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ABSTRACT: The monitoring and explanation of changes is a very basic topic in environmental studies. For
certain questions is a very high spatial data resolution important, e.g. in urban or rural settlements. CORONA 
images were recorded by the United States during cold-war espionage missions between 1960 and 1972. With
the KH4B panoramic camera type a ground resolution of 1.8 meters was achieved. The top secret CORONA
program was stopped in 1972. Since 1999, SpaceImaging (SI) has been providing data from the IKONOS-2 
satellite with 1 meter resolution, which, together with, the CORONA data provides very high resolution satel-
lite time series over a period of more than 40 years. 
In 1964, starting with the KH4A camera type, CORONA mission satellites carried a second camera on board
of the satellite recording stereoscopic images of the earth’s surface. The images were recorded converging 
with a angle of approximately 30 degrees relative to each other. The CORONA data are delivered as negative
or positive films and need a scanning process to take benefit of digital photogrammetry. The commercial
software package VirtuoZo allows a data processing in a non-metric way, which makes it possible to calculate 
a DEM (Digital Elevation Model) out of the CORONA data. Additionally contour lines, a orthophoto and a
topographic orthophotomap can be generated. The CORONA-derived orthophoto can be used as a master im-
age for a rectification process of the recent IKONOS-2 data using invariant surface features. Thus, the CO-
RONA-derived orthoimage and the co-registered IKONOS-2 image can be used as a data sources with very 
high geometric accuracy in real world coordinates in order to detect changes in very high resolution with sat-
ellite images over more than 40 years. 
The study region is located in the southern slopes of the High Atlas mountains in Morocco. Changes can be
identified in the neighborhood of settlements, which in some parts have increased enormously, as well as ag-
ricultural irrigation areas.

1 INTRODUCTION

CORONA data were recorded in espionage missions 
during the cold war, starting from the first successful 
mission on the 18.08.1960 until 31.5.1972. The earth 
was observed with a best spatial resolution of the 
KH4B camera system with 1.8 meters (Ruffner, 
1995). These historical panchromatic data sets, re-
coded stereoscopically, were made public and avail-
able by Bill Clinton in 1995. 

Since 1999, SI provides satellite data from the 
IKONOS-2 sensor, with which the very high resolu-
tion imaging re-appears after a lapse of 3 decades. 
These remote sensing data provide earth coverage 
with a panchromatic ground resolution of 1 meter.  

For certain applications the resolution is crucial e.g. 
in settlements to identify clearly even small targets. 

Thus IKONOS data seemed to be an efficient re-
placement for labour intensive use of aerial pictures. 
Although the price for IKONOS data is high, espe-
cially if the area of interest in the so called interna-
tional coverage (http://www.spaceimaging.com/).  

A common problem in the very high resolution 
recording system is, that the camera systems, most 
of the times, record data in an oblique view. This al-
lows the recoding of a certain spot on the earth’s 
surface more frequently than with a fixed NADIR- 
looking system. However problems for satellite 
based earth surface cartography arise. Mappings 
with only one monoscopic oblique image result in 
image displacements of objects (figure 1).  
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Figure 1. Image displacements by oblique viewing 

The displacement is a function of the viewing an-
gle α, object height h, and, in the case of mountains, 
dependent on slope and aspect. The interrelation be-
tween the object height and the satellite view angle 
in terms of image displacement is expressed in the 
formula: 

)tan(α∗= hntdisplaceme

Therefore SI guarantees view angles not larger than 
26 degrees. Values of displacements in function of 
the object height are displayed in table 1. 

Table 1. Image displacements as a function of view angle and 
obstacle height 

In the case of the common 26 degrees view angle 
and an object height of 200m the displacements can 
be calculated as 98 meters. Figure 2 shows the same 
relationship but also visualises the non-linearity in 
the relationship therefore that the tangents function 
has a hyperbolic behavior. 

Figure 2. Relation between the view angle and the object 
height 

Figure 2 and table 1 illustrate that, for the work in 
a flat terrain without obstacles, IKONOS data inherit 
no displacements and can be used regularly for 
mapping purposes. An analysis of Batavisas et al. 
(2001) shows that, in this case, an affine transforma-
tion using only few GCPs, is sufficient for geo-
correction.

