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ABSTRACT 

Since the opening of the USSR different organisations of the 
CIS have been trying to seil satellite image data in the Western 
world. This gives the opportunity to receive space images at 
very low costs compared to Landsat and Spot data. After intro
ducing new Russian organisations which entered the market, 
the main platforms and camera systems are discussed, focusing 
on the KFA-IOOO and MKF-6MA systems. The KFA-lOOO is a 
metric camera with about 7.5 m ground resolution (from the 
MIR station). MKF6-MA is a multispectral sensor, developed 
by ZEISS Jena. 

NPO Energia and Kayser-Threde are working together in 
marketing earth observation data [rom the MIR space complex. 

To keep track of the thousands of photos a database system has 
been installed. Plots of the available images are produced after 
every acquisition period. 

On customer request special acquisition campaigns are organi
zed for selected areas. The operation al flow of a special 
acquisition mission is shown. Due to the low costs even 
developing countries could afford to get sets of satellite 
images from their country. 

Keywords: Russian satellite images, space-complex MIR, low 
cost. 

1. INTRODUCTION 

The rapid changes in the political system of the former USSR 
led to an opening of the space industry in the CIS. Coopera
tions on many fields have been started during the last year. The 
big space companies in the CIS are looking for western part
ners and offer their experience and products. In addition for
mer military used systems are starting to open to commerciali
zation. 

In 1991 different Russian space companies entered the market 
for remote sensing products. This paper will describe new 
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photographic products available now on the western market at 
very low costs. 

Since 1987 the All Union Foreign Economic Association 
Sojuzkarta offered high resolution images from KFA-IOOO 
cameras on board of Kosmos satellites (Ref. 1-3). 

Meanwhile organizations behind Sojuzkarta, as the State Cen
ter Priroda or NPO Planeta have settled own contracts with 
companies in the Western world. At the same time a new 
foreign trade organization, Sovinfonn Sputnik, has been foun
ded and tries to replace Sojuzkarta. In addition to the products 
offered by Sojuzkarta, SovinfOlID Sputnik also tries to market 
former military systems. 

With NPO Energia, the leading space company in the CIS, a 
new competitor has entered the market in 1991. 

Since 1990 NPO Energia is running photogrammetric and 
multispectral cameras on board of the space station MIR. NPO 
Energia, with its headquarter in Kaliningrad, is the biggest 
space company in the CIS. It has constructed space vehicles as 
SOJUS-TM 01' BURAN and is responsible for the space com
plex MIR. Now it is trying to commercialize parts of its activi
ties. 

In 1991 Kayser-Threde, Munich, signed a contract with NPO 
Energia to cooperate in offering the data from the MIR came
ras on the market. 

2. PHOTOGRAPHIC EARTH OBSERVATION 
SYSTEMS IN THE CIS 

Mainly two different space platforms are used in the CIS for 
high resolution earth observation cameras: 

- Resurs-F spacecrafts 
- the MIR Space Complex 

The Resurs-F spacecraft is llsed in two versions for earth ob
servation purposes (fig. 1 and 2): Resurs-Fl and Resurs-F2 
(Ref. 4). Technically both spacecrafts are very similar but they 
are equipped with different instruments (see chapter 3). The 
orbital altitude is between 250 km and 400 km, the inclination 
is 83°. Films and cameras return to earth by a reentry capsule 
using soft landing rockets. 
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Fig. 1: Resurs-Fl spacecraft (Ref. 4) 

Resurs-Fl has a 25 days flight duration, including 7 days of 
flight without orientation. The whole earth sm'face can be 
photographed Ollce, some regions twice during one mission. It 
is equipped with 2 KFA-1000 and 3 KATE-200 cameras. 
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Fig 2: Resurs-F2 spacecraft (Ref. 4) 

Resurs-F2 is able to take pictures of the whole earth twice or 
three times within its 30 days flight duration. on Resurs-F2 a 
MK-4 multispectral camera is used. 

The second platform for space photography besides the 
capsules is the MIR space station. 

