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can process the remote sensing data in such a Way that the
de?ned requirement is ful?lled.
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PROCESS OF REMOTE SENSING DATA
BACKGROUND OF THE INVENTION

[0001]

1. Field of the Invention

[0002]

Remote sensing data form the basis for many

different types of studies of the environment around us,

ranging from the discovery of valuable mineral deposits, for
example, by satellite-supported mapping of the earth to the
acquisition of environmentally relevant data. Thus a large
circle of users can put these data e?cectively to use. The same
data can be used to solve problems in various areas of

interest.

[0003] 2. Description of the Related Art
[0004]

A ?rst aspect of the invention relates to a method

and arrangement/apparatus for processing remote sensing
data, especially remote sensing data Which have been

tities of remote sensing data, Which can be used to solve a

Wide variety of problems, Will become available. Aside from
that, the databases already in existence are not being utiliZed
as fully as possible. NeW remote sensing missions, further
more, are being launched at regular intervals, Which means
that the quantities of data can be expected to continue to
increase. For this reason, it is becoming more dif?cult for the
user of the remote sensing data and of the data products to
retain an overvieW of the existing possibilities and to select

the right data and the right products.
[0010] It is an object of the second aspect of the present
invention to provide a method and arrangement for selecting
remote sensing data, Which make it possible to select from
among a large number of available alternatives those Which
come closest to meeting the user’ s requirements. It should be

possible to obtain reproducible results in this Way, and there
should be no need for expert knoWledge.

recorded by a satellite.

[0011]

[0005] Existing methods and systems for the automatic

and arrangement/ apparatus for the automatic georeferencing
of remote sensing data, especially of remote sensing data

processing of remote sensing data usually serve a single

A third aspect of the invention relates to a method

Which have been recorded by a satellite.

purpose. In some cases, it is assumed that the user has a great

deal of knowledge about satellites, about remote sensing

[0012] The georeferencing of the remote sensing data (i.e.,

data, and about hoW to process such data. The networking of
the reception, storage, and distribution of the remote sensing
data and of the data products derived from them Will
continue to increase both nationally and internationally in

the correlation of the remote sensing data to geographic

the coming years. Thus larger quantities of remote sensing

eration of derived data, such as data Which can be useful to

data, Which can be used to solve a Wide variety of problems,
Will become available. Aside from that, the databases

agriculture. Because the remote sensing data of satellites are
present initially in the form of so-called satellite projections,

already in existence are not being utiliZed as fully as

and because these are usually distorted in comparison With
geographic projections, We also speak of the “recti?cation”

possible. NeW remote sensing missions, furthermore, are
being launched at regular intervals, Which means that the

information, e.g., from a map of the earth’s surface) is a
fundamental task of the further processing of the remote

sensing data. It is a prerequisite in particular for the gen

of remote sensing data or of satellite images. There are

quantities of data can be expected to continue to increase.
For this reason, it is becoming more di?icult for the user of
the remote sensing data and of the data products to retain an

essentially two different procedures Which have been used in
the past to do this. In the method of position calculation, a
projection model is used, Which simulates the motion of the

overvieW of the existing possibilities and to select the right
data and the right products.

satellite as accurately as possible. For this purpose, it is
necessary to have data on the satellite’s orbit, on the position
of the satellite at the time in question, on the position of the
recording system (including one or more sensors) in the
satellite, on the projection lenses, and on the form of the

[0006]

It is an object of the ?rst aspect of the present

invention to provide a method and arrangement for process

ing remote sensing data, Which make it possible to minimiZe
the effort required of the user of the remote sensing data,
despite the existence of a large number of different goals
Which can be achieved by the use of such data. In particular,
the object is to make it unnecessary for the user to have

Wide-ranging expert knoWledge about satellites and/or the
acquisition of remote sensing data.
[0007] A second aspect of the invention relates to a
method and arrangement/apparatus for the selection of

remote sensing data, especially remote sensing data Which
have been recorded by a satellite.

space body.
[0013]

In the method based on so-called “control points”,

characteristic image structures are used, Which can be iden

ti?ed in both the satellite image and again in the reference
image. Positions can thus be determined by comparing the
positions in the tWo images. In contrast to the projection
model, hoWever, only the positions of the control points are
knoWn. All other positions are determined or assigned by the
use of an interpolation model. Combinations of the tWo
methods are also used.

