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Christoph Kätsch was born in Göttingen, Germany in 1954. After finishing school he
studied Mechanical Engineering at the Technical University of Clausthal Zellerfeld

in Lower Saxony, Germany; and Forestry Science at Göttingen University where he
obtained his first academic degree (Diploma in Forestry Science) in 1982. After passing
the state examination for professional foresters in 1984 (Ass. d. FD), he worked for the
state forest service of Lower Saxony in several positions. From 1984 to 1987 he
received an education as systems analyst, including electronic data processing, pro-
gramming, information management and systems analysis. In 1988 he became deputy
head of the Department of Information Management and Organisation of the forest ser-
vice. 

During his practical work with the forest service he continued his scientific career,
concentrating on the application of remote sensing in forest inventory. He developed
efficient forest inventory concepts based on double sampling and aerial photograph
analysis. He finalised these studies in 1990, when he obtained a PhD (Dr. forest. Univer-
sity Göttingen).   

Christoph was appointed as Professor for Remote Sensing and Geo-Informatics at the Univer-
sity for Applied Science and Arts (Fachhochschule Hildesheim, Holzminden, Göttingen) in 1992.
Besides teaching, he continued his research in remote sensing and informatics in several projects,
leading to his Habilitation (Dr. habil, Göttingen University) in 1997. In this study he introduced
modern systems analysis and information modelling methods into forest information science,
forming an important basis for the efficient use of information technology in forestry and related
applications.

To this day his scientific work concentrates on all aspects of applied informatics and remote
sensing on renewable natural resources and suitable methods to derive useful information from
the data gathered.  

Since 1992 Christoph has worked on more than 20 international research projects with part-
ners in different countries around the globe and contributed to projects involving technical coop-
eration in Greece, Russia, Mexico, Vietnam, Malaysia, Botswana, China and South Africa. 

His first contacts with Stellenbosch University were established in 1994 and strongly support-
ed by Prof. Antony van Laar, a world-renowned forest biometrist and member of the former
Faculty of Forestry. In 1996, during a sabbatical at Stellenbosch University, a common research
project was established dealing with the use of high-resolution stereo satellite imagery for forest
inventory purposes. This project, carried out with Prof. Bredenkamp, laid the foundation for
Christoph’s appointment at Stellenbosch University in 2004.

Christoph Kätsch married in 1985 and has two daughters, Stephanie and Annette. 
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INTRODUCTION

The relatively young scientific field of remote sensing
deals with one of the oldest principles applied for

orientation and evaluation of the surrounding environ-
ment developed during evolution on our planet.
Beginning on a very simple level, the first organisms used
electromagnetic radiation (mostly the daily sunlight) to
raise energy and to collect information on the environ-
ment. Evolution finally led to the high end of natural
remote sensors, the eye, which forms one of the most
important senses for several creatures such as mammals.
The eye, along with a high-performance organ, the brain,
produces images from the environment, images which
allow the individual to interact with others, to react to
threats and to look for food. 

For human beings images, of course, mean much
more than a real-time controlling and early-warning sys-
tem. Images are important aids to seeing, analysing and
understanding our world. Together with input from the
other four senses, images enabled early scientists to dis-
cover, analyse and to define the first scientific principles.
This may have started with the first human beings roam-
ing the southern African bushveld and deserts, such as
the San, who painted their views, thoughts and experi-
ences on rocks several thousands of years ago. 

Images can of course show much more than our daily
environment only. They can be used to make things visi-
ble that are not visible to the eyes, because of the limit-
ed perspective of a human being or the limited physical
sensitivity of our eyes. Beyond that, they may come from
the invisible virtual world of our minds and remain invis-
ible until someone takes a pencil to draw them as images.

And that is where the title for this presentation
comes from. By analogy with the words of the German
poet Rainer Maria Rilke (1875-1926), a contemporary of
Albert Einstein, who proposed that poetry and the arts
should open up a window on our world,1 scientists
recently demanded that science should help to open this
window even wider in special ways in order to help
mankind to understand what is going on in the world and
how global threats to civilisation may be overcome (cf.
Fischer 2004).  

Obviously the idea of remote sensing will cross one’s
mind when thinking about a window on our world. A
look through a satellite’s camera or from an aeroplane
window onto the earth opens up a really huge window,
giving an impressive view onto oceans, land and cities.  

Rilke’s proposal was, of course, not that simple. He
wanted poetry to open a window, and not a mirror, to
our world, which allows deep insights into the function-
ing of the world for the benefit of human beings and for
their welfare. He was deeply convinced that the arts and
poetry could play a key role in understanding the new
world which had been opened by science during his life-
time. 

