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USE OF THE CLASSIFIED SATELLITE IMAGERY
FOR UPDATING TOPOGRAPHIC MAPS

1. INTRODUCTION

The presented work was ajoint Polish-Belgian study, carried out within
agreement established between the Institute of Geodesy and Cartography in
Warsaw and SURFACES Laboratory, University of Liege. The aim of this
study was to assess and compare different methods for updating topographic
maps, using various types of satellite imagery. Two test areas were selected
for research works: Warsaw area as a Polish test site and Liege area as a
Belgian test site. Both test areas were analysed, using similar methods of
data processing and results evaluation, in order to make comparable conclusions.
Two types of satellite data, i.e. SPOT multispectral and panchromatic imagery,
as well as KOSMOS images were used in this study. The article presents
works concentrated on applying the classified satellite imagery for updating
topographic maps; it includes the applied methodology and discussion of the
results.

2. MATERIALS AND METHODS

In order to perform multispectral analysis of SPOT data, three images
covering Warsaw area were applied:

- SPOT multispectral image collected on May 4, 1986

- SPOT multispectral image collected on June 30, 1992

- SPOT panchromatic image collected on July 30, 1992,

First SPOT image (May 1986) was analysed at first stage of the works,
conducted at the SURFACES Laboratory in April 1993. After thorough analysis
it was classified into 11 land cover categories: water, coniferous forests,
deciduous forests, mixed forests, orchards/gardens, high-density built-up land,
low-density built-up land, grassland, wetland, soils and crops. The resultant
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classification was printed at a scale of 1 : 100 000 with the use of Versatec
plotter. At final part of this work SPOT panchromatic image of July 1992
was also entered into INTERGRAPH system installed at the SURFACES
Laboratory.

That image was next geometrically corrected, using image-to-map registration
software of the INTERGRAPH system. Polish topographic maps at a scale
of 1:50 000 were used for this purpose. About 60 points distributed evenly
through the whole scene were chosen, to ensure sub-pixel registration accuracy.
Next the whole image was transformed applying linear transformation and
resampled with the use of nearest neighbour method, which keeps original
pixel values. Extract of that image was finally transferred to the tape, to be
further used in Warsaw.

Further works were continued at the Remote Sensing and Spatial Information
Centre in Warsaw with the use of ERDAS image processing/GIS system.
The geometrically corrected panchromatic image of Warsaw was transferred
from the tape into the system. It was the base for correcting multispectral
image of Warsaw, collected on June 30,1992. Process of geometric correction
has been done with the use of ERDAS image processing functions. Image-
-to-image registration was performed with one-pixel accuracy, using 36 points
for transformation procedure. As a result of this work, four-band file for
Warsaw area has been created; it contained three multispectral bands and
panchromatic band of 1992 images.

In order to maintain high matching accuracy 1986 SPOT multispectral image
was registered to the rectified 1992 four-band image. As a result of that
procedure two image files were created: for 1986 and for 1992 with mutual
registration accuracy better than 10 m. Two extracts (512 x 512 pixels) were
made from these files, to perform detailed classification and change detection
analysis. This extract covered central-eastern part of Warsaw, characterized
by changeable urban landscape.

The main part of the work was concentrated on finding the optimum method
for classification of both SPOT images and for their comparison. At first
phase it was decided to perform supervised classification based on original
SPOT spectral bands. Training fields, representing 12 land cover categories
existing within the selected image, were created with the use of ground-truth
information. Next, statistical parameters were derived from these fields, in
order to assess class separability. After this analysis it was decided to
distinguish the following land cover categories:

- high-density built-up land

- low-density built-up land

- mixed stands

- orchards/gardens

- grasslands
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- open areas (dark soil, asphalt, etc.)

- sand (sandy soils)

- water (3 sub-classes).

