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Abstract
There is a requirement in many fields of the earth science for accurate knowledge of terrain
topography. Nowadays, ASTER data provides value able data sources for this field. In this
research the geometry of ASTER data was investigated by digitising contour lines in ILWIS. So,
several epipolar stereo pairs from some parts of the earth generated to find out relation between
height and column- parallax (using ground control points). This relation used to digitise contour
line in ILWIS. The comparison of digitised and existing contour lines showed the shift in the
image caused by effect of side look angle. Thus, the mathematical formulation defined to
calculate the shift and used to correct it.
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1. Introduction
1.1.

Introduction

ASTER stereo imagery is now being acquired and it is hoped that, throughout its 5 years mission, most
of the earth’s land surface will be imaged in stereo. It provides a major data source for generating high
resolution DEMs for most parts of the world at a relatively low cost. This valuable source of data
requires increasingly appropriate tools for processing. Thus, the digital photogrametry softwares
extract high resolution DEM by using image matching techniques, orientation processes etc. But, there
are some limitations for using these softwares all around the world (e.g. its high cost). In this
approach the geometry of 1A and 1B level products of ASTER images at several parts of the globe are
studied to digitize accurate contour line in ILWIS software because of its availability for many users
(user friendly and suitable cost). ILWIS is a GIS software which can also make makes stereo pairs for
viewing satellite images and aerial photographs in stereo. This can be used for digitizing lines of
constant parallax (in row-parallax on the screen, i.e. ∆ col= 0)

1.2.

Historical review

Several researches about DEM Generation using ASTER stereo imagery were carried out. Results of
some of these researches are as follows:
-Davis A.M., Liu J.G., Remote Sensing Unit, Earth Sciences, T.H. Huxley School, Royal School of
Mines, Imperial College, London, generated DEM from ASTER image by the matching of the stereo
imagery and rectification into xyz co-ordinate space using VirtuoZo (digital photogrametry software).
(Davis and Liu)Tie-point measurement of like points on both images results in a relative orientation.
Absolute orientation involves the measurement of ground control points (GCPs) on both images.
These points are then linked to the GCP database file, which contains the xyz values measured from
topographic maps or GPS. The resulting DEM generation is automatic with accuracy at 45m, which is
based on the matching algorithms in VirtuoZo (3* 15m image pixels).
-http://www.engesat.com.br/produtos/ASTER_DEMs.pdf. (24.04.2002), discusses DEM generation
using ground control points, triangulation method and IMAGINE ORTHO BASE Pro.
-http://edcdaac.usgs.gov/aster/ast14dem.html. (03.10.2002), shows the ASTER Digital Elevation
Model using a pair of ASTER Level 1A images. ASTER DEMs can be generated either with or
without ground control points (GCPs). An Absolute DEM is created with GCPs that are supplied by an
end-user who has requested the product. These DEMs have an absolute horizontal and vertical
accuracy of up to 7 meters with appropriate GCPs and up to 10 meters without GCPs. ASTER DEMs
are expected to meet map accuracy standards for scales from 1:50,000 to 1:250,000.
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1.3.

ASTER data

ASTER is an advanced multispectral imager, which is flying on Terra polar orbiting spacecraft with
other 4 sensors under international cooperation. ASTER stands for the Advanced Space borne Thermal
Emission and Reflection radiometer. The Terra spacecraft is operated in a circular, near polar orbit at
an altitude of 705 km. The orbit is sun-synchronous that cross the equator at 10:30 a.m local time*.
The repeat cycle is 16 days. Thus, the orbit parameters are the same as Landsat except for the local
time as shown in Table 1-1.

Table 1.1 Orbit parameters

Orbit
Semi-major axis (Mean)
Eccentricity
Time of day
Altitude range

Sun synchronous, Descending
7078 km
0.0012
10:30 ± 15 min. am
700 - 737 km
(705 km at equator)
Inclination
98.2° ± 0.15
Repeat cycle
16 days (233 revolutions/16days)
Distance between adjacent orbits 172 km
Orbit period
98.9 min
Orbit position knowledge
±150 m/3 axes, 3s
Repetition accuracy
±20 km, 3s

The instrument covers a wide spectral region from the visible to the thermal infrared by 14 spectral
bands each with high spatial, spectral and radiometric resolutions. In order to cover the wide spectral
range of the ASTER instrument, the components have been separated into three subsystems, visible
and near infrared radiometer (VNIR) subsystem, short wave infrared radiometer (SWIR) subsystem
and thermal infrared radiometer (TIR). The VNIR subsystem has two telescopes, a nadir looking
telescope and a backward looking telescope. The two telescopes enable a stereoscopic view with a
base-to-height ratio of 0.6 in the along-track direction with minimum mass resource.

* Local time = UTC - λ°*(h/15°)
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1.4.

Pushbroom Scaning

The pushbroom scanner is based on the use of Charged Coupled Devices (CCDs), which records one
entire line at a time. Since the CCD elements continuously measure along the direction of the platform,
this scanner is called along-track scanner. In pushbroom scanner each image line has its own nadir
point. When the viewing is in a vertical plane, the nadir point is in the image line. Also here relief
displacement is radial with respect to the nadir point, thus it is only within the line, away from the
nadir point. When the viewing plane of the sensor is not vertical (e.g. backward view) the nadir point
may be far away from the image line. In this case all vertical structures lean the same way in flight
direction. This is in addition to the sideways leaning effect shown explained above.
The figure1.1 shows the relief displacement typical for a nadir view (top) and a backward view
(bottom). In reality the swath is much narrower, thus the left side of the image shows the typical
situation for a left inclined view, the centre part for a vertical view and the right side for a right
inclined view. Note, that in ASTER image the “nadir view” may have a considerable inclination
sideways!

a)Nadir view
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b)Backward view

Figure 1.1 The displacement in nadir (a) and backward view (b)

The VNIR images are obtained by pushbroom scanning with array detectors of Si-CCD.

1.5.

Research objectives

In this research, several georeferencing and resampling methods with or without ground control points
are compared to find out the best method of the Y-parallax free epipolar stereo pairs to define the
relation between X-parallax and the height by ILWIS software for digitizing contour lines. The
different epipolar stereo pairs are generated based on the different latitudes to get a more general
result.
Research questions, which have to be answered in this subject, are:
• How can ASTER images (3N and 3B) level 1a and level 1b or only 1b be resampeled into a
Y-parallax free stereo pair with a direct relation between X-parallel and height differences?
• Which kind of georeferencing methods can be used to remove Y-parallax?
• What is the relation between X-parallax and height differences?
• Which georeferencing methods can be used to make the relation between X-parallax and
height differences independent of the location in the images?
• How can ILWIS be used to digitize contour lines from such stereo pairs?
• How can ground control points be used to improve the accuracy?
• Which changes in the ILWIS functionality are required or useful to improve this method?