It may be presumptuous to say that remote sensing
really opened this second dimension of Rilke’s window
to our world, but there is no doubt that this discipline
contributes much to open a window through which we
gained a lot of our current knowledge on our natural
environment on earth and even beyond this of the uni-
verse. 

After more than 35 years remote sensing has devel-
oped into a complex system which incorporates three
main components: first, electromagnetic radiation deal-
ing as the medium for transporting data from remote
objects; second, technical components for receiving, reg-
istering and storage of data; and finally, the data pro-
cessing and evaluation of the data in order to derive rel-
evant knowledge – information – from them. 

This paper aims to demonstrate how this technology
has helped to open the window on our world signifi-
cantly wider. It will give a short overview on the historic
developments which led to a booming scientific field; it
will then provide some examples on what is possible
with today’s knowledge and, finally, present an outlook
for specific research needs. Due to the very broad ori-
entation of remote sensing that covers nearly all aspects
of our natural, social and economic environment, it will
be impossible to consider all relevant fields. The focus
will therefore lie on natural resources and the disciplines
dealing with them.    
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REMOTE SENSING – 
A WINDOW TO/ON OUR WORLD?

- State of the art and future of a booming scientific discipline -

1. Original text: "Daß sie mir ein Fenster sei in den erweiterten Weltraum des Daseins…." In: Rilke, R.M. Werke. Kommentierte
Ausgabe in vier Bänden, Band 4. Hrsg. M. Engel et al. Frankfurt a.M. 1996, S. 721.  



A SHORT HISTORIC REVIEW

Although the scientific field of “remote sensing” was
officially established in the late 1960s, the history of

remote sensing is much older. According to the defini-
tion of the US Office of Naval Research and the Manual
of Remote Sensing, remote sensing deals with all meth-
ods and techniques which gather data on remote objects
without being in physical contact with them and, beyond
this, it deals with the methods to derive useful informa-
tion from these data (Simonett 1983).  

This definition was formulated in the late 1960s, but
the idea of remote sensing can be dated back to Nièpce,
who developed the first forms of photography in 1816.
A chemical sensor, mostly silver based and reactive to
incoming light, together with a “camera obscura” or pin-
hole camera, was the first medium to take and to store
images for a longer period.2

After colour photography was developed by Louis
Ducos du Hauron and others in 1868 (Anonymous
2005a), the development of a whole sector started. Pho-
tographs became an important tool to store images of
people, big events and the world. 

In the second half of the nineteenth century people
realised that the limited perspective of a ground-based
photographer could be overcome by taking a camera on
a trip with a “Montgolfiere”, those early balloons that
first enabled people to look from a height onto our envi-
ronment. The first ever aerial photograph was taken by
Nadar (1858), while the first photography for forestry
purposes was reported in 1887 near Berlin in Germany
(Figure 1). It was used to support the compilation of a
forest management plan. 

Whereas first users of aerial photographs were limited
to visual image interpretation, the technologies of photo
interpretation and photogrammetry opened up entirely
new ways to derive useful information from the pho-
tographs. The idea of taking two images of the same
object from slightly different perspectives led to 3D-
images showing reality in all three geometric dimensions
in a virtual model. 

Although the first stereo camera was already pre-
sented by Dubosq in 1851, it took another 50 years to
understand the basic geometric principles of photogra-
phy. Based on concepts developed by Stolze and
Pulverich (see Hildebrandt 1996) in Austria and Ger-
many, it became possible to measure objects shown on
photographs in all 3 dimensions. The scientific field of
“Photogrammetry” was born.

With the development of fully controllable aero-
planes in the early years of the twentieth century, aerial
photographs became a success story worldwide. In
1924, Burma (today Myanmar) was mapped by using aer-
ial photographs and in 1928 the first vegetation mapping
was carried out in Zimbabwe, the former Rhodesia. The
first forest inventories covering huge areas were carried
out in Russia and the USA/Canada, allowing the first
accurate estimation of the area forested (Hildebrandt
1996).  

In Europe aerial photographs became a standard tool
for surveying and mapping for several purposes. The
forestry sector in particular contributed to the develop-
ments. In the 1920s Hugershoff, a professor of surveying
and photogrammetry at Tharandt, one of the oldest
forestry universities in Europe, developed the first semi-
automatic photogrammetric plotter, the “Autokarto-
graph”, a complex mechanical instrument which derived
data from aerial photographs in a largely automatic man-
ner (Hildebrandt 1996). 

It became obvious that changes in perspective along
with modern high-resolution aerial photographs enabled
people to get more comprehensive information on the
earth’s surface and its objects at much lower costs and
without a significant loss in accuracy. 

During World War II the development of civil appli-
cations of aerial photography came to a standstill.  