The same set of training fields was used for performing supervised
classifications for both images collected in 1986 and 1992. The maximum
likelihood method was applied as a type of classifier. In case of 1992 scene
two classification images have been created; first was based solely on three
multispectral bands, while the second was formed with inclusion of
panchromatic band for classification.

After completing this stage of the work it was decided to perform the
same analysis and classification for both sets of SPOT multispectral data,
re-computed from original DN values into reflectance values. The aim of this
work was to verify, if this procedure can improve results of classification
and to ensure better inputs for change detection analysis. Re-calculation was
done with the use of ATCOR program, working within ERDAS environment.
This program gives reflectance values of terrain features, taking into account
atmospheric parameters and solar zenith angle at a particular date of image
acquisition. As a result of that action two new sets of atmospherically corrected
data have been created for May 1986 and June 1992. They were next classified,
using previously chosen training fields for 8 land cover categories.

Besides the main approach concentrated on using original spectral bands,
additional analysis has been done, in order to assess usefulness of the
transformed data for classification. Principal component analysis was performed
for both scenes and next supervised classification was done, using the same
set of training fields, as previously.

Third approach applied in this work assumed use of unsupervised
classification for obtaining land cover map for the selected part of Warsaw.
The special unsupervised procedure existing within ERDAS software called
ISODATA was utilized for that purpose. 20 clusters were obtained as a result
of this procedure; they were finally merged into 8 land cover information
classes.

The separate part of the work was aimed at assessment of usefulness of
KOSMOS images combined with SPOT XS data for land cover classification.
At first phase KOSMOS space photograph collected by KFA-1000 camera
in August 1985 was used for this purpose. It was scanned at the Remote
Sensing and Spatial Information Centre in Warsaw; as a result of this
procedure digital image with 5 m ground resolution has been obtained. Next,
that image was geometrically corrected to 1992 SPOT multispectral+panchromatic
image. As a result of these transformation procedures all different images
were geometrically matched, enabling further comparative analysis. KOSMOS
KFA-1000 image was combined with three channels of 1986 SPOT multispectral
image; this four-band file was next used for further analysis and classification,
based on the same set of training fields.
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At the second phase of these works, high-resolution KOSMOS image
acquired by KVR-1000 camera in 1992, was ulilized. This image is
characterized by very high 2 m ground resolution. It was rectified to previously
corrected SPOT image and resampled to 5.8 m pixel size for further works.
Next, it was combined with SPOT bands and classified, using the same set
of training fields, as previously.

So, applying various sets of data and their transformations 9 classification
images were finally created. They were based on:

- 1986 original SPOT multispectral data

- 1992 original SPOT multispectral data

- 1992 original SPOT multispectral + panchromatic data

- 1986 atmospherically corrected SPOT multispectral data

- 1992 atmospherically corrected SPOT multispectral data

- 1986 SPOT data transformed through PC analysis

- 1992 SPOT data transformed through PC analysis

- 1985/86 - KOSMOS KFA-1000 + SPOT multispectral data

- 1992 - KOSMOS KVR-1000 + SPOT multispectral data.

All classifications were kept at the same digital database, which enabled
comparison of different scenes and approaches. Such a comparison was done
for two supervised classifications based on original 1986 and 1992 SPOT
data. Using overlaying procedure existing within ERDAS GIS module two
layers were intersected. As a result of this procedure new classification map
has been created. This map comprises two new classes representing high-
-density and low-density built-up land, which appeared between 1986 and 1992.

Two other approaches have been also tested in order to make change
detection analysis. First approach was based on studying results of principal
component analysis, performed for the data set, combined from 1986 and 1992
multispectral data. This study revealed, that PC4 band includes residual image,
which illustrates changes between two analyses scenes.

Second approach utilized regression analysis for change detection. Such
an analysis was done using in-house developed software. 1986 SPOT image
was correlated with 1992 SPOT image through regression equation

Y = 0.751X+ 39.59.

Next, both images were subtracted forming residual image, which reflects
changes between two analysed scenes.