[0008] In the existing systems for searching available

[0014] In both of these cases, the goal of the georeferenc
ing is to correlate the measured pixels of the remote sensing

remote sensing data to ?nd those Which are suitable for a

data With geographic data. In the case of interactive methods

speci?c purpose, it is currently assumed that the user has a
great deal of knoWledge about satellites and about remote

tor), a geographic reference (e.g., a recti?ed image or a

(i.e., methods requiring the participation of a human opera

sensing data. As the variety of data increases, there Will
necessarily be a corresponding increase in the number of
selection criteria.

on the exact knoWledge of the projection geometry and on

[0009] The netWorking of the reception, storage, and dis

the availability of the corresponding projection parameters

tribution of the remote sensing data and of the data products
derived from them Will continue to increase both nationally
and internationally in the coming years. Thus larger quan

geographic map) is usually used to achieve this geographic
correlation. The automatic methods are based in most cases

required.
[0015] A satellite projection is a projection obtained by
projecting an observed object (e.g., an area of the earth’s
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surface or an area of some other body in space, e.g., another

planet) onto the sensor plane (or image plane) of the
satellite. The result of the projection thus depends on the
position of the satellite and on the angle at Which the satellite

is vieWing the object being observed for remote sensing. The
remote sensing data present in the satellite projection may
already have been subjected to certain corrections (e.g.,
correction of the offset, ampli?cation of a sensor signal)
and/or to other operations. In particular, the measurement
signals supplied by a sensor of the satellite during a scanning

speci?c theme Which the remote sensing data are intended to
illuminate (e.g., the identi?cation of certain substances in an
area covered by the remote sensing). Many different the
matic processing routines can be available. When the data
are processed, these routines can use supplemental data on

the observed objects and/or observed areas, i.e., supplemen
tal data Which are related to the theme of the evaluation. For

example, the supplemental data can establish the relation

ship of the spectrum and/or Wavelengths of the electromag
netic radiation to the presence and/or local concentration of

process may already have been converted into the common

certain substances (e.g., chlorophyll, oZone), to the object

coordinate system of the satellite projection. For example,

temperature, or to the presence of certain kinds of vegeta

the sensor’s measurement signals Which are used are

tion. The electromagnetic radiation Which is emitted and/or
re?ected by the object or substance is detected by a sensor,
Which generates the remote sensing data.

obtained successively during the scanning process.
[0016] In many methods of georeferencing, the informa
tion content of the remote sensing data (e.g., multi-spectral
data) is altered. For example, the data can be recti?ed onto

[0021] In particular, some of the processing routines could
be said to be standard (standard processing routines); these

a ?xed data grid (e.g., a grid of lines of equal geographic
latitude and longitude), and each of the individual pixels
mapped onto this grid Will usually represent a combination
of several pixels, Which Were originally adjacent to each
other in the satellite projection. What takes place, therefore,

processing routines are thus executed on a standard basis for

is a kind of averaging. As a result, the grayscale values
measured by a sensor of the satellite, for example, or the
spectral characteristics measured by the satellite are not
preserved and are therefore unavailable for further process

ampli?cation and offset, so-called calibration), for correlat

a large number of different requirements. These standard
processing routines can also be routines Which are alWays

executed (With certain exceptions). For example, they can be
routines for accommodating the properties of a sensor (e.g.,

ing geographic data (e.g., geographic latitude and longitude)

ing only in their original form. This procedure, hoWever, has

With the remote sensing data, for correcting the in?uence of
the atmosphere on the remote sensing data (e.g., scattering
effects and re?ections), and/or for preparing a geographic

become established especially in the area of interactive

map Which shoWs the results of the processing of the remote

image processing, because the operator can compensate
intuitively for possible changes during the further course of

sensing data.

processing.
[0017] The change in grayscale values or spectral charac
teristics, hoWever, is troublesome precisely in cases Where
the data are to be subjected to further processing automati
cally and physical relationships are to be taken into account.