It took another 20 years for the growing field of
remote sensing to resume its success story. This story is
closely linked to the rapid developments in two other
disciplines: space technology, on the one hand, and com-
puter technology including the development of electron-
ic sensors, on the other hand. Notwithstanding the com-
petition started between the United States of America
and the Soviet Union after the Second World War and
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2. In 1839 the French Academy of Science officially announced the invention of Photography by Nièpce and Daguerre 
(Anonymous 2005a).  

Figure 1:
First aerial
photograph
taken for
forestry pur-
poses from a
balloon near 
Berlin, 1887



the dramatic arms race they initiated during the Cold
War, the first civil Earth Observation Satellite ERTS 1
(LANDSAT 1) was launched on 23 July 1972. This date
is the starting point of civil earth observation from space.
Electromagnetic radiation detected by a line of sensor
cells was converted into electricity and transformed into
numeric values in a continuous process, resulting in a
matrix with rows and columns. The digital image could
be easily transported to a ground station ready for print-
ing or analysis according to specific information require-
ments. 

A new era of remote sensing had started. One of the
first and most ambitious projects using the new technol-
ogy was the Brazilian Forest Cover Monitoring Project
aimed at getting information on the forest resources
covering 8,5 million km² of the country. Results of the
mapping, showing dramatic losses in the forests of the
Amazon due to uncontrolled burning and shifting culti-
vation, shook the world and resulted in the first public
discussions about the global threats caused by the envi-
ronmental disaster in South America. Other projects
with similar objectives followed and today several global
monitoring programmes such as UNEP,3 GEMS4 and
FRA5 rely on satellite images. 

Since the early 1970s several dozen satellites for
earth observation purposes have been launched. With
new and very different sensors on board, they collect
data about the whole of the earth’s surface. Sensor
developments along with a new generation of micro-
satellites, such as the South African Sunsat, are booming
and there is no end in sight to these developments.

The global availability of satellite imagery, along with
huge amounts of data that required processing, pushed
developments in another discipline. The modern science
of informatics has become more and more an integrated
part of the remote sensing system. Whereas in the early
stages of satellite remote sensing image analysis, visual
image interpretation was the only approach to get infor-
mation from the data, and the need for more automatic
fast-image processing became obvious in order to man-
age the enormous stream of data delivered by the sen-
sors. 

Mathematics and Statistics provided methods which
were integrated into digital image processing, forming
part of modern technical informatics. Although scientists
around the globe started these developments in the
1960s or even before, a breakthrough in digital image
processing was achieved only 10 to 15 years ago. Along
with the revolutionary developments in the EDP sector,

making computer hardware more powerful, affordable
and more ergonomically effective, it became possible to
store huge amounts of image data and to process the
data in acceptable time periods. Besides this, digital
image processing techniques opened completely new
approaches to derive information from images. First of
all, image analysis became more objective as the applica-
tion of strict mathematical methods allowed scientists to
minimise the influence of external factors which may bias
the viewer’s decision. Secondary information which is
normally not visible on an image could be derived by
enhancing, filtering or even compressing the data matrix. 

WINDOW ON OR TO OUR
WORLD?

This short historic review may give an idea of how the
scientific discipline developed. But what was and

what is its contribution to the wider open window as
proposed by Rilke and colleagues from the scientific
community? And finally, the question will rise as to
whether it opened a window on our world, as many
readers of this text may assume, or if it was more a win-
dow to our world?    

Indeed remote sensing contributed significantly to
open the windows through which we can look at our
world in the widest sense. By far the most impressive
proof of this assertion was given by astronomy. Its
depthless view into the universe using remote sensors
opened up new and unexpected insights into the genesis
and growth of the universe and through this into the
solar system and the planet earth itself. Even some of the
basic definitions and ideas based on Einstein’s theory of
relativity could be proven via the remote view into
space. Images showing cosmic events on an incredible
scale, such as explosions of stars, so-called supernovae,
which happened billions of years ago, may also indicate
how science and art are closely linked with each other.

The two examples in Figure 2 and Figure 3 show
some of the most impressive pictures from deep space.
The Crab Nebula (also known as Messier Object 1, M1
or NGC 1952) is a gaseous diffuse nebula in the constel-
lation Taurus. It is the remnant of a supernova that was
recorded by Chinese and Arab astronomers in 1054 as
being visible during daylight for 23 days. Located at a dis-
tance of about 6500 light years from Earth, it has a diam-
eter of 6 light years and is expanding at a rate of 1000 km
per second. A neutron star in the centre of the nebula
rotates 30 times per second. The Whirlpool Galaxy M51,
photographed by the Hubble Telescope is about 
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3. UNEP: United Nations Environmental Programme

4. GEMS: Global Environmental Monitoring System

5. FRA: Forest Resources Assessment
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12 million light years away. It has the historical distinction
of being the first galaxy to have spiral arms detected in it.
This was done in 1845 by William Parsons, the 3rd Earl
of Rosse, with his large 72-inch reflector (the largest tele-
scope in the world for about half a century).