Any other terrain type and obstacle elevation will 
thus result in image displacements. To overcome 
this problem there are two options: firstly to work 
with stereoscopic IKONOS images to produce a or-
thophoto plan, or secondly to use an orthophoto plan 
from other data with a comparable resolution like 
aerial pictures. In this papers the authors propose a 
method to produce an orthophoto plan based on 
CORONA data due to their fine resolution, large 
coverage and their price. 

2 METHODS AND DATA 

Image displacement effects can be corrected by ste-
reo images  as it is a well known method in classical 
photogrammetry (Figure 3) (Mikhail et al., 2001). 
This could mean that a IKONOS-2 stereo-couple can 
solve the problem. Draw-backs are the price for a 
second scene, and, additionally, the fact that the nec-
essary parameters of the IKONOS-2 recordings for 
obtaining a satisfactory parallax difference and a 

α

displacement

h

αααα tan(a) 1 5 10 15 30 50 75 100 250 500

1 0.0175 0 0 0 0 1 1 1 2 4 9

2 0.0349 0 0 0 1 1 2 3 3 9 17

3 0.0524 0 0 1 1 2 3 4 5 13 26

4 0.0699 0 0 1 1 2 3 5 7 17 35

5 0.0875 0 0 1 1 3 4 7 9 22 44

6 0.1051 0 1 1 2 3 5 8 11 26 53

7 0.1228 0 1 1 2 4 6 9 12 31 61

8 0.1405 0 1 1 2 4 7 11 14 35 70

9 0.1584 0 1 2 2 5 8 12 16 40 79

10 0.1763 0 1 2 3 5 9 13 18 44 88

11 0.1944 0 1 2 3 6 10 15 19 49 97

12 0.2126 0 1 2 3 6 11 16 21 53 106

13 0.2309 0 1 2 3 7 12 17 23 58 115

14 0.2493 0 1 2 4 7 12 19 25 62 125

15 0.2679 0 1 3 4 8 13 20 27 67 134

16 0.2867 0 1 3 4 9 14 22 29 72 143

17 0.3057 0 2 3 5 9 15 23 31 76 153

18 0.3249 0 2 3 5 10 16 24 32 81 162

19 0.3443 0 2 3 5 10 17 26 34 86 172

20 0.3640 0 2 4 5 11 18 27 36 91 182

21 0.3839 0 2 4 6 12 19 29 38 96 192

22 0.4040 0 2 4 6 12 20 30 40 101 202

23 0.4245 0 2 4 6 13 21 32 42 106 212

24 0.4452 0 2 4 7 13 22 33 45 111 223

25 0.4663 0 2 5 7 14 23 35 47 117 233

26 0.4877 0 2 5 7 15 24 37 49 122 244

27 0.5095 1 3 5 8 15 25 38 51 127 255

28 0.5317 1 3 5 8 16 27 40 53 133 266
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good base- to-height ratio are not guaranteed by the 
IKONOS-2 distributor SI. In this case, the less cost 
intensive way was chosen by using of the stereo-
scopically recorded CORONA data (Schmidt et. al 
2001). The images from the KH4B camera system 
were recorded with a nominal ground resolution of 
1.8meters (http://edc.usgs.gov/glis/hyper/guide/disp) 
during the DS1117 espionage mission of 
26.05.1972.

Figure 3. Stereo view on an object of oblique recording camera 
system (Mikhail et al. 2001) 

The basic methodology to overcome these prob-
lems are outlined in the schematic figure 4, and in-
cludes in the presented approach the generation of 
an orthophoto with high geometric accuracy, which 
can be used as a base for image to image registration 
(Richards, 1999). A panchromatic IKONOS-2 image 
acquired on the 14.06.2000 was ordered from SI ar-
chives. The view angle of this image is: 27.9 degrees 
and so higher as promised by SI. 

Figure 4. General methodology  

Orthophotos were generated with the photorammet-
rical software VirtuoZo 3.1. A perquisite is that 
GCPs has to be taken in the field in x,y and z coor-
dinates with in this case of sub-meter accuracy . This 
was done with a Leica 300 device. 

3 STUDY AREA 

The area of investigation is located on the southern 
foot-slopes of the High Atlas mountains in south 
Morocco, in the vicinity of the town Toundoute. It 
consists of flat valley bottoms river terraces, and is 
surrounded by mountain chains. The difference in 
height in the study area is about 200 meters. In this 
desert region, people live mostly close to the river 
oasis’s exiting the mountain chains (figure 5). 