After the averaging, the original grayscale values or the
original spectral characteristics can no longer be calculated.
The results Will therefore suffer from a certain error. The

[0022] “Processing routines” are de?ned processes for
processing remote sensing data and can be implemented in
the form of softWare modules, for example. The processing
routines preferably have standardized interfaces for the input
of the remote sensing data to be processed and for the output
of the processed remote sensing data. As a result, any desired
type of remote sensing data arriving at the interface (e.g.,
remote sensing data recorded by different sensors and/or by
different satellites) can be Worked up appropriately and

goal, hoWever, is to derive highly accurate quantitative data

processed by the processing routines. In addition, any of

and/ or parameters.

these processing routines can be easily replaced by neW

[0018]

ones. It is also possible, hoWever, at least in certain cases

One of the objects of the present invention is

therefore to provide a method and arrangement of the type
indicated above in Which physical properties such as the
grayscale values and spectral characteristics of the remote

sensing data measured by the satellite remain preserved. In
addition, there should be no need for the operators to make
any interventions or to take any actions, and there should be
no need for the user to have expert knowledge to complete

the georeferencing successfully.
SUMMARY OF THE INVENTION

[0019] According to the ?rst aspect of the invention, it is

proposed that existing processing routines for processing the
remote sensing data be selected automatically and that these
selected processing routines be used to process the remote
sensing data. The processing routines are selected as a

function of the speci?c goal Which the remote sensing data
are to achieve and/or the purpose they are supposed to serve.

[0020] At least one of the selected processing routines can
be a thematic processing routine Which is necessary to ful?ll
at least one of the requirements on the use of the remote

sensing data, that is, to ful?ll a requirement pertaining to a

(e.g., standard processing routines), to specify the sequence
in Which the data are to be processed, Which means that a

certain processing routine can be executed only before or

only after a certain other processing routine. The processing
routines, hoWever, are preferably executable successively in
any desired order.

[0023]

It is also preferred that at least some of the pro

cessing routines adapt themselves automatically to a given
task, especially to establish a concrete link With other
routines and/or to process certain types of remote sensing
data. So that this self-con?guration can be accomplished, the
processing routine can use metadata based on the remote

sensing data to establish the format and/or the properties of
the remote sensing data. For example, the processing routine
can use the metadata to determine the sWath Width of the

sensor Which has recorded the remote sensing data, to ?nd

the maximum geometric resolution (pixel resolution) Which
can be achieved by dividing a recorded image into pixels,
and/or to acquire other information concerning the process
ing of the remote sensing data. “Metadata” are data Which
are generated in addition to the remote sensing data after the
satellite data have been received by a receiving station on the

Apr. 13, 2006

US 2006/0080037 A1

ground. Metadata include in particular information on the
sensor Which has recorded the remote sensing data and the
time at Which the satellite data Were received by the receiv

ing station.
[0024] The invention makes it possible to take into con
sideration the large amount of remote sensing data Which
might be useful for a certain study question and/or to include
such remote sensing data in a joint analysis. Because the
remote sensing data can be evaluated automatically, large
bodies of data can be completely and systematically ana

lyZed. The invention makes it possible in particular to
shorten signi?cantly the time required for the preparation of

so-called “remote sensing data products” (“value-added
products”), for Which it is necessary to process the data in a

special Way by the use of supplemental information (e.g.,
supplemental data derived from the metadata).
[0025]

In particular, a method for processing remote sens

ing data, especially remote sensing data recorded by a
satellite, is proposed, Where:

[0026] processing routines for processing the remote

[0030] In particular, the requirements can be formulated in
the form of a requirement pro?le With a plurality of sub
requirements. The requirement pro?le can also have a plu
rality of categories, so that a plurality of properties of the
remote sensing data and/or of the goal of the processing of
the remote sensing data can be entered or derived. The

requirement pro?le can also contain boundary conditions
such as a cost limit speci?ed by the user. Essential infor
mation Which can be supplied to alloW the inventive con

?guration of the processing of the remote sensing data
includes the local resolution of an observed object covered

by the remote sensing data, the temporal resolution present
during the sensing of the observed object, the spectral
resolution of the remote sensing data, and/or the radiometric
resolution (e. g., number of digital memory bits available per

pixel).
[0031] A process chain for the processing of the selected

remote sensing data is preferably formed by linking the
selected processing routines together. The remote sensing
data are then processed in succession in the process chain by
each of the selected processing routines.

sensing data are available and/or are prepared, these

processing routines being suitable for processing a
large number of different types of remote sensing data;
and Where