To talk about the window to the universe opened up

To talk about the window to the universe opened up by
astronomy using remote sensing techniques may be
somehow too ambitious for a forest scientist with a
more limited field of vision. Nevertheless similar tech-
niques helped to get much better insights into nature on
our globe and its functioning. 

From today’s perspective the window was opened
up in 3 different dimensions, namely: 

by providing a new synoptic perspective to land-
scapes or remote objects which may help to over-
come the limited view that a human being walking on
the ground has; 

by enabling people to store a wide range of objective
documentation of remote objects with expanding
possibilities to monitor changes; 

by opening the view into the world of electromag-
netic radiation and its interaction with the objects on
the surface which are normally not visible to the
human eye.

In the early stages it was mainly the widened perspective
which allowed scientists from different disciplines, geol-
ogists, archaeologists, foresters and surveyors to get
more comprehensive pictures of landscapes, cities or
forests, which allowed for more effective and better
planning and management. The synoptic overview from
above helped to evaluate the juxtaposition of forest
patches, agricultural crops and natural vegetation, which
plays an important role in evaluating landscape ecology.
Today a whole set of indices and statistics describing the
mixture and extent of different landscape elements
based on remotely sensed data is available. 

After the introduction of the third spatial dimension
into remote sensing by combining images taken from
two different perspectives in a 3-dimensional stereo
model in the early years of the twentieth century, the
window to our world opened up more. The “one-eyed”
view on our world along with a changed perspective was
dramatically extended and became more natural to the
viewer, enabling photogrammetrists to measure moun-
tains and valleys, trees, buildings and other objects on
the surface in all three dimensions.     

Forestry and forest inventory in particular benefited
from these new developments. Measuring trees for enu-
meration purposes on stereo aerial photographs became
a feasible option in forest inventory. Tree height, tree
crown diameter and some forest stand variables, such as
stand density and crown cover, can easily be measured
on a 3D image produced with analytical or digital stere-
oscopes. With the help of modern regression analysis
non-visible tree variables, such as the trunk diameter or
the timber volume, can be estimated from the pho-
togrammetric variables with high accuracy. Although not
everything describing the complex structures of trees

Figure 2: 
The Crab Nebula in Taurus (1999)

Figure 3: 
The Whirl Pool Galaxy (taken by Hubble Telescope)



and forests can be measured on remotely sensed data,
photogrammetry dealing with measuring objects on
images has become an indispensable tool in forest inven-
tory. 

From today’s perspective remote sensing opened in
particular the second aspect of the window on our
world mentioned above. The objective documentation
of the landscape or forest provided by the images
enabled foresters to get an idea on changes in forested
areas or in the health status of forests from year to year.
It became obvious that images taken from time to time
formed the only basis for realistic monitoring of natural
resources in large areas.  The actual situation stored in
an aerial photograph or satellite image could be com-
pared with the previous images and so on, allowing the
generation of a complete history of forest stands. 

Exactly these capabilities of remotely sensed data
opened up the eyes of nations to the dramatic decline of

the global forest resources in the 1970s and 1980s.
Today the rapid changes in the tropical green belt of rain
forests are as well documented as the dramatic growth
of cities, with catastrophic results for the environmental
and social situation in the affected areas. 

A completely new dimension when looking at our
world – the third one on the list - was opened up by the
expansion of remote sensors to wider parts of the elec-
tromagnetic spectra which are not directly visible to the
human eye. As humans we are limited to a small segment
of the spectra, including wavelength from 0,38 mm to
0,78 mm, which we can “see” as the colours from blue
to red. 

In the late 1960s a chemical sensor sensitive to
incoming radiation from the near-infrared spectral band
was developed. The infrared colour film, also known as
“false colour” film, showed a composite of the visible part
of the spectra and the near-infrared band, which is known
as one of the most important reflectance bands of living

green vegetation.  In the 1970s and 1980s these films
became the most often used remote sensors in aerial
photography in all disciplines working with living vegeta-
tion.  The main reason for this is the fact that living veg-
etation shows specific changes in reflectance values of the
near-infrared band when under stress. Figure 5 gives an
impressive example for the capabilities of the sensor. It
shows a pine forest in northern Germany with some
severe damage in various parts. A circular area of damage
appears near the road of the forest (see enlarged seg-
ment). The green colour indicates that the portion of
near-infrared radiation reflected from these trees is
much smaller compared to the surrounding trees with a
stronger red appearance. The trees are severely damaged
by a fungus and will die sooner or later. By looking at the
CIR image a forester could identify the affected trees and
remove them from the forest as soon as possible in
order to prevent a further spread of the disease.  

