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Topographic Mapping of the Earth from Space:
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e-mail: r.wright@abdn.ac.uk

The need for reliable and up-to-date topographic maps for planning and economic development of a country is
well recognised.  However, rates of completion of world topographic mapping are quite variable, as reported
in UN/ICA records since 1970.  Problems associated with attempts to increase the completion rates of new and
revised mapping by current conventional techniques are considered.

The potential advantages of utilising imagery from Earth orbiting satellites (which have been recognised since
at least the early 1970s) include cost-effective area imaging from the broad synoptic coverage obtainable from
hyper-altitude satellite platforms, and the built-in repeat cycle of near circum-polar orbits which facilitates a
more frequent rate of map revision.  Despite these apparent advantages of satellite imagery, during the past 25
years or so there has been no significant adoption of this image source by national mapping agencies for
routine topographic mapping, although there has been considerable testing of the suitability of satellite data
for this type of mapping by both mapping agencies and research groups.

The capacity of satellite imagery to meet existing standard specifications for topographic mapping are reviewed
in the context of both metric requirements and the completeness of map content.  This review is based on an
evaluation of the comprehensive scientific literature, since 1970, on topographic mapping experiments utilising
data from Landsat, SPOT, Metric Camera, Large Format Camera, MOMS-1 & -2, ERS-1 & -2, IRS-1 & -2,
and Radarsat.

Finally, the most common problems standing in the way of widespread adoption of satellite imagery for
topographic mapping are identified and possible solutions are suggested, including the potential use of
InterFerometric Synthetic Aperture Radar (IFSAR) for generating Earth surface height data, and the likely
impact of the new generation of ‘one-metre’ spatial resolution satellite data on the content of maps and digital
topographic databases at 1:24,000 and larger scales.

Introduction

The topographic map has been around for a long time ( the national mapping organisation in Britain, the
Ordnance Survey (OS), was founded in 1791). However, because of its general multi-purpose nature, this most
frequently used of all maps would seem to be somewhat difficult to define, with Larsgaard [1984] listing 25
definitions from the literature.  Most seem to agree that such a map portrays the more important cultural
features and natural features in their ‘correct’ positions and, most importantly, it includes height information to
convey the shape or relief of the landscape.  Topographic maps are also the most exacting to make because of
the need for original, and precise, measurements and the problems involved in measuring and depicting the
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relief.  Since topographic maps contain knowledge of ‘where things are’ (in a measurable sense) from the
beginning they have been regarded as an invaluable aid to military conquest and control of a territory.  National
mapping organisations (including the OS) began as a branch of the army, and in many countries such national
mapping is still controlled by the military.  There are also important civilian needs for topographic maps, not
least as a cartographic base for planning and development of a country.  Furthermore, the requirement for
topographic information will increase in future, to support the information needs of sustainable development,
as identified by the United Nations(UN) under Agenda 21, Chapter 30, at the UNCED Conference in Rio
(Brazil) in 1992 [Konecny, 1996].

Background

Given the important role of topographic maps in the development of a country, the UN on a regular basis has
collated information on the world-wide state-of-progress of topographic mapping at a range of scales.  In the
early 1980s, less than 20% of the land area was mapped at 1:100,000 scale. (the minimum scale required for
inventory, exploitation and management of most natural resources) and Brandenberger [1984] noted that “at
the present rate of yearly progress the completion of adequate map coverage at scales larger than 1:100,000,
might take another 100 to 150 years”.  The 1993 UN review of the status of world topographic mapping
reported 56% of the land area mapped at 1:100,000, 66% at 1:50,000 and 34% at 1:25,000. [Konecny, 1996].
Such figures, however, tend to conceal the fact that the quality of the map is in doubt because of the lack of
comprehensive programmes of map revision [Davis and Fairbairn, 1998].  The recorded mapping at 1:25,000
may, on average, be more than 20 years old and 40 or more years old for 1:50,000 [Konecny, 1996] and so
much of the information will be out-of-date and potentially misleading.

The reasons for the slow rate of completion of topographic mapping, and map revision, are partly technical and
partly lack of trained personnel but, especially in less developed countries, primarily due to the cost involved in
meeting the demanding specifications of topographic mapping.  The accuracy in fixing the position of features
should typically be ± 0.2mm at the map scale (±5m for 1:25,000) and the spot heighting accuracy of points,
which depends on the terrain, should typically be ± 4m for 20m contouring of flat areas and ±10m for 50m
contouring of mountainous terrain. At present nearly all of this mapping is done by photogrammetry, using
custom-flown stereoscopic aerial photography.  Additionally, it is essential that the scale of photography should
permit consistent identification of the features (cultural and natural) required by the map scale (e.g. road net-
works, hydrology, urban and rural buildings, railways).

The Potential of Satellite Imagery

The potential of satellite imagery derives largely from the extreme altitude of the platform (offering more cost-
effective imaging of a given area) and the regular repetitive nature of a near circum-polar orbit (which might
permit eventual imaging of cloud-prone areas which consistently frustrate aerial photographic flights).

As early as the 1970s the topographic mapping community was evaluating the potential contribution of an
Earth orbital imaging platform for relieving the bottleneck in topographic map completion and revision [Doyle,
1973; Woolnough, 1975], although Petrie [1970] was sceptical, calculating that the specification of the earliest
sensors suggested serious consideration only for topographic mapping at 1:250,000 scale or smaller, with a
100m contour interval.  Petrie’s scepticism seemed well founded, since there was no meaningful contribution
to topographic mapping from satellite imagery during the 1970s, although towards the end of the 1970s he was
striking a more optimistic note on the possibility of ‘specialist unmanned cartographic satellites,’ to be launched
from the proposed Space Shuttle [Petrie, 1978].
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The Reality of Topographic Mapping from Satellites

The Landsats of the 1970s (-1,-2,& -3) proved to be unsuitable in geometry, stereoscopic cover and ground
resolution to meet the specifications of topographic mapping for positional and heighting accuracies and fea-
ture content (at the meaningful scales of 1:100,000 and larger).  Improvements in the spectral and spatial
resolutions [through the Thematic Mapper sensor (7 MS bands, 30m) on Landsat 4 in 1982, and with the
French SPOT satellite (3 MS bands,20m; 1 PAN band, 10m) in 1986] produced a veritable flood of evalua-
tions, accuracy testing and mapping projects during the 1980s [Doyle, 1984; Konecny, 1987; Welch et al.,
1985; Gugan and Dowman, 1988; Snowsill, 1985].  In summary, the Landsat TM was generally not reliable
enough for consistent interpretation of content for 1:100,000 scale, and the lack of regular stereocover (except
between adjacent orbits at latitudes >50°) and the poor Base: Height ratio (0.1) meant that the height accuracy
specification for 1:100,000 and larger scales could not be achieved.  However, experiments with SPOT-1
imagery (from 1986 on) did produce more encouraging results, with users indicating suitability, in most cases,
for 1:100,000 scale topographic mapping [Hartley, 1988], and in some cases for 1:50,000 scale [Rosenholm,
1996].  Where SPOT failed to reach the 1:50,000 specification it was usually due to a failure to identify all of
the required feature content for the map scale [Dowman and Peacegood, 1989]. The electro-optical scanning
systems (Landsat and SPOT) fulfilled the platform hyper-altitude (c.800km) and long-term orbiting with short
re-visit capabilities, which are distinctive advantages of satellite imaging.  However, the ‘content’ requirement
could not be met for the meaningful scales of  1:100,000 and larger.

Topographic mapping from space imagery was also evaluated in the early 1980s by the short-duration experi-
mental missions on the European Spacelab (1983) and American Space Shuttle (1984), in which ‘cartographic’
quality camera systems[the German Metric Camera (MC) and the American Large Format Camera (LFC)]
were deployed [Konecny, 1984].  Both camera systems provided imagery which could meet the planimetric
and heighting accuracy requirements for 1:50,000 mapping, but with ground resolutions equivalent to around
15m pixel equivalents they were considered marginal for meeting the feature content requirement for that scale
[Konecny, 1995].

During the late -1980s and early -1990s much experimental work was done in comparative evaluations of
imagery from a variety of sensor systems. (Landsat-MSS,-TM,-RBV; Metric Camera; Large Format Camera;
SPOT; Russian KFA-1000/3000;MOS-1, Japan; IRS 1-A,1-B,1-C, India; MOMS-1, Germany) for primary
topographic mapping and/or revision at 1:100,000 and larger scales.  Notable contributions to this experimen-
tal work have been made by Petrie and El Niweiri [1994], Konecny [1993] and Rosenholm, [1996].  However,
the general conclusion would have to be that by the mid-1990s topographic mapping from satellite imagery
could be carried out with confidence only for 1;100,000 and smaller scales.  Furthermore, during the years
following the Challenger Shuttle disaster (in 1986), when the only consistently available space imagery for
topographic mapping was from SPOT, there are only a few instances of national mapping agencies adopting
SPOT for topographic mapping projects (such as the British OS for 25,000 km2 of 1:100,000 scale line map-
ping in Yemen Arab Republic [Hartley, 1988] and the Ethiopian Mapping Agency for 1:50,000 ortho-image
maps, using Wild BC-2 analytical plotters [Petrie and El Niweiri, 1994, p.109].  Topographic mapping from
SPOT is a ‘high-tech’ solution which most of the less developed countries, who are most in need of such maps,
are not able to adopt because of lack of suitable equipment and trained personnel.

Cost Considerations

Topographic mapping does not come cheap.  However, there are signs that in recent years there has been a
significant downward shift in the costs of a number of major components of topographic mapping from satel-
lite images. Doyle [1984] provided a detailed estimate of the likely costing of a project to map the whole of the
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48 coterminous states of the USA, to produce 1:50,000 scale image maps with a 20m contour interval, based on
imagery from a postulated satellite system (MAPSAT).  This very detailed analysis took account of all the data
acquisition costs (including cost of the sensor and the spacecraft, and launch/operation/recovery costs); processing
and dissemination costs; ground control and fieldwork costs and the cartographic and printing costs.  All of this
was compared with the costs of achieving the same objective by using high altitude aerial photography and
conventional photogrammetric restitution.  For the area involved (almost 8 million km2), and building in a
write-off of 50% of the space imagery for unsuitable weather, the predicted unit costs for the 1:50,000 mapping
by space photography was US$26 /km2, compared with US$155/km2  by conventional mapping.  Even allow-
ing for a large ‘uncertainty’ factor with the space photography, the difference in the costings would appear to
be considerable.  Doyle does caution, however, that these economic advantages apply to very large sub-conti-
nental size mapping projects.  For example, if the area was only 1 million km2, then the satellite flight mission
costs would be the same and the costs of useful stereo-coverage per km2 would be twenty times as much
[Doyle, 1984].  Writing in 1984, Doyle was aware of the imminent introduction of the Global Positioning
System (GPS) constellation of satellites (by the US Department of Defense) and he postulated that a system
like MAPSAT, with GPS for precise positioning of the spacecraft on-orbit and a stellar Attitude Recording
System (ARS) would permit topographic mapping with a ground control point spacing of 500 to 1000 km
(rather than 30 to 50km needed with electro-optical systems like SPOT) so making considerable savings.
When Doyle stated “.... a combination of satellite geodesy with satellite imagery has the potential to revolu-
tionise cartography within the next decade” [Doyle, 1984], he perhaps did not realise how prophetic that
statement would appear viewed from the late-1990s. [Although, as with nearly every statement about satellite
missions, the timing has to be put back a few years.]

The Radar Option

From the early days of Earth imaging satellites it was realised that for many parts of the planet persistent cloud
cover would be a barrier to obtaining useful imagery from visible/NIR sensors.  This situation could be im-
proved by a shorter satellite re-visit period giving the possibility of more frequent overpasses of problematic
areas, increasing the probability of cloud-free imaging.  So far this approach has not been satisfactorily imple-
mented.  An alternative is to use RADAR sensors, which can effectively image the ground through cloud
cover.  Early experiments with this type of imagery were carried out for Seasat [Ali, 1987] and with Shuttle
Imaging Radar, SIR-B imagery [Wise and Trinder, 1987], indicating suitability for extracting planimetric de-
tails for mapping at 1:150,000 scale.  Derivation of height information is more problematic, but the deploy-
ment of a number of radar imaging satellites during the 1990s [ERS-1 and -2(European Space Agency); JERS-
1 (Japan);  RADARSAT (Canada) ]has produced a frenzy of experimental research into terrain heighting from
satellite Synthetic Aperture Radar (SAR) based on the technique of ‘Interferometry’, which relates phase
differences in transmitted and received pulses, from two different positions of the radar antennae, to differ-
ences in terrain elevations [Werner et al., 1992; Zebker et al.,1994].  Tests with ERS-1 data near Marseilles
(France) indicated a r.m.s.e. in elevation of 44m, with no ground control, but improved by 60% with use of 2
ground control points [Anon,1995].  The prospect of a NASA Space Shuttle mission in 2000, specifically to
exploit the use of radar interferometry to measure Earth surface elevations [Massonnet, 1997] suggest that this
technique may be the beginning of a solution to the general ‘surface heighting’ problem which has dogged
more conventional optical methods based on stereo-imaging.
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High-Resolution Satellite Imagery

In an address to the Congress of the International Society for Phogrammetry and Remote Sensing, in Vienna
(Austria), entitled ‘Thirty Years of Mapping from Space’, Doyle [1996] stated “International political sensitiv-
ity delayed the development of civil systems for mapping the Earth from space.”  Most of the relevant technical
advances during the 1970s were diverted towards lunar mapping, by Doyle and others.  The ending of the
‘Cold War’ has led to increasing availability of Russian satellite imagery of the Earth (2m to 10m spatial
resolution) and, in 1994, to the declassification by the USA of ultra high-resolution imagery obtained by
reconnaissance ‘spy’ satellites, especially CORONA [McDonald, 1995].  There has also been a marked down-
sizing of major defence programmes in the USA, resulting in a transfer of proven military defence technology
to civil applications.  Advances in digital technology have seen an enormous reduction in the cost of satellite
systems, to about 10% of the cost a decade ago.  The combined effect of these factors has seen the dawning of
the era of commercial Earth observation satellites.  Fritz [1996] reports known plans for the launch of 99 Earth
observation satellites in the period 1995-2004.  He reports that the value of the satellite/aircraft imaging market
is expected to increased from US$0.7 billion to US$2 billion between 1995 and 2000.  Doyle [1996] even
reports that studies predict a global market of US$8 billion annually in the early years of next century for a
range of geospatial products derived from high resolution satellite imagery.

Three significant consortia (all American) have been identified as the major players in this field:

1. Earth Watch Incorporated, with the Early Bird and Quick Bird satellites intended to deliver spatial resolu-
tions of 3m/15m, and 1m/4m, respectively for PAN/multispectral.

2. Orbital Science Corporation (ORBIMAGE) whose Orbview-1 system will deliver 1m and 2m PAN and 8m
multi-spectral imagery, with a geometry and resolution suitable for 1:24,000 topographic mapping with 6m
contours.

3. Space Imaging Inc. will also produce imagery suitable for production of high precision ortho-photo maps
to meet US National Map Accuracy Standards for 1:24,000 mapping.