4
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1.6.

Description of the research method

Several stereo images from different locations on earth (i.e. different latitude) have been served for
this study. Epipolar stereo pairs for each location were generated, and then Y and X-parallax were
measured for ground control points in ILWIS software to find the relation between X-parallax and
height. Contour lines digitizing are carried out based on this relation in anaglyph viewer window of
ILWIS by changing the parameters of it that shows a consistent shift in georeference of digitized
contour lines. Finally the mathematical formulation defined to calculate the amount of shift for nadir
and backward view separately.

1.7.

Structure of the thesis

In chapter 2 the geometry of ASTER images will be investigated and in chapter 3, information about
the test areas and ASTER data will be given. A brief discussion about how to create epipolar stereo
pair, how to measure parallax and how to digitize contour line is also given. Chapter 4 will be focused
on the mathematical formulation. The implementation, result and discussion are covered in chapter 5.
The thesis ends with some suggestion for future work in chapter 6.
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2. Overview on geometry of ASTER
data and other data used in the
research
2.1.

Background of Aster data

ASTER (Advanced Spaceborne Thermal Emission and Reflection Radiometer) is an advanced
multispectral sensor to cover a wide spectral region from visible to thermal infrared with high spatial,
spectral and radiometric resolution. The wide spectral region is covered by three telescopes: VNIR,
SWIR and TIR (table 2.1). In addition one more telescope is used to see backward in the near infrared
spectral band (band 3B) for stereoscopic capability.
Table 2.1 Spectral bands in VNIR

Sub system

VNIR

2.2.

Band N0.

Spectral Range
(µm)

1
2
3N
3B

0.52 - 0.60
0.63 - 0.69
0.78 - 0.86
0.78 - 0.86

Spectral
Resolution

15m

Stereoscopy in ASTER data

Stereo imagery is collected by the VNIR subsystem. Figure 2.1 shows the stereo configuration for
which the backward telescope is adopted. The relation between B/H ratio and α is B/H=tanα, where α
is the angle between the nadir and backward direction at an observing point on the earth surface. The
angle α that corresponds to B/H ratio of 0.6 is 30.96 degree. By considering the curvature of the earth
surface, the setting angle between the nadir and the backward telescope is designed to be 27.60. As
shown in table 2.1 ASTER stereo bands 3N (Nadir) and 3B (Backward) have spectral bandwidths in
the NIR (0.76- 0.86µm). The VNIR images have a nominal pixel resolution of 15m. The geometry of
3N and 3B will be focused by this research.
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Figure 2.1 The stereo configuration

2.3.

Data processing in ASTER

The original data (level 0) are rearranged to separate the image data into spectral bands. This level-0A
data consist of three groups, the VNIR data group, SWIR data group and the TIR data group. Each
group consists of the image data, the instrument supplementary data and the spacecraft ancillary data.
They are not divided into scenes but kept in a continuous observation unit, that is a long strip for more
flexible scene selection. The level-0A is followed by the geometric correction. This correction mainly
consists of the coordinate transformation of the line of sight vector using the ancillary information
from the spacecraft and the supplementary information from the instrument to identify the observed
point in latitude/longitude coordinate on the earth surface defined by the earth model (WGS84).
For the level-0A image the geometric correction is computed to enable the cutting into scenes
according to the predetermined World Reference System (WRS). Each group of data is divided into
scenes of 60km in the along-track direction but includes 3 more km of data to provide an overlap of
5% with the neighbouring scene except for backward stereo band. For band 3B the scene size is 81km,
including an additional 6km to either side to compensate for possible errors and a scene rotation for a
large cross-track pointing. Moreover an allowance for shifts due to terrain elevation is given. This is
also 6km thus allows for terrain height up to 10000m. All geometric correction processes and scene
cutting are carried out by a set of geolocation data generated for each scene. This gives the level-0B
data. Note, the image is not resampled according to the calculated correction at this stage. The
geometric information is consolidated into a set of geolocation data expressed in latitude/longitude for
every scene.
The level-1A data includes the image, the radiometric coefficients, the geolocation data and the
auxiliary data. Applying these data for radiometric calibration and geometric resampling generates the
level-1B data.
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2.4.

Geometric correction process in ASTER

The geometric correction is the rotation and the coordinate transformation of line of sight vectors of
detectors to the earth Greenwich coordinate system using only the engineering information from the
instrument and the spacecraft to identify the observed points. The observed point on the earth surface
is identified by the intersection of the earth surface and an extended line of sight vector. The images
are divided into blocks for both the cross-track and the along-track direction as follows:
VNIR bands 1,2,3N: 410*400 Pixels
VNIR bands
3B: 500*400 Pixels
These block sizes were chosen by considering the distortion of optical images on the focal plane in the
cross- track direction and spacecraft stability in the along-track direction. The coordinate
transformation is carried out only for the line of sight vectors of selected detectors (the numbers of
selected detectors is 11 for VNIR). The following steps will be done in the geometric correction:
2.4.1.

The pointing correction

The viewing direction can be set sideward for each instrument base (i.e. different for VNIR, SWIR and
TIR). As the axes of rotation are not exactly in the X-direction of the spacecraft system, this results in
the following transformation:
The line of sight vector changes with the rotation for the pointing axis by an angle of β from S0 to S as
follows.

where
S0x, S0y, S0z : x, y , z components of the line of sight vector S0 before pointing,
Sx, Sy, Sz : x, y, x components of the line of sight vector S after pointing,
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Px, Py, Pz : x, y, z components of the pointing axes unit vector in the Spacecraft Coordinate Frame.
Figure 2.2. shows the relation between the pointing axis and the Spacecraft Coordinate Frame.
The angles ∆θ yaw and ∆θ pitch are the yaw and the pitch rotation angles, respectively, to align the XNBR
to the pointing axis.

Figure 2.2 Pointing Axis Vector in Spacecraft Coordinate Frame

2.4.2.