At the moment the space complex MIR consists of four mo
dules (see fig. 3): 

- the main block 
-KWANT 
- KWANT-2 
- KRISTALL 

KW ANT-2 and KRISTALL are mounted perpendicular to the 
main axis of the space station. Early in 1993 a third module, 
PRIRODA (nature), shall be launched. The main purpose of 
the PRIRODA mission will be earth observation. A fourth mo
dule, SPEKTR, is nearly ready but its launch is under dis
cussion due to the budgetary situation in Russia. 

Because of its inclination of 51.6° the MIR station is much 
better suited far earth observation as other manned systems, 
e.g. the American space shuttle missions or the planned space 
station FREEDOM with its 28° inclination. 
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Fig. 3: The space complex MIR (status 1992) 

MIR orbits have a repetition rate of two days. The overfligth is 
about 45 minutes earlier every two days. A certain area is 
overflown every 2 months at the same time of day. 

The orbital parameters of the MIR space complex are shown in 
table 1: 

Inclination: 
Altitude: 
Excentricity: 
Orbit period: 

51.6° 
ca. 400 km 
< 0.001 
ca 90 min. 

Table 1: Orbit parameters of the MIR station (Ref. 5) 

Normally the MIR complex is oriented by the on-board com
puter in a way, that the large solar panel anays are always 
looking toward the sun. Only for data acquisition periods the 
station is turned in a position that the flight direction is parallel 
to the forward motion compensation of the cameras. This 
arientation could be stabilized for approximatly three rotations, 
which is equivalent to about 270 minutes. After this time the 
board accumulators need to be charged again by solar power 
(Ref. 6). 

Different earth observing cameras are installed on board of the 
MIR station. On KWANT-2 a KAP-350 camera and the mul
tispectral MKF-6MA are installed. On KRISTALL two KFA-
1000 systems are mounted. In addition two spectrometer 
(MKS-M2 and Phasa) and some TV cameras are warking on 
the space station. After the launch of the earth observation mo
dule PRIRODA a new set of instruments, including the East
German MOS Spectrometer and a Russian SAR, will be used 
on board of MIR (Ref. 7). In 1994 the German MOMS-02P 
sensor shall be installed on MIR after its tlight on the D2 
shuttle mission. A high precission orbit and attitude determi
nation system shall support this camera (Ref. 14 and 15). 

3. CAMERA SYSTEMS 

At the moment images of the following Russian camera sy
stems are available in the Western world: 

- KFA-IOOO 
- MKF-6MA 
- KATE-200 
- KAP 350 
- MK-4 



All of them are analog cameras, i. e. they use conventional film 
as storage medium, which returns to ground after the mission. 

On the Western market only the KFA-1000 images are intro
duced. In the former German Oemocratic Republic (GOR) the 
images of the multispectral ZEISS camera MKF-6MA were 
widely used. So this paper will concentrate on this two cameras 
after describing shortly the other camera types. 

KAP 350 is a medium size camera with 350 mm lens and a 
ground resolution of about 40 m. The ground coverage is 
200x200 km2 (all data are given for an altitude of 400 km, 
Ref.6). 

KATE-200 consists of three cameras which observe the same 
surface area in three different spectral bands (510-600 nm, 
600-700 nm, 700-850 nm). The focal length is 200 mm and the 
image size is 180x180 mm2• This cOlTesponds to a surface area 
of 225x225 km2. The ground resolution is between 20 m and 
30 m (Ref. 4). 

MK-4 is also a multispectral camera system with four lenses of 
300 mm focus length. Four out of six spectral bands (460-505 
nm, 515-565 nm, 580-800 nm, 635-690 nm, 810-860 nm) can 
be selected for a certain surface area. The image size is 
180x180 mm2 which is equivalent to 150x150 km2 from an 
altitude of 250 km. The ground resolution from this altitude is 
8-12 m for spectrozonal film (Ref. 4). 