4 RESULTS 

The photogrammentrical restitution of CORONA 
data was done by the use of 7 GCPs the residuals are 
shown in table 2. An external error calculation with 
148 field measured check points of the generated 
DEM revealed a mean height difference of 3.6m 
with a standard deviation of 13.2m. The problem in 
this case was that there was a lack of good GCPs. 
GCPs of a better quality can improve the restitution 
errors as demonstrated by Goossens et al. (2001). 

Table 2. Results of the photogrammetrical restitution of the 
CORONA scene 

Stereo / 3D correction

ORTHO-PHOTOMAP

co-registration monoscopic
image (IKONOS) to a 

orthophoto-map (CORONA)

Residuals

point number dX dY dZ

2001 14.116 -0.48 -0.193

2041 -3.998 0.667 0.394

2031 0.414 -1.141 -0.956

2020 -15.114 4 -0.693

2022 -0.23 -3.216 0.997

2187 5.34 -0.289 0.583

Root Mean Square Error

mx = 8.873457

my = 2.175662

mz = 0.6977

mxy = 9.136287
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Figure 5. The orthophoto overlaid on the DEM, both produced 
by aims of digital photogrammetry (vertical exaggeration fac-
tor: 5). 

The orthophoto plan can now be considered as 
the “master image” (figure 6). The monoscopic IK-
ONOS scene can thus be geo-referenced to an “dis-
placement-free” ortho image derived from the Co-
rona data set and be considered as a “slave image”. 
Therefore many ground control points are necessary, 
because the full “vertical range” has to be covered. 
Consequently, 90 GCPs were used, chosen in the 
valley bottom as well as the crest lines and the 
slopes. The distribution of the GCP is illustrated in 
Figure 6.

Figure 6. Distribution of the image to image registration GCPs 
in the study area, displayed in the IKONOS image 

Due to the IKONOS displacements the RMS er-
ror of the image to ortho-image registration process 
is quite high, resulted in an overall RMS error of 
23.7 meters. This error, however, can not be inter-
preted in the same way as in a two dimensional im-
age registration. In the case of a three dimensional 
image correction, this RMS error is an estimator of 
the mean image displacement within the “slave im-
age”, plus the registration error in finding the corre-
sponding pixels in the two images. The result of all 
this procedure is that the IKONOS scene obtains the 
same “ortho-characteristics” as the orthophoto plan 
derived from the Corona data set. This is illustrated 
in figure 7. 

Figure 7. The fitting of the CORONA orthophoto plan (upper 
image) with the 3D-corrected IKONOS scene (lower image). 
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Thus can the images now be interpreted and 
changes can be seen as such. In the example shown 
in figure 7 remain the vegetated areas and the agri-
cultural structures of the river oasis, but especially in 
the upper part of the image is an increase in the con-
struction of houses visible. The features of the upper 
right image area are moving slightly but remain also 
more or less in time. As shown in photo 1 in this 
area are placing the women shrubs as collected dur-
ing the day (Ait Hamza,1997). 

Photo1. Shrubs collected as firewood and placed near the 

towns (photo: M. Schmidt, 2000). 

This interpretations of panchromatic data can 
surely be supported by the use of filtering techniques 
(figure 8) (Richadrs, Jai, 1999). 

Figure 8. Example of a Sobel filter with CORONA (left image) 

and IKONOS (right image) data 

5 CONCLUSIONS 

It was illustrated that a simple conventional geo-
referencing of an IKONOS scene in a hilly area is 
not sufficient to obtain a metrically correct docu-
ment. The base for to geo-correcting an IKONOS 
scene should be an orthophoto-plan. In this case, 
CORONA data were used to generate that ortho-
photo-plan, but other sources of information are also 
possible e.g. stereoscopical aerial pictures. To cor-
rect all the displacements due to the oblique view in 
the IKONOS scene, a lot of GCPs are needed in or-
der to convert the image to an ortho-rectified image. 
In this case, 90 GCPs were used. It can be stated that 
the more GCP’s, the better the result will be. How-
ever, one has to find a reasonable quality to cost es-
timation. For detailed landscape analyses and change 
detection studies, the above methodology is recom-
mended because one can be sure to have the optimal 
image co-registration, and images without displace-
ments. The proposed methodology gives the best 
guarantee that the co-registered IKONOS scene is 
fits into a GIS and real world coordinates. This type 
of correction is a perquisite for a proper interpreta-
tion of the changes within the two datasets. This can 
then be the starting point for the use of e.g. knowl-
edge based classifiers in order to display the image 
inherit changes.
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