The coordinates transformation from Spacecraft Coordinate Frame to
the Orbital Reference Frame

The spacecraft coordinates are slightly different from the orbit coordinates. The difference originates
from the spacecraft attitude control accuracy and is provided as the attitude angle data in the spacecraft
ancillary information. The orbit coordinate system is right-handed and orthogonal. The +z-axis is a
line from the spacecraft centre of mass to the centre of the earth (WGS 84). The +y-axis is a line
normal to the z-axis and the spacecraft instantaneous velocity vector. The x-axis completes the right
hand set. Using attitude angles and rates in the ancillary data carries out this process.
The line of sight vectors in the Spacecraft NBR Coordinate Frame can be converted to the expression
in the Orbital Reference Frame using the attitude angle data in the spacecraft ancillary data as follows.

SOR = FSO.yaw FSO.pitch FSO.roll. S
where
S : the line of sight vector expressed in the NBR Coordinate Frame
SOR : the line of sight vector expressed in the Orbit Reference Coordinate Frame
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αroll, α pitch, α yaw: roll, pitch, yaw components of the attitude data, respectively, in the
spacecraft ancillary data



The coordinates transformation from the Orbital Reference Coordinate
Frame to the Earth Inertial coordinate Frame

This process is the coordinate transformation to earth-centred coordinates in inertial space. Twodimensional array vectors can be obtained by this transformation using the spacecraft movement. The
array dimension for one observation depends on each observation period, that is, number of pixels in
the along-track direction. Using position and velocity information in the ancillary data carries out this
process.

2.4.4.

The coordinates transformation from the Earth Inertial Coordinate Frame
to the Earth Greenwich Coordinate Frame

This process is the coordinate transformation to the earth centred and earth-fixed coordinates, and
carried out using the earth rotation values calculated from the time information in the ancillary data.
The UTC time, which is provided from the spacecraft, is converted to the UT1 to calculate the exact
earth rotation angle.



Identification of a cross-point between the earth surface and an
extended line of the vector

The observation point is identified from the intersection of the earth surface and an extension of the
line-of-sight vector. The WGS-84 is used as the earth surface model.

2.5.

Level-1A data product

Level-1A data product is an HDF file. Each file contains a complete 1-scene data extracted from level0 data in six categories. Figure 2.3 shows the physical format of level-1A data product. Furthermore it
includes also the geometric correction tables, spacecraft’s supplement data and the satellite ancillary
data. All of these data and more are stored in one HDF file.
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Level 1A Data
Product
(VNIR)

Ancillary
Data

VNIR
Supplement
Data

VNIR
Group

VNIR
Band 1

Geo
Field

VNIR
Band 2

Metadata

VNIR
Band 3N

VNIR
Band 3B

Product
Specific
Metadata
(VNIR)

GDS
Generic
Metadata

ASTER
Generic
Metadata

Inventory
Meta data

Product
Metadata.0

Data
Field

.
Pointing
Angles

Latitude

Longitud
e

Scene
line
Number

Lattice
Point

Sight
Vecto
r

Satellite
Position

Satellite
Velocity

Attitude
Angle

Attitude
Range

Observation
Time

Image Data

Figure 2.3 Physical data format of level-1A data product (VNIR)

2.6.

Level-1B data product

Level-1A data are uncorrected, original data with all information necessary to perform radiometric and
geometric correction.
All measurement in this study was done using level-1B data. Level-1B data are radiometrically
corrected and resampled into map geometry (normally UTM) assuming, WGS84 as the surface model
of the earth.
Errors in the measured position in such images come from:

•
•

Inaccuracies of the satellites pointing and attitude.
Deviation of the real earth from WGS84.

As the data are considered corrected, a lot of information supplied with level-1A data is not included
in level-1B data.
This included the radiometric correction table, satellite position, velocity, attitude etc, and (most
important in the study) the table of “line of sight”- vectors.
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2.7.

Other Data

The other data used in this research, are as follows:
For the northeast of Iran:
• 38 aerial triangulation points with X, Y and Z- coordinate that were used with on 1/40000
aerial photography from National Cartography Centre of Iran (N.C.C.). These points cover
about 600 km2 of the western part of the ASTER images.
• Paper copies of the 1/40000 aerial photographs that show the approximate position of ground
control points on it from N.C.C.
• The four sheets 1/25000 digital topographic map from N.C.C. that covered about the same 600
km2 of image as the aerial triangulation points
For the south of Iran:
• The 8 sheets 1/25000 digital spot heights map extracted from1/25000 digital topographic map
from N.C.C.

For Etna mountain in Italy:
•

The 1/20000 topographic map.

For Cochabamba in Bolivia:

•

The 1/50000 topographic map.
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3. Epipolarity and digitizing of contour
line in ILWIS
3.1.

Epipolar stereo pairs

The ASTER scanner is able to cross-tracking. It means the scanner can be pointed towards an area to
the left or right of the orbit track. This has consequences for the measured coordinates in the
georeferenced images, as there is considerable relief displacement in both, the nadir image and
backward image. In the epipolar stereo pairs, if a ground point is imaged onto a given epipolar row in
one image, and then we are guaranteed that it will lie in the corresponding epipolar row in the other
image (Ebadi 2000). The application of this concept is the digital image, which has been resampled
along epipolar rows, can be presented in a soft copy stereo system with the assurance that it will be Yparallax-free.
To make epipolar stereo pairs the following reasoning is used:
• The backward image has the same side looking angle as the nadir view; the only difference is
the backward inclination.
• Nadir image has orthophoto geometry in flight direction.
• Backward image has across the flight direction the same geometry as the nadir image (the
same row number).
• Backward image has in flight direction the geometry of a stereo mate.
This makes, that variation of the parallax due to height differences is in flight direction. Thus, the
images should be rotated such that flight direction is from left to right on the screen.

3.2.

Epipolar stereo pairs generation in ILWIS

As the final goal, stereo pairs should be Y-parallax-free (i.e. same row number for corresponding
points). X-parallax (i.e. difference of column number) as function of height differences, the ground
track should be left to right in the image. For this reason average direction of the western and eastern
edges of each image was turned into row differences. This was done as follows:
When producing a stereo pair ILWIS uses a “pivot point” and a “transferred pivot point” in each
image. The “transferred pivot point” should be the same terrain detail as the “pivot point” of the other
image. Each image is then rotated such that those four points are in the same row.
The azimuth of the left and right edge of nadir and backward images were measured by the Measure
Distance Tool of ILWIS. The Azimuths were found the same for both edges in the nadir and backward
images. This was subtracted from the azimuth of extreme points with the same column number.
In the nadir view a well identifiable point near to the northern edge was selected as “pivot point” and
the same terrain detail was made “transferred pivot point” in the backward view.
The “transferred pivot point” in the nadir view was chosen far away from the other point (thus near the
southern edge) and its column value was varied until the rotation angle became (near enough) equal to
the precalculated value of the required rotation. The same terrain detail was then used in the backward
view as “pivot point”. Example of calculation of the required rotation (figure 3.1):
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r =180° - b

e = Azimuth of edge (=12.49°)

e + a = 180° - b hence:

c = Azimuth of column(=9.41°)

r = (e + a) = (e+ 90° - c)

r = Rotation needed

r = 90° + (e – c)
r = 90° + ( 12.49° – 9.41°) = 93.09°° anti clockwise rotation
Figure 3.1 shows, how to calculate rotation angle.