The East-German made MKF6-MA is mounted in the 
KWANT-2 module 01' the MIR space complex. It is a metric 
multispectral camera with a ground resolution better 25 m 
(altitude 400 km, Ref. 8-10). The technical data is listed in 
table 2. The camera consists of the camera body with 6 film 
cassettes and 6 ZEISS Pinatar 4/125 lenses. The image size is 
55x81 mm which is equivalent to 175x260 km2 on ground. 
Each lens and cOlTesponding chamber is optimized to its 
spectral band. So all 6 images have exactly the same scale. The 
light is splitted by filters into 6 bands (see table 2). 

Focus Jength: 
Mean image scale: 
Mean image size: 
Ground resolution: 
Film: 

125 mm 
1 :3.200.000 
175x260 km2 

20-25 m 
6 x 70 mm b/w 
460-500 nm 
520-560 nm 
580-620 nm 
640-680 nm 
700-740 nm 
780-860 nm 

Film capacity: >1250 images 
Forward motion compensation 

Table 2: Technical data of the MKF-6MA cameras (Ref. 8) 

The bandwidth 01' each channel is between 40 and 100 nm (see 
fig.4). 

The camera is forward motion compensated. The compensation 
is performed by tilting the whole camera. This system results 
in a maximum elTor 01' 0.8 mrad/s. 

All images are taken with 60% coverage in flight direction to 
enable stereo evaluations. 

On KRISTALL two KFA-1000 cameras are mounted. The sy
stem 01' the two cameras is called PRIROOA-5. 

The CIS made KFA-1000 cameras are mounted in parallel di
rection. They are tilted by an angle of 8° against the nadir. So 
the images of the two cameras show a lateral coverage of 1 ° 
(about 7 km on ground) and a doubling of the covered ground 
area (see fig. 5). Oue to that installation and the inclination of 
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Fig. 4: Spectral Bands of the MKF-6MA Camcra (Ref. 8) 

51.6° the system can take pictm'es up to about 52.5° northern 
or southern latitude, without tilting. 

The technical data 01' the KF A -1000 camera are listed in 
table 3: 

Focus length: 
Mean image scale: 
Mean image size: 
Ground resolution: 
Film: 

1000 mm 
1 :400.000 
120x120 km2 

ca. 7.5 m 
SN 10 Spectrozonal 

560 ... 680 nm 
680 ... 810 nm 

Film capacity: 1500 images 
Forward motion compensation 

Table 3: Technical data 01' the KFA-IOOO cameras 

Both cameras are forward motion compensated. Normally all 
images are taken with 60% coverage in f1ight direction to get 
stereo data. 

camera KFA-Il 

field of view 
KFA-I 

optical axis 
KFA-I 

lateral coverage 
KFA-I and KFA-H 

nadir 

camera KFA-I 

field of view 
KFA-H 

optical axis 
KFA-Il 

tmage Slze 
KFA-I (03h) 

KFA-I 

image size 
KFA-H (0.3h 

KFA-ll 

Lm, ..... ~. 
KFA-I and KFA-Il (O.02h) 

h = altidude during photographing 

Fig. 5: The PRIROOA-5 system consists of two KFA-IOOO 
cameras mounted in parallel direction 

After processing of the films the image number, the camera 
number, the focus length and a BCO time and date code can be 
found on every negative (see fig. 6). The resolution of the time 
code is 2 seconds. All negatives CalTY image marks to allow 
photogrammetric processing 01' the data. 

The films 1'01' all MIR cameras aloe transported by SOJUS-TM 
01' PROGRESS spacecrafts into the orbit and latest three month 
Iater back to ground. A longer use of the film would degrade it 
due to the radiation in the MIR orbit . 
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Fig. 6: On every negative the number of the camera, the image 
number, the fOCl1s length and a date/time code can be found. 

4. IMAGE DA TABASE SYSTEM 

To keep track of thousands of images from the MIR station, 
NPO Energia and Kayser-Threde worked together to establish 
a database system in which every scene can be found (Ref. 16). 

Shortly after each campaign the orbit data of the space station 
are calculated. This data together with the time of the image 
acquisition is used to calculate corner coordinates of each 
image. After the development of the films the image numbers 
are added. Then all data are played into the database. 

