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HIGH RESOLUTION RUSSIAN SATELLITE IMAGES
FOR URBAN MAPPING 1

ABSTRACT: Experience with the Russian high resolution space photo-
graphs KFA-1000 andKVR-1000 which have been used in IGiKfor map updat-
ing, urban mapping and elaborating satellite image maps in the scales 1:50000
and 1:25000 is discussed.

Usefulness of these photographs and completeness of urban mapping
done by other authors is also presented. KFA-1000 could be usedfor map up-
dating up to the scale 1:50 000. Two meters resolution KVR-1000photographs
could be usedforproduction ofthe digital B/W ortho-photomaps up to the scale
1:10 000. KVR-1000 merged with multispectral SPOTXS data are suitablefor
production ofcolour satellite image maps up to the scale 1:25 000.

Methodologyfor map revision up to the scale 1:25 000 is discused. Ex-
amples o fmap revision digitally o fWarsaw area on the Intergraph ImageStation
Imager arepresented. Some results offiltering ofthe KVR-1000 digital data in
thefrequency domain usedfor image enhancement andfor extractions o fsome
topographicfeatures are shown. Application of digital supervised classifica-
tion of merged, KVR-1000 with SPOT XS datafor map revision in the scale
1:50000 is restricted to some land cover classes.

INTRODUCTION

The status of art in satellite mapping has been published lately on the
ISPRS Commission IV Symposiums which had been held in Hannover in 1993
and in Athens, Georgia, USA in 1994. It has been reported among others by
Jacobsen (1993) and Konecny (1994) that for mapping urban features like build-
ings pixel size of 2 meters is required and 5 meters for minor road network.
Buildings’ blocks could be detected on images with 10m resolution.

1 Referat wygtoszono na spotkaniu specjalistow ,,Remote Sensing and Urban Analysis” programu ESF

G1SDATA w Strasburgu, 8-10 czerwiec 1995r.
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To satisfy urban mapping needs French SPOT P, German MOMS-02
and Russian Space photographs can be used for mapping in the scales 1:50 000
and 1:25 000. Space Imaging, Eyeglass and Earth Watch in USA hopes to de-
sign soon a new generation panchromatic satellite scanners with 1 meter pixel
size (Fritz 1995).

The results of joint Belgium -Polish project, which main aim was to
asses and compare different methods for updating topographic maps using SPOT,
KFA-1000 and KVVR-1000 Russian satellite images have been published in the
Final Report (Donnay, 1994).

The use of the Russian high resolution space photographs for urban map-
ping and map updating up to the scale 1:10 000 is discussed in this paper.

1 DATA OF THE RUSSIAN
HIGH RESOLUTION PHOTOGRAPHS

1.1. KFA-1000

Data of the available Russian high resolution space photographs that
could be used for urban mapping in the scales from 1:50 000 up to the scale
1:10000 are shown in Tablel. KFA-1000 photographs have been used in the
Institute of Geodesy and Cartography (IGiK) for topographic map updating up
to the scale 1:50 000 since 1987. These photographs have been also used for
elaborating orthophotomaps in the scale 1:50 000 using analytical plotter
Planicomp P-1 and Orthocomp Z-1 ZEISS. Results were published on the XVI
ISPRS Congress in Kyoto (Kaczyniski and Konieczny 1988).

The possibility of the updating different topographic features shown on
the maps in the scale 1:50 000 have been evaluated in the Photogrammetry
Department of the IGiK. The following elements can be extracted visually:

- houses longer than 20m and wider than 10m;
- airfieds;
- bridges wider than 4m;
- railways, roads, main streets;
- industrial areas;
- canals, rivers wider than 3m;
- dams;
- forests, parks;
- grasslands;
- agricultural plots wider than 20m.
The following elements cannot be extracted:
- houses smaller than 20m;
- electrical lines;
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- monuments;
- fuel stations;
- forest/park areas smaller than 20m by 20m.

About 20% of the topographic features which should be presented on a
map in the scale 1:50 000 must be collected in the field. Analogue and analyti-
cal instruments Zoom Transfer Scope, Kartoflex Zeiss, Planicomp P-l and
Orthocomp Z-1 Zeiss have been used sucessfully in IGiK for mapping with
accuracy mp=+/- 0.3mm.

Image coordinates measured on the KFA-1000 images have to be cor-
rected for radial distortion characteristic for the lens of the photogrammetric
camera and for the instability of the Russian spectrozonal or B/W films.

Software for space triangulation has also been developed in the
Photogrammetry Department of the IGiK in 1988. A block consisting of the
three strips (each containing six space photographs with 60% overlap and 10%
sidelap) was elaborated using only 6 GCPs. RMSE xy-+/- 7m and RMSE
z=+/-30m were achieved. These photographs and calculated coordinates ofthe
photopoints have been used for production of orthophotomaps and updating of
maps up to the scale 1:50,000. As the base/higth ratio ofthe KFA-1000 (b/h=1/
8.3) is rather poor, high accuracy of DEM is not possible to achieve. Neverthe-
less, DEM elaborated digitally with accuracy approx. 30m could be generated.
MNeese photographs as 2nd generation B/W or false colour spectrozonal diaposi-
tives size 30cm by 30cm are available form Sojuzkarta in Russia.

The uselulness of KFA-1000 satellite photographs for updating oftopo-
graphic maps in scale 1:25,000 has been also evaluated by Krammer and Illhardt
(1990).