In anticipation of the arrival of such sub-metre spatial resolution imagery, the Ordnance Survey, in Britain, has
conducted a series of experiments with simulated data (degraded from 0.2m ground resolution air photos) to
assess the likely suitability of the imagery for updating the large-scale digital map cover of Britain completed
in 1995 (the National Topographic Database, NTD).  It was concluded that the lm PAN imagery would not be
suitable for upgrading detail at 1:2,500 in rural areas but that it would have potential , with stereo photogrammetric
methods, for 1:10,000 scale mapping and smaller.  Creation of Digital Elevation Models (DEM) from 1m
spatial resolution imagery showed r.m.s.e. for heights of between 1.5m and 2m.  Since the actual higher reso-
lution satellite data will have greater B/H ratios than the wide-angle aerial photography used, it is expected that
the real satellite imagery, when available, will equal or better the 1.25m r.m.s.e. of the National Height Data-
base [Ridley et al.,1997].

More than two centuries old, the Ordnance Survey is an example of a mature national mapping organisation
where revision/updating of the National Topographic Database is a principal requirement.  The urban, rural
and moorland components of the NTD make up 229,000 tiles, of which 158,000 are ‘rural’.  Currently, using
aerial photography on a Digital Monoplotting System (Integraph Image Station, softcopy workstation) the
revision capacity for rural tiles is 14,000 per year, which is about half the desired rate for the 5-year rural
revision cycle [Ridley et al.,1997].  The Ordnance Survey is, therefore, very keen to evaluate some real 1m
ground resolution satellite imagery, and also look at the possibilities for automating appropriate aspects of the
revision task (e.g. through automated change-detection) with a view to speeding up the revision cycle.  It is
clear that it is not enought simply to have ‘coverage’ - the information contained in the map or database must
be complete and up-to-date, otherwise the effect of the information may be misleading, or even dangerous.
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Abstract

The paper examines to what extent a new approach for the production of maps can be taken using radar remote
sensing in the cartography of mountainous areas. This will be analyzed by means of two test areas, the flysch
landscape of the Edelsberg (Germany), and the high-alpine forms of the Silvrettagruppe (Austria). The basis
are high resolution, In-SAR data from the airborne AES-1 sensor. Furthermore a digital elevation model is
generated with the help of the SAR interferometry. After data preparation the information is extracted from the
multi frequent and -temporal data with the aim of making cartographic products. These data are compared
then with the claims of the high-mountain cartography and the contribution that radar remote sensing can
make to the high-mountain cartography is assessed.

1. Introduction

The goal of a topographical map is that it reflects the nature of the landscape with its characteristic
geomorphological elements. These elements, e.g. for a flysch landscape typical deep cut, recent erosion forms,
should be illustrated in a map as true to form and as vividly as possible. In general data from the aerial photog-
raphy systems and optical remote sensing as well as from terrestrial topographic ground surveys serve as a
basis for map production.

This paper gives the first analysis, how far and with which methods radar remote sensing is able to achieve that
aim of a topographic map. Imaging radar systems differ in their characteristics and imaging principles consid-
erably from optical remote sensing systems. The imaging of a ground surface by means of radar systems with
synthetic aperture (SAR) generates first a two-dimensional map of the illuminated area. In addition, with the
help of the SAR interferometry (InSAR), the ground surface can be reproduced in three dimensions. The SAR
images, the coherence image and the digital elevation model (DEM) now serve as a basis for extracting infor-
mation from the radar data. From this information a model of the real world is generated which then describes
reality as well as possible that cartographic products can be derived from it.

The methods of digital image processing or pattern recognition are used. With these the surface coverage of the
given area and the altitude information are described in the form of contour lines. Surface coverage and con-
tour lines are then examined with the help of a ground-truth as to their accuracy and in a further step measured
against topographical mapping criteria of the high mountains. Finally a statement can thus be made as to the
quality of the maps on various scales arrived at in this way.

The paper is structured as follows: Chapter 2 treats the SAR-principles, while chapter 3 outlines the theory of
information extraction. Chapter 4 deals with the application to a concrete area and discussing the results. In the
conclusion a view of the future of the project is given.
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2. SAR-Principles

Active microwave systems work in the frequency range of 0.3 to 300 Ghz [Ulaby et al, 1981], which corresponds
to a wavelength of 1 m to 1 mm. In this frequency range clouds and rain can be penetrated almost without
hindrance. As the high-frequency impulses are emitted by the sensor itself, the system works with its own
illumination and is independent of daylight. The depth of penetration into a medium increases with increasing
wavelength; shorter waves supply information about the surface, while longer waves provide information
about deeper-lying layers.

Depending on the surface the microwaves will on impact be either absorbed or scattered in different directions.
For the backscattering applies the following. The rougher the surface (Figure 2) the more diffuse the backscat-
tering is, respectively the plainer the surface (Figure 1) the more directed the reflexion is [Ulaby et all, 1982].

Figure 1. Directed reflexion on a plain surface Figure 2. Diffuse reflexion on a rough surface

The imaging of a ground surface by means of SAR systems generates a two-dimensional map of the illumi-
nated area.  Here a distinction has to be made between the two dimensions, i.e. on one hand the azimuth
direction, which is the direction of flight, and on the other hand the range direction, which runs perpendicular
to the direction of flight or parallel to the sight of the antenna (Figure 3).

For optical that work in the visible spectrum like the photo-
grammetric system the wavelength is around 500 nm.  For
obtaining a high resolution the photogrammetric systems
adjust the camera lens size, focal distance and flight height.
A typical wavelenght used by radar systems is around 3
cm, that is about 60000 times the wavelength used by
photogrammetry.  This results in very big antennas, for ex-
ample, one needs a 180 m long antenna for obtaining a reso-
lution of 0.5 m in flight direction.

The SAR technique [Oliver et al, 1997] is used to synthe-
sise a very long antenna by combining signals (echoes) re-
ceived by the radar as it moves along a track.  The synthetic
aperture can be constructed by moving a small antenna to
different positions through the whole length of the synthetic
aperture.  At each position a pulse is transmitted, then the
return echoes pass through the receiver and are recorded in
an ‘echo store’.  The range resolution is obtained by a short
radar pulse or equivalent techniques.

One important imaging property of SAR are the effects that appear due to the side looking geometry, i.e.
layover and shadow effects. We can describe them as follows:

Figure 3. Imaging technique
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Layover: The angle of inclination of the slope facing the sensor becomes greater than the angle of incidence.
Information starts to overlap, which no longer permits a clear allocation of the signals (see area AB
in figure 4).

Shadow: Radar shadow arises if the angle of inclination of the slope inclined away from the sensor becomes
greater than the angle of incidence. Areas occluded by the relief are not visible (see area CD in
figure 5).

Figure 4. Layover Figure 5. Shadow

A SAR image is generated by processing the recorded raw data [Curlander et al, 1991]. In the processing step
the raw data are range and azimuth compressed forming a two dimensional image in slant range (radar) geom-
etry.

Another important imaging property of a SAR image is the speckle [Goodmann, 1976]. Thereby the receiving
signal is made up of the coherent sum of all scatters within a resolution cell. By this coherent addition destruc-
tive or constructive interference appears in the SAR image and are called speckle (granular character of the
images).

The contrast of the speckle (coefficient of variation; cvar) [Lee et al, 1994], which represents a dimension for
the granularity, can be defined as follows:

cvar=
s

x
      (1)

where s = the standard deviation
and x = the average of the scene (or selection of this) considered.

In order to decrease the speckle, spatial averaging (multilook) [Moreira, 1990] is performed. The average, for

example, a moving average, is taken from L az  values in azimuth and L rg  values in range. The aim of this

multilook imaging is an improvement in the radiometric resolution. However it leads to a reduction of the
geometric resolution. Thus a compromise must be found between the reduction of the speckle and a loss in

geometric resolution. L denotes in the following the number of looks, which is given by L = L az  · L rg .

An L-look intensity image (I) can be calculated by the incoherent averaging of L uncorellated power images or
pixels [Holecz, 1993] from:

I=
1

1
L

Pk

k

l

=
∑       (2)



Ottawa ICA / ACI 1999 - Proceedings / Actes

           10 Index

The speckle is analysed by means of first order statistics by its statistical description using probability density.
The distribution of the backscattered values of the power of the data for homogeneous areas corresponds to an
exponential distribution. For L-look intensity images the resulting probability density is consistent with the
convolution of L-exponential distributions [Ulaby, 1986]. The following relationships for an L-look intensity
image for homogeneous areas can be deduced [Lee et al, 1994]:

- multiplicative noise model
S = µ i  x f i       (3)

where µ i  = average backscattering

f i  = random variable of the interference
This describes the multiplicative noise model, which expresses itself in the SAR images by the fact that the
speckle effect increases with the intensity.

- coefficient of variation (cvar)

cvar = 
Γ

Γ

2

2 1 2
1

( )

( / )

L L

L +
− = 

σ
µ

i

i
      (4)

where Γ ( ) denote the Gamma function.

SAR images in slant range need to be projected in a certain cartographic system.  For this procedure the DEM
information is mandatory.  We take advantage of the coherence capability of the radar for doing an interfero-
metric processing by using a second antenna.  Similar to the stereometry the height can be evaluated if the same
area is imaged from two different directions.  On the other hand the interferometry [Coltelli et al, 1996], [Gens
et al, 1996] considers the phase of the signal and not the amplitude like the stereometry.  By measuring the
phase, one gets a very accurate surface model that is independent from the area contrast.  The stereometry
depends on a high contrast to have a good reference.  By measuring the phase difference of the two SAR

images (Ψ 1 - Ψ 2 ) obtained from S1 and S2 (Figure 6), one can determine the range difference ∆ r = (r 1 -r 2 )
between the two antennas very accuratly as follows:

∆ r  = 
λ
π4

•  (Ψ 1 - Ψ 2 )       (5)

Figure 6. SAR interferometry with baseline B and perspective angle Θ 2
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The advantage of measuring the phase is that one can obtain ∆ r  with tenth of mm accuracy and also independ-
ent of the image contrast, i.e. the surface model of ice or water surfaces is also obtainable.

Therefor that the phase measurement can be done in a regular grid, i.e. the digital surface model (DSM) will

also have a regular grid.  The height of a point P (cf. figure 6) can then be derived from ∆ r by

h = H - (r 1 +∆ r ) cos Θ 2  where sin(Θ 2  - ξ) = 
r r B

r B
r

r

1
2

1
2 2

12

− + −
+

(

(

∆
∆

 )

 )       (6)

H denotes the altitude of antenna S2 above the geoid.

An other helpful feature of the InSAR is the evaluation of the coherence. The coherence gives a measure how
identical backscatter signal is returned to the antennas. Considering targets with a volumetric scattering effect,

the backscattered signal of both antennas will be not identical, i.e. the phase without the contribution of ∆ r and
amplitude are not exactly the same, causing a decrease in the coherence. The coherence is defined as:

�γ =

c c

c c

n n

n

N

n

n

N
n

n

N

1 2
1

1

2

1
2

2

1

( ) *( )

( ) ( )

•∑

∑ • ∑

=

= =

      (7)

with c1 2,  = complex 2 dimensional images of the antennas 1 and 2
n      = elements

The high resolution airborne interferometric SAR AeS-1

The data for this work were acquired with the high resolution airborne interferometric SAR AeS-1, built and
operated by the Aero-Sensing Radarsysteme GmbH. The main system parameters of the AeS-1 flight segment
are summerized in table 1.

Table 1: System parameters of the AeS-1 flight segment:

X-Band P-Band
operating frequency 9.35 - 9.75 GHz 380 - 450 MHz
polarisation HH HH
system bandwidth 400 MHz 70 MHz
pulse repetition frequency 16 kHz 5 kHz
ground resolution (range x azimuth) 0.5 m x 0.5 m 2.5 m x 0.5 m
flight velocity 50 -200 m/s 50 -200 m/s
flight altitude above sea level 500 m - 12000 m up to 3500 m

Processing chain from raw data recording to cartographic products

In figure 7 an overview is given, how to derive cartographic products.  The raw data recording is followed by
the SAR and interferometric processing.  The geocoding results in a DEM, an ortho SAR image and an ortho
coherence image.  With a cartographic post processing one can generate various cartographic products e.g. a
city model or a high precision DEM.
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Figure 7. The processing chain from raw data to cartographic products
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3. Information Extraction

The model of the real world gained from the SAR overflight (output: X- and P-band data in slant range geom-
etry) should describe the reality regarding surface coverage and the height information as well as possible.  The
illustration below (Figure 8) shows the simplified process chain from an image of the real world to a classifi-
cation result.

N a tu ra l
P a tte rn

S e n s o r P o s t
P ro c e s s.

F e a tu re
E x tra c t.

F e a tu re
S e le c tio n

D e c is io n
m a k e r

C o n te x t R e su lt                  →                    →                    →                   →                    →                    →                    →

Figure 8. Process chain from an image to a classification result

The necessary steps are explained in greater detail in the following:

Postprocessing

After processing the data are prepared for the information extraction; this step is called post-processing.  At
first the X-band image is processed with a Lee filter [Lee, 1981] in order to reduce the speckle.  A further step
entails geocoding and radiometric correction of the scenes [Holecz, 1993].  Since these processes dependent on
a DEM, it is to be generated in the required cartographic reference system at the beginning of the process chain.
So far the following products, also called primary features, are available for an image analysis:

- SAR image - DEM - Coherence image

Feature-Extraction

The primary features, however, are not sufficient if the SAR images are to be interpreted adequately. In order
to improve the model, additional information is derived from the primary features.  This step is called feature-
extraction [Dutra et al, 1998].  In it new features are obtained which are extracted with the help of a texture
analysis of the X- and P-band data and the coherence.  These features contribute significantly to the improve-
ment of the classification result [Schistad Solberg et al, 1997] texture here being defined as [Holecz, 1993]:

“A local area has a texture if the spatial arrangement of its intensity data has a certain regularity.”

Texture can be described in different ways:

Local Statistics Features

In a 7 x 7 pixel window, which is centered around a pixel at the position (x, y), different statistical parameters
are calculated.  The textural characteristics are computed from the local frequency distributions, but no state-
ment can be made about the spatial distribution of the gray levels.

The following textural characteristics of the local statistics (denoted as ls) are derived:

ls
1
- Mean ls

5
- Kurtosis

ls
2
- cvar ls

6
- Contrast

ls
3
- Range ls

7
- Homogeneity

ls
4
- Skewness
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Co-occurrence matrices

With the help of the Spatial Gray Level Dependence Method (SGLDM) [Haralick et all, 1973], which is based
on pair-wise pixel intensity statistics, Gray Level Co-occurrence Matrices (GLCM) can be formed.  These
matrices make statements on the frequency of the occurrence of two pixels at the same position with a certain
distance between them and a direction.  Here a statement can be made on the spatial distribution of the gray
levels.  The entries (i,j | d,α) in a GLCM G (d,α) are computed from the original grey-level image and describe
the number of pixel pairs that have gray levels i and j and are separated by d pixels in a direction α.

A GLCM is therefore defined as:

G(d,α) = [g(i,j | d,α)]

The following textural characteristics (denoted as co) in an 11 x 11 pixel window with the angles 0°, 45°, 90°
and 135° as well as d=1 are derived from this matrix [De Krueger et al, 1994]:

co
1
- Energy, angular second moment co

6
- Correlation

co
2
- Entropy co

7
- Cluster shade

co
3
- Maximum probability co

8
- Cluster prominence

co
4
- Contrast, inertia co

9
- Information correlation I

co
5
- Inverse difference moment, homogeneity co

10
- Information correlation II

Laws Filter

Laws [Laws, 1980] describes texture as an energy-containing element, which can be described with a series of
spatial static transformations.  These result from a local measurement of the energy, which is transmitted by a
symmetrical and dissymmetrical set of one-dimensional filters selected in advance.  The following one-dimen-
sional filters (denoted as dla), which represent the fundamental levels of information recognition, are used:

dla
1
- Edge dla

2
- Spot

dla
3
- Level dla

4
- Wave

dla
5
- Ripple

From the convolutions dla
i
 x dla

j
 for i=1,5 and j=1,5 a set of 25 two dimensional filters (denoted as la) is

obtained, from which the textural characteristics la
1,1

 to la
5,5

 are derived.