At final stage of the works comparison of the obtained classifications with
map information was performed. For this purpose topographic map of Warsaw
at a scale of 1:50 000 , covering study area, was digitized using scanning
process and matched with satellite images. Next, polygons representing four
land cover categories, i.e. water, grasslands, gardens and mixed stands were
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constructed on the basis of this map. They were finally compared qualitatively
and quantitatively with the same classes, obtained on classification images.

3. DISCUSSION OF THE RESULTS

The resultant classification images were evaluated qualitatively and
quantitatively, using set of test fields. At first phase of evaluation different
classification approaches and various data sets were compared. The evaluation
procedure based on test fields revealed, that some land cover categories can
be classified with acceptable accuracy exceeding 80% (e.g. water, grasslands,
high-density built-up land). Nevertheless, some spectral overlaps exist between
low-density built-up land and orchards/gardens, decreasing accuracy of their
classification. Comparison of two classifications based on original bands and
on principal component transformed bands revealed only slight changes in
accuracy. Use of atmospherically corrected data did not improve overall
classification results. The unsupervised approach applied in the study proved
to be inferior comparing to supervised procedure.

Temporal comparison of SPOT data collected in May 1986 and in June
1992 revealed, that image collected in summer 1992 gave higher overall
classification accuracy (84.7% for 1992 and 79.8% for 1986). In particular,
low-density built-up land, open areas and grasslands were classified better,
while decrease of accuracy was observed for orchards/gardens. These diferences
were caused by changes in vegetation development between two analysed
seasons.

Inclusion of SPOT panchromatic band into multispectral data file did not
influence results of classification. Almost the same percentage accuracies were
obtained for both XS and XS+PAN data sets.

Incorporation of high-resolution KOSMOS images into classification
process gave satisfactory results in case of KVR-1000 image, improving
slightly overall accuracy (86.8%). In particular, urban classes were classified
more precisely, due to fine details, represented by KVR-1000 image.

Quantitative results of post-classification acuuracy assessment are presented
in table 1.

At the second phase evaluation of change detection map produced from
1986 and 1992 classification images was done. Analysis of that map gave
unsatisfactory results, comparing to groud-truth information. Too much area
is occupied by newly built-up land on that image. There are two main reasons
explaining this situation. First reason relates to the dates of acquisition of
both SPOT scenes. First scene was collected at the beginning of May, while
the second at the end of June. Differences in response from vegetation cover
both SPOT scenes. First scene was collected at the beginning of May, while
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Table la. Post-classificadon accuracy assessment - users accuracy*

Name of dass 1986 1986COR 1986PC 1986+KFA
High-darsity
e land 79.3 79.3 21 714
Lon—dersity
lard 76.9 76.9 76.2 79.5
Mixed staos 67.3 63.0 70.2 75.6
Garders 838 816 838 8.1
Grasslas 68.4 714 72.2 75.7
Open aress 80.0 80.0 733 68.0
Sand 100.0 100.0 100.0 75.0
Water 100.0 100.0 100.0 100.0
! 79.8 80.2 80.9 80.2
aoouracy

Table Ib. Post-classification accuracy assessment - users accuracy*

N
cIZsmse of 1992 1992COR 1992PC 1992XS+P 1992+KVR
High-density 77.4 67.6 70.0 70.6 96.7
urban land
Low-density 80.4 78.7 85.4 78.7 70.8
urban land
Mixed

87.5 89.7 87.9 90.3 73.5
stands
Gardens 78.1 78.1 78.6 81.2 91.9
Grasslands 77.6 73.1 74.5 77.6 100.0
Open areas 91.7 95.7 91.7 91.7 93.7
Sand 100.0 100.0 100.0 100.0 100.0
W ater 100.0 100.0 100.0 100.0 94.8
Overall 84.7 82.4 83.6 84.0 86.8
accuracy

* Users accuracy: percentage of correctly classified pixels in each class
of GIS file
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between these two dates caused, that they influenced classification of low-
-density built-up land (comprising a certain percentage of vegetation). This
situation is reflected by measures of class separability, higher for May than
for June scene.

