
riverbanks, forested hills and characteristic swamps. The most valuable element of the
Kozienice Forest is its nature. A multitude of natural forest communities such as alder
swamp, alder-ash, oak-hornbeam and mixed forests have been preserved, with the most
important communities being protected in 15 nature reserves.

The paper presents various materials needed for creating the visualization as well as
their preliminary processing. The main source of information on texture of a selected
part of Kozienice Forest was an IKONOS satellite image. It was used to create 2D and
3D visualizations of forest area landscape. The image was processed in such a way as to
visualize the terrain surface using colours similar to natural ones simultaneously
enabling to see the diversity of Kozienice Forest nature areas.

2 SOURCE MATERIALS AND THEIR INITIAL PROCESSING

The basic source materials applied to create 3D Kozienice Forest visualization are high
resolution IKONOS satellite image and digital terrain model obtained from aerial
photographs.

IKONOS satellite provides panchromatic images with the spatial resolution of 1
meter and multispectral images with 4 meter resolution. The panchromatic channel
registers electromagnetic radiation in the visible and near infrared spectrum
ð0:45� 0:90 mmÞ, and multispectral channels register the following four radiation
ranges: blue ð0:45� 0:52 mmÞ, green ð0:51� 0:60mmÞ, red ð0:63� 0:70 mmÞ and near
infrared ð0:76� 0:85 mmÞ:

The satellite image of Kozienice Forest fragment registered on 16th August 2000
was processed and used to visualize the natural terrain surface texture. In order to create
3D visualization a digital elevation model (DEM) is needed. There are two basic types
of DEM. The Digital Surface Model (DSM) is usually derived using images which
register radiation reflected by the first surface encountered. DSM includes forestry and
other vegetation, buildings, roads and other surface structures. The Digital Terrain
Model (DTM) is a representation of the earth’s surface with vegetation and buildings

186 E. Wisniewska, K. Stankiewicz & A. Hoscilo



removed. A digital surface model was used to orthorectify IKONOS satellite image and
to create a 3D landscape model.

This model was obtained from color aerial photographs registered in the late
90ties of the last century at 1:26 000 scale. The model was manually edited and
reduced to DTM at built-up area, while for the forest areas it still represents the
surface of the canopy. The final form of DSM was generated on a grid with the size of
20 m by 20 m. Elevation accuracy was estimated at 1 m using reference profiles
measured with GPS technique.

Alternatively another DSM obtained during the Shuttle Radar Topography Mission
(SRTM) was applied for 3D visualization. The data used to create this model were
acquired in February 2000 during 11-day Endavour Space Shuttle Mission on the
interferometric radar scanning of the Earth surface. Non-verified data and not corrected
in SRTM-3 version for the whole scanning range of Dj ¼ Dl ¼3" grid (which means
of three times lower resolution than the final version) are available for the public and
they are free for scientific purposes.

IKONOS image was orthorectified using DSM from aerial photographs.
Panchromatic channel was processed in the first place. It has been oriented using
meta data supported by Space Imaging together with ground control points (GCPs)
which were previously used for georeferencing of aerial photographs. The accuracy
of all GCPs was 30 cm or better horizontally and 25 cm or better vertically. The
similar process of orthorectification was also applied to other IKONOS channels with
the pixel size of 4 m.

Orthorectified IKONOS images as well as the digital surface model were included
in the spatial information system, which also stored other data for Kozienice
Forest area. Among others the system was supplied with forest maps linked to forest
inventory data, land use data base and the alternative digital surface mode from
SRT Mission. The thematic layer representing land use at a scale of 1:25 000 played
a crucial part in further processing of IKONOS image. Land use/land cover map
of Kozienice sub-region has been obtained by the interpretation of the orthophoto
map.

This map includes the following classes: arable land, pastures, forest, inland
marshes and wasteland, orchards, fruit trees and berry plantations, gravel-pits,
discontinuous built-up areas with family houses, discontinuous urban fabric,
industrial units, sport and leisure areas, cemeteries, water bodies (rivers, streams,
natural and artificial water reservoirs), secondary roads, local roads, ground country
roads, more important forest roads, ground roads (cart-tracks, forest roads) foot-
paths and railway.

3 IKONOS SATELLITE IMAGE VISUALIZATION

At the next stage of processing IKONOS image was enhanced in order to create the new
texture image which would achieve high spatial and spectral resolutions by combining
the panchromatic and multispectral channels. The data flow during this transformation is
shown in Figure 1.
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At first Principal Components Analysis (PCA) was applied to the orthorectified
satellite image in order to reduce the number of channels. PCA transforms a number of
possibly correlated channels into a smaller number of uncorrelated variables by
identifying the principal axes of variability within the data. Three less correlated
components were used to generate an RGB false-color composite which contained more
information than any combination of three original spectral bands.

