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Abstract

The cartographic method of research is a part of cartogra-
phy which studies the aspects of map application as a mean of
reality cognition. The closely connected aerial-space imagery
method is based upon of images obtained by photography and
other techniques. The paper shows that photogrammetry (which
in broad sense is understood as a mean of obtaining reliable
information on environment and its components) may and must
play an important role as a connecting link between the aeriagl-
space and cartographic methods. The paper illustrates some
practical possibilities of joint application of the two relat-
ed methods based on photogrammetric approaches taking for
examples the evaluation of cartometric qualities of scanned
space images of the Earth, the compilation and use of orthopho-
tomaps and in setting up environmental monitoring.

The modern understanding of photogrammetry defines it as a
science and technique of obtaining reliable information about
real world objects and their environment through registration,
measurement and interpretation of photographs and electromag-
netic impulses received from a system of sensing elements.

Such an understanding enlarses to a great extent the circle of
traditional tasks of photogrammetry assigning it a decisive
role in aerial-spatial imagery method and presupposing its
Joint application with cartographic method. In this connection
the main task in the application of aerial-space imagery method
for the study of natural resources may be seen in obtaining and
interpretation of qualitative deciphering and quantitative (i.e.
photogrammetric) information contained in aerial and space
%mages, considered as being one of the possible models of rea-
ity.

It is known that cartographic method of research is a part
of cartography dealing with problems of utilization of maps as
means of reality cognition. The kindred method of aerial-space
imagery is based on the use of photographs and other images.
Complex application of aerial-space imagery and cartographic
methods in the study of natural resources must be based on the
system of mutual penetration of the two kindred methods. That
includes combined use of means of obtaining images, of various
types of images and techniques of photogrammetric and cartogra-
phic processing of the data with the use of partly or fully
automatic procedures.

From the multitude of cartographic methods of analysing and
processing of maps may be isolated those, which are common to
the aerial-space imagery method too on the condition of their
being supplemented by photogrammetric approaches. For instance
the graphic means of cartographic methods include the construc-
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tion of map-based graphs, diagrams, profiles, cross-sections,
block-diagrams. In many cases photogrammetric processing makes
it possible to carry out similar procedures on aerial and space
photographs. Furthermore, the possibility of analytical pro-
cessing of information obtained and its simplicity (if com-
puters are made use of) makes it possible to automatize the
graphic oonstructions listed above relatively easily. That pro-
- vides the possibility of higher general effectiveness of com=-
bined application of the two methods.

Still more expedient is making use of photogrammetry for
cartometric measurements, that is for obtaining from serial
and space photographs and images data like coordinates, dis-
tances, lengths, heights, areas, volumes, angles and other
quantitative characteristics of depicted objects and phenomena,
including the appraisal of realibility and accuracy of the re-
sults. It appears gquite promising to apply photogrammetric me-
thods for the purposes of direct reading of thematic cartomet—
ric information from aerial and space photographs, for example
direct calculation of morphometric relief indices or else the
determination of morphometric characteristics of river-bed
forms of different order and their dynamics.

Notwithstanding considerable similarities in the application
of above-mentioned ways of analysis and processing of maps and
aerial-space photographs and images, certain restrictions must
be mentioned. It is common knowledge that similarity of methods,
ways and means of obtaining and processing information contain-
ed in maps asrophotographs and space images relies on a number
of their common properties, such as scale and metricity, gene-
rality and generalization etc. At the same time photographs
unlike maps are not able to reflect such scientific abstractions
asg, for instance, the mean annual temperatures field, density
of population etc. .

In aerial-space imagery method just as in cartographic one,
of great importance is mathematical modelling of natural ob-
Jects, processes and phenomena., It is appropriate here to em-
phasize that practically all ways and means of quantitative pho-
togrammetrical interpretation of aerial-space information are
in one way  or another connected with mathematical modelling.
Its relative importance is steadily growing particularly in
quantitative processing of new types of images, such as scanned
ones. Vith joint application of the two methods the mathematic-
al-cartographic modelling performs a special function, that is
it forms the main link between cartozraphic and aserial-space
imazery models. illathematical modelling in aerial-space imagery
method and its photogrammetric aspects are closely linked with
transformation of original imazes to obtain derivative images
(in ciphered, analytical, orthophotozraphic, steroorthophogra-
phic or other forms) convenient for concrete study of natural
objects and phenomena.