Completeness of mapping in scale 1:50 000 with KFA-1000 has been
also reported lately by Jacobsen (1993). Built-up areas, rivers, railways, high-
way and main streets have been identified with 100% accuracy. Narrow streets,
small houses etc. have not been detected.

1.2. KVR-1000

The KVR-1000 photographs are a new generation of the Russian space
data (available to civilian application only for the last two years). Black and
White or false colour photographs are taken by a panoramic spy camera with
1000mm focal length, from unmanned satellites. Only the central part of the
photograph (size 18 by 18 cm) is extracted and digitized; usually with 7.5p,m or
15um aperture. General description ofthe camera and some results of elaborat-
ing of these photographs for mapping up to the scale 1:10 000 have been re-
ported by Sollner (1993), Marek (1994), Kaczynski (1994), Muller etal. (1994).
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Depending on the contrast, the ground resolution of these data varies
from 1.2 to 4m. Marek (1994) has reported detectability oftopographic objects
on the digitized KVR-1000 photograph with aperture 7.5pm (pixel size 1.6m
by 1.6m in field). Some results and accuracy achived are listed bellow:

- streets, roads with 100%;

- railway 100%;

- hydrography 100%;

- single buildings 95%;

- closely built-up areas 100%;
- forests 100%;

- industrial plants 86%.

Kaczynski (1993) has produced first time in Poland fully digitally a BAV
satellite image map of Warsaw in the scale of 1:50 000 on the ERDAS V.7.3 in
OPOLIS in the Institute of Geodesy and Cartography. KVR-1000 alone as B/W
photograph was scanned on the P-1700 Optronics by dr J.Drachal with aperture
25um. Rectification and contrast enhacement were performed on the PC based
software ERDAS. Hardcopy was produced on the STORK high precision printer
by Geosystems GmbH in Munich in 1993.

The use of KVVR-1000 data could replace small scale aerial photography
for production of the image maps, even in the scale 1:10 000.

WIB GmbH in Germany has produced in 1994 digitally BAV satellite image
maps of Berlin, Hannover and Hamburg in scale 1:10 000.

Fedorowicz (1994) has produced digitally a BAV satellite image map of
Gdansk area in the scale 1:10 000. Merged KVVR-1000 photograph with Landsat
TM spectral data were also used for supervised classification on the ERDAS
Imagine system. Digital maps are used for urban planning as a background for
depicting the spatial distribution of the ownership structure of the Gdansk area
by the town authority.

KVR-1000 images have been used by IGiK and SURFACES Labora-
tory for updating topographic maps up to the scale 1:25 000 and for merging
with SPOT XS digital data. Colour hard copy image maps of Warsaw and Liege
in scale 1:25 000 were also printed with the use of offset technique.

1.3. KFA-3000

New KFA-3000 Russian satellite photographs are taken with a 3000mm
focal length camera and are available since 1994. These photographs are supose
to be used for urban mapping up to the scale 1:10 000; replacing of small scale
aerial photography.
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2. FILTERING OF THE KVR-1000 IMAGES
IN SPATIAL AND FREQUENCY DOMAIN

Fast Fourier Transform (FFT) software of the System 600 and VI*STA
of the International Imaging Systems have been used for topographic features
enhancement/extraction and for improving accuracy of the supervised classifi-
cation of multispectral data (Kaczynski 1993).

KVR-1000 image of Warsaw area, scanned with pixel size 25|j.m, has
been filtered in the frequency domain using different filters. Enhancement and
delineation of edges have been done using Raise Power, high-pass Gauss and
exponential filters in the frequency domain. On the other hand WALLIS filter
in the spatial domain was also used to detect edges in the KVR-1000 image.
This filtered image, merged with SPOT XS data was used for elaborating the
new satellite image map of Warsaw. Since the area of Warsaw is rather flat, the
DEM was not used for rectification. Hard copy in the scale 1:25 000 has been
printed by EUROSENSE in 1994.

This digital image has been also used for updating old military topo-
graphic maps of Warsaw in the scales’ 1:50 000 and 1:25 000.

3. METHODOLOGY FOR MAP REVISION

The results of the evaluation of KVR-1000 image merged with SPOT
XS data for map revision up to the scale 1:25 000 has been published in 1994
(Muller etel). The flowchart ofthe metodology used for map revision is shown
in Fig.l.

Filtered KVR-1000 digital image has been rectified to topographic maps
in the scale 1:25 000 with pixel size 5.8m by 5.8m. SPOT XS data were cor-
rected geometrically to the KVR-1000 rectified image. A bilinear interpolation
resampling method was used to create new SPOT XS data where the pixel size
was recalculated from 20m by 20m to 5.8m by 5.8m. Following contrast en-
hancement, false colour composite has been created (XS3 in Red, KVR-1000 in
Green and XS2 in Blue). This RGB file of Warsaw was used for further processing
to produce colour hard copy of the satellite image map in scale 1:25 000:

The black layers of the topographic maps of Warsaw were scanned by an
Intergraph Large Format Scanner ANATech 3640 with an aperture of 800 dpi.
This one bit digital data was resampled to the pixel size 5.8m by 5.8m. The
digital topOmap file was superimposed in white on the RGB file using Boolean
algebra. The resulting file has been used for further processing té produce other
colour hard copy satellite image map of Warsaw in scale 1:25 000 with the
topographic layer. This data has also been used for updating the old (1983)
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topographic maps of Warsaw on the ImageStation Intergraph. With the colour
image in background, it was easy to draw new or not mapped topographic fea-
tures. Some examples extracted from different parts of the Warsaw area are
shown in figures 2 and 3. Update has been made by drawing on the screen,
using MicroStation Bentley/Intergraph software. In each ofthese figures, KVR-
1000 and SPOT XS 3 bands are shown respectively in the upper left and in the
upper right comers. In the lower left comer, the topographic map elaborated in
1983 is shown, while the new, updated map, is presented in the lower right
comer. New buildings and runway in the Warsaw International Airport are shown
in Fig. 3. Newbridge and new buildings in another part of Warsaw are shown in
Fig. 4.Fig. 5 shows an example of urban growth in the old airport Warsaw-
Bemowo. A new housing development has been built here from 1983 to 1992,
therefore map ofthe area should definitaly be updated. Fig. 6 shows the results
ofan automatic extraction of new map features. Runway outlines were extracted
from KV R-1000 using sophisticated IS software. Thresholding procedure with
a Linear Feature Preservation filter allowed to obtain a binary image. The result
of procesing is shown on the left side and the old map on the right side.

KVR-1000 images can be used alone or with the SPOT multispectral
data to update topomaps up to the scale 1:25 000 with an accuracy
mp = +/-0.3mm. If better accuracy is required, then coordinates of the GCPs
should be taken from aerial triangulation or measured directly in field by GPS
technique.

SPOT XS data are a valuable source of additional colour information
which helps the operator to recognize and delineate new topographic features.
Delineation of new urban features, which shoud be presented on the topomaps
in scale 1:25 000 can be easy interpreted on a screen and transfered from the
RGB image to digital topographic data base.

Also Sollner (1993) has reported that following urban features could be
identified on the KVR-1000 image ofthe former military complex near Berlin:

- residential and commercial buildings;
- walls fence;

- buildings pits;

- rails, railway stations, platforms;

- roads;

- bridges;

- forest and single trees

4. RESULTS OF SUPERVISED CLASSIFICATION
OF MERGED SPOT XS AND KVR-1000 IMAGES

The results of joint Polish - Belgium project completed by IGiK and
SURFACES Laboratory in Liege have been published (Donnay 1994, Bochenek
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1995). Accuracies ofthe classification of different images were evaluated quali-
tatively and quantitatively, using a set of test fields in Warsaw area, on the
ERDAS system. Overall accuracy of 87% has been achieved for the merged
SPOT XS with KVR-1000 images. However, application of digital supervised
classification for topographic map revision in the scale 1:50 000 is restricted to
some land cover categories as is listed bellow:

- water (three subclasses);

- main streets;

- densely built-up areas;

- low density built-up areas;

- forests;

- gardens/residential areas;

- grasslands;

- open areas;

- sandy soil;

- parks;

- cultivated land.

5. CONCLUSION

When emphasis is given to the rapid rate of map updating up to the scale
1:25 000, satellite images KVR-1000 can be used alone or merged with SPOT
XS data.

Satellite B/W image maps (orthophotopmaps) can be generated digit-
ally, with accepted accuracy in the scales 1:25 000 and 1:10 000, using high
resolution KVR-1000 images scanned by high precision flat bed scanner with
the aperture size between 7.5u,T and 251T.

Colour satellite image maps can be generated digitally in the scales
1:50000 and 1:25 000 using KVVR-1000 image merged with multispectral SPOT
XS data.

The generation of DEM and new contour lines based on KVR-1000 pho-
tographs is not possible. New satellite systems with pixel size below 5m and
with along track stereo capability will solve the problem of generation the 3-D
city model with high accuracy. So far, high altitude aerial photography with
spatial resolution about Im should be used for this purpose.

Cost/benefit analysis shows, that it is presently still cheaper to use small
scale aerial photographs than KVR-1000 data for elaborating small town area.
The use of KVR-1000 images is advised when large area has to be elaborated in
short time, or when aerial photographs in small scale are not available.

The interpretation of KVR-1000 images require some field work and
ground truth verification similar as is required for aerial photographs.
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Coordinates taken from existing aerial triangulation blocks or measured
directly in field with GPS techniques can be used for rectification of the KVR-
-1000 images. Coordinates of points which will be used for rectification taken
from existing topographic maps in the scale 1:25 000 should be avoided as
topographic features are mapped with accuracy not better than 0.25mm in the
map scale and secondly many of them are usually shown as symbols.
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I. KVR-1000

INPUTS 2. SPOTXS

3. TOPOMAPS

Geometric collection and rectification:
- KVR-1000 to topomaps

- SPOT XS to KVR registration and resampling from 20 x 20 mto 58 x 58 m
- topomap resampled to KVR image pixel size 58 x 5,8 m

Radiometric and edge enhancement

Merging of digital topomap with KVR and SPOT images

Delineation of new topographic digital database

Updating of old topographic digital database!