The second reason is connected with character of low-density built-up land
within Warsaw area, which is often close to resolution of SPOT multispectral
image. It causes mixed pixels, which can be classified correctly randomly,
forming "fringe" or "salt-and-pepper” effect at the change detection image.

Final evaluation was related to assessment of usefulness of digital
classifications based on satellite data for revision of topographic maps.
Distribution and acreage of four land cover categories: water, grasslands,
gardens and mixed stands were compared. The remaining land cover classes
were not compared, due to difficulties in extracting from maps information
concerning their distribution. Results of that evaluation pointed out, that two
classes: water and grasslands can be updated with acceptable accuracy. For
water class 1986 SPOT multispectral image proved to be optimum, while for
grasslands 1992 SPOT multispectral + panchromatic image gave the best
results. Discrepancies between two other analysed classes: gardens and mixed
stands were large; it can be partly explained by non-comprehensive information
about these vegetation categories on topographic maps at a scale
of 1 :50 000, which would imply opportunity of their updating with the
use of satellite images.

Summing up, application of digital classifications of satellite data for
revision of medium-scale topographic maps proved to be in this study quite
limited, restricted to some land cover categories. The supporting solution can
be use of satellite image map produced from high-resolution satellite data
(including KVR-1000 images) as a basemap for delineating the desired map
categories through digitizing procedures. Such a hybrid approach, which
combines analog and digital methods for information extraction, can significantly
enhance usefulness of high-resolution satellite data for map revision.
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ZBIGNIEW BOCHENEK

ZASTOSOWANIE ZDJEC SATELITARNYCH DO AKTUALIZACJI
MAP TOPOGRAFICZNYCH

Streszczenie

Przedstawiona praca jest wynikiem wspd6lnego polsko-belgijskiego projektu,
realizowanego w latach 1993-94 przez pracownikéw Instytutu Geodezji i Kartografii
w Warszawie oraz SURFACES Laboratory, University of Liege. Celem tego projektu
byta ocena mozliwosci wykorzystania wysokorozdzielczych zdjeé satelitarnych do
aktualizacji map topograficznych. Do prac badawczych zostaty wybrane dwa obszary
aglomeracji miejskich: Warszawy oraz Liege. Do analizy obszaru aglomeracji
warszawskiej wykorzystano nastepujace typy zdje¢ satelitarnych:

- zdjecie wielospektralne SPOT z 4 maja 1986 r.

- zdjecie wielospektralne SPOT z 30 czerwca 1992 r.

- zdjecie panchromatyczne SPOT z 30 lipca 1992 r.

- zdjecie panchromatyczne KOSMOS KFA-1000 z sierpnia 1985 r.

- zdjecie panchromatyczne KOSMOS KVR-1000 z sierpnia 1992 r.

W pierwszej, przygotowawczej fazie prac wykonano dostosowanie zdjecia
panchromatycznego SPOT do mapy topograficznej w skali 1:50 000. Zgeometryzowane
zdjecie panchromatyczne byto podstawa do rektyfikacji pozostatych typéw danych
satelitarnych. Proces rektyfikacji byt przeprowadzany z wykorzystaniem dwéch systeméw
przetwarzania obrazéw: INTERGRAPH (University of Liege) oraz ERDAS (Instytut
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Geodezji i Kartografii). W wyniku tych prac utworzono jednorodna baze danych,
umozliwiajgcg analize poro6wnawczg roznych obrazéw klasyfikacyjnych.