This ability of modern film was the reason for the suc-
cessful introduction of IRC aerial photographs in map-
ping the health status of European forests after a dra-
matic decline in tree health was detected in the early
1980s.  By combining the image-based health assessment
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Figure 4: (left)
Deforestation in the
Amazon region in 36
years (Anonymous
2005b)

Figure 5: (bottom)
Infrared colour aerial
photograph of a pine for-
est in Lower Saxony,
Germany



with the soil, topography and climatic situation at specif-
ic sites using spatial modelling techniques, a better
understanding of the complex reasons for the sudden
decline was possible. Furthermore, it also became possi-
ble to predict the spread of the diseases, which in turn
enabled foresters to prepare measures to fight the prob-
lem.     

After these first, crucial steps towards a significantly
widened view into the world of electromagnetic radia-
tion, multi-spectral sensor capabilities developed rapidly.
The “mother” of all earth observation satellites, the
American Landsat System, detected 7 different segments
of the electromagnetic spectra, allowing a very distinct
classification of vegetation and other surface groups such
as settlements, roads or bare soils. Multi-spectral image
sets allowed the derivation of specific spectral signatures
of the objects. 

Despite all this progress, the view through remotely
sensed data to our world remains closed during the
night or if big cloud clusters, mist or dust prevent a clear
view to the surface. Sensors developed so far depend on
existing electromagnetic radiation in order to get
reflectance back to the sensor. Starting in the 1960s
active radar was developed. Using microwaves in wave-
lengths between 2,4 cm and 30 cm, the active systems
illuminate the area to be investigated while receiving the
reflectance coming back. 

Radar images are not as decorative as coloured or
multi-spectral images, but they contain a set of very spe-
cific data which can be extracted and transformed into
information. 

Beside the fact that microwaves are not seriously dis-
turbed by clouds or a misty atmosphere, microwaves of
specific wavelengths may also penetrate vegetation
cover. This makes it possible to get information on cov-
ered objects such as soils under a closed vegetation
canopy. 

Microwaves are normally reflected according to the
surface’s roughness and the dielectric constant of the
upper soil layer. As this constant depends on the soil’s
moisture content, the idea is to use radar remote sens-
ing to map water resources even in deeper and hidden
parts of the surface. As other factors also influence
reflectance of microwaves, it took more than 20 years to
develop suitable methods to derive data on soil moisture
from radar images (Prietzsch 1998).   

By far the biggest steps towards a more open win-
dow to our world were taken in the last 10 to 15 years.
The system “Remote Sensing” advanced during this time
into a “high-tech” discipline benefiting from the rapid
developments in electronic data processing, mathemat-
ics and the broad discipline of informatics. By introduc-
ing these technologies, deep insights into our world
became possible in all 3 dimensions mentioned above. 

Beside the rapid development of new sensors -
Stellenbosch University has been successfully involved in
these developments for more than 10 years - it was
mainly the growing scientific field of informatics which
contributed significantly to the state of the art. The
whole process of “digitisation” in remote sensing paved
the way towards semi- and fully automated approaches
to image processing.   
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Figure 6: 

Synthetic aperture radar image (left) and true colour aerial photograph (right) (Courtesy Anonymous 2005c)



BOOMING SCIENTIFIC FIELD

The expectations raised by the potential of recent
developments in sensor technology and image pro-

cessing pushed the whole scientific community towards
increased efforts to undertake research and develop-
ment in order to exploit the capacities of this technolo-
gy. Just to give an idea of the extent to which the disci-
pline has been booming since 1990, it should be men-
tioned that the European Union budgeted 1,2  billion
Euros for the whole sector of Earth Observation and
Space in the 6th Framework programme from 2000 to
2006. Most of the money is spent on developments in
the sensor segment of the remote sensing system, but by
far the biggest number of projects currently sponsored
by the EU deals with research which may help us to learn
more about the global ecosystem and the threats that
may change our world dramatically.  

It would exceed the capabilities of the author and the
purpose of this presentation to give a complete list of all
the fields researchers are currently working in. In the
field of renewable natural resources research currently
focuses on 3 major topics – some with a more applied
orientation, others with the character of more basic
research: 

Automatic image processing, including pattern recog-
nition and feature extraction from images at different
scales;

Change detection with time series analysis of
remotely sensed data;

Spectral analysis, spectral reflectance models for veg-
etation mapping and monitoring using hyper-spectral
imagery.