OFFLINE

PRINTING NEW EDITION of topomaps

Fig I. Flowchart of the topographic map revision procedure
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Fig 2. New built - up area in Warsaw:
Upper left: KVR - 1000 image 1992
Upper right: SPOT XS 3 image 1992
Lower left: old topomap 1983
Lower right: updated topomap
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Fig 3. New buildings and runway in the airport area:
Upper left: KVR - 1000 image 1992
Upper right: SPOT XS 3 image 1992
Lower left: old topomap 1983
Lower right: updated topomap
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Fig. 5. Color composite as the results of processing on PS:
- SPOT XS3 (R) + KVR (G) + SPOT XS2 (B) —> IHS
- enhancement of Intensity (1)
- TOPOMAP (R) + SPOT XS3 (G) + | (B)
In red colorare shown features existing on both KVVR - 1000 image (1992)
and Topomap 1:50 000 (1983). In green color are shown parks, grass
areas. In blue color are shown regions of changing 1983-1992.
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Fig 6. Results of automatic extraction of new map features
from KVR - 1000 image
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ROMUALD KACZYNSKI

WYSOKOROZDZIELCZE
ROSYJSKIE ZDJECIA SATELITARNE
DLA; OPRACOWANIA MAP TERENOW MIEJSKICH

Streszczenie

Prezentowane sg doswiadczenia zdobyte w 1GiK i Laboratorium SUR-
FACES Uniwersytetu w Liege dotyczace wykorzystania zdje¢ satelitarnych w
opracowaniu map topograficznych i ich aktualizacji w skalach 1:50 000 i 1:25000.
Zamieszczono réwniez wyniki prac innych autoréw.

Wykorzystanie zobrazowan i zdjeé satelitarnych w opracowaniu map
obrazowych przedstawiono m.in. na sympozjum MTFIT Komisji IV w
Hanowerze w 1993 r. iw Athens, USA w 1994 r. Okre$lono, ze dla opracowania
map dla celéw planowania przestrzennego rejonéw zurbanizowanych wielko$¢
piksela powinna wynosi¢ conajmniej 2 metry dla wyr6znienia zabudowan i 5
metrow dla wyr6znienia drég podrzednych. Duze bloki sg juz widoczne na
zobrazowaniach cyfrowych rejestrowanych pikselem o wielkosci 10 metréw.
Biorac powyzsze pod uwage jedynie dane satelitarne SPOT P, MOMS-02 i
rosyjskie wysokorozdzielcze zdjecia satelitarne mogg by¢ przydatne do tego
celu. W latach 1996 i 1997 planowane jest przez USA umieszczenie na orbicie
satelitbw nowej generacji ze skanerami zbierajgcymi dane panchromatyczne
pikselem o wymiarach Ix|I m (Fritz 1995).

Dotychczasowe prace prowadzone w IGiK dotyczace aktualizacji map
topograficznych w skali 1:50 000 na podstawie rosyjskich zdjeé spektrostrefo-
wych KFA-1000 pozwolity na wizualne wydzielenie nstp. elementéw
sytuacyjnych:

- domy dtuzsze niz 20 m i szersze niz 10 m;
- lotniska;

- mosty szersze niz 4 m;

- linie kolejowe, drogi i gtdwne ulice;

- rejony przemystowe;

- kanaty i rzeki szersze niz 3 m;
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- zapory wodne;
- lasy i parki;
-kaki;
- pola uprawne szersze niz 20 m.
Nie mozna byto wydzielié¢ z tych zdje¢ nstp. elementéw sytuacyjnych:
- domy mniejsze niz 20 m;
- linie wysokiego napiecia i linie telefoniczne;
- pomniki;
- stacje benzynowe;
- lasy i parki o powierzchni mniejszej jak 20x20 m.

Podobnie jak to ma miejsce przy stosowaniu matoskalowych zdjeé
lotniczych 20% szczeg6téw topograficznych, przedstawianych na mapie
topograficznej w skali 1:50 000, nalezy odczyta¢ bezposrednio w terenie.
Analogowe instrumenty fotogrametryczne jak n.p. Zoom Transfer Scope czy
Kartoflex Zeissa moga by¢ uzyte do wizualnej interpretacji z doktadnoscia
mp=+/-0.3 mm.

Autograph analityczny Planicomp i Orthocomp Z-1 ZEISS byty uzyte
do opracowania ortofotomapy satelitarnej w skali 1:50 000 juz w 1988 roku, a
rezultaty prac opublikowano na XVI Miedzynarodowym Kongresie Fotogrametrii
i Teledetekcji w Kyoto w 1988 r. (Kaczynski 1988).

W Zaktadzie Fotogrametrii IGiK opracowano réwniez woédwczas
oprogramowanie do wyrdwnania kosmotriangulacji bloku zdje¢ KFA-1000.
Otrzymano doktadno$¢ mx,y=+/-7 m i mz=+/-30 m. Ze wzgledu na maty
stosunek bazowy (b/h=1/8.3) Numeryczny Model Terenu nie moze’ by¢
generowany z duzg dokfadnoscia.

Krammer (1990) opublikowat réwniez wyniki swoich prac dotyczacych
opracowan zdjeé¢ KFA -1000.

Dostepne od niedawna rosyjskie wysokorozdzielcze zdjecia satelitarne
KVR-1000 znane w USA réwniez jako DD-5 wykonywane sg szpiegowskimi
kamerami panoramicznymi na btonie panchromatycznej z wysokosci okoto
240km. W zaleznosci od stosunku kontrastu obiektu do kontarstu ta terenowa
zdolno$¢ rozdzielcza wynosi od 1,2 m do 4 m. Na podstawie interpretacji tych
zdje¢ mozna wydzielié nstp. elementy sytuacyjne mapy topograficznej w skalach
1:50 000 i 1:25 000:

- autostrady, drogi i ulice 100%
- linie kolejowe 100%

- sie¢ hydrograficzna 100%

- pojedynicze zabudowania 95%
- gesta zabudowa 100%

- lasy 100%

- parki 100%

- tereny przemystowe 86%
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Na podstawie tych zdje¢ mozliwe jest rowniez opracowanie map
satelitarnych w skalach 1:50 OOOi 1:25 000, a nawet w skali 1:10 000 (Fedorowicz
1994).

