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EXPERIEGE WITH T PROGRAM SYSTEM KARTN
FOR THE MAPPTNG OF REMOTE SENSTNG INFORMATION

E.R.Bosman®, E.Clerici®, D.Eckhart®® and K.Kubik®

* i fswnterstant, The Hague, The Netherlands
**International Institute for Aerial Survey and Earth Sciences,
Delft, The Netharlands

ABSTRACT
L progran system wna Jointly developed by KINARS®E and Rijics-
watersiaat, the Netherlands, for the mapping of detail

fro= single or overlapping remote semsing ispges (Sideloocking
Badnr, Infrared, A.0«)s The system consizis, similsr to the cor—
ventions® systems for aerdal triangulstion, of programs for strip
formation, strip and blook adjustment and for the plotting of the
information.

Fxnmmles of infeared and sidelooking radar projedts are in-
cloded to demonstrate the applicntion of the system,

1« INTRODUOTION

This poper documents & program system deaigned to transform and subsequently draw digitised
r«mmm&m:m-mmw—m@mmmmm

The metric properties of these types of lmeagery are quite different from those of conventional
mi:.l;ph:r'bngmm, consngiently pew méthods have to be developed for their transformation and
restitution.

In the method presented the photogrammetric concept of = Glock is used: a block ia here defined
as a set of overlapping remote semaing images, which may consist of images from different sensors.
In the computation, this block of images is related to the map coordinate system with the help of
reference- and tie points®. Iike in photogrammetry, the use of a block of remote asemsing images -
as compared with an individual image = han the advantuge of yislding a higher asocuracy of the
transformation with less reference points. The program sy=tem which was developed has no limiia-
tions with respect to distribution of reference points and srrsngement of images in the block. It
enables the computation of only the X and ¥ map coordinates, the I coordinates must elther be knowm
a=-priorl or the terrain assumed to be flat.

In the following sections of this paper the theory of the programme system is outlined and
oxamples of its practical spplication are glven.

2, THE THECHY OF THE PROGRAM SYSTEM

THE STATRMENT OF THE PROBLEM

It 1s neceasary to determine transfermation formulse from partly overlspping remote sensing
images such that points appesring in any one of the images can be transforwed into the map coordi-
nate aystem.

4 Befwrence points sre those points, whose coordinates sre Inown both in the immge and in the msp

syatem, tie poinis ave points appearing in two or more images,
Amietherlands Interdepartmental Working-commudty for the Applicstion of Bemote Senaing techniques.
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The transformation formulse should be based on the available information, namelys:
- & peametric mode] deseribing the basic imaging properties of the sensors used;
= & set of refarence points whose coordinetas ave kmown in the map system and in one of tne indivi-
dual images;
- & set of tis points whote coordirmtes hove been messured in fwo or more imsges.

THE SOLUTION OF THE PROBLFM

The solution of the ebove problem is performed in three stages. In stage 4, which we will call
strip formation, the measwred image coordinates are iransformed into a local Patrip" aystem, sccor—
fing to the besic geomntric properiies of the different imeges snd maling use of the kmowm Flight
parameters. This preliminary trevsformation is performed independently for every imsge in the
block, the X—exis of the local coordinate system coincides with the flight axis of the individual
imoge and the coordinate origin is chosen at the beginning of the photo-Tlight, This locel ecordi-
note system is called the strip coordinate system of the particular image.

In stage 2 of the solution, the block sdjustment, the task is to £it the individunl etrd
gyatems to each other and into the map system, with the help of' the tis and reference points |see
figme 1). After this transformation the transformed coordinates of the refereice points showld be
equal to the iven valtues in the map system snd every tie point should have sn unique set of map
coordinates (X,Y). The trensformetion eguations of the individual strip systems are chosen in such
a way thet they can compensate far those non-linear deformations of the strip systems, due to the
incomplets lmowledge of the [light parameters,

Once the transformstion parsmeters are mown, in stage 3 of the solution, a1l the imnge pointa
and 1ines of interest, may first be transformed onto the map system, and then plotted.