Gléwng faze pierwszego etapu prac stanowita klasyfikacja i analiza poréwnawcza
réznych typow zdje¢ satelitarnych. W niniejszej pracy postanowiono zastosowac jako
podstawowe narzedzie analizy metode klasyfikacji nadzorowanej. W tym celu wybrano
na obszarze Warszawy pola treningowe reprezentujace 12 kategorii pokrycia terenu. Po
wykonaniu statystycznej analizy rozdzielczosci klas do wykonania procesu
klasyfikacyjnego wykorzystano 8 kategorii pokrycia terenu, a mianowicie:

- obszary o zwartej zabudowie

- obszary o rozluznionej zabudowie

- drzewostany mieszane

- sady i ogrody dziatkowe

- uzytki zielone

- tereny otwarte (z odkryta gleba)

- obszary piaszczyste

awody.

Ten sam zestaw pdl treningowych zostat zastosowany do sklasyfikowania ré6znych
typéw danych satelitarnych. W pierwszym etapie poddano klasyfikacji zbiory oparte na
oryginalnych 3-kanalowych danych wielospektralnych SPOT z 1986 i 1992 r. oraz na
danych panchromatycznych SPOT z 1992 r. Nastepnie przetworzono wyjsciowe dane
wielospektralne SPOT, poddajac je korekcji atmosferycznej oraz stosujgc do przetworzenia
metode sktadowych gtdwnych. Przetworzone dane SPOT zostaty nastepnie sklasyfikowane
z wykorzystaniem statego zestawu p6l treningowych. W kolejnym etapie prac utworzono
zbiory wielospektralne, pochodzace z dwoch typdw satelitow: SPOT i KOSMOS (KFA-
-1000 i KVR-1000) oraz poddano je procesowi klasyfikacyjnemu. W wyniku tych prac
utworzono 9 obrazéw klasyfikacyjnych, bazujgcych na wielospektralnych i
panchromatycznych danych z dwéch typéw satelitow.

W drugim etapie prac przeprowadzono analize pordwnawczg otrzymanych klasyfikacji.
Sporzadzono takze mapy zmian uzytkowania ziemi w latach 1986-92, poréwnujac obrazy
klasyfikacyjne SPOT pochodzace z tych dwdch termindéw rejestracji. Zastosowano
w tym celu trzy metody: przecigcia 2 warstw informacyjnych, metode sktadowych
gtownych oraz metode korelacji obrazéw. W koncowym etapie prac przeprowadzono
poréwnanie utworzonych obrazéw klasyfikacyjnych z mapa topograficzng w skali
1 : 50 000, w celu oceny mozliwosci wykorzystania tych obrazéw do aktualizacji
Srednioskalowych map topograficznych.

Eosciowa ijakosSciowa ocena doktadnosci klasyfikacji pochodzacych z r6znych typow
danych wykazata, iz wysokg.doktadno$¢ przekraczajacg 80% osiggnieto dla niektérych
klas pokrycia terenu (wody, uzytki zielone, obszary o zwartej zabudowie). Zastosowanie
przetworzen danych oryginalnych (metodg korekcji atmosferycznej lub sktadowych
gtdwnych), jak réwniez wigczenie zdjecia panchromatycznego SPOT nie zmienito w
sposéb istotny wynikéw klasyfikacji. Wykorzystanie obrazu panchromatycznego KOSMOS
KVR-1000 spowodowato nieznaczne podniesienie doktadnosci klasyfikacji, zwtaszcza
dla terendéw zabudowanych.

Ocena jakos$ci map zmian uzytkowania ziemi w latach 1986-92 wykazata
niedostateczng precyzje okre$lania obszaréow podlegajacych zmianom. Gidwnymi
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przyczynami tego stanu rzeczy byty rézne okresy wegetacji roslin oraz rozdzielczos¢
danych wielospektralnych SPOT, wywotujaca w przypadku terenéw zabudowanych tzw.
efekty brzegowe.