Feature Selection

All features obtained by feature extraction now form a d-dimensional feature space.  If d is high, the problem
arises that the accuracy of the classification decreases.  This phenomenon is known as the “Curse of
dimensionality“ [Bishop, 1995].  Therefore the best subset of m features from the set of d possible features
must be found, where m < d [Dutra et al, 1998], [Huber et al, 1998].  For this the Jeffreis-Matusita-distance
(JMD) [Swain et al, 1978] can be used, which makes a statement on the statistical separability of n-classes in
a feature space between multivariate Gauss distributions.  For multivariate Gauss distributions the average
JMD for n-classes is given as:

JMD =  
2

1n n( )−  
i

n

=
∑

1

Jik
k

i

=

−

∑
1

1

(9)

where =  ikJ =      2 1( )− −Bike   with B= Battacharyya-distance (10)
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The higher the average JMD, the better the classes can be separated from each other.  Although most of the
features are not Gauss distributed, the JMD can nevertheless be used as a measure of the separability. In a
feature space the JMD is computed and a ranking technique [Huber et al, 1998] gives the individual features i
a value between [ 0 ... ..1 ].  This value is used as an indicator for the individual features in a feature space and
indicates which features separate the classes best.  As an exhaustive JMD computation in feature space with a
high d is practically impossible, a multistage selection [Huber et al, 1998] is introduced (e.g. by means of the
X-band data).

1. Select the best feature subset F: Fls from local statistics feature
Fco from co-occurrence features
Fla from Law features

with the JMD ranking.

2. Select the best feature subset FX–Band from Fls ∪   Fco ∪   Fla
with the JMD ranking.

3. Select the best feature subset Ftotal from FX–Band ∪  FP–Band ∪   FCoherence
with the JMD Ranking

Here the dimensionality d of the final subset Ftotal is arround 8 < d < 12.

Decision maker

The aim is now to derive a classification of the surface coverage from the subset Ftotal.  Here the classification
algorithm can be subdivided in two important steps [Swain et al, 1978]:

1. Characterization of the classes by data analysis of the class representatives.

2. The remaining data are classified according to numerical rules that support the characteristics of the classes.

On 1. Test sites are now stated for the different classes j.  Each pixel at the position (x, y) can be represented by
a d component-measurement-vector X.

�
X = 

x

xd

1

 �

















, where xd corresponds with the d’ th measurement of the subset Ftotal.

On 2. The remaining data are now assigned to the n classes with a multivariate Gaussian maximum likelihood

classifier (MLC) [Swain et al, 1978]. Here a pixel with the feature vector 
�
x  is assigned to the class Θj accord-

ing to:

x
→ ∈  Θj, if gj 

x
→



 > gk x

→



  for all j ≠ k ; j,k =1,...,n     (11)

where gk describes the discriminant function for multivariate Gaussian distributions.

As a result each pixel is assigned to a class j.
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Context classification

The classification result can be improved if one includes the context of a pixel p at the position (x, y) in a
window of a given size. The MLC can also state with which probability P the pixel p belongs to the class Θj .
The algorithm for a classification including the context [Huber, 1998] consists of the following steps:

1. Classification with the MLC

2. State class probability for each point: p( �x |Θj)

3. From an algorithm including the context (Potts model) [Besag, 1986] the classes priors: p (Θj) are obtained.

4. Reclassification with the Bayesian formula, which combines the class probabilities and class priors as follows:
p(Θj|

�
x ) = p( �x |Θj)  p (Θj) (12)

5. Repetiton of step 4 until the required number of iterations is reached.

4. Classification of the Edelsberg area

Data recording

The Edelsberg area was recorded in six tracks.  The area as a whole was illuminated twice in each case from
two different directions.  Three tracks were recorded east-west and three in west-east direction in order to
minimize the influences of the relief on the SAR-specific recording geometry.  The data were prepared in such
a way, that all 6 tracks were available; their ground resolution is 3 m x 3 m.  The tracks were combined in such
a manner that as few layover or shadow areas as possible arose and data gap (white areas in the scene) were
avoided as far as possible.  Figure 9 shows the X-band image and figure 10 the coherence image derived from
the X-band passes.

Figure 9. X-band image
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Figure 10. Coherence

Area description

The following is a summary of the characteristic geomorphological features of the Edelsberg, as well as the
areas adjacent to it. All of those belong to the Bavarian alpine foothills [Hofmann, 1970].

The flysch zone of the Edelsberg:

- rounded terrain forms with gentle slopes

- recondite weathering, springs, damming and ground wetness, screes with blow out niches peat bogs and full
natural vegetation (forest, pasture and meadow)

- deep cut recent erosion forms in which the flyschrocks are laid bare

- sharp terrain edges at recent erosion forms

- deep cut structure valleys at the northern and southern limits of the Flyschzone

- to a lesser degree the forms are covered and blurred by glacial and post-glacial sedimentations

Helvetikum to the north of the Edelsberg:

- steep wooded slopes and rock walls from the summit to the foot; while approximately as high as the Edelsberg
the slopes are considerable steeper

Northern border of the Lime Alps in the south:

- narrow, steep and rocky foreland with rock walls, arêtes and sharp summits
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Results

For the classification of the dataset the following input is used:

Primary features: X-band image
Coherence

Texture features from the X-band-image: ls 4 co 2 co 4

co 5 co 9 co10

la1 1, la 2 5, la 4 5,

Texture features from the coherence: co 2

Figure 11 shows the classification result, which in Figure 12 is compared with a ground-truth derived from
ATKIS data (  Bayerisches Landesvermessungsamt München).

Figure 11. Classification result
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Figure 12. Ground truth from ATKIS data (  Bayerisches Landesvermessungsamt München)

Throughout the visual comparison the following matters become obvious:

- settlement areas are detected well
- since settlement areas and layover areas have a similar spectral signature, layover areas are wrongly classi-

fied as settlement areas
- linear elements (streets, rivers) occur in the classification often at the edge of a forest, meadow or settlement
- detection of rivers is poor
- forest, meadow and settlement can otherwise be seperated well

Necessary improvements:

- layover and shadow areas can be explicitely determined in the slant range image and masked, goes along
with  the loss of data in these areas

- the resolution can be improved to 1.5 m  x  1.5 m so the narrow rivers would be detected
- considering the P-band in the classification, which leads to a better separability of the classes
- considering the ground-truth data in the MLC, in order to compute the percentage of pixels allocated to the

correct class
- seperate use of the two flight directions.  Thereby each flight direction will be classified on its own and each

result will be combined on the basis of their class likelihood with the Dempster-Shafer theory [Klein, 1993].

It has been shown that at least four different classes can be extracted from the dataset with the classification
algorithm presented. One or two further classes could be reached with the improvements mentioned above.  If
we assume five different classes, low- and high-mountain terrain can be described sufficiently well with re-
spect to its surface coverage.  This provides a useful basic structure for making topographical maps.  It can thus
be said that radar remote sensing can provide the description of surface coverage which is neccessary for
making topographical maps.
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5. Conclusions

The status of the classification of the X-band data for map production was shown. With the inclusion of the
ground-truth in the MLC a quantitative statement of the accuracy of the classifier can be made. The next step
is the contour line extraction from the DEM. The contour lines are then checked for their accuracy. The carto-
graphic result then describes the combination of contour lines and surface coverage. These will be examined
against the criteria of high-mountain cartography on different scales. Finally a statement can be made as to
which landscape form (low- and high mountain) up to which scale can be described cartographically accu-
rately and reasonably with the help of SAR data.

In the near future two Austrian high-mountain areas, the Silvretta area and an area arround Galtür will be
overflown. This will be repeated in summer in order to compare datasets from summer and winter flights.
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Road Extraction from Stereo RADARSAT Data
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Canada Centre for Remote Sensing
thierry.toutin@ccrs.nrcan.gc.ca

Abstract

Two stereo pairs generated with fine mode images (F1-F5) and standard mode images (S1-S7) are used to
evaluate the potential of RADARSAT-SAR for extracting planimetric features on a PC-based stereo workstation.
First, monoscopic and stereoscopic plotting are evaluated.  It is prerequisite to acquire GCPs in stereoscopy
since monoscopic collection mode degrades the relative and absolute orientations of the stereo model with a
ratio of two to four depending of the stereo geometry.  It is more important for smaller intersection angle stereo
pairs with shallow viewing angle, such as F1-F5.  The stereo extracted roads are then compared with the roads
of the digital topographic maps.  Statistical results over a large sample (more than 900 km) show accuracy of
about one and two to three radar resolution cells (about 8 m for fine mode and 25 m for standard mode) with
68% and 90% confidence levels, respectively.  These road positioning accuracy results are quite encouraging
since they correspond to the 1 : 50,000 map standards.  To further increase this accuracy fine modes images
with an oversampled pixel spacing should be preferred, such as the “Path Image Plus” format.  A comparison
with the ortho-rectification process shows that the stereoscopic method to extract planimetric features is four
times more accurate since the positioning of features is independent of elevation errors from the stereo
compilation or an a-priori existing DEM.

Introduction

In the 1960’s, stereoscopic methods [La Prade, 1963] were first applied to radar images to derive ground
elevation leading to the development of radargrammetry.  Unfortunately, research uncovered contradictions
and a dichotomy between error propagation theory and practical results, particularly over high relief areas
[Leberl et al., 1988]. These contradictions combined with the lack of stereo radar pairs led to the relative
decline of radargrammetry.

The launch in 1995 of Canada’s first earth observation satellite, RADARSAT (see Figure 1) with the various
operating modes of the Synthetic Aperture Radar (SAR) and its specific geometric characteristic [Parashar et
al., 1995] has turned the tide. It is the first commercial radar system from which true stereoscopic images can
be generated at different resolutions and from its wide range of incidence angles (from 10º to 60º).  It thus
enables us to take advantage of the three-dimensional (3D) representation of the terrain from stereo images
with various geometry and radiometry (see Figure 2).
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Figure 1. Operating modes of RADARSAT-SAR

Figure 2. Various configurations of RADARSAT-SAR stereo pairs
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Radargrammetry has once more become a hot R&D topic.  Unfortunately, it is only used for digital model
elevation (DEM) extraction in the international research communities.  By analogy with photogrammetric
stereo-methods, it also can be used to extract planimetric features on a digital stereo workstation without a-
priori existing elevation information.  Subtle features not discernible in a single SAR image are often recog-
nized in stereo images.  The stereoscopic viewing enhances our ability to interpret two-dimensional (2D)
images.  The naturalness of 3D representation has major advantages towards perceiving and extracting physi-
cal information when compared to flat 2D imagery.  It supplies important information about the relationship
between the land shape and structure, slope and waterways, surface and vegetation growth.

Few qualitative and quantitative results have been published on cartographic feature extraction from RADARSAT
images.  Sempere [1998] made a quantitative evaluation of the planimetric potential of ortho-rectified
RADARSAT images in a French operational context for topographic mapping and digital data base updating.
However, it requires precise DEM for the ortho-rectification. Stereoscopy is thus an important issue in coun-
tries where precise DEM and maps are not available. Furthermore, the SAR stereoscopic method has been
proven to be more accurate for planimetric feature extraction, because the feature positioning is not affected by
any elevation error in the existing DEM (no rectification) or in the stereo compilation (the operator plots at the
vertical of the point) [Toutin, 1997]. With ortho-image generation, the DEM error propagates through the
differential rectification process and planimetric feature extraction with a ratio of one to five depending on the
SAR viewing angle.

As a result, researchers at CCRS have undertaken an exhaustive study under the Applications Development
and Research Opportunity (ADRO) program sponsored by the Canadian Space Agency (CSA) to evaluate the
parameters, which enable a general understanding of radar stereoscopic capabilities for mapping applications.
First results have been presented for the geometric evaluation [Toutin, 1998] and for DEM generation [Toutin,
1999].  The objectives of this paper is to present the first results of the RADARSAT potential for planimetric
feature extraction using the stereoscopic method.

Study Site and Data Set

The topographic data are the Sherbrooke Data Set in the province of Quebec (Canada) for the topographic
applications of remote sensing [Lassere et Lemieux, 1990].  The study area is made up of two one-half 1 :
50,000 map sheetsproduced by Geomatics Canada and represents land coverage of approximately 40 km by 26
km (see Figure 3). It is a rolling topography with an altitude variation of about 450 metres with up-to-40º
slopes in the alpine ski resorts. Stream bank slopes and glacial formations with drumlins and ridges indicate
NE-SW ice advance, and NE-SW lineaments and folds are probably related to the structural trend of the
region.  The land cover is a mixture of coniferous and deciduous trees with large areas of agricultural land.
Different types of water body are found: lakes, ponds, rivers and creeks.   The cartographic data used in this
experiment are:

• 235 reference points which have been obtained from photogrammetric triangulation using an STK-1
stereocomparator for the photo-measurements.  The root mean square error of the cartographic coordinates
are better than three metres.  These points are mainly intersections of expressways, highways, roads, streets
or railroads; and

• the vector data of the digital topographic map.  All the elements are positional data, as observed on the surface
of the Earth in X, Y and Z coordinates and without movement of the element due to cartographic generaliza-
tion.   They have been stereo-compiled (B8-S, 2nd order) in 1986-87 from aerial photographies taken in 1985.
The field completion was done in 1985-86.  The positioning accuracy of the data is in the order of five meters.



Ottawa ICA / ACI 1999 - Proceedings / Actes

           10 Index

Figure 3.  Ortho-rectified RADARSAT-SAR fine mode image with main (in black) and secondary (in white)
roads overlaid.  RADARSAT Image: Courtesy of CSA

Figure 3 displays an ortho-rectified RADARSAT-SAR fine mode image with the main and secondary roads
overlaid.  The white lines represent the hard-surface all-weather roads (300 km of total length) with two lanes
and the black lines the loose or stabilized surface all-weather roads (530 km of total length) with two lanes or
less.  The digital file of roads also includes hard-surface all-weather dual highways (6 km of total length) and
“unclassified city streets” (100 km of total length).

The image data set used in this experiment includes only four RADARSAT images (C-band, HH-polarization)
of the Sherbrooke region, Quebec, Canada of the twelve images acquired under the ADRO program sponsored
by the CSA:

• Two fine mode scenes, single-look processing, F1 and F5 acquired from ascending orbit the 20/10/96 and 8/
6/96 with a look angle of 37º-40º and 45º-48º, respectively; and

• Two standard mode scenes, four-look processing, S1 and S7 acquired from descending orbit the 24/10/96 and
11/10/97 with a look angle of 20º-27º and 45º-49º, respectively.