[0032] In addition, an arrangement for the selection of
remote sensing data is proposed, especially for the selection
of remote sensing data Which have been recorded by a

satellite, Where the arrangement has the folloWing compo
[0027]

a plurality of processing routines is selected

automatically on the basis of at least one de?ned

requirement on the use of the remote sensing data, the

selected processing routines being automatically linked
together, so that the selected processing routines ful?ll
at least one de?ned requirement by processing the
remote sensing data.
[0028]

By de?ning one or more requirement, the user can

avoid the burdensome necessity of having to learn hoW to

operate complex systems. Because of the availability of the
processing routines, the most suitable processing routines
can be selected automatically and linked With each other
Without any action on the part of the user, and the processing
can then be carried out. In addition, the processing can be
carried out in the same Way again With the use of different
remote sensing data (e.g., data recorded over a different

period of time).
[0029] The remote sensing data can also be selected
automatically, furthermore, on the basis of the minimum of
one de?ned requirement, so that the selected remote sensing
data are suitable for ful?lling the requirement. Appropriate
queries can be addressed to the user (e.g., interactively
through the use of software), so that the automatic process
ing of the remote sensing data can be initialiZed and con
?gured properly. A suggestion as to Which remote sensor (or
Which remote sensing data) should be selected can be
generated automatically on the basis of the information
entered by the user. It is also possible to generate multiple
suggestions automatically, Which are evaluated and/or

ranked in correspondence With the degree to Which they ?t
the user’s requirements. Thus the user obtains various alter
natives for achieving his goal. The user can then select one
of the alternatives, for example, or the alternative Which best
?ts the requirements can be selected automatically. In cases
Where the user is provided With a suggestion, suitable remote

nents:

[0033] a plurality of processing routines for processing
the remote sensing data;
[0034] an interface for entering at least one de?ned
requirement on the use of the remote sensing data;

[0035]

a linking unit, Which is designed to select at least

one subset of the processing routines on the basis of the
minimum of one de?ned requirement and to link these
routines together, so that the selected processing rou
tines can ful?ll the minimum of one de?ned require

ment by processing the remote sensing data.
[0036] The remote sensing data are processed in particular
in a completely automatic fashion by the processing rou
tines. In particular, the selected processing routines can be
linked to form a process chain, Where the remote sensing
data are processed automatically in the process chain by
each one of the selected processing routines in succession.
[0037] The invention also includes a computer program
for processing remote sensing data, Where the means of the
computer program in the form of program code are designed
to execute the inventive method in at least one of its forms.
In particular, the program code means can be stored on a

computer-readable data storage medium. The scope of the
invention also includes a data storage medium and/or a
computer system, on Which a data structure is stored, Which

executes the program after being loaded into a Working
and/or main memory of a computer or computer netWork.
Via a long-distance data netWork, the computer program can
access directly at least one archive system in Which remote
sensing data are stored.

sensing data and/or a linking of suitable processing routines

[0038] According to the second aspect of the invention, a
method for selecting remote sensing data is proposed, espe
cially for selecting remote sensing data Which have been

can be made available as output to the user.

recorded by a satellite. Here:
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[0039] task pro?le data are used, Which de?ne the tasks
and/or goals for Which the remote sensing data are to be

sensing data (including the processing routines). In addition,

used;
[0040] at least one physical data property, especially a
resolution, of the remote sensing data is assigned to the
task pro?le data, so that at least one requirement on the
use of the remote sensing data is de?ned;

[0041] the data properties of available remote sensing
data are checked against the use of the minimum of one
requirement to determine Whether and/ or to What
degree the minimum of one requirement can be ful?lled

by the available remote sensing data; and
[0042]

a result of the determination is automatically

made available as output.

[0043] The “selection of remote sensing data” is under
stood to be both the selection of already existing remote
sensing data and the selection of remote sensing data Which
Will become available in the future. Accordingly, “available
data” are understood to include data that Will be available in
the future. The selection is made possible on the basis of the

requirements, especially a requirement pro?le, and the result
of the previously mentioned determination. The data can be

accessed (e.g., called up and loaded) immediately thereafter
or at a later time. It is also possible to cancel such access,

When it is found, for example, that the cost of accessing the

data is unexpectedly high.
[0044]

describes the requirements to be ful?lled by the remote
sensing data or by the system Which processes the remote