Figure 3.2. shows the Epipolar Stereo pair Maker Window in ILWIS. The display of the angle of
rotation is shown by an arrow. Its value changes when the coordinates above change. The spinners
allow convenient changes to these coordinates.

14
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Figure 3.2 The epipolar stereo pair maker window in ILWIS

This procedure gave a good stereo impression. The ground control points were used to find out the
relation between the height differences and X_parallax (column in image) in Y_parallax (row in
image) free situation. So, ground control points as point map were superimposed on the nadir image.
Then for each such point the position of the same terrain detail in the backward view was measured to
calculate the differences in row and column number and also in X and Y_coordinates for each point.
The table 3.1 shows the results of this process for northeast of Iran (the small part of Binaloud
mountain).

15
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Table 3.1 The result of parallax measuring in northeast of Iran

The above table shows that the stereo pair is Row_parallax free. It means, a truly epipolar stereo pair is
generated by resampling as described above. The relation between height and X-parallaxes is shown in
figure3.3. It is very precisely a linear relation, the parallax changes by 0.04 pixel per meter height
differences, thus a parallax change of one pixel corresponds to 25m height difference.

16
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Figure 3.3 The relation between height differences and column parallax

3.3.

Digitizing of contour lines in ILWIS

The stereo viewing can be done by stereoscope or anaglyph viewer in ILWIS. In the stereoscope
viewing the nadir and backward images are displayed as left and right images respectively in separate
windows. This mode was used to measure corresponding points in the nadir view and the backward
view to compute the parallaxes. In the anaglyph viewer coordinate of both images cannot be obtained
so easily. The anaglyph viewer visualizes the nadir and backward images on top of each other in one
window, the left image in red and the right image in blue or green. To digitize contour lines, the stereo
pairs were visualized as anaglyph. In this case, the terrain appears in stereo such that the high places
appear outside of screen’s surface and low parts seem inside of it. The cursor is seen by both eyes and
thus appears stereoscopically exactly in the screen’s surface. The right image can be shifted (left-right)
by using the Pixel Shift Spinner in the “Display Options- Stereo pair As Anaglyph” window (figure
3.4), which changes the height of the terrain at which the cursor appears. The terrain will appear
further inside or outside the screen depending on this setting. A shift of one pixel changes the height
by the pixel size divided by the “base-height ratio” thus:
15m/0.6= 25m
The cursor appears at a fixed terrain height. By moving it stereoscopically along the terrain the contour
line for this particular height can be digitized.
If the height of the pivot point on the nadir image is known, this helps the user to know the height
value belonging to each pixel shift on the anaglyph viewer.
For this reason as pivot point in one of the ground control points with 2200m height was selected. It
means, without any pixel shift (pixel shift= 0) the curser appears at 2200m height. Therefore, contour
line can be digitized on the screen with this value. Each 4 pixels shift shows 100 meters height
difference based on relation between height and column-parallax. Thus, the contour lines are digitized
with 100 meters interval in separate files. The table 3.2 shows the relationship between height and
pixel shift.
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Figure 3.4 Stereo pair as anaglyph window in ILWIS
Table 3.2 the relation between height and pixel shift.

Height (m) Pixel shift Height (m) Pixel shift
1600
-24
2300
4
1700
-20
2400
8
1800
-16
2500
12
1900
-12
2600
16
2000
-8
2700
20
2100
-4
2800
24
2200
0
2900
28
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The digitized contour lines are shown by figure 3.5.

Figure 3.5 Digitized contour lines in ILWIS using pixel shift*

*As figure 3.5 shown, some of the digitized contour lines contact or intersect each other. This is caused by
improper setting of the “tunneling threshold”. The contour lines were digitized much more detailed but due
to this setting too many points were removed. Due to time constraints these contour lines were not digitized
again. All nodes are still useful for the study; only the joining lines are not appropriate. Only some contour
lines were digitized with the wrong tunneling threshold.
19
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4. Mathematical formulations
4.1.

The necessary data for geometry correction

The coordinates digitized in ILWIS are (within the accuracy of the georeference of the ASTER
images) correct for points on the ellipsoid. For points which are clearly higher (or lower) than the
ellipsoid they are shifted according to the ”Line of sight vector” for this point.
This Line of sight vector varies from the left edge to right edge of the image and depends on the
“Pointing Angle” of ASTER. (To be able to cover the entire earth and to achieve a higher repetition
cycle if necessary the ASTER instrument can be pointed sideward). These data are seen in a HDF file.
Each HDF files contains any geolocation information of each swath as a series of multidimentional
arrays. Figure 4.1 represents a swath data, consisting of a combination of 2D and 3D data arrays, a
series of 2D geolocation arrays, a series of data tables, and a single 1D geolocation table.

Figure 4.1 Conseptual view of example of swath
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Table 4.1 and 4.2 show the list of geolocation data and its format in 1A-level data
Table 4.1 List of data items in level-1A VNIR swath

Table 4.2 swath Format of data items in VNIR bands 1, 2 and 3N

As the above tables show, sight vector table contains (n) arrays along flight direction, each with 11
rows in cross direction and 3 columns that represents the components of the line of sight vector. The
21
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first of 13 arrays of the line of sight vector of study area (northeast Iran) are shown in a HDF explorer
window in figure4.2. The first, second and third column represent X, Y and Z component of it. The
sixth row agrees with the pointing angle for the VNIR subsystem.

Figure 4.2 The HDF explorer window

For the level 1B images (as was used in study) the “sight vector” data are not available. For this reason
a simplified data model was used:
In the “Nadir view” as can be seen from these data the viewing is very well vertical in flight direction
(X-components are close to zero), but not in the direction of the sensor arrays. In the direction of the
sensor arrays (thus sideways) the viewing direction was assumed to vary from approximately 2.5
degrees less than the “Pointing angle” to 2.5 degrees more than the “pointing angle”.
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4.2.