The SAR ground range resolution cell is 7.8 to 9.1 m in range by 8.4 m in azimuth for the fine mode and it is 20
to 26 m in range by 27 m in azimuth for the standard mode.  The images are generated in the Path Image
format: ground range presentation (ellipsoid projection without relief correction), aligned to the satellite’s orbit
path, with a 6.25-m and 12.5-m pixel spacing in range and azimuth for the fine and standard modes respec-
tively, coded in 16 bits without radiometric processing.  They are used to create two different stereo pairs in
fine (F1-F5) and coarse (S1-S7) resolution with a small and large intersection angle, 8º and 25º respectively.
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Experiment

The experiment is realized in two main processing steps: the stereo model set-up and the feature extraction.
The stereo model set-up, based on a geometric modelling, is the mathematical reconstruction of the 3D-terrain
model.  The geometric modelling used in this experiment is a CCRS developed parametric model already
tested on different data sets [Toutin, 1995]. The stereo model set-up is computed with an iterative least squares
bundle adjustment (relative and absolute orientations together), that enables the parameters of the geometric
model to be refined with ground control points (GCPs) and tie points collected in stereoscopy [Toutin, 1995,
1999].  Since most of radar commercial workstations, if not all, does not have full stereoscopic capabilities, the
GCPs are also acquired in monoscopy to evaluate the impact of the GCP image positioning errors generated by
the monoscopic collection method.

The planimetric feature extraction follows the stereo model set-up.  It is done with the digital stereo workstation,
the DVP (Digital Video Plotter), developed by Laval University, Quebec, Canada for air photos, in collabora-
tion with CCRS for SPOT images and further adapted at CCRS for SAR images [Toutin, 1995, 1999].   Since
the geometric modelling formulation (exterior orientation) and its inversion are straightforward one does not
need to resample the images in a “common quasi-epipolar geometry”, and the real time loop does not need a
powerful real time processor, which has facilitated the implementation method on a low-cost PC.

The control of image positioning then follows the dynamic change to cancel the Y-parallax from the raw
imagery, and retains real time performance in the stereo viewing and plotting.  When the operator eliminates
the X-parallax to fuse the two floating marks of the measured point, a 3-D stereo-intersection is performed.
Cartographic co-ordinates (planimetry and height) in the user defined map projection system are determined in
real time for the measured point using a least squares intersection process (four equations with three un-
knowns) based on the equations and parameters of the geometric modelling.

The roads (more than 900 km) are interactively stereo extracted by an operator and thus quantitatively com-
pared with the digital topographic maps (accuracy of 5 m) in the ESRI ArcInfo geographic information system.
The main advantages of the stereo viewing are that it improves the location of ground points and the extraction
of information by integrating the simultaneous plotting, the general relief perception and the backscatter of
both images, since it combines both geometric and radiometric aspects.

Results and Discussion

Stereo model set-up results

The first interesting result is related to the GCP collection method, which has an impact on the full processing.
The number of GCPs of the 235 reference points acquired on each stereo pair and their accuracy vary accord-
ing to the SAR image backscatter, which can affect the feature visibility and the shape and appearance of the
targets.  The GCP number is 180 and 135 for the fine and standard mode stereo pairs, respectively.  The image
co-ordinate accuracy is one to two pixels for each image in the monoscopic collection method and one pixel in
the stereoscopic collection method.  Since the general results on the geometric accuracy of RADARSAT data
have been presented in details [Toutin, 1998], only the tests related to the GCP collection method are presented
with all the collected reference points as GCPs.  The results on these GCPs give a good indication of the
potential accuracy because the number of GCPs used is larger than the theoretical minimum required in the
stereo model set-up.  Table 1 provides the root mean square residuals from the least squares adjustment of the
stereo model set-up computed with the GCPs extracted with the monoscopic or stereoscopic collection method.
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Table 1. Root mean square residuals (RMSR) from stereo model set-up on the mono and stereo extracted GCPs

Stereo-pair                   GCP collection method
      monoscopic      stereoscopic

RMSR (metres) RX        RY        RZ RX        RY        RZ

F1-F5 (180 GCPs) 34          7        32  9          5           7
S1-S7 (135 GCPs) 38        17        31 18        11         11

Collecting the GCPs in monoscopy for both stereo pairs generates errors in the stereo model set-up two to four
times larger than collecting them in stereoscopy for S1-S7 and F1-F5, respectively.  The main reason is purely
geometric since the GCPs are relatively well-defined targets in the SAR images (road and railway intersec-
tions).  When they are independently collected with a 1-2 pixel accuracy, it generates artificial parallaxes (in
column and line) between the two images, which propagate through the exterior orientation of the stereo
model, mainly in the X and Z directions.  Due to same-side stereo geometry, the error increases with smallest
intersection angle and shallowest viewing angle, such as with F1-F5. Conversely, true stereoscopic collection
enables a better relative correspondence of the same GCP between the two images and better orientations of
the stereo model.

Consequently, the stereoscopic collection of GCPs with SAR stereo pair is a prerequisite before any feature
extraction to avoid large error propagation in the stereo model and the extracted features.  These results are
consistent with the theoretical analysis of error propagation, which demonstrates that the accuracy in range and
elevation increases with the intersection angle [La Prade, 1963].  This error analysis is only true when the
geometric aspects are more important in the errors than the radiometric aspects, such as with the GCPs defini-
tion and collection [Toutin, 1998].

Road extraction results

As mentioned previously the roads were separated into four categories according to 1 : 50 000 map Canadian
standards: highways, main roads (two and more hard-surface all-weather lanes), secondary roads (two and
more loose or stabilized lanes), and unclassified “city streets”.  The entire data set (more than 900 km of roads)
is used in the statistical accuracy evaluation.  Only the stereo pairs computed with the GCP stereo collection
method are used to extract the roads.  From the comparison of the topographic roads and the extracted roads,
the omission error and the circular errors, CE68 and CE90 with 68% and 90% confidence levels, respectively
are computed for each stereo-pair.  Table 2 represents a summary of these results (omission, CE68 and CE90)
for the stereo pairs F1-F5 and S1-S7.

Table 2. Omission, CE68, CE90 of the road extraction for the stereo pairs F1-F5 and S1-S7

Stereo-pair Road category Omission CE68 CE90

F1-F5 Highways 0 %  6 m 12 m
Main 7.5 % 10 m 20 m
Secondary 31 % 11 m 24 m
City 7 %  9 m 17 m

S1-S7 Highways 25 % 18 m 37 m
Main 47 % 18 m 40 m
Secondary 55 % 22 m 48 m
City 73 % 10 m 18 m
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Obviously, the omission errors are larger for the standard mode stereo pair for each category of roads due to the
coarsest resolution cell (20 to 26 m in range by 27 m in azimuth, average 23 by 26 m).  The errors are related
to the physical characteristics, the definition and the visibility of each feature in the SAR images, but also are
dependent of their surroundings.  As examples, the highways are easier to perceive in the fine mode stereo pair
since they are long strait lines over more than three to four image pixels, and the houses in the city act as
dihedral corner reflectors with also a strong backscatter from sloped roofs. It better defines the roads due to
more contrast.

The other results are related to the positioning accuracy of the extracted features.  The errors are more and less
the same whatever the category of the road, except the city streets with S1-S7: around one resolution cell for
the CE68 and two to three for the CE90.  However, the standard mode stereo pair gives slightly better results
relatively to the image resolution because the standard mode images are oversampled (12.5-m pixel spacing
versus 20 to 26-m resolution cell) while the fine mode images are undersampled (6.25 m pixel spacing versus
8 m resolution cell).  This confirms the first results of this ADRO research on the geometric accuracy of
RADARSAT images [Toutin, 1998].

The main differences in the results between the categories of roads, but also between the stereo pairs can be
accounted for:

• the different physical characteristics of roads related to the SAR and surface interaction; and

• the contrast within their surroundings (forest, bare soil, agricultural fields, houses, etc.),which determines the
road limits.

The same explanations given previously for the omission errors (highways, houses) applied for the statistical
results.  It is particularly obvious that the “double-bounce” due to the houses and the strong backscatter of the
sloped roofs have helped the extraction of the city streets in the standard mode stereo pair since the accuracy is
almost one-third of the resolution cell.

It is interesting to compare this stereoscopic method based on photogrammetric principles with the traditional
monoscopic method based on the ortho-rectification process.  Fist, stereoscopy does not need any a-priori
terrain elevation information since the terrain relief is “included” or perceived in the stereo model.  Conse-
quently, the positioning accuracy of planimetric feature is completely independent of any potential elevation
error in the DEM and in the stereo compilation.  On the other hand, any error from an existing or stereo-
extracted DEM propagates through the ortho-rectification and extraction processes. Consequently, the DEM
used to ortho-rectify F1 or S1 images should have 6-m accuracy to achieve the same accuracy than obtained for
roads extracted in stereoscopy, 9 m or 18 m respectively.  Conversely, a 25-m accurate DEM generated from a
RADARSAT stereo pair will create an error of 35 m on the F1 ortho-image and any subsequent extracted
feature, but an error larger than 60 m on the S1 ortho-image.   That is a four-fold degradation relative to the
results achieved directly with stereo restitution from the raw SAR stereo-images. It is in accordance with
previous quantitative and comparative results of lake extraction from single and stereo ERS-1 SAR images
[Toutin, 1997].

The other main advantages of the stereoscopy, when compared to single image processing are that they im-
prove the location of targets or ground features and their extraction by integrating the simultaneous compila-
tion and superimposition, the general relief perception and the backscatter of both images.   It then combines
both geometric and radiometric aspects of the images and the stereo pair.  It shows that using three-dimensional
representations facilitates the interpretation of cartographic information relatively to flat 2-D representations.
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Conclusion

Two RADARSAT stereo pairs with fine (F1-F5) and standard (S1-S7) mode images have been evaluated for
planimetric feature extraction in regard to cartographic applications.  The 1 : 50 000 digital topographic map
(accuracy of 5 m) of the Sherbrooke region, Canada has been used to validate the roads interactively extracted
on a PC-based stereo workstation, the DVP, adapted at CCRS for processing SAR stereo images.

The roads were set into four categories according to 1: 50 000 Canadian map standards: highways, hard-
surface all-weather roads with two lanes, loose or stabilized surface all-weather roads with two lanes or less
and unclassified city streets.  The total length of roads for each category (6 km, 300 km, 530 km and 100 km,
respectively) were stereo-compiled and used for the planimetric positioning accuracy evaluation.

First, tests were done to evaluate the impact on GCP collection method and accuracy. Due to the 1-2 pixel
plotting error on each image, artificial parallaxes in the stereo model are generated with the monoscopic collec-
tion method and degrade the relative and absolute orientations of the stereo pair with a ratio of two to four
depending of the stereo geometry.  It is more important for smaller intersection angle stereo pairs with shallow
viewing angle, such as F1-F5.  Since stereoscopy increases the location and collection accuracy of GCPs and
then of the stereo model set-up, it is a prerequisite to use stereoscopic collection method before any feature
extraction (planimetric and/or elevation).  The roads are then stereo compiled only from stereo pairs computed
with the stereoscopic GCPs.

The omission errors depend mainly on the definition and the visibility of each road category by itself and with
its surrounding element (forest, bare soil, agricultural fields, houses, etc.).  It varies from 0% for the highways
extracted from F1-F5 stereo pair to 73% for the city streets extracted from S1-S7 stereo pair.

The extraction from both stereo pairs (F1-F5 and S1-S7) gave accuracy with 68% and 90% confidence of
about one resolution cell and two to three resolution cells, respectively.  The physical characteristics of each
road category (width, contrast with surroundings, etc.) and their backscatter related to SAR and surface inter-
action account for the difference in accuracy.  However, the results are better with the standard mode stereo
pair because the images are oversampled.  Consequently, fine mode stereo pairs with oversampled pixel spac-
ing should be preferred to increase the 10-m positioning accuracy obtained so far.  The Path Image Plus format
generated from the fine mode RADARSAT data with 3.125-m pixel spacing could thus be a better image data
for stereo mapping.  Nevertheless, these road accuracy results obtained from the stereo compilation are quite
encouraging since they correspond to the positional accuracy standard of 1 : 50 000 maps.  Some completeness
has also to be realized due to the omission errors.

Qualitative and quantitative comparisons have shown the superiority of the stereoscopic method when com-
pared to the ortho-rectification method in order to precisely extract planimetric features, such as roads.   In fact,
to achieve the same accuracy with F1 or S1 ortho-images the DEM used in the ortho-rectification process
should have 6-m accuracy.  Conversely, 25-m accurate DEM generated from F1-F5 stereo pair will generate a
positioning error of 35 m in the F1 ortho-image and in any subsequent extracted feature, but more than 60 m in
the S1 ortho-image. This corresponds to a four-fold degradation relative to the results achieved directly with
stereo restitution from the raw SAR images.
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Abstract

Non conventional map-projections (logarithmic, bird-eye, etc.) have been used in many cartographic applications
in variety of scales. They are especially useful in large scale maps for urban applications, where the density of
geometric and/or thematic features and symbols is high and not uniform all over the map area. The use of
modern media in elaborating and visualising such maps gives new potentiality and makes the field of applications
and the type of users broader. City administration and public services, traffic regulations, town planning,
cultural and free-time issues interesting citizens and visitors are among a variety of matters which concern
modern city authorities. Non conventional maps are the solution in numerous cases if properly designed and
visualised. In this paper we present the technique for the coupling of digital focal large scale city maps with
digital images for the production of a relevant unique map product, the focal city photomap. The associated
theory is discussed and relevant examples are presented concerning the city of Thessaloniki.

Non-conventional urban maps

Non-conventional urban maps can be used in a manifold of applications related to urban planning, develop-
ment and management, especially dealing with utilities and services. The geometric background of such maps
is associated with specially designed map projections well known in cartographic literature [Tobler, 1963;
Kadmon and Shlomi 1978; Snyder, 1987; Krzywicka-Blum, 1993]. Large-scale urban map elaboration was
also applied using logarithmic azimuthal projection (LAP) for thematic representations of dense concentration
of symbols in a small area of interest [Boutoura, 1994]. In this last case a proper elaboration algorithm was
incorporated in a given workstation environment in order to perform relevant processes in municipal informa-
tion management systems, providing also an associated deformation analysis of a ‘projection to projection’
type [Dermanis and Livieratos, 1982]. In many urban map-use applications, dense thematic information, given
by specific symbols, is of main importance. Following a traditional thematic representation of such dense
symbols and especially in the writing of place-names, a visual confusion (‘visual pollution’) is the case in most
applications. This problem is solved in classical terms, by a partial magnification of the area suffering ‘visual
pollution’. By this partial enlargement, the overview of the whole area and its spatial continuity are lost. A
local minor map is extracted out of the original map and a perception-discontinuity appears, implying prob-
lems in the planning process as far as the overall spatial perception is concerned. This tradition is a ‘Procrustean
solution’ which restricts the planner and map-user view over the urban continuum.

The focal map

The above problem, namely the partial magnification losing continuity, can by solved by a logarithmic azi-
muthal projection (LAP) [Boutoura, 1994] associated with the regular azimuthal equidistant projection with
respect to a given polar point, namely the focus of LAP. This association leads to the following formulation of
LAP point coordinates (x’,y’) which is nothing but the mapping of the azimuthal equidistant projection onto
LAP, when polar directions are equal:
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(1) x’ = K(s,a,s’)  ;  y’ = H(s,a,s’)

where s and o are the distance and the direction angle of a point from the polar point on the azimuthal equidis-
tant projection plane and distance s’ is a logarithmic function of s, involving constant parameters as well.
Obviously x’ and y’ are the coordinates of points on LAP-plane in a distance s’ and a direction a from the focal
point. The relevant linear deformations in x’ and y’ directions as well as their maximum and minimum values
in the focal direction a and its perpendicular a + 90o are respectively,

(2) m
x’
 = s’ [ 1 – sin2 a + (sk sin a /s’) 2]½ / s  ;  m

y’
 = s’ [ 1 – cos2 a + (sk cos a /s’) 2]½ / s

(3) m
max

 = m
a
 = s’/s  ; m

min
 = m

a+90
 = k

where k is a function of s and the constant parameters involved in s’ expression.

