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Abstract: This paper discusses various approaches to geometrically
Transtorm digitized images of different sensors. The main problems
of image matching 4re shown and some possible solutions are pointed
out. ’

1 INTRODUCTION

One szﬂnlrzfant task of pho grammetrists in the remote sensing area
is to geometrically transf crm images of various sensors, which can be

of multitemporal, multispectral or of symbolic nature (Leberl, 1983,
Gopfert 1983). On the other side there exists a demand for ahtsﬂatzc
close range real time stereo me asuring systems for  industrial

applications. Traditicnal tools for geometrical processing, like
orthophotoprojectors, rectifiers or stereoplotters are not well
suited to deal with digital images generated by non-photographic data
acquisition systems.
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One drawback of optical-mechanical scanners, non-constant orientation
elements while scanning one line, will be overcome by the newer
CCD-scanners (Hofmann et. al. 1982), which simultaneously record
one line at a time.

2.2 SPACEBORNE SENSORS

Procedures to process LANDSAT data are well known and described often
in literature (see for example Bdhr, 1976). For most applications,
global polynomials of second or third degree based on 12 to 25 well
distributed ground control points per scene yield RMS errors of about
+0.5 to +£1.0 pixel.

A better and more general approach is, to recover all parameters of
satellite position and sensor attitude using parametric models
(Mikhail, 1984). Simulation studies of Mikhail (1984) show, that
subpixel rectification 1is possible, if ground control points (GCP)
can be identified to sub-pixel accuracies. Roll, Pitch and an

uncertain position of the sensor along the orbit contribute the
largest errors to satellite images.

Larsen (1982) tried to improve GCP accuracy by correlating LANDSAT
MSS data with digitized aerial photographs of higher spatial
resolution. Friedmann et al. . (1983)  opropose a precision
rectification method, based on a Pseudo-Physical Orbit-Attitude model
of the spacecraft. The roll-, pitch-, yaw- and height parameters are
estimated from ground control points using a recursive filter.
Results are presented, which prove that 10 (ten) adjacent LANDSAT-2
scenes of one orbit could be precision rectified (+! pixel RMSE)
using only 4 (four) ground control points.

If we look at newer earth observing spacecrafts, we have to consider
LANDSAT-4 Thematic Mapper (TM) and the french SPOT satellite.
Gopfert (1983) estimated, that terrain height differences of 230 m
(TM) and 266 m (SPOT) will cause rectification errors of 1 pixel.
Therefore a Digital Terrain Model (DTM) nhas to be used for precision

rectification of TM and SPOT. data acquired over moderately hilly
terrain. Only the Collinearity equation approach seems to be able to
relate a DTM to the high resolution spaceborne data. The accuracy of
the DTM should be. better than 115 m to £133 m (Gopfert, 1983).

3 RECTIFICATION OF DIGITIZED PHOTOGRAPHS

To geometrically transform analog images by digital image processing
techniques, images have to Dbe scanned by an analog to digital
converting device, like a microdensitometer, generating a matrix of
grey scale values (pixels). Pixel’size and amount of data depend on
image size and desired quality of the rectified image.

Several examples exist for applying digital image  processing
techniques to orthophoto production (Bie 1983, Keating 1579, Konecny
1979, Kreiling 1975, Kreiling 1876, Peled 1984, Wiesel 1981, Wiesel
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Resampling=y Interpolation Number of Error  Performance

technique neigbourhood  Additions/  (Pratt) (Stucki)
' Pixel Multiplicat. % Decibel
NN 1 x 1 1 15.7% 23.1 db
BL 2 x 2 8 3.7% 33.2 db
CS 4 x 4 110 0.3% 33.0 db
LP 4 x 4 80 ? 34.1 db

NN Nearest Neighbour (Zero-order)
BL Bilinear interpolation (First-order)
CS Cubic spline (Third-order)
LP Lagrange polynomial (Third-order)

The results of Stucki should be interpreted as a description of the
average performance of the interpolator; they are valid only for the
type of 1images with special spatial and spectral properties Stucki
worked with.

Mulder (1982) reported on a special resampling approach, a
langrangian 3-point operator,. which de-convolves the oversampled
LANDSAT in-scan data. He recommended %o design resampling operators
based on spatial local features instead of spectral criterea,
avoiding artefacts, like rings surrounding bright spots etc. The
most severe problem of all higher order resampling operators (Table
2) is the very high amount of computing time needed. This could be
overcome by the use of special parallel processors like the NASA MPP
(Gerritsen 1983), pipeline processors  (Kazmierczak  1980) or
commercially available array/vector processors.

5 REGISTRATION

Registration is defined as relating patches of overlapping images
together to obtain data sets with well defined gecometrical relations.
Registration is in use for sterso image correlation (Claus 1983),
point transfer in photogrammeiric measuring devices (Ackermann 1983,
FOrstner 1984), measuring of target coordinates in digital images
(Mikhail 1983}, overlaying of multi sensor images for interpretation
purposes (Ehlers 1983, Wiesel 1981).
Registration tasks can be divided into several cases
A) Registration of spatially and radiometrically similar images.
(Stereo image correlation of flat objects, point transfer,
certain multi temporal and multi sensor images)
B) Registration of spatially similar and radiometrically different
images. -
(multi temporal images, certain multi sensor images)
C) Registration of spatially different and radiometrically similar
images.
{image sequences, industrial close range stereo measurement of
3-D objects)
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characterizing them by position, orientation, sharpness of angle and
contrast. A relaxation process is then used to compute shift vectors
and rotation angles. The method yielded good results for images
which contained enough features.

6 CONCLUSION AND SUMMARY

Image rectification procedures are now of more rigorous nature than
some years ago. A tendency can be watched to apply stronger
mathematical models to achieve sub-pixel accuracies or to process
higher resolution data.

In the image registration area there are two "mainstreams"”:

- Precision locating of well defined image targets
and

- matching of very dissimilar multi sensor, multi temporal, multi
resolution images by pattern recognition techniques.

It will be a demanding challenge, to integrate both approaches trying
" to automate all steps of image rectification and matching, to build

real intelligent registration sysiems.

-
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