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Remote sensing faces a task, which is gradually becoming more
and more urgent, and that is to supply agriculture with data
for an operative mansgement of field labours. The farmers are
interested especially in mapping of crop states and of the en-
vironment in which the plants develop. Remote sensing can help
to assess these phenomena by providing maeteriels which enable
to determine their contents and extend.

In culturel landscepes with varied conditions, and thus great
differences in forms and structures of landuse, monitoring
based on computerized record processing cannot be successful
without adequate basic data, The variebility of land forms,
geological structure, temperature and moisture conditions and
goil cover causes great differences in the geogrsphical back-
grounds. This fact functions as & disturbing element in the
interpretation of imeges. The impact of the geographical back-
ground on the origin and territorial extent of & certein condi-
tion (state) of crops can be observed in two respects:

- in the territorial heterogenity of the background

- in the chronological diversity of the background states.

If these two categories can be explained with the help of data
of the particular information system, then the other, at pre-
gsent unidentifiable states become very challenging for sgricul-
tural specialists, as there may occur unusual, anomalous situ=-
ations requiring special agro-technicel precautions.

During its past development, the geosciences, including remote
sensing, supplied the scientists with some very significant
knowledge of mapping of geographical backgrounds end their ef-
fect on the optical manifestations of crops and other phenome-
na. The attention was focussed especially on the soil and soil
moisture characteristics of fields. Certain features of land
forms, geologicael structures end their impact on the optical
manifestations of crops were studied in great detail. Also the
effects of the atmogphere are a factor that must be included
in the monitoring.

The need of Czechoslovek agriculture lead the Department of
Remote Sensing of the Earth at the Institute of Geography in
Brno to elaborate a monitoring and processing system. The sys-
tem should enable to collect information that would contribute
to an optimal use of natural, materiel and humen sources esSpe-
cielly in crop production. To make the system work it was ne-
cegsary to have at disposal adequate equipment and up-to-date
knowledge in this branch.

The farmers are highly interested in the assessment and map-
ping of anomalous and extreme states of crops and environment.
To separate the symptoms of these states from other manifesta-
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tions of the studied objects, it was necessary to propose a met-

hodical data base that would prefer to identify such states

and would lower the level of noise. The RELATYNOS programme

(= Remote Lendscape Typological Monitoring System) is designed
for the above mentioned purpose and helps to improve the the-

matic interpretation of remotely sensed records, but it cannot

provide a thorough and completely reliable interpretation of

%me%es for the almost unlimited number of variations of impact
actors.

Building up an efficient secondary dats base reduces the num-
ber of unexpected situations that could lead both to random
and system errors either in visual and computer-assisted inter.
pretationg., The conceptions of primary and secondary data bases
and software follow seversl principles:

1« The principle of GEOECOLOGICAL LOCATION of the studied gb-
jects and phenomena. Farmlend and other areas on the Earth s
surfaece and phenomena in the atmosphere are affected, apart
others, by their geographical backgrounds, i.e. by the inter-
actions with those natural factors of the territory which fore
med the lendscape structure of the particular region.

The geographical background is formed by & relatively constant
network of natural landscape units. These units are of various
taxonomical ranks depending on thelr inner territorial homoge=
nity of features. At every taxonomic level it i1e possible to
define repetitional landscape units with identicel features ac-
cording to the defining norm. This norm allows the typological
classification of landscape units and gives an exact set of
studied features and an exactly defined variability of these
features at a particular taxonomic level,

The elementary geodata describe the basic paraemeters of the in-
dividual natural components: geology, relief, topoclimate, moige=
ture conditions, type snd art of soil, vegetation association,
etce Thig information can be obtained both from partial maps
and from remote sensing. Their integration can be performed
with the help of manual and computer processing. Without any
regard to the applied procedure, the result of the synthesis is
a geoecological map of landscape. The individual units - geo-
complexes are described by defining perameters which are in mu-
tual harmony. The map then represents a kind of base for the
geographical information system (GIS). The network of landsca-
pe units in the studied areas to be remotely sensed and monito=-
red, must be well corrected with the help of suiteble aircraft
and satellite images. Different ways of cultivation can cause
small changes of the unit contours of the lowest taxonomic le-
vels (Schroder, 1984).