From the above formulation it is evident that in LAP maps, conformality is preserved only around the focus
reaching equidistant deformation at the edges of the map. In the following representations (see Figures 1 and 2)
an example of the use of LAP is given related to a thematic representation of health thematic symbol placing on
a city-map.

Figure 1. A traditional urban thematic map (azimuthal equidistant projection). Three important sites are rep-
resented: the old commercial part of the city (A), close to the harbour, with small dense blocks; the
Roman ‘agora’ block in the heart of the city (B); and the ‘upper city’ within the Byzantine walls with
the indeed dense urban structure and many important and well preserved historical buildings (C).
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Figure 2. The counterpart of the map in Figure 1, represented in LAP. The focal point is in site (A). The blocks
are now easily recognised due to the magnification of the site keeping the continuity in the represen-
tation of the whole city area. The placement of thematic symbols and lettering can be treated easier.

The polyfocal case

Extension of the above monofocal case could be the polyfocal projection. In this case more than one foci are
used to examine more than one concentration of dense thematic symbol placements keeping at the same time
the spatial continuity of the whole area. An example is given in Figure 3 concerning the map in Figure 1.

Figure 3. The polyfocal counterpart of Figure 1. Three foci are used (in sites A, B, C) for the thematic
enlargement of the relevant areas without cancelling the continuity of the whole city area.
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From map to photomap

The wide use of orthophotographs and their enhanced versions, the orthophotomaps, stems from their appreci-
able advantages over the traditional maps; mainly, due to their low-cost and timely production and update
process. Although their use in base map scales and for technical use is quite widespread, they have, almost,
never been used as substitutes, or in addition to, thematic maps. This view is largely reversed lately, as long as
Digital Photogrammetry provides new and novel tools for image processing, not to mention their recent cou-
pling with even lower production costs. Regular photographs suffer from a number of distortions, other than
the central projection perspectivity [Rinaudo, 1988; Wiedemann, 1997]. These distortions are due to rotation
angles of the sensor, to object’s anaglyph, to camera lenses, to scanning errors, and so on. Therefore, in order
for the photograph to be a viable tool for mapping, it is mandatory that all these distortion sources be elimi-
nated, or, what is actually happening in practice, all distortion errors be corrected, no matter what the source of
such error might be. Correction of such errors involve camera calibration, lens distortion correction and aerial
triangulation. Furthermore, distortions due to anaglyph are eliminated through Digital Surface Model (DSM)
formation and surface reconstruction. Traditionally, visualization of the DSM is performed through the devel-
opment of a subsequent orthophoto. Thus, the produced orthophoto has been traditionally used as a map sub-
stitute

Generation of the projected orthophotomap

The problem of suitably projecting digital images of objects surfaces on a plane (see Figure 4) involves two
successive projections, one inverse and one direct [Karras et al., 1997]. Let each point on the surface be
described by its coordinates (X,Y,Z). For its central projection x, y on the image plane one has the direct (4) and
the equivalent inverse (5) collinearity equations (assuming image exterior orientation known)

(4) x = F(X,Y,Z)  ;  y = G(X,Y,Z)

(5) X = F-1(x,y)  ;  Y = G-1(x,y)
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Figure 4.  The projection of object surfaces on a plane.

The projection x’,y’ of this point of the surface onto the final projection plane may be expressed as

(6) x’ = f(X,Y,Z)  ;  y’ = g(X,Y,Z).
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Thus, introduction of inverse Equation (5) into (6) yields

(7) x’ = f[F-1 (x,y), G-1 (x,y)]  ;  y’ = g[F-1(x,y), G-1(x,y)]

which connect the image coordinates x, y with the corresponding coordinate pair x’, y’ on the final projection
plane. For employing the above relations one needs to know the projective functions f and g from the object
space to the projection plane (projection equations) and the inverse projective functions F-1 and G-1 from the
image plane to the object space (collinearity equations). Thus, the transformation of a digital image to a differ-
ent projection would require the following steps:

(a) All image pixels are back-projected on the object space via transformations F-1, G-1.

(b) Coordinates X,Y,Z of the corresponding “groundels” are found.

(c) Corresponding position x’, y’ on the projection plane is obtained through (7), whereby f and g describe
the specific projection employed, e.g. LAP in our case.

The more direct course used here involves the steps:

(a) The raster array x’,y’ of the final digital image is created in the chosen projection.

(b) For all its pixels the corresponding location on the initial digital image is found via the inverse of (8)

(8) x = F[f-1 (X,Y,Z), g-1 (X,Y,Z)]  ;  y = G[f-1(X,Y,Z), g-1(X,Y,Z)]

(c) There follows a resampling of the initial digital image.

(d) A mosaic is created to cover the whole area.

Resampling Issues

It is easily understood that through the above sequence of projections, the integer pixel coordinates (x,y) the
original digital photo are finally projected to non-integer positions (x’,y’) on the projected orthophoto. Thus
pixels (x’,y’) may map between the pixels (x, y) or, in other words, many pixels of the output image may have
a grey value of zero. Some form of grey-level interpolation or resampling is then needed in order to obtain
output values at integer positions. The resampling is done using the pixel filling technique and the choice of the
interpolation scheme it is up to the user (e.g. nearest neighbour, bilinear or bicubic).

Contacted Tests

In order to apply the method described above, four 80% side-overlapped aerial photographs where used depict-
ing the Thessaloniki University campus in scale 1:5000, taken by a Zeiss RMK-A 12/23 camera from 760 m
flying height. (see Figure 5). The pixel size of the original photo is 15 microns, the orthophoto scale 1:1000 and
the pixel size of the orthophoto (ground pixel) is 10 cm. Introducing equation (1) into the relevant equations for
the digital generation of projected orthophoto and performing all the necessary elaboration, we obtain the focal
photomap for urban use shown in Figure 6. In this photomap all properties described in the case of the focal
map are also applied as far as the scale variations and the deformations are concerned. The obvious advantages
are due the additional information a photograph is offering for visualisation and communication purposes,
which many times are requested in urban planning, development and management. In this case, cartographic
elements can be added, namely thematic symbols and place or object names avoiding the density limitations a
conventional photomaps could provoke.
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Figure 5. The main steps described above for the generation of projected photomap.

Figure 6.  The aerial photographs used for the test. Thessaloniki University campus.
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Figure 7. A focal photomap of the Thessaloniki University campus derived from the associated 1:1000
orthophotomap. Here, the scale varies from 1:100 on the focus to 1:1000 at the edges.

The polyfocal photomap

A next step in applying the direct and inverse theory presented above as far as the generation of a projected
polyfocal photomaps are concerned of the logarithmic type shown in map-format [see Figure 3] is under
preparation [Boutoura et al., 1999]. In this case  the inversion of the direct algorithm is much simpler even if
the output looks more complicated.
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Abstract

The objective of this study is to assess the role and the usefulness of Earth Observation satellite data in the
phase of risk and disaster management.  In particular the earthquake risk is considered and the real case of
Irpinia earthquake (South of Italy 1980) is analysed.

SAR data play primary role within this project while optical (both IR and visible) data are also used.  In the
prevention phase geomorphologic and tectonic map can be generated from earth observation data (both visible
and SAR data).

The main goal of this study is to demonstrate that SAR data could give an important contribution to crisis
phase providing support to damage assessment both for crisis phase and post crisis phase.  In order to perform
the task the availability of very precise Digital Elevation Models (DEM) referring to the situation before the
event could bring a contribution to early damage evaluation. In order to demonstrate the operational possible
use of this procedure a DEMs of the region hit by earthquake in South of Italy in 1980 (Irpinia) have been
generated and, in parallel a simulation and modelling of the radar return signal from damaged buildings has
been carried out. An analysis of the overall operational civil protection is in progress aimed to suitable defined
procedures for integrating the availability of such EO data in the Civil protection command chain.

Definition of the area test

The purpose of the present paper is that of appraise the utility of the remote sensed data, SAR data, in the
identification of damages that they could verify to succession of seismic events.

Has been individualised as test the earthquake of the Irpinia, because represents the typical event that strikes
the Apennine Mountains, relatively to the geophysics characteristics of the event and to the vulnerability of the
stricken areas (small inhabited places characterised from the presences of old buildings).
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The general criterion used for the selection of the area test was been that of individualise a site, damaged from
an earthquake relatively recent, where they are available sufficient information for try a reconstruction of the
conditions immediately precedents and following to the event.

The area suggested for the simulation is a square of around 4 x 4 Km, comprised the inhabited centre of S.
Angelo dei Lombardi (one of the damaged centres) and of dimensions sufficiently big from present an ample
variety of buildings.  His geographical position on the top of a hill is typical of different small centres and small
city of the Apennines and can therefore be considered a valid test area for verify the potentialities of the SAR
as tool for the evaluation of the damages.  S. Angelo dei Lombardi, besides, represents one of the 41 munici-
palities in which has effected a detailed valuation of the damages immediately after the event: the boring has
caused a description sufficiently detailed of the typology and of the damage for 2,668 buildings.

In lack of high quality data immediately first and after such event to allow the comparison, to verify the real
potentiality of the SAR in urban areas, stricken by seismic events, has been decided to effect a flight simulation
of a DTM, created with digital photogrammetry and realised with colour aerial photogrammetric photos of the
July 1997.

Use of the digital photogrammetry for the generation of a DTM

Photogrammetry photos

Was used a metric camera (WILD RC 10) with focal length of 151.8 mm. to take the photos. The quota of flight
- 1,200 m. around - has allowed to get 1:8,000 as middle scale of the photos, that is translated in the possibility
of define a theoretical precision of around 20 cm on earth. The photogrammetric photos are 33 in the classical
format 230 x 230 mm. and were taken with three crawls.

Support and restitution

As photographic support was used a net of 30 GPS points including a GPS/IGM 95 vertex.For the survey was
used a GPS Leica System 200 as instrumentation in static formality - with footstep of sampling of 5 sec. - and
duration of the varying acquisition between the 15 and the 30 min.

The scanning of the photos was done with a Digital Scanning Workstation 100 (DSWIOO) of Helava, that has
allowed of get a dimension of pixel (resolution) of 25 mm (1016 dpi).

The workstation used for the following elaboration of the data has represented from the Digital Photogrammetric
Workstation 770 (DPW770) of Helava – stereoscopic station - that uses the SOCET SET software vers. 3.2.

The realised DTM for the whole test area (4x4 Km with 5 m step) (fig. 1) is been assistant a second DTM, for
an area of 1 x l Km with 1 m step, born from the demand to focus the attention on the inhabited area of S.
Angelo dei Lombardi.
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Figure 1. DTM of the area 4x4 Km

For demands of simulation, was done an ulterior product, relatively to the more narrow area: it has represented
with a photogrammetric restitution of the buildings, organised for layers, that allows to reconstruct the relative
position and the quotas, to earth and in gutter for each single building (fig. 2).

Two representations with curves of level (equidistant 5 m. for the area 4 x 4 Km and equidistant 2 m for the area
l x l  Km), beyond to the orto-photo of the two aforesaid areas, complete the present part of the job.

SAR simulation- The case of the Irpinia

Description of the buildings

The first important requisite for a relative SAR simulation on an urban area, is that of distinguish between
manufactured articles and natural superficies; in fact, in the two different cases are involved mechanisms of
diffusion completely different.

More specifically, becomes necessary to identify faces that belongs to a building and, between these, that
which represent the edge walls, that damage place to multiple diffusion together to the surrounding ground.
Accordingly, the palaces must be described properly in a form that could be easily run from the code of
simulation.

In the course of the job were been proposed different schemes, of increasing complexity, for the description of
the buildings and the determination of the illuminated edge walls. In the scheme here shown, are considered
only palace with rectangular plant.

This scheme conducts to simpler algorithms, easier to implement in a software code and that allow notable
saving of time: that could be judged sufficient if is required the study of a canonical case. More refined schemes
conduct instead to algorithms decidedly more complex, whose implementation in a software code is more
difficult to realise.

To verify the effectiveness of the used algorithms, were done two sets of experiments of simulation: here are
considered mechanisms of multiple diffusion.

The first set is relative to canonical situations: the two images simulate SAR (figs. 3 and 4) were been create
after have varied more times the principal parameters. Particularly, were used typical parameters of an airborne
SAR sensor (L Band, HH Polarisation, Look angle 28°). In the two figures, the near range is on the left of the
images and the dimension of the pixel is of around 5 m in the direction of the range (from left to the right) and
of around 1 m. in the direction of the azimuth (from the low to the top), so the pixel is not square.
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Figure 2. Photogrammetric restitution of the buildings (S. Angelo dei Lombardi)

Figure 3. SAR Simulation without speckle                                  Figure 4. SAR Simulation with speckle

The scene is represented by two rectangular buildings of simple form, of dimensions 200x160x20 m and
200x100x35 m with random orientation on a flat rough ground. In fig. 3, to appreciate better the differences
between the middle energies reflected from the different zones of the scene, wasn’t simulated the noise, pro-
duced by the speckle, (typical noise of the SAR signal), considered instead in fig. 4.

The second set is relative to the area to study. The coordinates of the area centre are: 41.4 North, 15.2 East (S.
Angelo dei Lombardi).

Apart from the simulation of a SAR/ERS-1 image, compared also with a real image, were done some simula-
tions, that were relative to the airborne E-SAR system (figg. 5a-5b) on the area of dimensions l x l km.
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Figures 5a-5b. SAR Simulation (real case) with identical (a) and different (b) mechanism of diffusion for the
urban area and the surrounding ground.

The image simulated of the fig. 5a has gotten considering the same mechanism of diffusion for the urban area
and the surrounding ground: the electromagnetic parameters here used were been fixed to ε

r
 (dielectric relative

constant) = 4 and σ (conductibility) = 0.0001 S/m.  Vice versa, the simulated image of  fig. 5b was gotten
considering the mechanism of diffusion  above each palace, in way completely different as regards what refers
to the ground: the electromagnetic parameters of the palaces have stayed here fixed to ε

r 
= 4 σ = 0.01 S/m. Was

scheduled the multiple diffusion. In this case the presence of the palaces results evident.

Conclusions and relative recommendations to the employment of the SAR for purposes
of civic protection

With the present paper is clearly shown the importance to have got a precise DTM, obtainable with the modern
techniques of the digital photogrammety, that allows a sensitive amelioration in the elaboration of the SAR
data.

With the considerations and the results produced with the simulations of figs. 5a-5b, imagining that happens a
seismic event for which are available pre-event (analogous to those of fig. 5b) and post-event (analogous to
those of fig. 5a) SAR images, in clear manner are understood the potentialities which arrange a SAR sensor to
identify the collapse of the buildings and, then, to allow a first evaluation of the damages (if the electromag-
netic parameters of the palaces are different as regards those of the surrounding ground).

The results, produced from the simulation of the canonical scene and the relative one to the studied area,
suggest the planning of a new SAR satellite sensor for the management of the seismic risk in urban areas.  The
directives for this planning were drawn out making work the simulator more times, varying the input param-
eters of the mission.