Projects on automatic image processing, including fea-
ture extraction and pattern recognition, normally aim to
support the time-consuming process of detecting single
objects shown on an image in order to measure the
object or to classify its specific characteristics. The first
issue is part of automatic photogrammetry; the second
one deals with the far more complex processes of image
interpretation. 

An example from the forestry sector may clarify the
problem scientists are currently dealing with. Due to the
extraordinary significance of forest resources for global
climate (e.g. carbon sequestration/carbon trading) and
biodiversity, it is necessary to make an inventory of
selected parts of forests on a regular basis. Forests are
composed of millions of trees growing in more or less
dense forest stands. In younger, naturally grown stands
the number of trees may easily exceed 50000 trees per
ha. Planted forests may start with much lower numbers,
but even 1000 or 3000 trees per ha can occur in these
stands. To measure and to evaluate all trees is simply
impossible for technical and economic reasons. Here

modern image-processing techniques can be used.
Automatic feature extraction from images allows detect-
ing a single tree in order to measure its height and to
estimate the timber volume or the biomass the tree rep-
resents. Figure 7 shows an example from a system devel-
oped for European pure spruce forests. The image
analysis follows a 3-step procedure, starting with image
preparation in order to improve the visibility and sepa-
rability of single trees on the image. 

After preparation the system starts looking for local
maxima in the greyscale matrix, which can be identified
as the centre of a tree (Figure 7b). The third step
includes a segmentation procedure which determines
the crown diameter for each selected tree. The crown
diameter is later used for the estimation of tree diame-
ter and its timber volume. Altogether the procedure
takes less then 10 seconds, which is a remarkable
improvement in comparison with the duration of a ter-
restrial inventory, which may take three foresters up to
60 minutes for the plot indicated in Figure 7a.
Nevertheless, there are some problems which require
further research. For example, this approach is not
robust enough to be applied successfully to other tree
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Figure 7: 
Automatic tree selection and enumeration from aerial pho-
tographs (Kätsch 2001b, 2002)



species and different image scales. Current and future
research are to focus on the integration of a model data-
base and an automatic model selection tool, which helps
to find the most suitable approach for the automatic
image analysis. 

Beside the mensuration aspect of forest inventories,
there is the problem of tree species recognition. Fores-
ters need to know which species are found in the forest
in order to assess its diversity or to prepare suitable sil-
vicultural concepts to manage the forest. The automatic
determination of tree species shown on images is a chal-
lenge which has not been resolved to this day. Well
trained and experienced image analysts are normally able
to recognise most of the 10 to 20 species that one will
find in Europe’s managed forests with an average proba-
bility of failure of about 20%. With the help of additional
information about climate and soil, the results may
improve, but recognising the hundreds of species in
South African woodland areas is nearly impossible.   

A computer-based tree-species recognition system is
not in place, but some initial, encouraging results may
show the direction of current and future research.
Currently two basic approaches are addressed in actual
discussions, a forest stand-based approach, on the one
hand, and a single tree basis, on the other. 

Forest stand-based approaches, which are mostly car-
ried out on images with a pixel size bigger than 1 m, can
be applied on pure stands only. The pattern in which
trees are shown on the image can be evaluated accord-
ing to its periodicity and compared with other species
using frequency-analytical methods like Fourier analysis
or wavelet transformation. Typical behaviour of the spec-
tra derived from the image can be identified and used for
species determination. Figure 8 shows the results of a
Fourier analysis carried out on medium-scale aerial pho-
tographs for the two most important European tree
species: the European Beech (Fagus silvatica) and Norway
Spruce (Picea Abies). 

From left to right the original photograph is shown
followed by a diagram representing the greyscale
sequence along the yellow line indicated on the images.
Finally the quadratic spectra, giving an idea of the peri-
odicity, are shown. As expected, the typical structure of
the canopies resulted in very different spectra for the
two tree species which can now be used for automatic
tree species recognition on similar images.

The second approach selects a single tree from the
image and analyses its typical crown structure. Brandt-
berg (1997) proposed to apply a skeletonising approach,
which allows one to derive specific crown structures
from the image and to compare it with given examples.
Figure 9 gives an indication of the results he achieved.
The image shows the original picture of a Pine (Pinus
sylvestris), a Norway Spruce (Picea abies L.) and a Birch
(Betula spec.).