Geometric correction of contour lines digitized in an ILWIS stereo pair
of ASTER images

When digitizing contour lines in an ILWIS stereo pair the coordinates are taken from the nadir view,
the backward view is only used to create the stereo effect. Due to the sideward viewing all points on
the ellipsoid digitized points are shifted side wards (with respect to their correct position) for an
amount, which depends on the position in the image and on the height of the point above the ellipsoid.
To facilitate the calculation of this displacement in the UTM-coordinates directly a spreadsheet was
made, which carries out the following steps:

1. Requires input of X,Y coordinates of 4 points, preferably corner points of the image or
lattice points surrounding the area of interest such, that the sides of the quadrangle are
parallel to the edges of the image;
2. Requires input of the y-component of the line of sight vector for each of the 4 points
given above;
3. Finds the parameters for a bilinear transformation from the X,Y- coordinates to
“across” and “forward”-components such, that the coordinates of the 4 points
mentioned above become (-1,-1), (+1,-1), (-1,+1) and (+1,+1) respectively;
4. Finds affine transformations between (changes of) X,Y coordinates and (changes of)
the “across” and “forward”-components in meters from the above transformation.
5. A list of points (X,Y,h - coordinates) can be entered. For each point it
a. Calculates the “across”- and “forward”-position,
b. Uses bilinear interpolation to find the sideward look angle for this place
c. Calculates the sideward shift (in meters) from the look angle and the height,
d. Transforms the sideward shift to shifts in X and Y-direction,
e. Adds this shift to the input coordinates to obtain corrected coordinates (for the
case that digitized coordinates are entered),
f. Also subtracts these shifts from the input coordinates (for the case, that true
coordinates are entered and shifted coordinates should be obtained for use as
control point in the georeferencing without removing the effect of height.)
g. For a backward look it performs the same calculation, but adds a “forward”shift using 0.6 for the tangent of the backward inclination.
• There are separate worksheets for:
o Input of the 4 points and their sideward look angle
o Calculation for a Nadir view image,
o Calculation for a Backward view image.
The following calculations are performed:
The y-components of the line of sight vector (ty) are converted to the tangent of the sideward
ty
look angle (tanβ):
tan β =
1 − ty 2
The input coordinates (X,Y) are shifted to their centre of gravity:
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parameters (a1 to a8) for a transformation

u = a1 + a 2 ⋅ x + a 3 ⋅ y + a4 ⋅ x ⋅ y
are calculated.
v = a 5 + a 6 ⋅ x + a7 ⋅ y + a 8 ⋅ x ⋅ y
For the transformation
u = A1 + A2 ⋅ X + A3 ⋅ Y + A4 ⋅ X ⋅ Y
v = A5 + A6 ⋅ X + A7 ⋅ Y + A8 ⋅ X ⋅ Y
using the unshifted coordinates (steps 3 and 5a,) the parameters are obtained from:
u = a 1 + a 2 ⋅ ( X − Xm ) + a 3 ⋅ ( Y − Ym ) + a 4 ⋅ ( X − Xm ) ⋅ ( Y − Ym )
v = a 5 + a 6 ⋅ ( X − Xm ) + a7 ⋅ ( Y − Ym ) + a 8 ⋅ ( X − Xm ) ⋅ ( Y − Ym )
thus:
A1 = a 1 − a 2 ⋅ Xm − a 3 ⋅ Ym + a 4 ⋅ Xm ⋅ Ym
A2 = a 2 − a 4 ⋅ Ym

A5 = a 5 − a 6 ⋅ Xm − a7 ⋅ Ym + a 8 ⋅ Xm ⋅ Ym
A6 = a 6 − a 8 ⋅ Ym

A3 = a 3 − a 4 ⋅ Xm
A4 = a 4

A7 = a7 − a 8 ⋅ Xm
A8 = a 8

Also the affine transformation for shifts in meters is obtained from a1 to a8:
For

∆U
∆X
=M⋅
the components of M are calculated from a2, a3, a6 and a7 such, that
∆V
∆Y

in the inverse matrix the column vectors get unit length to obtain ∆U and ∆V in the same units
as ∆X and ∆Y (thus in meters).
Note, that ∆U is the component parallel to the sensor arrays and ∆V is the component parallel
to the side edges of the image, thus in forward direction.
∆X
∆U
For the reverse transformation (step 5d)
= M −1 ⋅
matrix M is inverted.
∆Y
∆V
The tangent of the look angle (s) is interpolated (step 5b) from the values in the corners (s1 to
s4) using
si = b1 + b2 ⋅ ui + b3 ⋅ v i + b4 ⋅ ui ⋅ v i

With

s1 + s 2 + s 3 + s4
− s1 + s 2 − s 3 + s 4
, b2 =
,
4
4
− s1 − s 2 + s 3 + s 4
s1 − s 2 − s 3 + s4
b3 =
, b4 =
4
4

b1 =

Details of the affine transformation:
From

u = a1 + a 2 ⋅ x + a 3 ⋅ y + a4 ⋅ x ⋅ y
v = a 5 + a 6 ⋅ x + a7 ⋅ y + a 8 ⋅ x ⋅ y
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∆ u = a 2 ⋅ ∆ x + a 3 ⋅ ∆y + a 4 ⋅ ∆ x ⋅ y + a 4 ⋅ x ⋅ ∆ y
∆v = a 6 ⋅ ∆x + a7 ⋅ ∆y + a 8 ⋅ ∆x ⋅ y + a 8 ⋅ x ⋅ ∆y
In the center of the image x and y are zero thus the formula reduces to

∆u = a 2 ⋅ ∆x + a 3 ⋅ ∆y
∆v = a6 ⋅ ∆x + a7 ⋅ ∆y
Which is affine transformation. We can use this for small changes in the entire image, if its
shape does not deviate too much from a parallelogram. Scale factors - different for the first
and the second equation - should be used to get these components (then called ∆U and ∆V) in
the same units as ∆X and ∆Y (normally meters). The transformations should be as follows:

∆U
∆X
=M⋅
∆V
∆Y

∆X
∆U
= M −1 ⋅
∆Y
∆V

,

In the second transformation we should get:

∆ X 2 + ∆Y 2 = ∆ U 2
∆ X 2 + ∆U 2 = ∆ V 2

and

if ∆V = 0
if ∆U = 0

Thus the column vectors of M-1 must have unit length. Moreover s1 and s2 must be positive:

M =

a 2 s1 a3 s1
a6 s 2 a7 s 2

s1 ⋅ s 2
a 2 ⋅ a7 − a 3 ⋅ a 6
s1 =

2

⋅

M −1 =

a 6 2 + a7 2
=1 ,
s2 2

a 2 ⋅ a7 − a 3 ⋅ a 6

m 1 ,1

a 6 + a7
2

a 7 s 2 − a3 s1
s1 ⋅ s 2
⋅
a 2 ⋅ a 7 − a3 ⋅ a 6 − a 6 s 2 a 2 s1

2

, s2 =

s1 ⋅ s 2
a 2 ⋅ a7 − a 3 ⋅ a 6

a 2 ⋅ a7 − a 3 ⋅ a 6
a22 + a32

a 2 ⋅ a 6 2 + a7 2
a 3 ⋅ a 6 2 + a7 2
, m 1 ,2 =
=
a 2 ⋅ a7 − a 3 ⋅ a 6
a 2 ⋅ a7 − a 3 ⋅ a 6

m 2 ,1 =

a6 ⋅ a 2 2 + a 3 2
a7 ⋅ a 2 2 + a 3 2
, m 2 ,2 =
a 2 ⋅ a7 − a 3 ⋅ a 6
a 2 ⋅ a7 − a 3 ⋅ a 6
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The coordinates used are:
(X, Y): from ASTER georeference (normally UTM),
(x, y): same as (X, Y) but shifted to the centre of the image
(u, v):
components in the directions of the sides of the image, unit is half the size of the
image
(U, V): same as (u, v) but in the same units as X and Y.
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5. Implementation, results and
discussions
5.1.

Implementation

There is significant correlation between height and difference of column numbers, vector length and
azimuth. The relation between difference of column numbers and height shows 25m height differences
for one pixel shift in column. The coefficient of the height and vector length equation is equal to the
base to height ratio (base/height=0.6) as should be expected (figure 5.1. 2, and 3).
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Figure 5.1 The relation between height differences and column parallax
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Figure 5.2 The relation between height differences and vector length
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Figure 5.3 The relation between height differences and azimuth

Such research was also carried out for several parts of the globe (different latitude and longitude), to
confirm above relations. But lack of accurate ground truth (in WGS84) data didn’t allow to get
precisely the same results (Appendix.1). Table 5.1 shows the location of the study areas.
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Table 5.1 Location of the study areas

Study area

North_east of Iran
South of Iran
Etna mountain in Italy
Cochabamba in Bolivia

Latitude

Longitude

36
27

36
27
38

17

59
56

59
57

66

66

The variation of the azimuth is strange, as all the vectors are exactly in row direction. It seems to be
caused by an error in the georeferencing of the backward view with respect to the nadir view. This
became even more remarkable when using the data of different scenes, one in the north with elevations
between 1266m and 2906m and one in the south of Iran with elevations between 254m and 1135m.
Except for a single outlier they showed a perfect match of the tendency. Notably those two scenes
were taken with the same pointing angle in the same orbit on the same day (figure5.4).
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Figure 5.4 The perfect match of the tendency of the relation between heigh differences and azimuth in two
different scenes that were taken with the same pointing angle

Furthermore, the displacement between the backward and nadir view was investigated by analysis of
the differences in X-coordinate versus differences in Y-coordinate of corresponding points (table 3.1).
Without a difference of error in the georeference of the two images a point on the ellipsoid should
have the same X,Y-coordinates in the two images, thus both coordinate differences should be zero. As
figure 5.5 shows, the extended trend line of this graph passes at a distance of 45 meters from the origin
of XY-coordinate system.
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Figure 5.5 The differences in Y-coordinate versus the differences X-coordinate

Note, that the height of these points is not exactly correct, as the points positions were not corrected
for the effect of the sideward viewing. This can explain, why the dependency of vector length and
column difference on the heights appears noisier than the graph of figure 5.5. Perhaps, that the strong
outlier in figure 5.4 is also caused by this error. At that time this effect was not considered so
significant. Towards the end of the study its significance became more obvious, but there was not
enough time to repeat the measurement with corrected positions.
5.1.1.

The comparison of digitized contour lines and existing contour line

We compared the digitized contour lines in the ASTER image pair with the digital 1/25000
topographic map and with ground control points of study area from N.C.C. (National Cartography
Centre of Iran) to evaluate the accuracy of it. Furthermore, the aerial photographs that show position of
each ground control point are used to find out the same points both on the aerial photograph and
ASTER image. The result of comparison shows a consistent shift in georeference of digitized contour
map with respect to the existing contour map and ground control points that can be caused by the
effect of side ward looking angle or by errors in ASTER georeference (Figure 5.6).
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Figure 5.6 The comparison of existing contour lines and digitized contour lines

5.1.2.

The shifting correction

As ILWIS does not have good tools to apply the necessary correction of the position of the points this
was done outside of ILWIS using the spreadsheet described in chapter 4.The coordinates of the points
of the digitized contour lines with unique height value separately were used as input data to calculate
the shifts in X and Y direction based on height and position on the image. Separate point maps are
generated from each digitized contour line by segment to point option in ILWIS.
Then the spreadsheet was applied to calculate the shift for these points. The spreadsheet includes three
worksheets as follows (Appendix.2):
• In the INPUT worksheet:
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The coordinates of four corners of image and their sideward look angle used to transform X and Y
coordinate to U and V coordinate.
• In the NADIR CALCULATION worksheet:
The X and Y coordinate and height value of the digitized coordinate (the coordinate of each point)
added to this worksheet to calculate the shift in the nadir view. Table 5.2 shows that the shifts in across
are varied based on the height and position of each point on image.
Table 5.2 The result of shift calculation for some of points in nadir view