In order of decreasing importance, has been noticed like the new sensor should show a high flexibility rela-
tively to 4 parameters:

1) attainable resolution: A strong amelioration will obtain bettering the resolution (that appears possible al-
ready in a next future, considering that the COSMOS mission, for instance, allows resolutions of 3 x 3 m).
The development of inversion procedures would instead require resolutions of the order of  l x l m;
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2) polarisation: the multi-polarization represents a big opportunity for the development of algorithms of inver-
sion. Seems possible to work on the shape almost deterministic of the matrix of diffusion of the palace, to
extract the information of the same building.  That opens the possibility of use SAR images of width, as like
one verification for deterministic objective, because is not necessary take care of problems tied up to the
speckle. Like minimum requisite, could be useful have a polarisation “like” (VV or HH) and a “cross” (VH
or HV);

3) Angle of sight (look-angle): depending from the presence of shadowing, could be useful have the possibil-
ity of also change automatically the conditions of illumination of the scene;

4) Direction of flight: multiple directions of flight are strongly advisable for resolve the ambiguities tie to the
geometric distortion, the ascending and descendants orbits must be considered only like minimum requisite.

Thanks
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Abstract

Satellite observations can contribute to geothermal studies and exploration by detecting surface thermal
Anomalies by the use of thermal infrared imagery, mapping lineaments that are conduits for geothermal
fluids,depicting the regional volcanic framework, and delineating hydrothermaly altered areas by the use of
specteral patterns in the short-wave infrared regions. In particular, the optical sensor on the Japanese Earth
Resources Satellite, launched February 11, 1992, will be useful for discriminating hydrothermal alteration
zones. (Yasushi Yamaguchi and Hirokazu, Hase 1992). Azerbaijan is situated in the NW of Iran, the Azerbaijan
plateau is characterized by active faulting, recent volcanic and high surface elevation along the Alpine -
Himalayan mountain belt. Recently (GPS) and geodetic measures have been taken to identify the reason for the
uplift of the sea bed at the Caspian sea. To have some information on the movement of the earth crust in the
region, one can obtain invaluable data concerning the geothermal and hydrothermal energy around the Volcanic
Savalan and Sahand fields in Azerbaijan.For the time being geothermal energy is one of the alternative energy
sources that is being used in various ways, including for electric power generation and local heating systems.
Countries like the United States, Philipines, Italy, Mexico, Turkey, New Zealand, Japan, Iceland, Kenya,
Nicaragua ElSalvador, China and Russia are researching and using the geothermal power plants. The recently
Research on geothermal energy is in the priliminary stages and is going on around the volcanic. areas (e, g
Savalan, Sahand and Damavand).

1.  Introduction

Azerbaijan is situated in the NW of Iran, the Azerbaijan plateau is characterized by active faulting, recent
volcanic and high surface elevation along the mobile Alpine-Himalayan belt in the earth. In terms of
seismotectonics, Azerbaijan used to be instable during the Cenozoic era, especially in the Plio-Quaternary. The
instability is extended to the present time. Recently tectonics and geodetic measures have been taken to iden-
tify the reason for the uplift of the Sea-bed at the Caspian Sea.

Observations of Savalan volcanoe NE of Azerbaijan provide instructive examples of volcanological applica-
tions of satellite and remote sensing techniques. Savalan is 4800 meters high volcanoeon the crest of the
Azerbaijan-plateau (Fig 1). It has shown many fumarolic activity throughout historic times.

When a powerful explosive eruption took place on lower Quaternary. Many hydrothermal convection systems
are situated at or near Quaternary volcanoes in Azerbaijan specifically in Savalan around, photogeologic inter-
pretation is quite helpful in volcano-stratigraphic studies of these areas. Molten or solidified magma beneath
such areas generally is accepted as the heat source for the volcano-related geothermal systems.
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Figure 1. Savalan peak. Crater lake

2.  Savalan volcanoe and its relationship with geothermal energy

In Azerbaijan, most hydrothermal convection systems are developed in areas related to Plio-Quaternary
Volcanism, and these systems are associated with surface activity such as hot springs, fumaroles, hydrothermal
alteration, and anomalously high surface temperatures, which can be the targets for remote-sensing.

Savalan volcanoe is a point volcanoe and its coning is a strato-volcanoe type. This volcanoe from geology
point of view is formed on the great Oligocene period. It is primal activity happened during Eocene time and
the last activity was during end of Quaternary time. There are several hot hydrothermal springs around the
Savalan. Most important fountains are Jamish-Geuli, Beshbajilar, Gharasoo, Sarisoo, Pehinsoui, Billar-Dara
and other springs. pH value for all mentioned hydrothermal is varying between 6 to 6.3. Minimum recorded
temperature is 17 to 18C for Billa-Dara and Maximum temperature is 46-47C for Sari-soo and Beshbajilar.
However by using the satellite, the experts, have found the rich deposits of the geothermal energy, enjoying a
temperature between 60-70C to be existing at the depth of 200-230M (1997). The flow rate of water is 130-150
litres per second and its pressure is about 50 atmosphere. (Fig 2).

In the near future digging 30 test wells at the depth of over 100 meters, we will be able to use the energy to
produce electricity and also for the central heating systems and local heating-systems in the factories in the
Savalan area in the Azerbaijan region in Iran. Mineral composition of mentioned springs consists: Chlorures,
Bicharbonates, sulphates, Silica, Nitrates, Ammoniac and some other Mineral compostions.
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Figure 2. Spots of steam along with hot water in the drilled hole with depth of 230 Meters.

3.  Discussion and Conclusion

From the recent Quaternary up to now, Savalan volcanoe and the other volcanoes in Azerbaijan have been
extinguished, but the existence of hydrothermal springs and the development of Sulphatara gas indicates the
considerable mounts of geothermal energy concentraded in this zone.

Lineaments interpreted from remotely sensed imagery provide important information on subsurface fracture
that may control the convective movement of geothermal fluids. Satellite Images indicate the big deposits of
geothermal energy exist in the subsurface in the region of Savalan area. This concentration mechanism sug-
gests the existence of subsurface fractures. Many hydrothermal convection systems are situated at or near Plio-
Quaternary volcanoes in Azerbaijan, and photogeologic interpretation is quite helpful in volcano stratigraphic
studies of these area.

Large-scale circular features are observed in volcanic terranes from synoptic Landsat imagery. These features
are known sometimes to be Plio-Quaternary calderas. Other features are concealed partly by sediments or are
obscured by dissected geomorphology. The Savalan area northwest part of the main Azerbaijan of Iran-plateau
was studied in order to (1) clarify the gelogic meaning of its large circular feature and (2) asses the geothermal
potential of the area. The Savalan region was selected as a geothermal exploration target. A combination of
several new types of data obtained in drilling and in the assessment of geothermal resources assisted in inter-
preting the caldera structure.
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Abstract

Distribution of mangrove forest do not spread in the whole coastal areas of Indonesia, it depends on the
sedimentation and the salt-water condition for its growth. Mangrove protects coastal area from erosion.
Mangrove forest in Indonesia has been decrease because of its economic values, but actually there is not
available any accurate data, therefore it is important to have a mangrove forest map for monitoring and
managing the coastal area. The map making should be in  fast, accurate and with a high degree of reliability,
those can only be met by applying remote sensing technology.

The study areas are in South Bali and in Mahakam Delta in East Kalimantan. South Bali has long been
developed as a tourist resort, spread along the beach, but in the other side of the beach, there is a mangrove
forest lying over there. While Mahakam Delta is an area for oil mine activities. Those activities become a
strong source for the environment degradation.

This study used Radarsat images from fine beam mode for South Bali and Standard beam mode for Mahakam
Delta and also the Landsat TM image for South Bali. Interpretation was improved by combining Radarsat
image with Landsat TM image. The result shows that Radarsat fine beam mode is better than standard beam
mode for mapping mangrove forest. The Radarsat and Landsat TM merged images provided better classification
than either sensor alone. The difference between planted mangroves and natural mangroves could be detected
from the forest floor type and the crown closure.  After the interpretation of the images done then the map was
design for visualization.

Introduction

Mangrove forest has a various useful marine organisms and is one of the richest habitats for all sorts of wild-
life, including marine life and number one supplier of organic matter to the tropical seas. This forest plays an
important role in protecting land against marine and soil erosion (Sukardjo, 1989). Mangroves send out stump
roots, from underground up to about a feet above ground, in an area around the tree approximately three times
its height These stump roots act as straws, sucking on oxygen and storing it on the tree to use during six or more
hours of high tide. This forest actually generates new land, because these stump roots slow the receding tide
and keep the microsoil from washing out to sea. So they tend to build up land around them, helping protect
coastal areas from erosion (Tanaka, 1994). Mangrove could not growth in every coastal especially in salt water
as well as in muddy sedimentation.

Space-based remote sensing technology and its applications entered Indonesia in conjunction with the initia-
tion of Landsat program in 1972. Considering the country’s position as the world’s largest archipelagos state
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with more than 1700 islands stretching 5100 km from far east to west along the equator, Indonesia’s intention
of utilizing this technology for inventory, exploitation and monitoring of its natural resources is very high.
Indonesia has a remote sensing satellite ground receiving station at Parepare, South Sulawesi was inaugurated
in September 1993. As commonly found in the developing countries, where the availability of natural resource
data are very limited, Indonesia requires much efforts on preparing natural quick data, accurately and with a
high degree of reliability.  These conditions can only be met by applying remote sensing technology, which
allows providing real time data, multi temporal, multispectral and in continuos manner. (Soesilo, 1994).

The uses of remote sensing technology actually has advantages in providing spatial information and able to
cover a large area is very essential in monitoring mangrove and its distribution. An optic data has a restricted
because it could not penetrate the cloud meanwhile the radar data could do so.  All the Indonesian optic images
that acquired in ten years between 1974-1984 reported that 3 % from those images was have cloud cover
between 0-10%. (Murni, 1997).

South Bali has long been developed as a tourist resort, spread along the beach. They are Benoa, Kuta, Legian,
Sanur and Nusa Dua. But on the other side of the beach, there is a mangrove forest exists there. It should be
destroy someday because of the resort development.  Bali province has two areas of mangrove forests, one is
in West Bali and the other is in South Bali.  According to the data, areal coverage of mangrove forest in both
side is 1.950 ha in 1987 (Soemodihardjo, 1989).  Mahakam delta area in East Kalimantan having various oil
mine activities and in the western boundary of the Makassar Straits, actually have been mayor channel for
shipping.  Estimated ship traffic in the Makassar straits can be up to 200-300 oil and gas related ship per month,
including seven supertankers per week, three smaller tankers per day and one LNG tanker per day [Gunawan,
et,al, 1997]. This area includes the ecologically rich and as well as the sensitive coastal area.

Methodology

Study Area

This table, explain the characteristic of the images that will be use in this study, see Table 1.

Table 1. Study Area

No Area Scene Info
1 South Bali Satellite: SAR Radarsat, date: February 27, 1997

Orbit: 6879-Descending, beam mode: Fine 4, pixel
spacing: 6.25 m

2 South Bali Satellite: Landsat TM, date: August 20, 1997
Processed : level 5

3 Mahakam
Delta

Satellite: SAR Radarsat, date: August 23, 1996
Orbit: 4185- Ascending, beam mode: Standard 6,

Pixel Spacing: 12.5 m

Image Processing

In this study, the image analysis has been used PCI EASI/PACE version 6.2 software package. First, doing
some correction activities such as radiometric and geometric correction. Radiometric correction is conducted
by using several programs to eliminate the noise and speckle. The program is Antenna Pattern Correction
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(APC), to correct radiometric distortions and remove artificial brightening. The correction is performed by
APC is based upon a least-squares polynomial function to estimate the mean Grey level at each pixel location
in the input image. By using a polynomial, a smooth correction can be defined (Anon, 1997; Richards, 1995).
Calibrated Radarsat data used to correct for both effects of differing illumination across the swath and the
processor induced scaling and offsets and to calibrate radar backscatter. The images were registered with
polynomial and entered coordinated from the topographic map. Geometric correction is the process of trans-
forming imagery to remove undesirable or misleading geometric distortions. It involves the collection of ground
control points relating georeferenced data up to uncorrected data.

The Radarsat images were converted from 16 bit to 8 bit using a linear stretch, divided into 255 classes. Data
fusion refers to the process of creating a new color image by fusing the color component of one input image
with the intensity component of another input image, this is uses the red, green, blue (RGB) color space. We
performed a Red-Green-Blue (RGB) to intensity, hue, saturation (IHS) transformation on the Landsat TM data
with the following bands R=TM5, G=TM4, B=TM3 [Cavalcanti, et al., 1998]. This was followed by a reverse
IHS transformation using the Radarsat image as the input. Filtering is available by using such kind of Lee filter,
Kuan filter, Gamma filter, Frost filter and Median filter.

Meanwhile the classification has done by unsupervised classification with isodata clustering.  This process
assigns pixels to a particular spectral signature based upon the probability that the pixel belongs to the signa-
ture (Arnold, 1996).   For post classification analysis, mode or sieves filter using the task to remove some of
these classification outliers. In Figure 1, after interpretation of those images and for become good maps; the
map should be design. In this study, it designs by using Arc/View version 3.0a software package.

 

CD
Radarsat

CD
Landsat TM

Topographic
Map

 Radiometric
Correction

 Geometric Correction

Ground Control
Point (GCP)

Field Survey  Geometric Correction

Image Enhancement Band Combination

Identify Mangrove

Map Design

Fuse

Map of Mangrove
Forest

Figure 1. Flowchart of identify and mapping the mangrove forest
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Result

The best result for Radarsat image enhancement is by using various filters, in South Bali is Kuan filter and
Root enhancement. From the field survey, there is actually a reforestation project under the Indonesian Minis-
try of Forestry and Japan International Cooperation Agency (JICA) located on ex shrimp-pond about 150 ha.
The replanted mangrove located along Ngurah Rai Street while the original mangrove located along the shore.

Data fusion is used to combine other images for merges the shadows and highlights plus high spatial resolution
of radar with the spectral information from Landsat TM. It is more efficient to interpret the combination image
than interpret separately (Sabins, 1997). In South Bali, the data fusion between Radarsat and Landsat TM band
542 in wet season can be detected clearly between the natural and the replanted mangrove and also the line of
the shrimp-pond can be detected too. It is difficult to find the shrimp pond line in the dry season, so to detect
whether the natural or replanted mangroves from the crown closure. In this study also try the texture analysis
from the software package such as dissimilarity, mean, contrast, and homogeneity. Unsupervised classification
with isodata clustering, give the result that the natural mangroves in wet season having dark tonal and rough
texture comparing with the replanted mangrove. In dry season, the tonal and texture is similar between natural
and replanted mangrove because there is no shrimp-pond line in the imagery. This can be explain, when Radarsat
overpass in the wet season, the floor type of replanted mangrove which is abundantly covered by water while
in the dry season seems lighter and smooth. As the result of field survey, the crown closure of natural mangrove
is more than 80 % and the forest floor type covered by water and the replanted one have crown closure less than
40 % and having relatively less water. See Figure 2 and Figure 3.

Water Bodies

Natural Mangrove

Replanted Mangrove

Settlement

N
0       2,8        5,6 Km

Figure 2. Unsupervised classification with isodata clustering in wet season in South Bali
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Water Bodies

Original Mangrove

Replanted Mangrove

Settlement

N0          2,8          5,6  Km

Figure 3. Unsupervised classification with isodata clustering in dry season in South Bali

Mangroves in the area of Mahakam Delta are consisting of mangrove forest and nypa palm [Evri, et al 1998] it
was different with in South Bali. The mangrove and nypa palm is quite similar in the image, so it is rather
difficulty to see the difference texture with Standard 6.  But in temperate forest, according to [Le Toan,1998],
in fine beam mode is similar. This can be explaining by the homogeneity of the forest floor type covered by
water in high tide. In unsupervised classification with isodata clustering from software package, it was a little
different between mangrove and nypa palm. The nypa palm seems rather dark than mangrove forest. This
could be explained that the height of nypa palm lower than 12 meter and the mangrove height are up to 15
meter. See Figure 4.