The background, differentiested gececologically, reflects in
the states of crops. In a territory with varied natural condi-
tions and comperatively large plots (fields), as the case of
Czechoslovekia is, it is quite common to find one plot situa-
ted on several different geocomplexes. Then the territorisl
optical manifestations of one kind of crops in one field will
correspond with the territoriel differentiation of the back-
ground. Thig fact can be caused ba different soil cover, wett-
ness, parent substrate and landforms. The optical differences
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can be demonstrated in one certain phenophase or permanently.
lNany of the indicative relations between soil and optical ma-
nifestations of crops are submitted to long-term investigations.
The results of former studies (Sagdeyev, Salishchev, Kautzle~
ben, edit., 1982; Ezra, Tinney, Jackson, 1984; O Neil et al.,
19843 Elridge, Lyon, 1985; Huete, Jackson, Post, 19853 Schnei-
der, Heiselmayer, Plank, 1987) show that under certain condi-
tions the character of soll cover - especially the colour (de-
pendent on the contents of humus, on moisture and properties
of the parent material) considerably impairs the correct in-
terpretation of vegetation cover. This is usually in cases
when the crops do not cover the surface completely (up to 10
% vegetation cover manifests iteself like bare soil, in up to
75 % the impact of soil is considerable). In other cases (e.
g. various stages of ripening of corn) the differentiating
effect of the backgroung can be observed also in areas with

a complete cover. The relief usually affects the reliability
of the interpretation only indirectly through other geocompo-
nents, e.g. terrain edges and slope declination in the soil
cover, site location above sea level in the topoclimate; all
these factors affect the phenophases. The terrain exposition
influences the moisture supply and evaporation and possibi-
1lity of photographing (overshadowing). With the exception of
modelling of the immitent insolation at the time of recording,
they are either relatively constant features of the environ-
ment (structure features) or variable features (dynamic featu-
res). Both these types of environmentel characteristics can
be well demonstrated in geoecological maps of the landscape.
Thus each geocomplex is defined not only by its structure

(a set of features of the geocomponents) but also by the sta-
tes of the geocomponents taeken as a complex. The complex geo-
ecologicel information enables to deduce some seasonal sta-
ges of geocomplexes (higher soil moisture, menifestations of
the parent material of soil in the periods of precipitation
deficict, differences in the humus contents due to soil type
and mode of soil cultivation, etc.) and then to consider
certain aspects of the inner heterogenity of plots as natural
and therefore harmless. In other heterogenous phenomena which
cennot be supported by a territorially differentiated geoeco-~
logical information, the possibilities of identification, map-
ping and interpretation become the object of investigation.

There is a choice of procedures aveileble for compiling geo-
ecclogical maps. The Institute of Geogrephy in Brno applied
the method of overlay and integration of geocomponentael meps
both mechanically and automatically using multiveriation sta-
tistics. The starting scale is 1:25 000. These maps are expec—
ted to be used effectively up to the scale of 1:250 000, Up

to now two basic forms of map and image data integreting have
been performed: analitive synthesis of a contour map and &
multisgpectral imasge, a digital integration of a digitized are-
al landscepe map /digitized by a scanner with resolution si=-
milar to resolution digital image date/ with a digital imsge.

Additive syntheses of multispectral images with contour maps
considerably improve the visual interpretation of the records
(esg. on the monitor of used NAC 4200 F system). Additive di=~
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gitel information allows a higher number of variables descri-
bing the image pixel. This makesthe interpretation, which ap-
plies both controlled and uncontrolled classification, more
reliable.

