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Mashkov O.A., doctor d technical sciences, professor
ZhukauskasS.V.,Nigorodova S.A.
State Ecological Academy of Postgraduate Education and Manageme
c. Kiev

TECHNOLOGY OF STABILIZATION OF COMPLEX
TECHNOGENIC SYSTEM ON OPERATIONAL PROGRAMMABLE
ENVIRONMENTAL TRAJECTORY IN PH ASE SPACE

Currently, inverse problems occupy an important place in the study ¢
theoretical and mechanical models. It is known that a mathematically rigoro
formulation of the concept of inverse problems of dynamics was given by A.(
Galiullin, Petrov BN., Popov E.P., Krutko P.D. The relevant subject has bee
intensively developed in the works of followers, first of all, Yemelyanov S.V.
Ermoshina O.V., Zhevnina A.A., Kanatnikova A.N., Kolesnikova K.S., Krishchenk:
A.P. ILA. Mukhametzyanova |I.A. R. MukHgamova, V. Toloknova. Moreover,
starting with the work of I.A. Galiullin, it became possible to investigate similal
problems not only in Euclidean spaces, but also on arbitrary differentiable manifold

Many inverse problems of dynamics are initially mseaoted with the conditions
of program motion of aerohydrodynamic or spacecraft. These works are devotec
the selection of control functions or parameters of the apparatus, which ensure
movement along a trajectory with specified properties.

Of great mportance is the problem of analytic approximation of the
programmed motion and the estimation of its error, which is solved with the help
various methods of analysis of ordinary differential equations. One of the mc
effective procedures for solvingigh problems is the version of the harmonic balance
method, described in the works of B. Delamotte and D. Polanda. A very importe
problem is the choice of control, which ensures a steady periodic motion of
mechanical object in the phase space. In tathematical formulation, this means the
existence of a stable limit cycle for the corresponding system of differenti
equations.

Thus, obtaining conditions that ensure the movement of a dynamic object alc
an operatively programmable desired trajectsryeievant from the point of view of
theory and practice.

Until recently, in the theory of automatic control, the tasks were mainl
considered in which it was necessary to maintain the output signal (mode) of 1
control object at the same constant lewthlfilization task), or to ensure tracking of
an unknown predetermined influence (tracking task). However, due to the increas
complexity of management objects, many tasks arose in which you first need

11
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calculate the desired law of change of the cdlettioprocess (program motion), and
then build the control law that provides accurate or approximate implementation
this process in the event of possible emergency situations.

Therefore, if the control system is not able to withstand the effects aftbe |
internal factors (onboard equipment malfunctions) and external factors (interferenc
then the real movement may differ significantly from the software one. At the sar
time, the goal of management (movement along the program trajectory) w
obviowsly not be achieved. Thus, the problem arises of constructing a softwe
motion control system, which ensures the implementation of a program trajectc
with a given accuracy in the presence of various kinds of disturbances.

The application of classical ool methods to the construction of control
systems of programmed motion encounters certain difficulties. These difficulties &
associated with the uncertainty of the properties of the controlled object and 1
operating conditions of the control object.

It should be borne in mind that even if program control as a function of tirr
is built, the practical benefits of its use are small: various kinds of disturbances,
well as the uncertainty of the properties and conditions of the object, including
emergency situations, will prevent the implementation of program motion. Therefor
the control should be formed taking into account additional information coming in
the control system in the process of movement. This requirement is met by
feedback cotrol.

Studies show that the application of control laws based on solving the inver
problem of dynamics allows us to reduce the level of random components in st
coordinates. Such control laws are effective, for example, when building systems
ensumg the ecological safety of complex marade systems.

The article proposed to apply the method of inverse problems of dynamics |
the synthesis of the environmental safety management system of complenaaan
systems. The procedure for applying the rodtlof inverse problems of dynamics
provides for the sequential execution of the following procedures. At the first stac
the desired trajectory of the ecological system is formed in the mathematical ph;
space and the vector of necessary control foxeketiermined for the realization of
this trajectory of movement. At the second stage, management functio
(management decisiemaking) to create such forces are determined.

In developing the concepts of the algorithmic approaitiverse problems of
dynamcs, an analytical expression for the control force was obtained. The propos
block diagram of the control algorithm can be used to create a state system
environmental monitoring of the environment.

12
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INFRARED REMOTE SENSING: RESOLUTION
ESTIMATING AND ENHAN CEMENT

Infrared aerospace imaging is a very important information source in natut
resources, environmental, scientific and specialote sensing applications. Infrared
imaging imminently used for burning occurence and fires identification, enerc
efficiency control and heat leaks detection, functional state of technical facilities a
infrastructure determining, the heat islands of ao#iies analyzing, climate change
prediction, minerals prospecting and much more.