After the interpretation of the images done then the map was design for visualization. The map design is
making a title, a legend, a scale and a direction.

From the radar imageries in South Bali there also can be seen a reclamation area in Serangan Island. In the wet
season seems having no connected with the Bali Island while in the dry season imagery, it actually seems have
been connected.
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Mangrove

Nypa Palm

Legend :

N

0             5           10   Km

Figure 4. Unsupervised classification with isodata clustering in Mahakam Delta, East Kalimantan
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Session / Séance 14-D

Correlation of Satellite Images and Field Spectrum for
Estimation on Turbidity of Small Lakes and Ponds

Hussam Al Bilibishi, Abdull Rahim Hamdan, and Yasuo Obikane
Earth & Environmental Science Department, The Hashemite University, Zarqa, Jordan
E-mail address: y.obikane@index.com.jo

Abstract

Correlation coefficients of satellite images and field data with a spectral radiometer were investigated for 32
ponds in Samura waste treatment plant in Jordan.  Images of Landsat-TM, SPOT, ADEOS (Japanese satellite)
were examined, and higher correlation of SE500 to band4 of Landsat TM, and also one to band3 of ADEOS
were obtained.  The coefficients of a modeling equation of growth rate of Algae were obtained with the gradients
in the images.

Back Ground and Objectives

In July 1998 the largest water pump station, Zai station, in Jordan was shut down because yellow algae were
found in drinking water. And, then various kinds of monitoring systems to detect the algae have been proposed.
The present authors have proposed a monitoring system to make warning by using satellite images. There is a
typical application of satellite images to observe turbidity of the water in the Great Lakes, and Sanfrancisco
bay where the environmental information are well known, and thus the prediction may be highly accurate. On
the contrary here, in this country, all water reservoirs are artificial and small. So, time scale and size are quite
different from natural lakes and ponds to the usual applications. The minimum size of lakes for the analysis by
using satellite is 10m for SPOT, 30m for the Landsat that are comparable to the size of streams and ponds.

Though various uncertainty and difficulty of the establish of the system, it is obvious that the system is very
useful and speedy and less expensive compared to the other methods.

Thus, the increasing accuracy of the monitoring method is very important and to establish a fair method to
estimate turbidity of the water by using satellite images.

Field Observation

The Samura waste treatment plant, which is the largest water area shown in Landsat-TM images in central
Jordan , was chosen to be studied. The sketch is shown in Figure 1.

The inlet flow rate to the plant is about 16 thousand-ton per day, and the outlet flow rate is 92%, and the
discharged water runs into the King Talal reservoir for irrigation. The plant has 34 ponds and the total area is
about 1.9Milion squire meters. There are three inlets and three outlets, which are located at the highest and
lowest elevation of each train respectively. On the bottom of each pond a layer of black sludge has formed.
Light is absorbed very effectively, so it can be supposed that all reflective light comes from the surface of the
water. Pond number 2 had piled sludge, and was not used. the Half of the surface in pond number 1,2 was
coated by black sludge. Observation was performed by using SE500(Spectron Engineering, U.S.A.) from
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9:00AM to noon. First the reference spectrum by using a white paper were taken, and then measurements of
the surface reflection were taken at the location 1meter from the edge of the pond. Spectrum for 34 ponds were
taken. However, 20% of the observation data was overshoot. All data were stored in tape, and were printed out
later. As the aeration pond was split into three recently which the recent images never showed. three observa-
tions were additionally needed.

Most ponds had black color except pond 31,32,33,34 where the aeration facility (pond number 35) was located
in the down stream. Though it was very hard to estimate color of water by human eyes, yellowish-green color,
which was the same result to one from the spectrum radiometer, was observed in pond number 33.

Satellite Images

Images of Landsat-TM, ADEOS(Japanese satellite), and SPOT were used for the analysis.

Each pond has enough number of pixels for taking the pixel values in the center of the pond for Landsat-TM
and SPOT. For ADEOS the number of pixels in some ponds are barely enough.

Landsat-TM image in July 1996 showed significant high pixel values in pond number 31. And it showed the
construction of the aeration facility was proceeded during the period. Thus, the data from the pond number 31
to 35 in this image were omitted In the ADEOS image the variation of pixel values were shown very clearly.

In four SPOT images the Samura plant is observed, but some of the ponds are missing because of the boundary
of the full scene. Because of the high resolution the wakes of the discharge from one to other ponds are clearly
shown, and the trace of the flow direction in three trains has been done correctly.

The results are shown in Table 1.

Table 1. Sequence of flow in trains

Pond number

Train-1 1, 5,11,10, 9,14,17,18,21,25
11,16,15,14, bypass

Train-2 2, 6,12,19,22,24,26,27,28,29 (30dummy)
3, 7,12 bypass

Train-3 4, 8,13,20,23,31,32,33,34,35 (Air)

Normalization of Images

To obtain correlations, all data must be normalized. As SE500 spectrum (350-1100micro meter) is continuos
spectrum, it was split into four parts that have the center wave length of the TM band 1,2,3,4, and the same
bandwidth, thus the mean values were estimated. Thus, 4 bands were created for SE500. After the estimation
of SE500 bands, the data were normalized two ways.

At first, for the comparison the TM pixel values with SE500 data, the band ratios were taken as

Bi,j (p,s) = Bi(p,s)/Bj(p,s),

where i and j indicate the band number of both TM and SE500, and p indicates the pond number

s indicates the name of satellite. So, for Landsat-TM i=2,3,4, and j=1, and s=TM.
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By the same way, ADEOS image has three bands, so I=2,3, and j=1, s=ADEOS.

Secondly, for the comparison to SPOT-PN, all bands of SE500 were added and then the sums were taken into
the ratio to the first pond, i.e.

C (p,s) = (B1 (p,s)+B2(p,s)+B3(p,s))/(B1(1,s)+B2(1,s)+B3(1,s)) for s=ADEOS,

C(p,s) = (B1(p,s)+B2(p,s)+B3(p,s)+B4(p,s))/( B1(1,s)+B2(1,s)+B3(1,s)+B4(1,s)) for s=SE500.

The figures of the band ratio for each satellite and scattering plots of SE500 to TM and ADEOS, and SPOT, are
shown in Figure 1 to 10. And the correlation coefficients are shown in table 2.

Interpretation of Data

In Figure 2 to Figure10 the significant difference in the band4/band1 can be seen near the end of the train1, and
train3. These results seem to be coincided with the fact that at the end of the train the water must be purified.
There, the reflectance increased very steeply as the same results are obtained by the SE500. This band is well-
known to stand for CHL-a, and there algae obviously grew exponentially.

The results of SE500(spectral radiometer) showed the color shift to red had happened sharply.

However, it is not obvious that the last pond, such as the last pond of the second train was always purified,
because the recent increase of the flow rate is three times of the design point and the plant did not work
effectively. In figure 11 the data were reordered to follow the sequence of the flows. The pond number can be
replaced to the time. By the recent estimation the traveling time dt of the water is 0.5days/pond. So, the time
difference of the band ratio to the next pond can be calculated as

R1=( Bi,j(p1,j)-Bi,j(p2,j))/dt

The rate of change of R1 for Band4/Band1 was 0.1/day to 0.59/day.

For the analysis of ADEOS the NDVI was defined similar to Landsat-TM , as

NDVI=(Band3-Band2)/Band3+Band2),

since the number of band has only three.

In figure 11 the series of NDVI shows differences near the end of the trains clearly. The rate of change also was
calculated by the same way used for R1.

Table 2. Correlation coefficients

SE500(B4) Nov (TM )B4 July(TM )B4 ADEOS(B3)

SE500 1 0.624 0.29 -0.26

Table 3. R1 Rate of Change of Band Ratio

Train1 Train3

SE500 0.416 0.344

Nov 1996(TM ) 0.59 0.366

July 1996(TM ) —— 0.25

ADEOS(NDVI) 0.133 0.333
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Modeling Equation of Turbidity

It is well known that the growth rate Y of plankton can be parameterized by temperature T , sun exposure time
X, and Nitrogen, and Phosphor as,

 dY(T,X)/dt = A* Y(T,X)/(1 + C*Y(T,X)*Y(T,X))

where C is the function of N and P, and A and B are constants.

If C is small enough, A can be determined by the following way.

Because of the B4 indicates the reflectance of algae the Y may be assumed to be proportional to B4/B1. Then
the equation can be written as

R1 = A*n*(B4/B1)

Where n is the coefficients for Y=n(B4/B1).,and n can be given by the observation of the mean value of the
algae in the all ponds. And R1 was determined at the B4/B1=0.5. Thus,

A = 2.* R1/n= 0.688/n (Nov, train3)

was obtained.

Recommendation

Satellite data can be used for the detection of algae as well as the ground truth Spectral data. This indicates that
higher resolution spectral sensor in satellite can be replace to the conventional optical monitoring system in
various places. Further researches on the equation must be taken to ensure the accuracy of the coefficients to
predict algae in ponds.
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Figure 1. Samura waste treatment plant in Jordan
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Figure 2. Normalized pixel value (Nov 1996) Figure 4. Normalized spectrum (SE500)

Figure 3. Normalized pixel value (July 1996) Figure 5. Normalized SPOT, ADEOS, and SE500

Figure 6. NDVI (ADEOS) Figure 7. TM (Nov 1996) to SE500

Figure 8. TM (July 1996) to SE500 Figure 9. TM (July 1996) to SE500

Figure 10. ADEOS (1998) to SE500
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Figure 11. Streamwise development of band ratio in each train (a), (b), (c), (d), (e), (f), (g)
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Session / Séance 48-B

Forest Mapping with the Use of Remote Sensing and GIS -
Kozienice Forest Case

Emilia Wisniewska, Tomasz Zawila-Niedzwiecki, and Maria Iracka
Institute of Geodesy and Cartography in Warsaw, Poland
emiwis@igik.edu.pl      tzawila@igik.edu.pl      miracka@igik.edu.pl

Abstract

The Institute of Geodesy and Cartography conducts work on the use of a remote sensing and geographic
information system for forest monitoring. The above mentioned pilot project aims to create an operational
geographic information system for monitoring, updating and mapping Kozienice Forest.

The created geographic information system stores some environmental information included in two related
databases: spatial and relational.

The spatial database deals with the information derived from satellite images, digitised elements of topographic
and thematic maps.

The relational database is formed from inventory information concerning forest management, descriptive data
and from descriptions prepared in the course of environmental examination of the particular areas. All these
descriptions are related to spatial information, i.e. to particular stands, compartments and administrative
units of forestry.

The maps formed as a result of satellite image processing and spatial analyses through the presentation of
spatial differentiation of forest quality, should facilitate the reading and understanding of statistical tables,
assigning numerical data to particular geographical areas.

Changes in the environment have caused the necessity of large-scale monitoring and cartographic presentation
of its condition and the changes which it is undergoing. In the Institute of Geodesy and Cartography in Warsaw
work has been conducted for a few years on the use of geographic information systems for monitoring and
mapping forests. Amongst others, the  possibilities have been researched of applying these systems with the
aim of complex monitoring and mapping of forests covering the digitisation of cartographic data, the integra-
tion of digital maps with descriptive data, and the interpretation of satellite images with the use of information
contained in an integrated database.

The forest information system created for Kozienice Forest gathers information on the environment from
many sources in two related databases: spatial and descriptive. The spatial database contains not only informa-
tion obtained from satellite images, but also digitised data from topographic and thematic maps. The descrip-
tive database is created from inventory information from forest management and other information on the
environment. This is related to spatial information through reference to actual forest stands, departments and
units of forest administration. The system created enables: the introduction of data, the building of an inte-
grated database, the processing of satellite images, the updating of databases, as well as spatial analysis and
cartographic edition (see Figure 1).
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Figure 1. Scheme of forest monitoring on the basis of remote sensing data using a geographic information
system

The most expensive and time-consuming stage was the establishment of the database, which was conducted in
the following way:

1) the creation of a spatial database:

- the digitisation of selected elements of topographical and forest maps,
- the preparation of files with graphic data for further processing,
- the creation of a graphic database,
- the superimposition of layers;

2) the introduction of the descriptive database to the system, the most important part being the results of the
forest management inventory conducted at the Bureau of Forest Management and Forest Geodesy as well as
other information about the environment;

3) the integration of the spatial database and the descriptive database.
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Before beginning the classification of the forest content of satellite images, with the aim of the monitoring and
cartographic presentation of the forest resources, it is necessary to define the number and minuteness of detail
of the classes. They may differ in terms of location in different bio-geographical locations and the application
of diverse algorithms of the classification for satellite images, depending on the aim and territorial extent of the
work, as well as the terrain and spectral resolution of images.

In the case of analysis of local phenomena and forests growing in one bio-geographical region, a more detailed
classification is possible. The use of data gathered in the geographic information system of the Kozienice
Forest, in other words, the data from the forest management inventory and other information on the environ-
ment, describing the state of health of selected test areas, allows for the widening of the description of the
separated classes. Spatial analysis was conducted in order to achieve a correct and most detailed selection of
classes, as well as to select the best channels for Kozienice Forest monitoring. This concerned mainly the pine
stands since this is the dominant species in Polish forests. This is also why detailed inventory data about forest
stands was most necessary, since, as is known, as a result of the structure of pine forests (characterised by
lower crown density than exist in, for example, spruce stands), to a large extent not only needles or leaves
influence the spectral value, but also the crown branches, tree trunks, soil, its cover, and undergrowth.

The results of the analysis of the pine stands showed that:

• satellite images make possible the differentiation as separate classes of: dominant species as well as site type
forests,

• the following have a crucial influence on the spectral result of pine forests: density, proportion of dominant
species, defoliation and the number of living trees per 1 hectare,

• in forest stands where the proportion of pine trees is over 70% and the density is high or medium, the age and
height of trees may also be differentiated

• the differentiation of the above-mentioned parameters  is possible thanks to multi-channel analysis,
• pine stands are best represented in medium and near infrared and red ranges, which correspond to channels 5,

4, 3 of the Thematic Mapper scanner (LANDSAT) and channels 4,3,2 of the HRVIR scanner (SPOT).

Once the spectral differentiation is known with regard to the parameters of the stand of the given forest area,
and therefore having defined the classes which can be obtained from the processing of the satellite images, one
can then proceed to classify the satellite images.

The proposed hybrid method for conducting the classification of satellite images of forest areas shows not only
the algorithm of the proceedings of the satellite images connected with the numerical forest map, but also for
the forests for which the geographic information system has not yet been established (see Figure 2).

When classifying integrated satellite images with other information about the environment in the geographic
information system, attention should be paid to the combining of digital classification with visual. As we
know, visual interpretation is more exact, but digital classification is faster. Here, by excluding “problematic”
areas from digital classification, one may obtain more precision and less intermingling of the classes.

The conception of classification of satellite images not connected with the forest geographic information sys-
tem concerns the method of differentiation of the training fields which are the spectral patterns for conducting
the classification. The subjective selection of training fields, based on the visual analysis of images is replaced
by random selection, conducted along transects marked on the numerical forest map. All forest stands which
lie on transect lines are analysed from the point of view of spectral differentiation. This method of selection of
training fields is more suitable for statistical analysis, which the classification of satellite images is, after all.