2 The principle of imminent TOPOGRAPHIC LOCATION of the stu-
died objects and phenomene. The previously mentioned principe-
le shows that every studied object can be set in the context
of local features of the environment. The imminent topograp-
hical location is connected with the need to define exsctly
the coordinates of the object which is to be put in the to-
pographic map used. It 18 necessary to differentiate the ter-
ritory by the actusl conditions for photogrephing (overshado-
wing versus insolation, an obstacle in the focus of the sen-
so?%. The knowledge of the exact location of the object enab-
les to perform multitemporal compaerative studies and model
conditions for photography.

Resampling the satellite image with the basic map is & rou-
tine operation nows The Institute of Geogrephy applies & mete
hod developed by dreB.KiiZ. The image is transformed by & cu=
bic polynome which is applied to a set of 20-30 ground control
points in one scene. The accuracy of a geometrically corrected
record is approximately 1/2 pixzel of the original imagee.

The location of an object in the system of coordinates in
the map is related to its position during the actual conditi-
ons of photographing. The location of areas in the shadow (as
to their exposition both to the sun and the sensor) is deter=
mined by the relief., Satellite scanner records usually offer
information concerning the sun elevation and the sun azimuth,
and the position cf the sensor against the Barth's surface (ne-
dir coordinates). This information enables to model the over-
shadowing on a digital terresin model (DTM). The digitizing step
in the DTM formation should be equivalent to the elementary re-
golution of the record ( 1 pixel). In the DTM formation we
draw informstion from the works of the DIBAG Institute in Grasz,
Austrie (Diarre, 1982) and make use of experience gained in
ecologicel studies (Tom, Miller, 1980; Stefanovié, Wiersema,
1985; Jones, Wyatt, Settle, Robinson, 1987). In spite of the
fact that there exist & number of transitions between oversha-
dowed and insolated areas, the integrated data set is divided,
for the sake of simplicity, only into two basic subfiles. The-
se are processed separately by the same method and the results
are then again integrated into one image. As the §gricultural
plots usually have the slope declination up to 15° (cultivable
with common agricultural machinery), it is not necessary to
consider the deforming effects of insolation on the studied
crops - it follows from the records from the time around mid-
day in the vegetation periocd (Hall-Konyves, 1985). When ane=
lysing the plots on steeper slopes the knowledge of real over-
shadowing is inevitable. The date on terrain overshadowing are
the output for the RELATYNMOS programme. Other derived data on
the relief can be used for studies of other types (study of
the regularity in the occurence of certain phenomens).

3., The priciple of INFORMATION LOCATICN BY AGRICULTURAL LAND
PARCELS,. Zvery piece of lend under cultivetion - fields, or-
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chards, wineyards, etc., has certain natural milieu affecting
the optical manifestations of crops (incl. overshadow). In re-
lation to overshadow and to the manifestations of the gecgrap-
hical background, a plot sown with a certain crop or a combi-
nation of crops may appear as naturally heterogenous on the
imege. In different phenophases different background can meni-
fest themselves more intensively than the coptical differences
of various crops and their plots (especially in the early sta-
ges of evolution of the crop). But for the cultivation procedu-
res such a plot is regarded as homogenous. Computerized evelu-
ation of multispectral images from satellites could not be re-
lieble without & sufficient number of veriables (according to
the number of sensored spectral bands) and without geoecologi-
cal, topographical and agriculturel information. In the map
these plots often incorporate parts of other plots with diffe-
rent natural conditions, different insolation and different
cropsSe It would be very difficult to make a considerable pro-
gress in the identification of unusual states of cropse. The
territoriel stete differentiation of parcels must be studied
on the background of a strictly defined data set, whose mem~
bers can be only pixels of a particular parcels (pixels of ima-
ge and cartographic information). The presence of mixed pixels
causes great troubles in border zones both of geocomplexes and
of plots (parcels) with different crops in the neighbourhood.
The optical characteristics of mixed pixels (mixels) ere not
given by the linear combination of the optical values of the
neighbouring plots (Schneider, Heiselmayer, Plank, 1987)., This
phenomena cen be removed by digitizing the network of border
lines in the studied areas. If we digitize the network in a way
corresponding to the resolutions of other images, then in ad-
vance we can assess the mixels from those pixels which indica-
te the course of the digitized, originally connected, border
linee Another posgsibility of discovering the mixels is the ap-
plication of local operator computing. There is a shortback,
however, because this method emphasisses the borders of plots
with different crops only momentarily. In multitemporal studies,
which are necessary for the derivation of standard optical fea=-
tures of crops in the images (although under different natural
conditions of one or more plots), it is advantageous to know
the course of posgibly all the border lines or of the larger
(most frequent) areas at least. The parcelling of plots is
usuglly tsken as relatively constant over more vegetation pe-
riods (4llan, 1987). In March 1988, the Institute of Geography
in Brno completed a study aiming to define the variability of
the shapes and acreage of the plots (as identified from the sa-
tellite images) in two training ereas with different natural
conditions. We found that about 42 % of the plots in flat ter-
rain and 61 % in dissected terrain change repeatedly. In the
ten year s period, 1977-1987 (4 satellite images), only 1/3,
or 1/5 of the total number of plots remained unchanged. When
collecting data on plot parcelling in a chosen area it is ne-
cegssary to perform corrections and bring the map up~to-date
before digitizing the network. Multispectral comparisons can
then use a fictitious network of smaller areas with a denser
network of border lines, sumarizing thus the border lines of
all the previous periodse. To calculate the standard of optical
features of crops from satellite images, a set of 5 recorés
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from different times of the vegetation period should be suffi-
cient. There is & possibility to get the images from several
years., The sum of border pixels for more years should not ex-
ceed 5 % of all the pixels in the image,