Poréwnanie obrazéw klasyfikacyjnych z mapa topograficzng wykazato, iz przydatnosé
tych obrazéw dla aktualizacji map jest ograniczona do niektorych klas pokrycia terenu
(wody, uzytki zielone). W podsumowaniu stwierdzono, iz najlepsza metoda dla
aktualizacji map na podstawie zdjeé satelitarnych bytaby metoda hybrydowa,
wykorzystujaca wysokorozdzielcze obrazy typu KOSMOS KVR-1000 do wydzielania
gtéwnych typéw pokrycia terenu w sposéb analogowy i wprowadzenia wydzielen w
postaci cyfrowej do numerycznej mapy topograficznej.

3BNIMHEB BOXEHEK

NMPUMEHEHVE CMYTHUKOBbLIX CHVMKOB
AN1A OBHOBJIEHMA TOMOIMPAPUNYECKNX KAPT

Pestome

MpeacTaBneHHas paboTa SBMSETCA Pe3ynbTaToM COBMECTHOMO MOJbCKO-0ebrincKoro
npoekTa, ocyllectensemoro B 1993-94 rogax coTpygHvuKamu WHCTWUTYTa reogesuu
n kaptorpagmm B Bapwase n SURFACES Laboratory, YHuBepcuteta B J1beX.
Llenbto 3TOro npoekta Oblna OLEHKA BO3MOXHOCTM UCMOMb30BaHNS  CMYTHUKOBbIX
CHUMKOB C 60/1bLLIOM paspeLLatoLLeil CoCOOHOCTLIO A1t OGHOBMEHMS TOMOrpatiueckmx
KapT. [na wvccnegoBaTenbCKMX paboT OblM M30paHbl f[Ba (pparMeHTa FOpPOACKMX
arnoMepaupii: Bapwabl M JlbeX. [ aHanmM3a  MpocTpaHcTBa  BapluaBckoi
arfoMepaummn  GbIM  UCNO/b30BaHbl  CReAYoLWME TUMbl CMYTHWUKOBBIX CHWUMKOB:

- MHOro3oHabHble cHUMKM CIOT ot 4 .mea 1986 T.

- MHOro3oHa/ibHble cHuMk CMOT ot 30 wmoHa 1992 .

- naHxpomartuyeckve cHuvk CMOT ot 30 wona 1992 .

- naHxpomartunyeckne cHUMKM KOCMOC K®A-1000 c asrycta 1985 .

- naHxpomatuyeckne cHuvMKM KOCMOC KBP-1000 ¢ aerycta 1992 .

B nepBoli nogrotoBuTeNbHOM (base paboT Oblla  MpousBefeHa  MOATOHKa
naHxpomatuyeckoro cHumka CIMOT Kk Tonorpaduuyeckoii KapTe B MacluTabe
1 : 50 OOQO. eOMETPM3NPOBaHHbIA MaHXPOMATUYECKUIA CHUMOK Obll OCHOBOI /15
PEKTU(MKALMN  OCTaNbHBIX TWUMOB CMYTHUKOBBLIX [aHHLIX. [poLecC peKTUMKaLmm
MpPOBOAMICS C  WCMO/Mb30BaHWEM [BYX CUCTEM MpPeobpas3oBaHWst  M300PaXKEHWIA:
INTERGRAPH (YHuBepcuteT B JlbeXX) U ERDAS (MHCTUTYT reodesvn 1
KapTorpagum). B pesynbTate aTux paboT 6bl1a co3faHa ofHopoaHas 6as3a JaHHbIX,
[AtoLLas BO3MOXKHOCTb MPOM3BOAMTL CPaBHUTENbHBIA aHaNM3 pasHbIX KIacCUPUKaLOHHBIX
N300paKEHWIA.