Undoubtedly, space photography influences further develop-
ment of cartographic methods of research, This influence will
zrow 1n future as well., Joint application and combination of
aerial-space imazery and cartograohic methods of resecarch re-
sulting in mutual penetration of theorstic ideas and practical
ways of application, must be aimed at greater reliability and
effectiveness of the study of natural resources. Until recently
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the interpretation of space information in the study of natural
objects, processes or phenomena was mogtly limited to qualita-
tive analysis mainly through visual or semi-instrumental deci-
phering, but nowadays it becomes absolutely necessary to intro-
duce photogrammetric approaches in order to obtain precise quan-
titative data.

S0, considering the interaction of the two methods, photo-
grammetry as a means of information procegsing can and must
play the role of important link between them. On the other hand
the combination of the two kindred methods creates a basis for
automatized obtaining of research results and their cartogra-
phic presentation.

To illustrate certain aspects of joint application of aerial-
gpace imagery and cartographic methods let us consider carto-
metric characteristics of scanned space images of the Earth.
From the viewpoint of cartometric analysis of scanned space
images one may draw a difference between the possibility of ob=-
taining various quantitative characteristics corrected by maps
on the one hand, and direct application of scanned space in-
formation for morphometric and other mapping on the other. The
latter 1s closely connected with the problem of geometrical
correction of scanned space images, including the analytic
transition to cartographic basis at given scales and projec-
tions.

It is evident that photogrammetric approaches to the analy-
sis of cartometric characteristics of scanned space images of
the EBarth must be based both on taking into account the orbi-
tal movement of the carrier of scanning equipment and on sepa-
rating various geometrical distortions resulting from the pecu-
liarities of photography itself. They call for correction and
cartographic coordination through simultaneous use of a map
and scanned image. Mathematical interpretation of distortions
and the causes of their appearance are known will enough from
the photogrammetrical point of view, their analytical apprais-
al is of no problem neither. Still cartometric characteristics
of scanned space images are subject to certain limitations. The
most essential of them are as follows: 1) the difficulty of
overall evaluation of all kinds of distortions, 2) lack of ob-
viousness in their distribution. Besides the knowledge of ave-
rage or maximum values of particular distortions for the scann-
ed image as a whole is not enough to perform cartometric measu-
rements on parts of it or to choose the least digstorted areas.
For that purpose it is necessary to know the exact value of
overall distortions in any point of scanned image, moreover in
practical purpose it is expedient to evaluate distortions of
scanned image against the map of the same or close scale. In
other words in order to solve cartometrical tasks it is desi-
rable to know the pattern of spatial distribution of geometric-
al distortions on scanned images, to see their variations from
place to place. This task can be solved by constructing the
maps of overall geometrical distortions of scanned space
images.

Such maps (scale approximately 1:1 200 000) for scanned
space images of Saratov reservoir and Kalach Hills (Don r.)
areas, taken in 1980 by multi-zonal "Fragment" system are pre-
sented accordingly on fig. 1a and 2a. Identification of a num-
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ber of points on scanned images and maps of close scale with
further graphic-optical transformations has made 1t posgsible

to obtain the vectors of distortions of scanned images as com-~
pared to maps with the same points. Their proper interpolation
allowed to draw the isograms of distortions, i.e. to obtain

the spatial patern of their distribution. The geographic base
of the maps is the result of deciphering of those same scanned
images. Vectors have been drawn strictly to map scale. ilaps
with isograms of overall geometrical distortions are of consi=-
derable importance. They may be used to obtain general idea
about the spatial distribution of distortions, to introduce
corrections into linear, aerial and angular measurements, to
correct deciphering procedures when transferring the decipher-
ed contours to cartographic base of close scale. They also make
eagier the choice of optimal mathematical model for analytical
"correction" of these images in the purposes of higher accuracy
of cartometric measurement and, hence, for higher effectiveness
of quantitative use of scanned space information in natural re-
sources study.

In this connection of particular interest is the analytical
"correction' of scanned images by means of mathematical modell-
ing of coordinate measurements by scanned images and correspond-
ing cartographic base employing various kinds of transforma-
tions such as transformations of similarity, affinity and pro-
jective, methods of approximation by interpolative polynomes,
Gauss-ilarkov processes, spline-functions, Furie rows etc.