Next the false-color composite with 4 meter pixel was fused with the panchromatic
channel of higher spatial resolution by using HSV Sharpening transformation. HSV
sharpening transformed the RGB image to HSV color space and afterwards the value
band was replaced with the high-resolution panchromatic channel, while the hue and
saturation bands were automatically resampled to the high-resolution pixel size. Finally
the image was transformed back to RGB color space. The output RGB image had the
pixel size of the input high-resolution panchromatic channel and colors originating from
a multispectral image.

The next step was to adjust IKONOS image even more for landscape visualization
purposes. Spatial information systems aimed on clear and effective presentation of a
particular region or tourism-oriented need data which are easy to interpret by the
ordinary users. Therefore the image should be transformed in the way as to make
colours of different land use objects more ‘‘readable’’. In order to achieve this goal
three masks generated from the thematic layer of land use were selected. These
masks helped to distinguish the following classes: water reservoirs, arable lands and
meadows. The colours of the satellite image were modified within the range of the
masks in such a way that they resembled the real ones. A part of the image covered
by a cloud was also modified. This fragment was completed using an archival aerial
photograph.

In the transformed IKONOS image forest areas were depicted in different shades of
green, with deciduous stands in light green and coniferous stands - dark green (Fig. 2a).
The information on forest area contained in the image is spatially correlated with the
distribution of forest species (Fig. 2b) and also to some extent with the spatial
distribution of dominant tree height (Fig. 2c).

Figure 1. Schema of IKONOS satellite image data fusion.
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4 CREATING A 3D LANDSCAPE MODEL

Processed IKONOS satellite image informing about terrain natural texture and height
data obtained from a digital surface model have been used to create a 3D landscape
model.

The digital surface model obtained basing on stereoscopic aerial photographs and
SRTM-3 terrain model are presented in Fig. 3a and 3b respectively.

Model height diversity for the test area in the first place results from the height
diversity of the upper growth of the forest stand as the terrain under the trees is flat.

Fig. 3c shows dominant species heights in separate tree stands in different shades of
grey. The tree stands heights were obtained from forest inventory data. Fig. 4 presents
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Figure 2. Test area: a – transformed IKONOS satellite image, b – spatial distribution of forest

species according to forest inventory data, c – spatial distribution of dominant tree height, in a

given stand, according to forest inventory data.

Figure 3. Digital surface model of Kozienice Forest fragment: a – model obtained form aerial

photographs, b – SRTM-3 data, c – spatial model of dominant tree height in a given stand,

basing on forest survey data.



species diversity and tree stands heights in the perspective projection. Such data can also
be used to create a 3D model.

Having two digital surface models from Kozienice Forest spatial information system
and the information on the stands height three 3D forest visualizations have been
created.

Both the aerial photographs model and SRTM-3 model have enabled to create 3D
visualization for the whole test area, especially highlighting forest area height diversity.
These models distinguished tree stands of different height as well as forest clearings and
opening areas. The visualisation basing on forest inventory data shows Kozienice Forest
area in a more simplified way because such a model gives one average height for each
tree stand. The last visualization presented no information about terrain features other
than the forest or terrain elevation under the trees.

3D model visualization is similar to 2D model visualization as there is a possibility to
project vector data revealing additional information about a terrain. 3D model can be not
only projected in different scales but it is also possible to perform interactive rotations
and movements. Having such a model we can create panoramas and virtual flyovers over
the terrain.

5 CONCLUSION

The processed IKONOS satellite image has been compared with an orthophotomap
created from aerial photographs in natural colours at the scale of 1:26000. The
orthophotomap was made for Kozienice Forest area with 1m pixel. The processed
IKONOS satellite image and the orthophotomap are presented in Fig. 5.

Figure 4. Perspective view showing coniferous species (dark green), deciduous species (light

green) and tree stand heights on the background of the processed IKONOS image.
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Colour composite of IKONOS satellite image shows bigger colour diversity
compared to the orthophotomap. Greater diversity appears for areas covered with
vegetation, and is especially visible as it refers to coniferous and deciduous stands. The
parts of forest areas such as gaps in a stand and openings are visible both in IKONOS
satellite images and aerial photographs but they are easier to spot on visualization based
on IKONOS image. Meadows and pastures are also better diversified on IKONOS
visualization, although urban areas, especially when enlarged, are shown in a more
detailed way in aerial photographs, compared to IKONOS images.

The main aim of IKONOS satellite visualization was to show forest areas, which can
then be used in regional information systems addressed to tourists or foresters. The final
composition is an image of spatial resolution of 1m whose colours resemble a
photograph in natural colours and at the same time refers to land use maps made in such
a way as to be user-friendly. It provides an overview of the study region and shows the
general spatial arrangement of forest landscape elements.

Figure 5. Images compared in 2D space – general view and zoomed fragment (a – IKONOS

satellite image visualization, b – aerial photograph in natural colours).
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