The physical data properties are in particular one or

more of the folloWing: the local resolution of an observed

object covered by remote sensing data, the temporal reso
lution at Which an observed object Was recorded, the spectral
resolution of the remote sensing data, and/or the radiometric
resolution (e.g., number of digital memory bits available per

pixel).
[0045] The task pro?le data are generated, for example, in
dialog With the user. By entering a series of statements, for
example, the user de?nes the tasks for Which the remote
sensing data are to be used. Such statements pertain, for

example, to the temporal-spatial dynamics of the phenom
enon to be studied through evaluation of the remote sensing

data (e.g., phenological changes in vegetation, changes over

the components of the task pro?le (and optionally of a user
pro?le, see beloW) can be checked for consistency, so that
the system:

[0048] can clarify any discrepancies interactively With
the user and/or

[0049] prepare a corrected task pro?le upon request.
The corrected task pro?le can replace the original task
pro?le, and the method can be executed again as
described above on the basis of the corrected task

pro?le.
[0050]

Optionally, a user pro?le can also be draWn up,
e.g., again in dialog With the user: By making a series of
statements, the user assembles a personal data pro?le. This
pro?le includes, for example, information on his purpose
(i.e., on the themes the user Wishes to pursue in his Work),
on the level of his knoWledge concerning the use and
processing of remote sensing data, and/or on the decision

making and/or action potential of the institution Which he
represents Within the scope of the task to be ful?lled by the
remote sensing data. A de?ned entry mask can alloW the user

to enter the requested information, this mask making it
possible to enter precise or imprecise statements. The user

can also state physically-based criteria (e.g., temporal and/or
spatial resolution) for the use of the remote sensing data.
[0051]

When a user pro?le is set up, the minimum of one

physical data property of the remote sensing data can be
assigned to the task pro?le data and to the user pro?le data.
As a result, the minimum of one requirement on the use of
remote sensing data is de?ned. If a user pro?le is not set up,
the task pro?le can be assumed to be authoritative and serve
as a basis for the determination of the result.

[0052] If desired, the user can de?ne preferences With
respect to the evaluation and selection problem. These
preferences can be used in particular to de?ne the in?uence
Which boundary conditions (e.g., cost of the use of the

remote sensing data and data-processing products, data
availability, preparation time, accuracy and quality of the
data, degree to Which a task pro?le de?ned by the user is

time in the electromagnetic radiation emitted by an observed
surface or in the concentration of chlorophyll in a body of
Water). The user can also state, for example the (e.g.,

ful?lled) can exert on the selection result.

scienti?c) research area and/or the area of economic or

are suitable for a certain purpose can be selected automati

administrative area (e.g., preparation of maps for a residen
tial community) for Which the remote sensing data are to be
used. The information required by the user can be entered in
either a precise or an imprecise manner. So that such
statements can be made, a user interface With a template can

be made available, Which makes it possible for the user to
enter imprecise information.

[0053]

The invention has the advantage that data Which

cally from the theoretically unlimited quantity of remote
sensing data. No expert knoWledge is required, because even
information entered by inexperienced users leads to physi
cally de?ned requirements on the use of the remote sensing
data as a result of the assignment of physical data properties.
In particular, the many satellites in space have many differ

ent types of sensors (e.g., with different temporal, spatial,

[0046] In correspondence With the physical data properties

and spectral resolutions). An automatic data processing

mentioned above by Way of example, the requirements can
restrict the range of the remote sensing data With respect to

corresponding to the requirements in, for example, one or

system therefore can noW search for data With properties

their spatial, temporal, spectral, and radiometric resolution.

more databases. Additional boundary conditions can also be

That is, only data With the selected limited resolution are
used as long as they are able to ful?ll the requirements

taken into consideration (see above).

completely.
[0047] In particular, speci?c rules are used to de?ne the
requirements. A requirement pro?le can be set up, Which

[0054]

Remote sensing also has a multi-functional aspect,

Which the user cannot usually take into account fully or at all

When selecting the remote sensing data. This multi-func

tionality aspect has the folloWing components:
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[0055] (a) multi-temporal sensing; that is, identical
landscape objects are recorded at different times;

[0056]

(b) multi-stationary and multi-sensor measure

[0067]

the de?nition of requirements on the remote

sensing With respect to spatial, temporal, spectral, and
radiometric resolution;

ment; that is, the same objects are observed With

[0068] navigation through the data inventories; and

different observation geometries (height of orbit/?y
over, vieWing/illumination angle of the satellite) and by
different sensors (e.g., passive/active sensors);

[0069] the problem-oriented de?nition of the product

[0057] (c) multi-spectral sensing; that is, objects are
measured in different spectral regions (characteristic
spectral signatures); and
[0058] (d) multiple usability; that is, the same data are
used to solve different problems and, in combination
With data of other origins, to derive complex data.