A very serious scientific and technological problem is the permanent lack
spatial resolution of infrared imaging. This circumstance has a strict physic
explanation assaated with longer wavelength and low gquantum energy of therma
infrared radiation compared to visible light. Therefore, the size of semiconduct
detectors in sensor arrays of infrared radiation is large, and their number is obviot
i nsufficimpintel Tpidtagylbsof t he best médcr
Om for visible band sensors.

Emission, propagation and registration of infrared radiation also have ov
unique peculiarities, thereat the spatial resolution calculating of infrared imaging
more difficult. So, the estimation o
enhancement are very important and urgent now [1].

At moment, the special test charts, typically passive, are used to estimate ac
resolution of infrared instrument8lost common are the bar test charts (Fig. 1).

T For similar images, the probability of visL
detectionP can be determined by the equation:
I 16 A&y & |
P=-d+erfe==q . (1
| 28 22
Fig. 1. Bar test chart wherey is an image signab-noise ratio.

A series of experimental measurements of the spatial resolution of infrar
images (Fig. 2) acquired by the microlometr frame airborne camera was performe
the Science Centre for Aerospace Research of the Earth, NAS of Ukraine.

Understanding the actuaésolution of infrared imager make it possible to

proceed the next stage of infrared imagery analysis, viddlicgte information
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content improving.

Several different approaches to the infrared imagery spatial resolutic
enhancement, both hardware anttvgare, have been developed [2, 3]. Some of thest
involve infrared and visible spectral bands fusion, but most ones are based
superresolution technique.

Fig. 2. Passive infrared test charts for actaablution estimation:
a’l visible imagep i thermal infrared one

The superresolution is carried out using few (at least two) frames that &
shifted relative to each other by an arbitrary fraction of pixel. General theory,
family of algorithms and spéal software for infrared, visible and radar satellite
imagery superresolution have already been developed. Ti&b 3% increase in
actual resolution was demonstrated under constraint on the pixels radiometric val
preservation.
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INFORMATION SUPPORT FOR IMAGING PLANNING AND
INTE RPRETATION OF MEDIUM RESOLUTION MULTISPECTRAL
SATELLITE IMAGERY

Information content of mediumresolution satellite imaging is strongly
determined by competent planning and efficient interpretation of the multispect
imagery obtained. In general, the infation content is given by the fraction of the
Shannonoés tot al i nformati on capacity
a specific ortime application of multispectral imaging [1].

But the target recognition probability is a key performaraadar forsatellite
imaging planning as well asfor multispectral imagery processing and interpretatic
Therefore, the automated information support system should operate probabili
models and perform calculations of probability of correct interpretaiiosimple
compact targets in satellite images acquired.

A characteristic feature of the preséimiesatellite imaging is the high use of
multi- and even hyperspectral imagery. Theapplication of multidimensional da
contained in such imagery makes it pbks to fuse the traditional spatial
identification features of compact
signatures [2], which are unique for each target and often make it possible to dete
even in difficult conditions, for example,over siarilbackground.

The integrated use of both spectral and spatial identification features c
significantly improve the reliability of target detection. In the case of compact targ
detection based on spectral and radiometric features, the spatial resofuttus
satellite system is taken into account in the form of a statistical constrainton t
mi ni mum number of resolution el ement
Upon that the correct detection probability depends on the equivalent-mgrade
ratio in multispectral image of compact target. In general, the equivalent-sgnal
noise ratio in multispectral image is greater than in a panchromatic cctdtseone,
so this probability is expected to increase [3].

Previously the authors havdready proposed model for evaluating the
interpretation  properties of multispectral imagery [4], based on th
advancedZhivichin formula:

8nUerf*(20- 1) ar 2
P =expé ( )%813 , (1)
6 y ¢d =g
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wherd®i s t he target 0s rrsdhesaglita imagespatigh r
resolutionddi s t he tar get 0 sy iscthe@®quaatent signabsnoise c
ratio, and U is the confidence | evel

As research outcome, it was justified that, taking into account the spect
information contained in multispectral image, the targets recognition probabilityce
be improved by 3. 15% compared to widely used approaches.

The presentation describes the ap
planning process and compact targets interpreting by spectral signatures in med
resolution multispectral satellite imagery.In addit@artain technical solutions useful
for this purposewill be discussed.
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SPATIOTEMPORAL FUSION OF LAND COVER CLASSIFICATIONS
BASED ON PROBABILITY PROPAGATION INFERENCE

Obtaining widescale land cover classifications from satellite remote sensin
data is generally recognized as a powerful technology niomerous national,
regional, continental and global land cover mapping efforts. The need for obtaini
annual land cover classification composites covering large areas has risen
challenge of data integration at different levels [1]. In the remotsirgggromain,
data fusion is a formal framework in which are expressed methods and tools for
combination/verification of data originating from different sources as well as ar
processing of timeeries of data.