In order to find and to analyse the specific crown
structure, a so-called Laplace transformation is used.
This transformation or digital filter suppresses low local
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Figure 8:

Results of a Fourier
analysis of image data
taken from a Beech
stand (top) and a stand
of Norway Spruce
(bottom) (Kätsch
2001c) 

Figure 9:  
Typical tree crown patterns derived from aerial photographs
(courtesy Brandtberg 1997)



frequencies (high-pass-filter), leaving only the most
important edges of the image, which normally represent
the object’s basic structure. In order to classify the
structure derived from the image, one can apply anoth-
er transformation like the Hough transform, giving a
clear indication of whether more radial or more parallel
structures are typical for a tree species. In the example
shown above a distinct radial structure can be found for
Spruce, whereas very parallel structures classify the
Beech crown. 

Pattern recognition methods along with modern de-
cision support approaches such as the Baye’s Networks,
which allow for combining features extracted from
images with expert knowledge, will be the future of dig-
ital image interpretation. Fully automatic object recogni-
tion systems are still in place for some technical applica-
tions. A similar expert system for diverse natural objects
such as trees will take a while before it can be used. 

Change detection using time series analysis from a
set of images taken of the same location over a period
of time is the second focus. In order to fight global
threats, the view back in past situations documented in
images is the only way to see how the situation for a spe-
cific landscape has changed. Nevertheless, detecting
change on remotely sensed data is not always an easy
thing to do. Due to changing atmospheric conditions and
different light conditions, the reflectance of objects may
differ between two images leading to misinterpretation
and errors. Therefore, a set of about 20 indicators has
been developed which helps to decide whether there is
a real change in land use or a change in spectral signa-
tures due to different atmospheric conditions. Due to
the extraordinary significance of change detection for
global and national environmental monitoring, several
international research groups are working in this field. 

The third scientific focus which is currently being dis-
cussed in dozens of papers and conferences around the
globe deals with the application of imaging spectrometry
or the so-called hyper-spectral imaging. Hyper-spectral
imaging is the simultaneous acquisition of images in many
narrow, contiguous, spectral bands. 

Each pixel in the remotely acquired scene has an
associated spectrum similar to the spectra of the mater-
ial/mineral obtained in the laboratory. These capabilities
open the door to a more qualitative assessment of the
different objects shown on the images. 

Spectrometry of plants is a well known application
that has gained importance in several fields. Modern pre-
cision agriculture, for example, uses spectrometers
mounted on a fertilising device travelling through the
crops for real-time determination of the amount of fer-
tiliser which should be applied to a specific plant.  

Imaging spectrometry based on complex airborne or
space-borne sensor systems uses basically the same

technical approach, but with another spatial orientation.
It combines the advantages of the better perspective
when looking from above with a deep view into the
whole range of reflectance spectra of the objects shown.
The expectations of this technical concept are, on the
one hand, that it will make it easier to classify different
objects on an image with much higher reliability and, on
the other hand, to generate data on the current physio-
logical or bio-physical and biochemical status of living
vegetation (Kätsch 2001a). 

Nevertheless, the improved perspective along with a
complete coverage of the earth surface and the objects
on it is associated with two severe problems which ham-
per easy analysis of the hyper-spectral data. First, it is the
quality of the atmosphere which is more or less pervious
to electromagnetic radiation. A more humid, dusty
atmosphere will change the spectra reflected from the
earth’s surface in a different manner than a drier, clear
one. Second, the spatial resolution of imaging spectrom-
eters mounted on aircraft or satellites is limited. Even if
we have a high-resolution image with pixel size in the
sub-meter range, the reflectance which is detected by
the sensor will most probably come from very different
objects. Leaves of trees, crops, weeds and bare soil will
be registered in one pixel, showing a more or less unde-
fined mixed pixel. 

However, some of the problems mentioned above
have been solved or minimised. With additional terres-
trial reference spectroscopy during the flight campaign,
the process of radiometric correction and end-member
analysis can be improved significantly. In particular when
mapping minerals, which normally have a very distinct
spectral reflectance curve, methods of atmospheric cor-
rection, noise reduction and spectral un-mixing have
proven to be generally successful in detecting these min-
erals automatically. Furthermore, several results pub-
lished on mapping living vegetation using traditional clus-
ter-analytical approaches show that the thematic depth
or resolution of classifications can be significantly
improved when using hyper-spectral data. Whereas
multi-spectral images can be classified into 10 to 12 cat-
egories (Forest, Agricultural Crops, Water…) when
using supervised classification (Schmitt-Fürntratt 1990),
a hyper-spectral dataset can basically be classified into 25
or more categories, allowing a much more detailed
insight into the land use pattern. For that reason hyper-
spectral remote sensing is the only available approach to
get information on biodiversity in natural vegetation
types. Nevertheless intensive research is required to
improve spectral analysis and un-mixing in order to
unlock the full potential of the data.  