I"naBHOVA (ha3oii NepBOro aTana Gblna KnaccumKaums 1 CPaBHUTESbHBbIA aHaNN3 TUMOB
KOCMUYECKUNX CHUMKOB. B fiaHHOV paboTe BbI10 PeLleHo MPUMEHUTD B KAYECTBE OCHOBHOIO
OpyAua aHaM3a METO, Knaccugmkaumm "¢ yumntenem”. C 3Tol Lenbto 6biin Nojo6paHsl
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Ha TeppuTopMn BapLuaBbl TPEHWMPOBOYHbIE MONS, MpeAcTaBnstolme 12 KaTeropuii
MOKPbLITUS MECTHOCTW. [locne MpoBefeHUs CTATUCTUUECKOTO aHa/m3a paspeLuatoLLeit
CMOCOBHOCTW 4151 MPOBELEHUS KTaCCU(IMKALMOHHOMO npouecca B6blnn 1Cnosb3oBaHbl 8
KaTeropui NoKpbITUS MECTHOCTM, & UMEHHO:

- TEPpUTOpUM CO CM/OLLHOM 3aCTPOIKON

- TeppuTOpUM C PaspeXXeHHON 3acTPOIKOl

- CMeLLaHHble  JpeBOCTOM

- cafibl U Oropofbl-y4yacTku

- MacTouLUHbIE Yrofpst

- OTKpbITble TEPPUTOPUM (C OTKPbITOM MOYBOIA)

- MecyaHble MPOCTPaHCTBa

- BOObl

Takoil ke Habop TPEHMPOBOYHLIX MOMe Obl1 MPUMEHEH ANA  KnaccudmKauum
pasHbIX TWUMOB CMYTHWMKOBbLIX AaHHbIX. Ha mepBom 3Tane 6biin  KaccUMLMPOBaHbI
(haiinbl, OCHOBaHHbIE Ha OPUMMHATBHBIX 3-X KaHa/bHbIX MHOrOCMEKTPa/IbHbIX JaHHbIX
CMOT 1986 1 1992 rr. 1 naHXpoMaTnyecknx faHHbIX CMOT 1992 r. 3aTeM Obinn
npeobpasoBaHbl  BbIXOAHblE MHOroCrekTpanbHble AaHHble CIOT, noggepras WX
aTMOC(epHO KOpPeKLMM 1 MPUMEHsI Ans 06paboTKM METOM FMaBHbIX COCTaB/ISIOLLINX.
Mpeobpa3oBaHHble fAaHHble CIMOT 6biiM 3aTeM KnacCUMUMPOBaHbl C MPUMEHEHUEM
MOCTOSIHHOTO Habopa TPeHUPOBOYHLIX Mofeld. Ha crefytolwem atane pa6oT Oblv
€03AaHbl MHOF030HaNbHblE (Dainbl, BbIBOASLUMECS C ABYX TWMOB cnyTHWMkoB: Cr10T
1n KOCMOC (KOA-1000 n KBP-1000), 1 3aTem 6bIm NoAAaHbI KacCUrKaLyioHHOMY
npoueccy. B pesynbTate aTMx paboT €o30aHO 9 KnacCUMKALIMOHHBIX M300paXKeHWA,
6a3vPyIOLLMXCA HA MHOMO30HabHLIX M MaHXPOMATUYECKMX AaHHbIX C ABYX TWMOB
CrMYTHYKOB.

Ha BTopom 3Tame 6bin  NpOBEAEH CPaBHUTENbHLIA  aHaIM3  MOMyYeHHbIX
Knaccumkaumid. Bbimn COCTaB/eHbl TakXe KapTbl W3MEHEHMIA B 3eMMIEMO/b30BaHNN
B 1986-92 rogax, CpaBHMBas KnaccutmLMpOBaHHbIE U306padkeHUs CroT, NpoMCXoasLUme
M3 [AByX CPOKOB peructpauyu. C 3TOM LEMb0 MPUMEHEHO TPW METofa: paspesa
2-X  MH(OPMALMOHHBLIX CMI0EB, METOL [/1aBHbIX COCTaB/AIOWMX, & TakXKe MeTof
KOppensumMm  n3obpaxkeHuin. B KoHeuHoin (haze paboT MpoOM3BEdEHO CpaBHEHME
COCTaBMIEHHbIX KNacCU(MLMPOBAHHbIX M300paXKeHWn ¢ Tomorpadnyeckoli KapToid B
MacwTabe 1 : 50 OOO, C Uefbl0 OLEHKM BO3MOXHOCTU UCMO/Mb30BaHNS  3TUX
N300paXKeHNn  And OOHOBNEHMS CpeAHEMACLUTabHbIX TOMOrpauuecknx Kaprt.