Research carried out on scanned gpace images "Fragment' of
1:500 000 scale has demonstrated that even application of in-
terpolative polynomes has made it possible to analytically
"correct" those images to a great extent. Thus for the Sara-
tov reservoir area transformation using the 2-nd power poly-
nomes which were modelled using the least squares method error
of 200 m., This error value was received in cheking by three
points which weren't used when defining the model parameters.
Por the Kalach Nills area (Don riv.) such modelling using 3-rd
power polynome (20 points used) has resulted in the mean error
of 300 m (4 points used in check). Such results are comparable
wlth the accuracy of measurements on general-topographic maps
of 1:500 000 scale. The same evidence ig provided by maps of
residual distortions (after analytical "correction") presented
in figures 1-b and 2-b.

For many kinds of aerial-space photographs and other images
demanding quantitative evaluation (either analogous or analy-
tical) preparation for use in the optimal form is desirable,
which is possible first of all through cartographic presenta-
tion of information they contain. Thus, the creation and appli-
cation of orthophotomaps (aerial and space) is one more direc-
tion where photogrammetry plays an important role in the com-
bination of aerial-space imagery and cartographic methods of re-
search. Orthophotomap like photograph presents two-dimensional
image of spatial object-Zarth zurface and carries a lot of in-
formation obftained durinz decipherins. This data are widely
used in various branches of Earth sciences. It is expedient
while constructing orthophotomaps to correct the origzinal aerial
and space images in such a way that after addition of appropri-
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lMaps of isograms of geometric distortions of "Fragment"
scanned space images (Saratov reservoir area): 1-a map

of overall geometrical distortions, 1-b map of residual
geometrical distortions after analytical "correction':

1- conventional centre of scanning panorama, 2- axis

line of sgcanning during photographing, 3~ vectors of dis-
tortions, 4- isograms of distortions value before '"cor-
rection”, 5- location of points on scanned image, 5- iso-
grams of residual distortions after "correction". Place
names: Saratov reservoir, Tereshka riv.
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ilapsg of isograms of geometric distortions of "Fragment"
scanned space image (XKalach Hills area, Don river?. For
references see Fig.1. Place names: Don riv., K{hoper
riv., Psskovatka riv.
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ate thematic elements they might be used as a basis for com-
piling thematic photomaps.,

The joint application of aerial-space imagery and cartogra-
phic methods is connected with one of the principal directions
of improving the effectiveness of environmental protection and
more rational use of natural resources., The two methods inte-
ract particularly closely in setting up of monitoring, i.e.
multi-purpose information system, designed to monitor the con-
dition of environment and the factors which influence it. Comp-
lex application of the two kindred methods in environmental mo-
nitoring must form a united system embracing methods and means
of obtaining images, methods of their cartographic and photo-
grammetrical processing with the use of interactive automatiz-
ed and automatic procedures. Immediate use of cartometric cha-
racteristics of two- and three-dimensional aerial-gspace models
in the purposes of direct reading of quantitative information
appears to be of importance. It is also necessary to develop
photogrammetric principles of compiling ciphered information
banks including substantiation of the choice of mathematical
models of normalization of such information in the purpose of
its automatic cartographic presentation and interpretation.
Many information sub-systems of natural environment monitoring
such as water, soil, vegetation, industrial activities monitor-
ing, etc., should probably be built and expanded relying on
precise quantitative photogrammetric data.

S0, further development of aerial-space imagery and carto-
graphic methods calls for their close interaction and combin-
inz. The role of connecting link in this process must be played
by photogrammetry, broadly understood as a science about ob-
taining quantitative information from photographs and specifi-
cally, information about objects of natural world. Of great im=-
portance is the evaluation of cartometric characteristics of
aerial-space photographs and images, particularly scanned ones,
through compilation of maps of overall geometrical distortions
which enable one to carry out direct quantitative measurements
on them. Of interest is the use of orthophotomaps, especially
Sspace ones - a direction where the role of photogrammetry is
important for many branches of the Earth sciences. The combina=-
tion of aerial-space imagery and cartographic methods on the
basis of precise photogrammetric processing opens up extra pog-
sibilities in environmental monitoring.
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