height

u

v

tan beta

x-shift

y-shift

685332.651 4004591.01

X

Y

1600

-0.9081508

0.0094589

-0.11152438

-176.29

29.25

685385.548 4004587.22

1600

-0.9064963

0.0093025

-0.11159679

-176.40

29.27

685418.653 4004633.77

1600

-0.9057949

0.0076716

-0.11162749

-176.45

29.28

685464.221 4004631.57

1600

-0.9043769

0.0075035

-0.11168954

-176.55

29.30

685498.674 4004578.07

1600

-0.9029507

0.0090013

-0.11175196

-176.65

29.31

685526.406 4004564.39

1600

-0.9020034

0.0092858

-0.11179342

-176.71

29.33

685568.429 4004616.68

1600

-0.9010667

0.0074286

-0.11183441

-176.78

29.34

685678.139 4004485.47

1600

-0.8967926

0.01097

-0.11202146

-177.07

29.39

685930.296 4004338.77

1600

-0.8880267

0.0142567

-0.11240509

-177.68

29.49

685878.007 4004380.79

1600

-0.8899237

0.0132116

-0.11232207

-177.55

29.46

685831.83

4004344.75

1600

-0.8910992

0.0145812

-0.11227063

-177.47

29.45

685742.522 4004463.85

1600

-0.8946626

0.0113128

-0.11211468

-177.22

29.41

685791.874 4004514.56

1600

-0.8934894

0.0094672

-0.11216602

-177.30

29.42

685855.277 4004523.84

1600

-0.8916007

0.0088465

-0.11224868

-177.43

29.44

685888.382 4004570.39

1600

-0.8908994

0.0072156

-0.11227937

-177.48

29.45

685892.167 4004623.29

1600

-0.8911442

0.0055381

-0.11226866

-177.46

29.45

691966.55 4005563.68

2200

-0.7105437

-0.0555171 -0.12017244 -261.19

43.34

692084.959 4005588.29

2200

-0.7070661

-0.0569039 -0.12032463 -261.52

43.40

692129.759 4005679.10

2200

-0.7063071

-0.0599828 -0.12035785 -261.60

43.41

691998.743 4005770.30

2200

-0.710964

-0.0621598 -0.12015404 -261.15

43.34

691991.335 4005910.12

2200

-0.7121473

-0.0665028 -0.12010226 -261.04

43.32

692108.748 4005872.12

2200

-0.7082727

-0.0659225 -0.12027182 -261.41

43.38

692100.13 4006238.35

2200

-0.71104

-0.0773551 -0.12015072 -261.15

43.34

692622.414 4005459.31

2200

-0.6896372

-0.0556561 -0.12108739 -263.18

43.67

692761.229 4005404.11

2200

-0.6849861

-0.054648 -0.12129094 -263.62

43.75

692906.241 4005435.52

2200

-0.6807359

-0.0563864 -0.12147694 -264.03

43.82

692861.227 4005633.73

2200

-0.683476

-0.0623642 -0.12135702 -263.77

43.77

692810.195 4006210.18

2200

-0.6889854

-0.0801642 -0.12111591 -263.24

43.69

•

In the BACKWARD CALCULATION worksheet:

It could be used to correct the position of points digitized in the backward view but this was not done
(digitizing was done in the “nadir view”). Another possible use would be to calculate the reverse shift
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for ground control points. If correct ground coordinates are given of a point it will appear at a wrong
location in the image. By giving the “reverse shift” to this point it should appear at the right location if
the georeference is correct. This can be used to establish a good georeference with the help of
(“shifted”) ground control points.
A third use could be to apply the reverse shift to the corrected contour line points and overlay these
points over the backward view. Together with the original (uncorrected) contour line points overlaid
on the nadir view this should give a good stereoscopic impression of the terrain and the contour line
points in the split screen view. Also this was not done.To give an impression of the size of the shifts
some points were copied to this sheet and the result shown below (table5.3).
Table 5.3 The result of shift calculation for some of points in backward view

across
X

Y

height

u

v

tan beta x-shift

along

y-shift

x-shift

y-shift

685332.651 4004591.01 1600 -0.91

0.01

-0.11

-176.29

29.25

-208.32

-938.56

685385.548 4004587.22 1600 -0.91

0.01

-0.11

-176.40

29.27

-208.32

-938.56

685418.653 4004633.77 1600 -0.91

0.01

-0.11

-176.45

29.28

-208.32

-938.56

685464.221 4004631.57 1600 -0.90

0.01

-0.11

-176.55

29.30

-208.32

-938.56

685498.674 4004578.07 1600 -0.90

0.01

-0.11

-176.65

29.31

-208.32

-938.56

685526.406 4004564.39 1600 -0.90

0.01

-0.11

-176.71

29.33

-208.32

-938.56

685568.429 4004616.68 1600 -0.90

0.01

-0.11

-176.78

29.34

-208.32

-938.56

685678.139 4004485.47 1600 -0.90

0.01

-0.11

-177.07

29.39

-208.32

-938.56

685930.296 4004338.77 1600 -0.89

0.01

-0.11

-177.68

29.49

-208.32

-938.56

685878.007 4004380.79 1600 -0.89

0.01

-0.11

-177.55

29.46

-208.32

-938.56

685831.83 4004344.75 1600 -0.89

0.01

-0.11

-177.47

29.45

-208.32

-938.56

685742.522 4004463.85 1600 -0.89

0.01

-0.11

-177.22

29.41

-208.32

-938.56

685791.874 4004514.56 1600 -0.89

0.01

-0.11

-177.30

29.42

-208.32

-938.56

685855.277 4004523.84 1600 -0.89

0.01

-0.11

-177.43

29.44

-208.32

-938.56

685888.382 4004570.39 1600 -0.89

0.01

-0.11

-177.48

29.45

-208.32

-938.56

685892.167 4004623.29 1600 -0.89

0.01

-0.11

-177.46

29.45

-208.32

-938.56

691966.55 4005563.68 2200 -0.71

-0.06

-0.12

-261.19

43.34

-286.44 -1290.52

692084.959 4005588.29 2200 -0.71

-0.06

-0.12

-261.52

43.40

-286.44 -1290.52

692129.759 4005679.10 2200 -0.71

-0.06

-0.12

-261.60

43.41

-286.44 -1290.52

691998.743 4005770.39 2200 -0.71

-0.06

-0.12

-261.15

43.34

-286.44 -1290.52

691991.335 4005910.12 2200 -0.71

-0.07

-0.12

-261.04

43.32

-286.44 -1290.52

692108.748 4005872.12 2200 -0.71

-0.07

-0.12

-261.41

43.38

-286.44 -1290.52

692100.13 4006238.35 2200 -0.71

-0.08

-0.12

-261.15

43.34

-286.44 -1290.52

692622.414 4005459.31 2200 -0.69

-0.06

-0.12

-263.18

43.67

-286.44 -1290.52

692761.229 4005404.11 2200 -0.68

-0.05

-0.12

-263.62

43.75

-286.44 -1290.52

692906.241 4005435.52 2200 -0.68

-0.06

-0.12

-264.03

43.82

-286.44 -1290.52

692861.227 4005633.73 2200 -0.68

-0.06

-0.12

-263.77

43.77

-286.44 -1290.52

692810.195 4006210.18 2200 -0.69

-0.08

-0.12

-263.24

43.69

-286.44 -1290.52

693095.233 4005959.97 2200 -0.68

-0.07

-0.12

-264.24

43.85

-286.44 -1290.52

693800.705 4005794.59 2200 -0.66

-0.07

-0.12

-266.41

44.21

-286.44 -1290.52

693869.507 4005880.20 2200 -0.65

-0.08

-0.12

-266.56

44.24

-286.44 -1290.52
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The above process (using the Nadir calculation sheet), results in corrected coordinates. The corrected
coordinates were converted to point map separately to compare with existing contour lines as shown in
figure 5.7.