In this paper, we present a conceptuahfework to fuse muksegment and
multi-temporal land cover classifications over large areas considering probabil
estimate®f a particular class occurrence in a particular pixel for a final decision.

The principal feature of the proposed frameworkaistransfer of basic
processing operations from the initial set of multispectral imagery to the land coyv
classifications domain. It is caused by need for handling a large spatial and tempt
scope of the used satellite data with a variety of propettiebke the land cover
classification by a single image, an ensuring the sufficient accuracy for the land co
classification of multisegment and multemporal set of multispectral images over
large areas is much more challenging issue.

For this purposdt is supposed to use advanced decisi@aking methods. The
considered approach to the fusion of land cover classifications is based
propagation of probabilities of pixel membership to each of the classes availak
While creating seamless mosaics ahd cover classification segments, sherm
land cover classification should be used to enhance recognition of confusing clas
and to acquire clouttee spatial composites.

Dataflow diagram describing key processes of the proposed conceptt
frameworkis shown in Fig. 1.

The set of required number of land cover classifications and corresponding r
matrices constitute input data for theoposed frameworkRule matrix is a set that
consists ok values for each pixel of an image, whé&re a numbepf classes. These
values determine pixel affiliation to eachkoflasses.
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Figurel. Dataflow diagram of spatiotemporal fusion of land cover classifications based on
probability propagation inference that represented as rule matrices

The normalization of classifications of one imagédepends on the number of
input classifications of an image. If the number is more than one, then the fusion
both classifications and rule matrices as well as the normalization of output r
matrices are used, else the slasation for an image only normalization of output
rule matrix is used.

Then thespatiotemporal fusions performed. Here, for each pixel to select a
rule matrix that matrix should be taken which maximum probability element i
greater than maximum onesany other matrices. After that, membership of the pixel
to a particular class is determined by selected rule matrix.

The proposed data fusion framework could be used to generate annual clo
free land cover classification mosaics over large areas pngvitrong foundation
for further change detection analysis.

1. Stankevich S.A., Kozlova A.K., Vasko A.V., Gerda M.l. Hybrid model for data fusion in

remote sensing research of the Earth // Abstracts'dfikiainian Conference on Space Resedrch.
Yevpatora: Space Research Institute, 201R.74.
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AUTOMATED IDENTIFICATION OF COMPACT TARGET
SAMPLES IN AEROSPACE IMAGERY VISUAL
INTERPRETATION SUPPORT SYSTEM

At present, e tasks of automated interpretation of compact targets o
aerospace imagery remain relevant, despite the development of informati
technologies and achievements in the field of artificial intelligence. The applicatic
of visual and automated methods oferpretation of compact targets of aerospace
imagery has shown that the most effective time is the following sequence
interpretation: visual recognition at the stage of identification of images of compa
targets, automated recognition at the stagheaf classification and determination of
the level of interpretation of a compact target [1].

It is given above, the sequence of interpretation of compact targets
aerospace imagery is effective, but does not take into account a number of fact
becase in an automated system the final decision is made by the operator. |
correct interpretation of compact targets on aerospace imagery it is necessarn
perform aerospace imagery of soieter spatial resolution, which is not always
possible to provide ten performing the task. In order to perform this taske
interpretation of a compact targietthe operator of an automated system should be
provided with a set of possible modifications of the compact target [2].

The authors propose a model of automatkentification of compact targets on
aerospace imagery, which includes a database of reference compact targets. To ¢
a set of modifications of a compact target it was proposed to use some of the knc
methods of the resolution enhancement of inm#ge up to the level of a reference
imagei intelligent interpolation, pasharpening (input and reference images fusion
as shown in Fig.1) or superresolution with preservation of radiometric properties
the input image [3]. The result of the scintiltati increase is compared with the
reference objects of the database on the basis of methods for determining
reference points, after which the reference images are identified and presented tc
operator to support visual interpretation. The resultgleftification of a compact
target in the database of standards, in the presence of external geospatial informa
are subjected to additional filtration to screen out possible artificial models of tf
compact target.

It is reasonable to focus future easch on the compromising between binary
schematic and hatbne photo imagery for resolution enhancement, which ar
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comfortable for identification by human vision in aerospace imagery Visus
interpretation support system.

a) b) C)
Fig. 117 Example of parsharpening: a) etalon target image; b) output image; c) input image

Compact target identification will be strongly depends on the enhance
resolution input image, as well as on the number of referenced imagesatiaally
pre-selected form database.
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