This stage is therefore called the mapping stage. It iz also possible to rectify the individual
remote senaing imiges me & whole electronically wilth help of the transformation parameters. The
developments of these techmigues are being investignfed and will be reported in due fime.

THE PROGRAM SYSTEM KARTH

Following the above lines of solution, = program system was desigped to sclve the problem
mentioned in the previous section.

Tha program system conalsts of three modules, sccording to the three stages of solution, and
it was named KARTH; its name is derived from the Dubtch expression for "mapping of remote sensing
infermation", namely "EArteren wan Remote sensing INformstion", The program system was written for
8 Philips-Eleotrologics ¥ computer, snd the automafic drawing is done on a Calecomp 663 drum—
plotter.

The flow of computation in the program syetem is shown in figure 2. For & more detailed de-
goription of the gystem reference is made to the literature {Fubilk 1971, Bosman et =1 1971).

3. NUMERICAL EXAMPLES

In the following examples the application of the propram system to single impges, or blocks
of images, is illustrated ani the obtained sccuracy is guoted.

MAPPING FROM TNDIVIIUAL SIAR IMAGES

Two SLAR images of reglons in the Hetherlands were processed with the program system. The
areas were the Biesbos region and the region between the cities of Arphem and Nijmegen. The SLAR
images of these regions are st sn spproximete scale of 1:250000 (h = 150 m, paperprint) and
1:420000 (h = 4500 m, film) and are shown in the figures 3 and 4*. The messurements of the image
coordinates weére made using a Wild comparater S3TK-{, and the map coardinates of the refarence
pointas were obtained from 1:E§CD2} soale topographioc &, Grids of reference poinis were chozen
with a density of 1 s 10 lm (Biesbos) and 1 / 18 lm® (Arnhen).

The accuracy of the transformation image — map wos evalucted with the help of check points (points
with lmown map coordinates, but not used as reference points during the computation). The cbtained
acouragy is digted in table 1. The coordinate acouracy, both in X and ¥ direction, is very high
gnd is independent of the image stcale. For an image scale of spproodimately 4:250000 ond mapplng
at the same geale, the planimetric point accuracy of the transformed data is below Q.3 mm at
map zeale, which meets the specifications of the ted Nations class A topographic maps at that
scale,

Selected features were digitized from the image of the Arshem - Nijmegen region, namely a
part of the Mana-Wanl canal, the lock system, and the railroad joining the two cities. The digi-
tiged featiures were plotted in the image coordimate system and are shown in figure 5.

* Images 3, L, 9 and 10 are reproduced by kind permission of the Roysl Rader Establishment
(Grest Malvern, England).



Figure & represents ihe ssme line fegtures but now plotted in the map system after the transforma-
tion. A topographic mep of the same area and at the same sgale 1:200000, i1s ineluded for purpose. of
comparigon, of, figmwe 7. The travsformed Iines of figure & show almost no detectable desviation
from those of the map. Thiz example i3lustrates the suitshility of the system for small scale
mepping,

THE TRANSFORMATION OF A SINGLE IRLS TWAGH

An IRLS "strip" at the nomis]l seale - along the flight line - of 1:27000 was used (fi1m,
flying=height {h) = 600 m). Tae region covered by tho strip and the selscted image points are showm
in figare 8, the impge iz sghown in figwre Y.

The image coordinstes were messuved with a Zeiss mono comperator. The poinis used es refercnce
points are indiceted in figure & with the mumbers: 4, 4, 8y 9 15 and 30, A1l other measured points
could ba lsed == check points. The map coordirmates of the reference smd check points were obtained
by photogrammetric trisnpulation of a photo-strip (vide =ngle seale 1:10000}.

The standsrd deviation of* the differences between the mop coordinates of the check points as
computed for the TRLS image and from the photogrammetric procedure are

S .30 mm at the scele of the TRLY image

g = 0450 mn &t the scele of the IHLE image.
Although the examp?fe tagted was too small to be statistioally significant, 14 indicates the order
of mugnitude of the resulting coordinste arrors by mapping digitized features from IRLS images.
When analyzing these figures, the spatisl resclution limitstions of the scanner uszed {2z mill.rad
ingtantensous field of view) should be kept in mind.