Mape satelitarng Warszawy w skali 1:25 000 opracowano w IGiK na
podstawie potaczonych zdje¢ KVR-1000 i cyfrowych zobrazowan
wielospektralnych SPOT XS (Kaczynski 1994).

Od 1995 roku dostepne sg rowniez inne zdjecia satelitarne wykonywane
z rosyjskich satelitow kamera KFA-3000. Zdjecia te pozwalajg na opracowanie
i aktualizacje map topograficznych do skali 1:10 000.

Negatyw zdjecia KVR-1000 w skali 1:240 000 rejonu Warszawy zostat
zeskanowany aperturg 25x25 um na P-1700 Optronics oraz aperturg 15x15 um
na PS-1 ZEISS/INTERGRAPH. W rezultacie filtracji zeskanowanego zdjecia
otrzymano poprawny obraz, ktéry wykorzystano do dalszych opracowan.

W rezultacie opracowania na systemach cyfrowej analizy obrazéw 1SI1-2
INTERGRAPH i VI2ZSTA International Imaging Systems otrzymano nstp.
cyfrowe mapy satelitarne:

- mapa satelitarna Warszawy w skali 1:25,000 z potgczenia KVR-1000 i
SPOT XS o dokfadnosci mp=+/-0.3 mm w skali mapy czyli mp=+/-7.8 m w
terenie;

- mapa satelitarna Warszawy w skali 1:25 000 z natozong tre$cig sytuacyjng
z mapy topograficznej wydanej przez WZKart w 1983 roku. Tre$¢ topograficzna
pierworysu mapy zostata zeskanowana na skanerze ANATech 3640 aperturg
800 dpi i zarejestrowana cyfrowo jako obraz 1 bitowy. Obraz ten potgczony
zostat cyfrowo z obrazowg mapg satelitarng w skali 1:25 000.

Mapa ta zostata wykorzystana do aktualizacji mapy topograficznej
przeprowadzonej bezposrednio na ekranie monitora wykorzystujac
oprogramowanie MicroStation Bentley/INTERGRAPH.

Na rys. 1pokazano schemat aktualizacji mapy topograficznej na podstawie
potaczonych zobrazowan cyfrowych. Przyktady wynikdw aktualizacji pokazano
na rys.2-5. Na rys. 6 zamieszczono rezultat cyfrowego wydobycia elementéw
liniowych z obrazu KVR-1000. Wykorzystano do tego celu oprogramowanie
VI2STA firmy International Imaging Systems. Krawedzie pasa startowego zostaty
wydzielone z czarno-biatego zdjecia KVR-1000.

KVR-1000 niezaleznie lub w potaczeniu z zobrazowaniem SPOT XS
moga by¢ wykorzystane rowniez, do aktualizacji map topograficznych do skali
1:25 000. Sollner (1993) rowniez potwierdzit przydatnos$¢ zdje¢ KVR-1000 do
identyfikacji obiektow wojskowych. Donnay (1994) i Bochenek (1995)
opublikowali wyniki klasyfikacji nadzorowanej potagczonych zobrazowan SPOT
XS i KVR-1000 na systemach ERDAS i ISI-2 INTERGRAPH i ich przydatno$é
do aktualizacji map topograficznych rejonéw Warszawy i Liege w skali 1:50000.
Ustalono, ze nstp. elementy topograficzne zostaty wydzielone jako niezalezne
klasy:
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- wody

- gtéwne drogi i ulice

- zabudowa zwarta

- zabudowa rozproszona

- lasy

- ogrody i zabudowa willowa
- taki

- parki

- gleba

- pola uprawne.

Reasumujac, mozna stwierdzi¢, ze zdjecia satelitarne KVR-1000
zeskanowane aperturg w przedziale 7.5 um do 25 um mogga by¢ uzyte do
opracowarn czarno-biatych map satelitarnych w skali 1:50 000 i 1:25 000 z
wymagang doktadnosciag kartometryczng.

Barwne mapy satelitarne mogg by¢ generowne cyfrowo do skali 1:25000
na podstawie potaczonych zdje¢ KVR-1000 i SPOT XS . Generowanie NMT
na podstawie zdje¢ KVR-1000 jest niemozliwe.

Wykorzystanie zdje¢ KVR-1000 do opracowan map miast zalecane jest
waéweczas, jezeli brak jest aktualnych matoskalowych zdjeé lotniczych oraz dla
duzych obszaréw (rzedu 1500 km2). Do opracowan matych miast bardziej
ekonomiczne wydaje sie uzycie makalowych zdjeé lotniczych.

Do korekcji zdje¢ KV R-1000 wskazane jest wykorzystanie wspotrzednych
fotopunktéw z aerotriangulacji lub pomierzonych bezposrednio w terenie technika
GPS. W przypadku korzystania ze wsp6trzednych punktow pomierzonych na
mapie topograficznej w skali 1:25 000 nalezy liczy¢ sie z btedem identyfikacji
i pomiaru punktu rzedu mp=+/-0.25 mm tj. mp=+/-6 m w terenie.