The geographic information system created may serve not only for the analysis of satellite images with the aim
of the monitoring and cartographic presentation of forest areas based on classification, but may also serve for
other spatial analyses e.g. the conformity of species composition with habitat, determination of the state of
health of forest stands, determination of forest condition zones in connection with the parameters of the forest
stand and habitat contained in the forest management database.  The geographic information system may also
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Figure 2.  Diagram of hybrid method of classification of satellite images for forest areas.

be used as a tool for the cartographic presentation of gathered data and results of their analysis.  This is why,
apart from classification maps, a series of other works were prepared, the most interesting of which are as
follows:

- analysis of land-use on the historic area of Kozienice Forest,

- assessment of the compatibility of the species composition of the forest stands with the type of habitat (poten-
tial vs. present vegetation),

- assessment of the soil acidification, due to plantation of coniferous species on the reach forest sites,

- determination of forest condition zones.

Geographic information systems, containing ordered collections of information about the forest can play a
large role in correct running and management of the forest.  The advantage of these systems is the possibility to
combine multi-source and multi-type information about the environment, conduct spatial analysis, update
databases, and edit maps and reports.

References

Wisniewska, E., Zawila-Niedzwiecki, T. (1998). Classification of forest content of satellite images . Proceedings of the
Institute of Geodesy and Cartography, Vol. XLV, No. 97, 157-169 (in Polish, English abstract)

Wisniewska, E.. (1997). The accuracy analysis of forest information system graphic database. Proceedings of the Sylwan,
Vol. CXLI, No. 2, 77-82. (in Polish, English abstract)

Zawila-Niedzwiecki, T. (1994). Estimation of forest quality at threatened ecosystems with the use of satellite images
and geographic information system. Proceedings of the Institute of Geodesy and Cartography, Vol. XLI, No. 90
(in Polish, English abstract)



Remote Sensing / Télédétection électromagnéique

           10 Index

Session / Séance 11-D

The Application Research of Auxiliary Parameters in
Thematic Mapping of Image

Fu Suxing, Chen Haiyao, and Fu Qiaomei

Abstract

The paper discusses the application of the auxiliary parameters used in image recognition, classification and
mapping. It is indispensable for improving the accuracy of image classification and mapping quality. It focuses
on the discussion of the theory and methodology for the determination of parameters for spatial information
including method for analysis of auxiliary data relevant to geography and knowledge-based parameter research
method. Applied researches on parameters are also carried out in combination with pattern recognition and
typological mapping of saline-alkali soils.

Remote sensing is a concentrated representation of the complex of the nature and important information source
for geo-science research as well. Hence, it is not only possible to profoundly reveal the dramatic changes of
natural laws in geographic processes, but also promote the development of geographic information analytical
and management data toward systematization, standardization and decision-making intellectualization for the
purpose of improving capability in system analysis of geography and integrated research.

Implication and Functions of Auxiliary Parameters

Presently, the common practice in remote sensing information analysis and cartography is to study the avail-
able information extracted by means of ground spectral properties, but results are normally unsatisfactory.
Many factors are accountable for this, yet the most fundamental one is lack of thorough geo-science analysis of
image composition mechanisms for spatial information of ground features in the process of cartographic treat-
ment and analysis by using spatial information. In this connection, stress should be put on studies of spatial
ground objects such as  genetical property information of internal and external factors related to saline-alkali
soil formation as well as of image composition and transfer mechanisms of  correlativity property information
related to soil development process under the impact of vegetation  covers. This constitutes an essential factor
for the intrinsic property variations of all the elements of the ground objects in the study area. The leading
factors and correlated factors that should be taken into account in the area in establishing geo-science and
biological models are referred to as auxiliary parameters because the regional conditions of various types of
ground objects differ from each other. For instance, parameters for various types of paddy fields such as that on
the marshes, in the alluvial plains and in mountain areas should vary. Prof. Chen Shupeng takes this kind of
parameters as regional revised parameters applied in spatial information models. These factors or parameters
that can satisfy the needs of operational system through experimental models should be identified by relevant
experts developing to researches of geo-science and other disciplines. The aim of it is to maximize the im-
provement of the quality, accuracy and intelligence in recognition classification and mapping of spatial remote
sensing information.
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In-depth studies on image recognition and cartography have been carried out at home and abroad from differ-
ent angles and in different fields. An essential way of research is the application of classifier algorithms of
different types such as ground object statistical analysis, context feature recognition, veined construction ex-
amination, fraction dimension, nerve pixel network model and dual-directional reflection distribution function
which have improved to differing degrees the accuracy of ground object classification. Another important way
that should not be negligible in improving auto-recognition and cartographic accuracy of spatial information
associated with spatial ground object is to explore its intrinsic regional differentiation law and study its imaging
mechanical parameters in addition to the quantitative description via model quantified analysis. Obviously, it is
of great theoretical significance to the ground object information recognition and  parameter studies.

Analysis Principles for Auxiliary Parameter of Image

One of the most commonly used methods in spatial information auto-classification and cartography is pattern
recognition classification method by taking spectral property as a major indicator. However, confused phe-
nomena would usually result in recognition classification with image similarity represented based on ground
spectral features. The synthetic effects of numerous factors upon images of natural bodies are attributed to the
result. It is thus clear that the certain limitations exist in recognition and classification if they are done merely
based on similarity of ground spectral features. The key to it is to conduct intensive studies on various auxiliary
parameters.

Analysis of geographically correlated auxiliary parameter

The distribution of natural ground objects possesses both correlativity and restrictivity. Take ground object
recognition in vertical zones as a case. It is difficult to obtain ideal reslts in visual interpretation or computer-
aided classification simply in light with ground object affected spectral properties. This is because some of the
information characteristics are concealed and can not be fully displayed after they are contracted from multidi-
mensional spatial ground objects into images. With regard to soil type recognition, vertical zonality in soil
formation in mountain areas is reflected to certain extent for in addition to the effect of non-zonal lithology and
soil-forming materials, it is also affected by vertical vegetation distribution. So in case of mountain soil remote
sensing analysis and mapping, vertical zonality should be considered and digital elevation model (DEM) be
used to help recognition.

Soil types in mountain areas of Lijiang provide a good example. Because of vegetation cover, it is difficult to
accurately delineate soil types according to interpretation and classification of image colour and pattern ob-
tained through spectral property analysis. Hence, studies on limiting factors and characteristic data with geo-
graphically correlated theory accord with geographic law and characteristics of vertical distribution in moun-
tain areas. In soil type interpretation, the introduction of DEM data of the region and treatment following
elevation belts would be beneficial to the improvement of accuracy of digital image classification and thematic
mapping quality.

Meanwhile, in the studies of image classification with auxiliary data, necessary geographic background data
base can be established according to requirements of ground object types awaiting to be classified, results of
geo-science analysis and restricted characteristic information. Consequently, remote sensing image classifica-
tion and mapping can be supplemented purposely with the support of GIS, e.g., the application of digital
geomorphologic model (DGM) parameters.
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2. Determination of auxiliary parameters

Studies on genetic characteristic information parameters of various relevant ground targets according to re-
gional differentiation law and landscape ecological theory provide a method that is non-negligible with spatial
information classification and mapping. It is also an essential method in describing intrinsic law of geography
from superficial phenomena of ground features, and even in model representation and accuracy improvement
of spatial information mapping with quantified revised coefficients then formed. Since the growth and decline
of each type of ground objects follows a particular orderly rule of geographic entropy and intrinsic causality, it
is an applied fundamental work to orderly rule of geographic entropy and intrinsic causality, it is an applied
fundamental work to study spectral data of various ground feature information in combination with auxiliary
parameters of geo-science and biological spatial models.

As different eco-environments exist in terms of genesis of certain types of ground features, a particular type of
genetic control parameter exists accordingly. The saline-alkali land is a typical types of land use. The distrib-
uted area is mostly found in interior arid and semi-arid lands and coastal zones.

Analysis of saline-alkali soils around Yucheng and Qihe in Huang-Huai-Hai Plain indicated that as mineral
salts of varying amount contained in soil-forming materials in low-lying depressions with inadequate drainage
practices, highly mineralized groundwater with different salt contents are thus formed. When different amount
of soluble salt accumulated to certain degrees in soils, saline-alkali soils would be formed which can be iden-
tified as non-saline-alkali soils, light saline-alkali soils, medium saline-alkali soils, heavy saline-alkali soils
and solonchak according to top-soil salt contents. They exert different impacts on crop growth.

Because the formation conditions of saline-alkali soils are connected with 1) low-lying depressions where salt
and water are liable to accumulate and 2) high soluble salt content in soil and groundwater and high phreatic
water level, soil salinization-alkalization would result in case soil phreatic water table is higher than the critical
depth for soil salinization alkalization in low gentle terrain. This clearly demonstrated that the distribution of
saline-alkali soils in the region is closely linked with its micro-geomorphic units and topographic positions.

The macro-geomorphic units of the region fall into the category of the alluvial plains of the lower Yellow River.
The complicated micro-geomorphic units mainly consisting of the three types of terrain like highland, flat land,
and depressions include flood highland, high slope field, flat slope field, depressed slope field, flat depressions
and troughshaped depressions owing to the historical evolution of the Yellow River. That’s why the auxiliary
parameters-the micro landforms are analyzed and utilized in the process of saline-alkali soil recognition and
classification with satellite images and are taken as revised coefficients for classification improvement.

Taking into account the effects of different micro-geomorphic types on soil salinization-alkalization extent,
studies were carried out on auxiliary parameters for the sake of saline-alkali land recognition and classifica-
tion. Generally speaking, soil salinization-alkalization is unliable to occur in river-bed highland, flood high-
land and crevasse splay which are topographically higher with deep-buried phreatic water table and sound
drainage conditions; but it is comparatively easier to occur in slighly declined flat land, flat slope field and low-
gentle flat land which are gently sloped with higher groundwater table; while it is easy to take place in interstream
sloped depressions, shallow depressions and trough-shaped depressions which are low-lying with deep-buried
phreatic water table and poor drainage conditions.

According to the distribution characteristics of the various micro-geomorphic units described above alongside
with geographic correlation analysis of their salinization-alkalization extent, the following parameter system
used to aid saline-alkali land recognition and classification are identified asmicro-geomorphic units unliable to
induce salinization-alkalization;micro-geomorphic units more liable to induce salinization-alkalization; and
micro-geomorphic units liable to induce salinization-alkalization.

With these auxiliary parameters, it is possible for us to analyze quantified models and approach saline-alkali
soil assisted decision-making classification and mapping based on original classification taking spectral infor-
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mation as basis. Facts proved this is an effective way for spatial information geo-science analysis and accuracy
improvement of map products.

Experiment of Auxiliary Parameter Quantification in Recognition

It is also an important guarantee for introducing expert knowledge, and realizing resources satellite application
systematization and decision-making intellectualization.

The principal procedures of applied experiments for auxiliary parameter of image mapping are as follows.

1) To conduct statistical analysis based on spatial image spectral property information, study information
mechanism of ground objects to be classified, and determine auxiliary parameters for spatial models.

2) To perform parameter quantification treatment based on control parameter systems, study revised coeffi-
cients according to ground feature classification results, and work out a priori probability table according
to the experiments.

3) To conduct auxiliary classification and produce new classification image on the basis of multi-spectral
image classification in combination with parameters and their quantified values.

4) To accomplish image matching with graphics and final production of thematic map assisted with parameter
auxiliary classification by means of geometric projection transformation according to technical require-
ments of remote sensing thematic mapping.

To this end, experimental studies were carried out on saline-alkali soil types.

1. Quantification analysis of Parameter

Quantification studies of parameters were possibly done following the establishment of the auxiliary param-
eter systems which can directly reflect corresponding relationship between micro-geomorphic types and soil
salinization-alkalization. This is the key link to the realization of parameter auxiliary classification.

The maximum likelihood classification rule was normally adopted in multispectral classification. In this par-
ticular algorithm, the discriminant functions of whatever type of ground objects are dependent not only upon
their respective statistical parameters but also their priori probabilities. The principle of parameter quantifica-
tion is that when the statistical parameters of certain ground feature types are very similar to each other in the
process of classification, the range of value of their priori probabilities would be decisive to the classification
of discriminant pixel.

It is fairly clear that the original multispectral classification results could be endowed with a more reasonable
revised coefficient if the priori probability values of various types of ground objects are analyzed and studied
based on the above-mentioned auxiliary parameters. The principle followed in determining the quantified
value of the parameter is dependent on the auxiliary parameter units where ground objects that are going to be
classified are located. Generally speaking, the saline-alkali soil occurrence possibility for all salinizaed-alkalized
types of ground objects is greater in micro-geomorphic units that are liable to induce salinization-alkalization
than those unliable to subject to the phenomena. By so doing, it is possible to determine the priori probability
values of classified ground objects based on auxiliary parameter systems for expressing quantified models.

2. Application of quantification value for image classification

The purpose of determining quantified endowed value is to study batch revised coefficients so as to endow
improved classification accuracy.
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One can see from pattern recognition classification result of saline-alkali land that ground feature types classi-
fied merely based on multispectral information statistics are more frequently confused or in some cases almost
undistinguishable. For instance, the tones of saline wasteland and sandy land of over a dozen types classified in
laboratory appear white colour with high grey values are quite similar to each other and hard to distinguish.
Another example is that heavy saline-alkali soils are sometimes confused with urban types which are
undistinguishable. In addition, confusions also exist among wheat fields and barren land subject to salinization-
alkalization of differing degrees. In this connection, priori probability values of various types of ground fea-
tures obtained by parameter quantification experiment can be revised according to different micro-geomorphic
units where the ground objects which are going to be classified are located.

Take saline wasterland as a case. If it is located in the micro-geomorphic units liable to be salinized-alkalized,
it would be endowed with a greater priori probability value. But if it is located in the micro-geomorphic units
unliable to be salinized-alkalized, it would be endowed with a smaller priori probability value. In case both
saline wasteland and sandy land, the two easily confused ground objects, are located in the micro-geomorphic
units liable to be salinized-alkalized, the priori probability value of the former should be increased properly
and the that of the latter, be reduced accordingly. As a consequence, the discriminant functional values for each
of the objects could vary. The former can be categorized into the saline wasteland type because of its greater
value. With regard to nonsaline-alkali barren land and towns and cities locating in micro-geomorphic units
unliable or liable to be salinized-alkalized, if they are located in the unliable units, the endowed value should be
greater than that located in liable units. Their parameter quantified priori probability values can be determined
according to the above-discussed principles and experiments.

Results of the analysis of the above-discussed auxiliary parameter and the application of quantified models
indicated that classification with batch revised coefficients has been greaterly improved than with multispectral
character recognition and the classification accuracy has been improved.

Experiments showed that determination of priori probability of ground objects to be classified inlight of differ-
ent correlativities of micro landforms with salinization-alkalization provides theoretical basis for quantifying
parameters. It also serves as a knowledge-based (including special knowledge of various fields) synthetic
analysis model of variables and a basic prerequisite for standardizing expert system. Meanwhile, it is an essen-
tial basis for promoting remote sensing, GIS, electronic cartographic synthetic system and intellectualization.

Furthermore, it can reveal mechanisms of ground feature information by using integrated remote sensing infor-
mation, non-remote sensing information (containing auxiliary data and expert knowledge) and certain intelli-
gent method so as to discover new channels for applied research of spatial information and high-technology.
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