KonmyecTBeHHas 1 KauecTBEHHas OLEHKA TOYHOCTEW KacCUMKaLyy, NPOMCXOAALLMX
U3 pasHbIX TUMOB AaHHbIX, MOKa3aia, YTO BbICOKYHD TOYHOCTb, MpeBbilaroLlyto 80,
MOMYYEeHO /19 HEKOTOPbIX KIAcCOB MOKPLITVS MECTHOCTU (BOAb), MAaCTOMULLHbIE YroAbs,
TEPPUTOPMU CO CM/IOLLHON 3aCTPOIKOIA). MpruMeHeHWe NPeobpa3oBaHnin OPUrNHAIbHBIX
[laHHbIX (MeTofA aTMOC(epHOl KOPPEesaUMA WM TNaBHbIX COCTAaBAAOWMX), a TakXe
MpuBeYeHNe MaHXPOMATUYECKUX CHUMKOB CIOT, He W3MEHMI0 CYLUECTBEHHbIM
00pa3oM pe3ynbTaToB KnacCumKaLmm. VIcnonb3osaHme NaHXpoOMaTYeCKOro M306paXkeHus
KOCMOC KBP-1000 npuBeno K He6O0/bLLUOMY MOBbILLEHNKO TOUHOCTM KlacCuimKaLmm,
B OCOOEHHOCTWM AN 3aCTPOEHHbIX TEPPUTOPUIA.

OueHKa KayecTBa KapT M3MeHeHVs 3emenofb3oBaHus B 1986-92 ragax BbisBua
HELOCTATOYHYH0 TOYHOCTb OMpefeneHnst TepPUTOPUIA NOABEPratoLLMXCA U3MEHEHVAM.
[MaBHbIMM MPUYMHAMW 3TOFO MOJSIOXKEHWA BeLel ObiM pasHble Nepuodbl BereTauuu
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pacTeHuii M paspeLleHne MHOro30Ha/bHbIX AaHHbIX CIOT, BbisbiBatoLLge B Cry4ae
3aCTPOEHHbIX TEPPUTOPUIA, TaK HasbiBaeMble, Geperosble (rpaHMuHbIE) 3eKTbI.

CpaBHeHVe  KMacCU(MUMPOBAHHbIX W300PaXEHNIA € TOnorpaMyeckoli KapToi
BbISBW/IO, YTO MPWUIOAHOCTb 3TWX U306PaXKEHWA NS akTyanM3aumy KapT OrpaH1UMBaETCA
[0 HEKOTOpbIX K/IAcC MOKPLITUS MECTHOCTW (BOAbl, NacTouHble yrodbs). B utore
YCTaHOB/IEHO, YTO CaMbIM Jly4ylLMM METOLOM A1 aKTyanusauuy KapT Ha OCHOBe
KOCMMYECKMX CHUMKOB 6bln 6bl MMOPUAHbIA METOA, UCMO/b3YHOWWA 1306paXKeHUs
C BbicokuM paspewteHnem Turna KOCMOC KBP-1000 gnd  BbideneHs rnasBHbIX
TUNOB MOKPbITMS MECTHOCTVM aHaloroBbIM CriocO60OM M BBEJEHWA BbideNeHWA B
LUM(POBOM  BUEe Ha LMGPOBYIO TOMOrpauUUecKyto Kapty.

Mepesog: RézaTotstikowa
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