A comparison of the calculated coordinates with the coordi
nates taken out of the images shows an error of less than 10% 
of the image size (see fig. 7). 

Fig. 8: Acquisition period September 91 over Europe. 
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- - Calculated Coordinates 

r:---t-----j----+------j Path 12 
Date of data aequsition: 24.09.91 

Fig. 7: Comparison of calculated and measured image coordi
nates. 

The database coordinates can be transfered into agraphie 
package which overlays the image coordinates to vectorized 
maps (see 1'ig. 8) The plots are regularly distributed to custo
mers and agents. 

On reqnest of a customer cloud figures for an interesting scene 
will be delivered by a mail box system installed between 
Munich and Moskow. 

5. SPECIAL ACQUISITION CAMPAIGNS 

Image acquisition on reqnest of a customer is called Special 
Acquistion. If a customer needs actual data of a certain area not 
included in the archive it is possible to organize a Special Ac
quisition campaign. 

In 1991 three campaigns were organized. Two 01' them were 
successfully finished (one in Germany, one in Southern Eu
rope), one could not be fulfilled due to permanent cloud cover. 



The first step of a special acquisition campaign is the determi
nation of the customer requirements, e.g. location, prefered 
daytime and month, sun elevation etc. After that the orbit 
planning is performed and possible data acquisition dates are 
identified. In preparation of the campaign 3-day weather fore
casts are organized and sent to Moskow during the possible 
mission period. Based on this information adecision is made to 
try the acquisition or not. After having taken the photos the 
films are sent to ground with the next spacecraft (SOJUS 01' 

PROGRESS return capsule). 

On ground the films are processed and the negatives are selec
ted. After transport to Munkh the copies are prepared and deli
vered to the customer. 

As the MIR complex has not a sunsynchronous orbit it is pos
sible to take photos from a certain area at different day-times 
(see chapter 2). 

6. COST COMPARISONS 

There are mainly two reasons for using Russian space images: 

- High ground resolution of KFA-lOOO data 

- Low prices 

Table 3 compares the prices of the Landsat and Spot Images 
with prices for the Russian KFA-IOOO and MKF-6MA images 

sensor cost per grollnd grollnd area per 
image (US$) resolution area (km") image (km2) 

Landsat MSS' 1000 79 170x185 31450 
Landsat TM' 4400 30 170x185 31450 
Spot-XS' ca. 2100 20 60x60 3600 
Spot-Pan' ca. 2650 10 60x60 3600 
KFA-IOO02 ca. 1150 7.5 120x120 14400 
MKF-6MN ca. 880 20 175x260 45500 
MK-43 ca. 1200 10 150xl50 22500 

Table 4: Cost comparison of different sensors 
I) Ref. 11,12 
2) all val lieS for the MIR platfonn (400 km altitllde) 

3) Rd.4 

cost 
$ /km2 

0.03 
0.14 
0.58 
0.74 
0.08 
0.02 
0.05 

The comparison shows that all Russian products are one mag
nitude cheaper (costs per area) as comparable Western images. 
Even if the multispectral products cannot replace TM 01' Spot
XS data at all applications due to their limited spectral band
width, they could be interesting where photographic infrared is 
sufficient as vegetation monitoring or similar applications (Ref. 
13). 

The KFA-lOOO images however show ground resolutions, no 
other satellite based system can offer at the moment. This reso
lution is delivered at costs much cheapcr then the Western sen
sors can offer. 

7. CONCLUSIONS 

With the availability of Russian space images many projects 
seems to be possible that could not be realized up to now due 
to the cost situation. 

The PRIRODA-5 system onboard 01' the space complex MIR 
otTers a satellite data system for many applications. The ground 
resolution is about 25 % bettel' then that of e.g. SPOT PAN 
and the costs for a scene are lower compared to the Western 
systems. 
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The MKF-6MA is a good choke for all who need cheep multi
spectral data without thermal infrared bands. 

The use of Russian satellite images could help to realize low 
budget projects in the Western world or in development coun
tries and it supports the Russian economy at the same time. 
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