[0059] The invention takes the multi-functionality aspect
into account automatically. Let us assume that, When setting
up the task pro?le, the user enters data from Which it can be
concluded that the remote sensing data are to be used to

evaluate the properties of certain landscape objects (see
point (a) above). The assignment of the physical data
properties can therefore take into account automatically that
a certain landscape object can be observed by the same
satellite only at certain intervals in time and therefore only

on a recurring basis (see point (b)).

(i.e., the de?nition of the result of further processing of
the remote sensing data).
[0070] In a preferred embodiment of the invention, the
requirements on the use of the remote sensing data generated
from the task pro?le data are used to control the data

processing of the remote sensing data. In particular, remote
sensing data corresponding to the requirements are
requested and doWnloaded from one or more databases, and

the data processing of the doWnloaded data is controlled. In
particular, at least one prede?ned processing routine can be
selected on the basis of the requirements to process the
remote sensing data. Additional embodiments of this type of
control are also possible.

[0071]

In particular, during the check Which is run to

determine Whether or not the minimum of one requirement

can be ful?lled, a requirement pro?le (containing the mini
mum of one requirement) and a service pro?le of the remote

sensing data can be compared With each other. The service
pro?le of the remote sensing data contains information on
the services Which the available remote sensing data can

[0060] Formulated more generally, an elaboration of the
invention proposes that a physical model be implemented,
Which makes it possible to take into account the motion of
the satellite relative to the surface of the planet (or other

perform (today or in the future). In particular, the service
pro?le and the requirement pro?le have the same types
and/or numbers of categories of properties of the remote

object) in the de?nition of the requirements. In particular,
additional information concerning, for example, the orien

betWeen the properties ?led in the corresponding categories.

tation of the sensor of the satellite can be taken into account

in the model. The input information required for the model
are stored in a database, for example, and/or can be entered
by the user.

[0061] The same applies to points (c) and (d) of the list
above. In particular, it is possible to take into account the

folloWing aspects, either alternatively or additionally, When

de?ning the requirements:

sensing data, so that a pairWise comparison can be made

[0072] The requirement pro?le and the service pro?le both
have, for example, the folloWing categories:
[0073] a research ?eldithe remote sensing data are to
be used for an activity in a certain research ?eld;

[0074] the geometric resolution of the remote sensing

data;
[0075] the temporal resolution of the remote sensing

[0062]

information on the various sensors in or on the

same satellite, and

[0063] the physical properties of the sensors by Which
the remote sensing data are recorded (e.g., spectral
regions in Which the sensor can detect radiation, spec

tral sensitivities of the sensors).
[0064]

As folloWs from point (d), different tasks or even

different task pro?les can lead to the selection of the same

remote sensing data and of the same processing routines.
TWo separate requirement pro?les can therefore be similar
or identical even though the tasks are different. In particular,

it is therefore possible for the same physical properties to be
assigned to many different tasks.
[0065]

The invention can be used in particular as a con

sulting system, Which helps the user to de?ne precisely one

data;
[0076] the radiometric resolution of the remote sensing

data;
[0077] the spectral resolution of the remote sensing

data;
[0078] optionally: a location and/or a territory to be
evaluated on the basis of the remote sensing data;

[0079] one or more boundary conditions (e.g., price of
the use of the remote sensing data).
[0080]

The service pro?le can be stored in one or more

databases, for example. The service pro?le itself can accord
ingly be interpreted as a property of a set of remote sensing
data or of a remote sensing data processing system. A

“remote sensing data processing system” is understood to be

or more of the folloWing processes, Which executes the one
or more processes in Whole or in part, or Which prepares for

a set of remote sensing data and the associated processing

such execution:

routines Which can process the remote sensing data into a

[0066] the problem-oriented selection of the remote

sensing data;

de?ned product. The set of service pro?les describes the

possibilities Which exist for ful?lling the imposed require
ments.