POMYAJTbI KAHNHLCKA

POCCUNCKVE KOCMWUYECKME CHUMKW
C BO/IbLLIOW PA3SPELLIAIOLLEE CMIOCOBHOCTBIO
[NA PA3PABOTKW KAPT TOPOACKUX TEPPUTOPUI

Peswme

MpeacTaBneHbl OMNbIThbl, MonyveHHble B TMK 1 na6opatopmum SURFA-
CES YHuBepcuteTa B JIbeXX, KacatoLMecs WCMOMb30BaHUA CNYTHUKOBbIX
CHVMKOB MpW pa3paboTke Tomnorpauyecknx KapT U WX OBGHOBMEHUU B
macwTabax 1:50 000 u 1:25 000. MomelleHbl TakXe pe3y/nbTaTbl paboT
OpYyrnx aBTOPOB.
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cnonb3oBaHme CMYTHUKOBbLIX 1306paXeHuid 1 CHUMKOB Npy pa3paboTke
1306pasnTeNbHbIX KapT OblN0 MPeACTaBAEHO, MEXAY MPOYMM, Ha CUMMO3nyMe
MTFiT Komuccum IV B laHosepe B 1993 r. n B Athens, CLUA B 1994 r.
OnpegeneHo, 4to Ans paspaboTKM KapT Ana Leneil npocTpaHCTBEHHOrO
NNaHMpPOBaHWA TPafoCTPOUTE/IbHLIX PaiOHOB BeMYMHA MUKCENs AO0NXKHA
COCTaBNATb, MO KpaliHein Mepe, 2 MeTpa /19 BblAeNneHWs NOoCTPoeK U 5 MeTpoB
ONa BblfeneHns BTOPOCTeneHHbIX fopor. KpynHble NOCTPONKKM BULHBI YXe Ha
LUM(POBBLIX U306paXKEeHNAX, 3aperucTpupoBaHHbIX MUKCENeM BeNUUYUHONA
10 MeTpoB. YunTbIBas BbILLECKa3aHHOE, TONbKO CMYTHUKOBbIE faHHble SPOT P,
MOMS-02 1 poccuiickne CryTHUKOBbIE CHUMKU C 60MbLLIOIA paspeLuatoLLeit
CMOCOBGHOCTBLI0 MOTYT ObITb MPUroAHbI 41 3TOM Lenn. B 1996 n 1997 ropax
CLIA nnaHupyoT nomeLleHre Ha opbuTe CNYTHWKOB HOBOrO MOKOMEHWS CO
cKaHepamu, cobuparoLwmMy NaHXpPoOMaTUYeCKMe faHHble MUKCENeM pasMepamu
Ix1 metp /®puy 1995/.

PaboTbl, npoBoaumMble B UMK Ao cux nop OTHOCUTENbHO OOHOBIEHNS
Tonorpajuyeckmx kapt B MacwTabe 1:50 OOO Ha OCHOBE POCCUMNCKMX
CNeKTPO30Ha/IbHbIX CHUMKOB K®A-1000, paspewnnu BblgennTb BU3yasbHO
CnefytoLLne 3neMeHTbl CUTyauum:

- Aoma ANVHOI cBblwe 20 M U WMPWHOIA CBbile KO M,

- a3pofpOoMbl,

- MOCTbI wWupe 4 m,

- )KenesHble AOpPOrn, JOPOrn W rnasHble yauLpbl,

- MPOMbILL/IEHHbIE PaiAOHBI,

- KaHa/lbl U PeKn LUMPUHOIA CBbile 3 M,

- BOJONOTUHBI,

- fleca 1 napkw,

- nyra,

- MoceBHble nons wupe 20 wm.

Henb3a 6b1/I0 BbIAENNTL HA 3TUX CHUMKAX CNefyroLnX 3/1EMEHTOB
cuTyaLmm:

- AomMa MeHbLle 20 M,

JINHUWN BbICOKOTO HanpshkKeHWUs W TenedoHHbIe NINHUN,
NaMATHUKM,

6eH303amnpaBoyHbIE CTaHLMK,

neca 1 nNapKy noBepxHOCTbH) MeHbLUeR, vyem 20x20 m.

Mofo6HO, Kak 3TO MMeNo MeCTO MpW MPUMEHEHUN MeNKOMAaCLUTabHbIX
aspocHUMKOB, 20% TOMnorpaduyecknx pAetanei, NpPeACTaBlEHHbIX Ha
Tonorpadgmyeckoii kapTe B MaclTabe 1:50 000, cnegyeT npoaelLndprpoBaTh
HernocpeAcTBEHHO HA MeCTHOCTW. AHasorosble  (hoTOrpaMMeTpuyeckue
WHCTPYMEHTBI, KakK Hanpumep, Zoom Transfer Scope unun Kartoflex Zeiss moryt
ObITb NPUMEHEHbI A1 BU3Ya/IbHOW MHTEeprnpeTauuy ¢ TOYHOCTbIO Tp=+0.3 TT.