THE SINULTANEOUS TRANSFORATION OF TWO SLAR TMAGES

Only two overlapping SLAR images were svailshle, one at an approximate scale of 1:420000
{fiying-height (h} = 12000 m, of, figure L) and the other to a scale of 4:300000 (h = 4500 m,
of. fimme 10).

A mmber of imsge points wes selected to be used eifher as reference and tie points or as
oheck points. The image coordinates were messured with & Zelss mono comparsator, the map coordinaies
were messured with & high precision cdordinntegraph on a topographic map at seale 1:50000. The
measuring accurscy of the instrument used was st lesst one order of magnitude higher than that of
point identification,

The pointz -1, 2, 9, 30, 34, L6, 43, 52 were selected a3 reference points for imepge 4. and
point 10 and 17 were selected as reference points for imeage 2, The points 13, 14, 34, 42 and 62
were used as tie points (see figure 7). These points were transformed into the sirip coordinate
system of the individual SLAR images. In the following stage the strip systems were gsimultanecusly
fitted into =ach other and into the map coordinate system, The mean discreparncies at the reference
and tie points after these tranaformstions are: o = 0.25 mm for the X coordinate and

oy = 0,02 mm for the ¥ coprdinate (at the seals of the SLAR images). A1l other image points wers
then transformed, These coordinstes were compared to the lmown "trus" map coordinstes, to find the
peouraey of the transfoemation. The Dean square srrors of the differences (errors) were
G = 0u26 mm and o, = 0.08 mm st the scale of the image.
The relatively poor guslity of the available images should be pointed ocut.

MAPPING FROW A ELOCK OF OVERLAPPING IRLS IMAGES

In ordsr to assess the water flow pattern of the river Hoine into the North Sea, isothermic
lines of the estuary region were mapped from a block of 7 IHLS images (scale along the flight path
spproximately 1:63000, h = 1500 m). The scarmer used wes a Singer Reconofax VI, The project area
and the survey Tlight pattern are shownm in figure 11.

& large mmber of refersnce points were used along the cosstal region and gll the tie points,
which could be identified, were used for the transformetion imoge = map. The image coordinates were
measured on the photogrammetric ingtrument Wild 48, whiech was used as mono comparator, the map
coordinates of the reference points were measured on a topographic mep of scale 1:25000.

After block sdjustment the grey tones wers messured in & regulsr grid of image points on the
indiyidusl imagess, these image points were transformed into the map gystem and the grey tones =
with the help of reference velues snd using an sppropriate trensformation - were tronsformed into
relative temmeratures. Isolines were then interpolated in the mep system, using the discrete
temperature samples. A section of the resulting map is shown in figure 12, For & more detailed
description of this project reference is made to the literature [Clariei et a1 4572},
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Table 1. BResults, Statiatioal investigation of point acourscy.

o a No. of
Ares Image [m 1trima.na I:II:III B.tuima,ge q-p ocontral Z
soale scale) seale) points/
x ¥ x ¥ ime

Blesbos [1:250000 | 0.00L | 0,002 | 0.19 | 0.18 | 0.26] 41/10 |150
Biesbos [1:250000 | 0.006 | 0.002 | 0.19 | 0u2h | 0.31] 1/10 |150

1:420000 | 0.016 | 0.004 | 0.19 | O.11 | 0-22| 41/18 |4500

a : standard deviation at the refsrence points, after digital restification
= of the image.

a + standard deviation at the check points, af'ter digital rectification of
. the image.

& 3 mean flying-height in meters.

4H max: maximum differencea in helght of terrain points.

& L -

T ox = oy

The tahle shows that the obtained point accuracy, in X and ¥ direction,
is guite high and homogensous, moreover it is independent of image scale
end flying=height.
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Figure 8, Coversge of IHLS image, Fi 9. IRLS image,
?Ep sonle 1:25000). scals o 13270000,
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