A more difficult situation must be reported when
talking about evaluating the biophysical and biochemical
properties of living vegetation with the modern technol-
ogy. Beside the basic difficulties with atmosphere and
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mixed pixels, the leaves of a tree vary very much in their
spectral reflectance properties. Even under very clearly
defined conditions in a laboratory, spectra will vary
depending on the sun’s angle, the leaf’s position and, of
course, its current physiological status. Figure 11 gives
an indication of what happens to the reflectance curves
of Beech leaves (Fagus silvatica) if the incoming radiation
meets the leaves’ surface at different angles. Although
the general shape of the spectra doesn’t change dramat-
ically, there are some specific changes in small parts of
the curve which are quite important to establish distinct
differences between two tree species or a healthy and a
damaged leaf from the same species. 

The scientific community is currently arguing about the
right approach on how to solve these problems. Under
discussion are two different approaches:  the one is a
more empiric one, the other a more deductive one.    

The classical empirical approach, which was in some
parts developed for analysing multispectral images, uses
indices or ratios from specific bands of the spectra which
have been identified as being of particular importance for
any biophysical or biochemical property of a plant. As
example two chlorophyll indices called the Pigment
Specific Simple Ratio (PSSRa) and the Pigment Specific
Normalised Difference (PSNDa), as proposed by
Blackburn (1998), should be mentioned. The PSSRa is a
simple ratio of reflectance at two optimal wavelengths,
in this case 810.4 nm and 676.0 nm for chlorophyll a.
PSSRa = R810.4 / R676.0. Another method is proposed
by Chapelle et al. (1992). The Ratio Analysis of
Reflectance Spectra (RARS) uses an empirically derived
mean “reference” spectrum from a chlorophyll-saturat-
ed plant in order to divide each hyper-spectral pixel
spectra of the image to highlight specific absorption fea-
tures of chlorophyll a, b and major carotenoid pigments.
McNairn et al. (2001) applied these methods to several
corn and bean fields in Canada. 

The second approach, which is in particular promis-
ing for the retrieval of biophysical parameters of vegeta-
tion, uses radiative transfer model inversion. These
models provide a theoretical collection of typical spectra
for different crops, plants and land covers, depending on
their properties. Furthermore, the two factors men-
tioned above, namely the sun angle and the view angle,
which change the spectra significantly, can be included.
By inverting the model, biochemical or biophysical prop-
erties of vegetation can be predicted. These models have
been successfully tested for forestry purposes.
Atzberger (2000, 2003, 2004) used reflectance models
to derive canopy variables for European forest stands. A
model to derive biophysical properties of landscapes
with different land uses based on hyperspectral data and
additional land use information was proposed by Dorigo
et al. (2005).   

The analysis of hyperspectral imagery will form a
major part of future research in the field of remote sens-
ing as it forms the only promising technology which may
be of help when looking into the running processes in liv-
ing vegetation. If this technology becomes a feasible
alternative to terrestrial approaches, it holds great
potential in the whole agricultural sector, forestry and
the global environmental assessment, which needs to be
done in order to supervise measures taken within the
framework of the Kyoto Protocol.     

The list of ongoing research in the remote sensing
system as a whole could be continued for several pages.
In particular, methods coming from the field of technical
informatics will change the image analysis segment of
remote sensing dramatically. A key term is “artificial
intelligence”, which will enable computer systems to
analyse images automatically and derive decisions from
the information acquired. Technical applications of this
approach are still in place, for example, when a robot
assesses the quality of any product and decides if it
should be used for further processing or not. When
looking through a window to our world, things are, of
course, far more complex and fully automatic decision-
making lies far in the future.  

CONCLUSIONS
It may be very ambitious to answer the question which
forms the title of this paper with a clear and simple
“yes”, yet there can be no doubt that remote sensing has
contributed very much to both a more open window on
our world and the more complex window to our world.
Not all dimensions of the view to our world may have
been opened, but from the scientific perspective modern
technology has helped us very much to understand the
functioning of our world.

Nevertheless, one may ask how mankind has bene-
fited from the more open window. Is remote sensing a
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Figure 11: 
Reflectance curves for a leaf of European Beech measured
with changing sun angles and sensor orientation (Horn 2005)



panacea or just an opened Pandora’s Box? When the
first civil earth observation satellite with a sub-meter
resolution was launched successfully, people claimed
that Orwell’s vision of a fully controlled humankind has
become true. And what about the extraordinary mean-
ing modern remote sensing has in the wars which dev-
astate the globe year by year? It is most probably right

to say that some aspects of both are true. As in many
scientific disciplines, it is the abuse of modern knowledge
which often makes it questionable. Finally it is up to peo-
ple to decide which direction it will take: as a benefit for
mankind and the future of our world or as a power tool
to oppress human beings.  
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