AHanntnyeckunin astorpag Planicomp n Orthocomp Z-1 ZEISS 6binin
NPYMEHeHbI AN COCTaBMeHMA CNYTHWKOBOW OPTO(OTOKapThl B MacliTabe
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1:50 OO0 y>xe B 1988 rogy, a pesynbtata paboT 6bl1vM OMy6/MKOBaHbI Ha
XVI MexnyHapoAHOM KOHrpecce ¢oTorpaMMeTpum U OWUCTaHLMOHHOIO
30HAMpoBaHua B Knoto B 1988 1. /KaumHbcku 1988/.

B Otgene otorpammetpumn UMK 66110 pa3paboTaHO B TO BPEMS Takxe
nporpamMmHoe ob6ecreyeHune Ang YpaBHWBaHWA KOCMOTPUaHrynaumm 6noka
CHUMKOB K® A-1000. Bblfia nonyyeHa TOYHOCTL LWIX,y=+7 m 1M mz=+30 m.
Beuagy Hebosbworo 6asmcHoro cootHoweHmns (b/h=1/8.3) Liudposas mogenb
MECTHOCTW He MOXET ObITb FeHepupoBaHa C 60MbLIOA TOUHOCTHIO.

Kpammep /1990/ ony6nukoBan Takxe pe3y/nbTaTbl CBOMX paboT
OTHOCUTE/ILHO 06paboTKN CHUMKOB K® A-1000.

JoCTynHbIe C HEKOTOPOro BpeMeHW Poccuiickue cnyTHUKOBbIE CHUMKM C
60/bLLIOV paspeluatoLleidi cnocobHocTbio KV R-1000, m3BecTHble B CLUA Kak
DD-5, BbIMO/IHEHbl  LUMWOHCKUMM  NaHopaMHbIMA  KamMepamu  Ha
NaHXpoMaTUYeCcKoin NnéHKe C BbicOTbl OKono 240 km. B 3aBucumocTu OT
COOTHOLLIEHMA KOHTpacTa 06beKTa K KOHTPACTy (hoHa nosieBas paspeLuarolias
CnocobHoCTb cocTasnsgeT oT 1,2 m fo 4 m. Ha ocHoBe uHTepnpetauuy 3Tux
CHWUMKOB MOXHO BbIeNNTb CeLytoLne afeMeHTbl CUTYyaL M Tonorpaguyeckol
KapTbl B MacwTabax 1:50 000 n 1:25 000:

- aBToCTpagpl, foporu v ynuubl 100%

- XenesHble goporn 100%

- rmgporpadumueckas cetb 100%

- e[MHMYHbIe NOCTPOVKM 95%

- cnnoLuHasa 3acTpolika 100%

- necal00%

- napkn 100%

- MPOMbILLNEeHHble TeppuTopumn 86%.

Ha 0cHOBe 3TVX CHUMKOB BO3MOXHbIM AB/ISETCA pa3paboTKa CnyTHUKOBbIX
KapT B mMacwTtabax 1:50 000 » 1:25 000, a gaxe B macwTabe 1:10 000
[®egoposuy 1994/,

Kocmunyeckas kapTa Baplasbl B macwiTabe 1:25 000 paspabotaHa B
T 1K Ha ocHose coBmeLLeHns cHUMKOB KVVR-1000 1 UMpoBbIX MHOMO30HaTbHbIX
n3obpaxeHnin SPOT XS /KaumHbckn 1994/

C 1995 r. JOCTYMHbI TAKXe ApYrme KOCMUYECKMe CHUMKM, BbIMOHEHHbIE
C POCCUIACKMX CNYyTHWMKOB Kamepoit KPP A-3000. OTU CHUMKM paspeluaroT
paspaboTaTb M 06HOBUTL TOMOrpatuyeckme KapTbl Ao mMacwTaba 1:10 000.

Heratue cHumka KVVR-1000 B macwTabe 1:240 000 paiioHa BapLuaBbl
Obl1 CKaHMpOBaH anepTypoli 25x25 U T Ha P-1700 Optronics u anepTypoii
15x15 ura Ha PS-1 ZEISS/INTERGRAPH. B pesynbtaTte (unbTpayuu
CKaHWPOBAHHOIO CHUMKA 6b110 MOMYYeHO MpaBubHOE N306paXKeHNe, KOTOpoe
6bIN0 MCNOMb30BaHO ANA AaslbHelLUnX pa3paboTok.

B pe3synbTaTe 06pab0OTKM Ha cMCTeMax L(poOBOro aHaIM3a N306paXKeHuit
ISI-2 INTERGRAPH 1 VISTA International Imaging Systems 6b111 NosTy4yeHbl
cregyroLlme UhpoBble KOCMUYECKME KapTbl:
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- KocMuyeckas KapTa Bapuasbl B MacwiTabe 1:25 OOO 13 coBMeLLEHUA
KVP-1000 1 SPOT XS ¢ TOYHOCTbIO mp=+0.3 mm B MacwTabe KapTbl, T.e.
n3p=+7.8 T Ha MeCTHOCTHU,

- KOCMMYecKaa kapTa Bapluasbl B MacwiTabe 1:25 OOO ¢ HanoXeHHbIM
cojepXaHuem cuTyauunm c Tonorpauyeckoi KapTbl, W3AaHHOW BoeHHbIM
KapTorpaguyeckum npegnpuatvem B 1983 rogy. Tonorpaduyeckoe cogepxxaHve
COCTaBUTENbCKOrO OpUruHana KapTbl ObINO0 CKAHMPOBAHO Ha CKaHepe
ANATech 3640 aneptypoii 800 dpi 1 3aperncTpvpoBaHo B LMK POBOM BUAE
Kak n306paxeHune 1 6uToBoe. ITO M306paKeHMe Bbl0 COBMELLEHO LMDPOBO
CO CMYTHWKOBOI M306pa3nTenbHOM KapToi B Macwitabe 1:25 OOO.