The aim of the new system is not to identify the occurence of
crops and their mapping, but to identify their evolutionery
stages and, particularly, anomalous states, The information on
crops 1s continually collected from chosen plots in the tran-
sect territory. The territory covers both typical natural land-
gcape units and typicel agricultural regionse. Checking aerial
photographing and simultaneous satellite photographing enable
to study the crop phenophsses in plots, soil covering by plent
canopies, character of the soil surface, scil moisture, height
of crops, sow crop Structure, and to register various textural
differentiations of fields. Sometimes slsc & field dccumentery
colour panchromatic photograph is taken. Thus every setellite
image is supplemented with entirely newest informetion on a
large set of plotse. The date which are available become the
starting point for data integration and image statistics.

4. The principle of STANDARDIZATION OF NORMAL OPTICAL MANIFES-

TATIONS OF CROPS in satellite images is applied for prelimina-

ry dete processing. The calculstions of the standards ere based
on the statisticael evaluation of & multispectral imege infor-

mation from parcels of the same type. These areas are composed

of overlein grephical informetion which wes gained by the abo-

ve mentioned principles.

Overlying geoecologicel meps, maps of overshadowed and insola~-
ted areas by DTM and maps of psrcels with crops in various phe=
nophases gives rise to a mosaic of homogenous areas and a net-
work of border lines., This moseic is overlain by s multispec-
trel satellite imege. For optimal processing it is useful to
have all the materials in a digitsl raster form with a unified
resglution. The error in the overlay must not exzceed 1/2 pixel
(x =0,5; ¥y £ 0,5), The overlein informetion is expressed by
the vecter v(x,y) = (z,), where i s... the number of variab-
les (eege in a geoecol&gical~map: parent materisl -~ z,, land
form - z,, topoclimate -~ z,, character of moiture con&itions