Figure 5.7 The digitized contour lines after correction

5.2.

The results and discussion

The maximum effect of side looking angle on the shift in X and Y direction are obtained in extreme
side of image by choosing highest elevation in four corners of image (table 5.4).
Table 5.4 The maximum effect of side looking on the shift in X and Y direction
X
689348.4
752005.8
675693.3
738334.7

Y
4036135
4025746
3974585
3964182

height
3000
3000
3000
3000

u
-1
1
-1
1
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v
-1
-1
1
1

tan beta
-0.1075
-0.19503
-0.1075
-0.19503

x-shift
y-shift
-318.627 52.87585
-578.045 95.9261
-318.627 52.87585
-578.045 95.9261
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It means the maximum shifts in this image are about 260m in X direction and about 43m Y directions.
As figure 5.7 shows, the corrected contour lines keep their similarity with the digitized ones, but fit
very well to the existing contour lines. Small deviations between them can be caused by:
Limited accuracy of the contour digitizing influenced by the quality of the images (low contrast, no
texture in some parts, like in shadow areas) and by normal measuring errors.
Limited accuracy of the existing contour lines. (Their accuracy is not known, but probably much better
than the digitised ones.)
Datum shift: The shift belonging to pixel shift zero was chosen using an uncorrected ground control
point, thus can be wrong. This was however checked at a very much different height in a very flat part,
so that a possible positional error has no effect there. These two determinations of the relation pixel
shift- terrain height agreed perfectly. Thus, there should be no considerable datum shift error.
Considering these sources of error, it is obvious that there is no visible geoereferencing error in
ASTER image and the error in the digitized contours is caused mainly by the shift resulting from the
side looking angle effect. It means, the corrected images are:
Nadir image has orthophoto geometry in flight direction.
Backward image has across the flight direction the same geometry as the nadir image.
Backward image has in flight direction the geometry of a stereo mate.

Also, the relation between heights differences and X-parallaxes shows the highest accuracy
because, the height changes 25m per one pixel shift. It means, the accuracy is equal one pixel.
So, the ground control points cannot influence to improve the accuracy of this research.

5.2.1.

The changes in ILWIS due to this research

Based on this research some changes are carried out to improve ILWIS as follows:
•

•
•
•

•
•
•

To allow a rotation by a pre-calculated angle the rotation angle (computed from the
coordinates of the “Pivot Point” and the “Transferred Pivot”) was displayed in the Epipolar
Stereo-maker.
To allow easier changes of those coordinates “Spinners” were added to these coordinate fields.
Aster import to ILWIS was extended to also import ASTER-DEM. (Use of this was tried for
the Etna area, but abandoned.)
Standard resampling in ILWIS was „Nearest Neighbor“. This gave very bad results for the
stereo viewing. Now always “Bilinear” resampling is used in the production of Epipolar
Stereo pairs (and also in Stereo Pair from DEM, which was not used in this study).
A bug in the “Anaglyph” command (missing –noask option) was detected and removed.
Before it was not possible to use it in batch mode.
A scale indication (editable) was added to the Anaglyph viewer.
When working with a stereo pair in the anaglyph viewer the user can now choose if the
georeference of the left or the right image should be used.
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•
•

•
•

•

To speed up zooming of anaglyph stereo-pairs creation of image pyramids was added.
ILWIS could only do nearest neighbor resampling for color images. This was changed to
allow also bilinear resampling for color images such as anaglyph stereo-pairs. This can be
considered a major change in the software.
To allow easy changes of the height at which the cursor appears in an anaglyph stereo-pair, a
Pixel-offset parameter was added in the form including a spinner for simple incrementation.
The original Epipolar-maker did not allow rotations of more than approximately 87 degrees
for simple calculation with the arctangent. This limitation was removed because more than 90
degrees rotation was needed here.
A bug was found and removed regarding the Coordinate System Property: Indication of N/S
hemisphere was missing.
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6. Recommendations
The aim of this research was to investigate whether ASTER data can be utilized to digitize contour
lines in ILWIS. The results of this research confirm it. But to obtain higher accuracy following
suggestions should be considered:
•
•
•
•
•

The datum of study area should be considered to know the precise height value on the ground.
The tunneling parameters should be considered on the time of contour line digitizing.
The investigation should be applied to different areas on the globe using ASTER images with
different ”pointing angles”.
The exact relation between parallax and height should be studied using precisely locatable
points or points corrected for the ASTER geometry.
A similar study should be done for the use of level-1A images in a similar manor.

37

SUITABILITY STUDY OF ASTER DATA GEOMETRY TO DIGITIZE CONTOUR LINES IN ILWIS

Refrences
Davis, A. M. and J. G. Liu "DEM Generation using ASTER stereo imagery." Remote Sensing Unit,
Earth Sciences, T.H. Huxley School, Royal School of Mines, Imperial College, London.
Ebadi, H. (2000). Introduction to photogrametry. Tehran KN Tousi university.
ERSDAC (June 25, 2001). "ASTER LEVEL 1DATA PRODUCTS sPECIFICATION (GDS version)."
Ver 1.3.
ERSDAC (March,2001). "ASTER User Guide Part 1." Ver 3.1.
ERSDAC (March,2001). "ASTER User Guide Part 2." Ver. 3.1.
1-http://www.engesat.com.br/produtos/ASTER_DEMs.pdf (24.04.2002).
2-http://edcdaac.usgs.gov/aster/ast14dem.html (03.10.2002).

I

SUITABILITY STUDY OF ASTER DATA GEOMETRY TO DIGITIZE CONTOUR LINES IN ILWIS

Appendices

Appendix 1
Shows the result of the parallax measuring in several parts of globe:

•

Southern part of IRAN

Figure 0.1 the relation between height differences and column-parallax

Figure 0.2 the reltion between height differences and vector lenght
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Figure 0.3 the relation between height differences and azimuth

•

Etna mountain in Italy

Figure 0.4 The relation between height differences and column –parallax
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Figure 0.5 The relation between height differences and vector length

Figure 0.6 The relation between height differences and azimuth
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•

Cochabamba in Bolivia

Figure 0.7 The relation between height differences and column parallax
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Appendix 2
Shows the mathematical formulation in spreadsheet:
•

Input worksheet
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•

Nadir calculation worksheet
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•

Backward calculation
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