3Ta KapTa bblna UCnonb3oBaHa 418 06HOBEHNS TONOrpauUecKoli KapTbl
NMPOBOAMMOr0 HernocpefiCTBEHHO Ha 3KpaHe MOHWUTOpa C WCMO/b30BaHWEM
nporpaMmHoro obecneyeHns MicroStation Bentley/INTERGRAPH.

Ha puc. 1 nokasaHa cxema akTyanusauuu Tonorpaguueckoii KapTbl Ha
OCHOBE COBMELLEHHbIX UMPPOBbIX M306paxeHuii. [Mpumepbl pesynbTaToB
aKTyanm3almu nokasaHbl Ha puc. 2-4. Ha puc. 5 nomeLLeH pesynbTar LudpoBsoro
BblAENEHUs TIMHEMHbBIX 3M1EMEHTOB 13 1306paxkeHns KVR-1000. Micnonb3oBaHo
ANst 3TOW Lenu nporpaMmHoe obecnedeHre VISTA dupmbl International Imaging
Systems. Kpas B3n&THOIN AOPOXKWN OblIN BblAENEHbI M3 YEPHO-6€/10r0 CHUMKA
KYR-1000.

KVR-1000 He3aBMCMMO OT COBMELLEHWS C M306paxeHnem SPOT XS
MOTYT BbITb UCMOMbL30BaHbl TaKXe ANA aKTyanu3auum Tonorpaguyecknx Kapt
B macwTtabe 1:25 O00. ConnHep /1993/ TakXe noaTBepAnn NPUrOAHOCTb
CHMMKOB KV R-1000 415 MAeHTUDMLMPOBAHNS BOEHHbIX 00bEKTOB. [ OHHE/1994/
1 boxeHek /1995/ onybnukoBanu pe3ynbTaTbl Knaccugukauum “c yumtenem”
COBMELLIEHHbIX M306paxeHni i SPOT XS 1 KVR-1000 Ha cucteMax ERDAS u
ISI-2 INTERGRAPH 1 X NpUrogHocTb 415 akTyaam3aunm Tonorpagmyeckmnx
KapT paiioHoB Bapwasbl 1 Jlbexx B macwtabe 1:50 000. YcTaHOB/EHO, YTO
cnegytowmne Tornorpauyeckme 3nemeHTbl BblfeneHbl KaK He3aBUCKMble Kacchbl:

- BOAb!

- [NaBHble JOPOrU U ynuLbl

- CMNOLWHaa 3acTpoika

- paccpefoToueHHas 3acTpoiika

- Neca

- Cafdbl 1 BUNNOBas 3acTpolika

- nyra

- napku

- nousa

- obpabatbiBaeMble NOfs.

CyMMupysa, MOXHO KOHCTaTUMPOBAaTb, YTO KOCMWYECKME CHUMKM
KVR-1000 cKaHMpOBaHHble anepTypoli B MHTepBane 7.5 LT 0 25 U T MoryT
ObITb MCMONL30BaHbl ANA PaspaboTKM YepHO-6enbiX KOCMWYECKUX KapT B
macwTtabe 1:50 000 un 1:25 000 ¢ Tpebyemoi TOUHOCTLIO.
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LiBeTHble KOCMWUYecKue KapTbl MOFYT 6bITb reHepupoBaHbl LM(POBO 40
macwTaba 1:25 OO0 Ha OCHOBE COBMELLEHHbIX CHUMKOB KVR-1000 w
SPOT XS. leHepupoBaHMe LM(POBOIA MOAENN MECTHOCTM Ha OCHOBE CHMMKOB
KVR-1000 HeBO3MOXHO.

Vcnonb3oBaHre CHMMKOB KVR-1000 gns pa3paboTku KapT ropogos
peKoMeHAyeTCA  TO/MbKO  TOrfa, eciv  OTCYTCTBYIHT  aKTyaslbHble
MesIKoMaclUTabHble a3POCHUMKMN, a TaKxKe Ang 60blINX TeppUTOpUiA /nopsaka
1500 km2. Onsa pa3paboTkyM KapT Ma/lbiX ropofoB Hambosee 3KOHOMUYHbLIM
KaXeTca WCMNosb3oBaHUe MenKoMaclUTabHbIX a3poOTOCHUMKOB.

Ana koppekuun cHUMKOB KVR-1000 peKomeHAyeTca WCMofb3oBaHue
KOOPAMHAT OMO3HAKOB W3 a3pOoTPUaHTyNALUM NN U3MEPEHHbIX HEMOCPELCTBEHHO
Ha MEeCTHOCTW TEXHWMKO GPS. B cny4yae UCNOMb30BaHWS KOOPAMHAT MYyHKTOB
M3MEPEHHbIX Ha TomnorpadMuyeckoil kapTe B Macwitabe 1:25 OO0 cnegyeT
CuMTaThCAd C OWMWOKOM WAEHTU(UKALMM U M3MEPEHMS MYHKTa MNopsaka
mp=+0,25 mm T.e. Tp=£6 T Ha MECTHOCTW.

MepeBoa: Roza Totstikowa
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