- Z,y sofl type = Z.s eee3”in DIM: overshadow/insolation - z,.;
in %he parcel map: gddress of information s&ccording to the pgr-
cel code - z.,, parcel border pixel -~ 2z,, crop - 2., phenophsase
- Zang in ch multispectral image: by %he numbexr gf sensored
ban&g,Aetc. This complex information can be submitted either
to controlled or uncontrolled classification (the informstion
on parcel address is not concerned). The crop combinstion, its
paremeters, and the latest parameters of the environment cor-
regpond with the intervals of opticel clesses in the individu-
el bands of the record. The results of the stetistical proces-
sing can be reproduced cartographicelly (parts of the parcels
in homogenous conditions can be "allotted"™ average velues of
density classes) and the image thus integrated can be compared
with the original image. It is also possible to lcok up pixels
with s%gnificant optical deviations from the standerd (? anoma-
lies ?).
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Great changeability of the stetes of geogrsphicel background
and crops, caused by natural factors and anthropogenous activie
ties, represents & rather difficult problem. Certain progress
in remote sensing of the landscepe has been attained in geoccom-
lexes which are less affected by anthropogenous activities
%Beruchashvili et el., 1982). To recognize similar impacts on
cultivated land, a representative series of field end satelli-
te date from the seasons of several years are needed. At pre-
sent the standard is represented by data obtained during infor-
mation processing in one (or in very few) multispectral scene
covering the territory with a differentiated geoecological
structure and various cropse. ,

5¢ The principle of INTEGRATING REAL AND COMPUTED STANDARD IMA-
GE INFORMATION. Under normsl conditions, the crops of a cert-
ein kind, veriety and phenophage, etc, menifest certein opti-
cal features. The values of these features range in certeain
intervals provided the geographical background and insclstion
are relatively homogenous. It is highly probeble that in spa-
tiel end temporal extrapolations of statistically derived data,
-analogical states and areas will be repeatedly found. There
will be, however, places with no possibility of application of
gtandard criterie tco their optical manifestations. These are
places (localities) with unususl geographicel backgrounds or
non-traditicnal crops end therefore it wes not possible to cal-
culate the standards. There will be also plots with accepted
natural conditions, known character of insolation, and crop in
a state roughly defined by a field survey, or in a state deri-
ved statistically from analogous lccalities. The anomelies can
be excerpted from a multispectral image by introducing standard
values into a homogenous ares (homogenous as to the geographi-
cal background, insolstion and crop phenophase). In this way
we form a fictitious image of crop states in the defined con-
ditions to identify the differences between supposed and sctu-
al optical manifestetions of the registered areas. Comparing
the fictitious image and the corrected new imsge can help to
identify the anomelies and find their locations, analyse their
manifestations, etce The image pixels found in anomalous aresas
represent a successive date set, the anslysis of which can con-
tribute to the assessment of: geographical background, insola-
tion, plant cover and its phenophase, and type of anomaly. At
present there is no aveilable survey of significant factors
affecting the optical manifestations of crops under certain
condition, neither is there & list of methods of their quanti-
fication in remotely sensed dats. It is necessary therefore,

to base the procedure on available grasphical and interaction
data, although this means to process grest amounts of informe-
tione. Gradusl integration of date can be solved in harmony with
the possibilities of computers.

The present stage of the RELATYMOS programme is concentrated

on the identification and location of snomslous states in crops.
Only in further stages it will be possible to specify, both theo-
retically and materislly, the varients of the RELATYMOS program-
me for the identification and mapping of various anomalous phe-
nomena in the vegetation caused by pests, illnesses, erosion,
atmcspheric phenomena, etce
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Both manual end digital procedures were applied at the Institue
te of Geography to solve the problem of creating a geoecologi-
cel map of the landscape. We also solved the question of 1ts
input in the computer and of marking of border pixels. The
creation of DTM for the maps in basic scale with a good reso-
lution capacity for overshadow  modelling is still under dis-
cussion. The question of continual screening of plot parcelling
has been solveds The methods of uncontrolled date integrstion
and classification (cartographic and remotely sensed data) ha=-
ve been tested. The standerds of crop optical manifestations
are tested in visual and digital date processing. Partial re-
sults are at disposal. The problems of integration (and com-
parison) of real and standard information are our nearest taske.
The level of preproccessing of graphical information is quite
reasonable, Our hitherto experience and the interest of egri-
cultural specialists show that it is advantageous to design

the system for groups of ferms and district boards of agricul-
ture, and only exceptionally for higher institutions of agri-
cultural managemente.
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