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ABSTRACT: In the article are mentioned combined discrete dynamic systems and analysis of their energy
spectrum especially aimed to the event activated part of the system. The fusion result of time-driven and
event activated systems are combined dynamic systems, called also hybrid systems. System consists of a
combination of cyclically recurring processes in each period of processing and the stochastically emerging
events. This theorem assumes stochastic events generation corresponding to the Poisson distribution. The
energy picture of stochastic events generated by the Poisson distribution in the combined systems is created
using the analogy from electrical engineering associated with telegraph signal transmission.
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+«+ INTRODUCTION — PURPOSE OF THE ARTICLE

In the article are mentioned combined discrete dynamic systems and analysis of their energy
spectrum especially aimed to the event activated part of the system. This theorem assumes stochastic
events generation corresponding to the Poisson distribution.

The energy picture of stochastic events generated by the Poisson distribution in the combined
systems is created using the analogy from electrical engineering associated with telegraph signal
transmission.

+«+  COMBINED DISCRETE SYSTEMS

Combined systems include two parts of discrete systems: discrete time-dynamic-activated
systems, as well as discrete events systems. The fusion result of time-driven and event activated
systems are combined dynamic systems, called also hybrid systems. In case that notion “Hybrid
system” is used in connection perhaps between distributed control system and programmable logical
controllers, neural networks, genetic algorithms and fuzzy logics, or combination of electric and
mechanical power units (Zdansky, 2009), for better prediction and better identification was introduced
the concept of “Combined dynamic system”.

This system consists of a combination of cyclically recurring processes in each period of
processing and the stochastically emerging events. These events affect the management and
substantially influence the selection of a suitable sampling period. Sampling period must be designed
so all necessary control instructions and utilities, which are responding to emerging events, are
processed. Given the sampling period, combined dynamical systems are classified into 2 groups
(Strémy, 2010):

a) with the constant sampling period - when setting its value, it is necessary to determine the ratio of
ingredient event Tp and the component of a time-driven system Ty

b) with changing sampling period in which it is necessary to determine the impact, respectively the
relationship between the constant component (time-controlled system) and random event
component (various depending on emerging events).

Event component of the sampling period significantly affects the behavior of the entire system.
It affects controllability, stability and overall dynamic properties of the combined systems that are
designed by ratio of events and time-controlled discrete systems.

Time-controlled part of the combined discrete systems is realized by a constant cyclic
monitoring, processing and evaluation of inputs and states of the system. Event part is in automated
control systems implemented by service interruptions, called upon the occurrence of any of the events.
A particular problem in such systems appears to be how to determine the impact of stochastically
changing event component of their dynamic properties and quality control (Strémy, 2010).
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+«»  ENERGY SPECTRUM OF THE COMBINED SYSTEMS

The energy picture of stochastic events generated by the Poisson distribution in the combined
systems is created using the analogy from electrical engineering associated with telegraph signal
transmission (JIEBMH, 1960).

Signal (Fig.1) represents events generated with amplitude S(t) over time t. In the case of
interrupts detection, which represents
events generated in the system, the signal S ,
amplitude changes to the h value and stays d---h
unchanged during the operation period of i i
the utilities associated with stochastic | - ; :
events. Every new event in the system is
stored in an events buffer, in which all
events waiting for utilities operations are
sorted. The sequence of utilities operations L t
in the events buffer is affected by the time 0
of event generation and by the priority
associated to individual interrupts. If there
was not any new interrupt detected in the Figure 1. The events signal in the combined systems
system, respectively there is no new event in the events buffer, the signal amplitude stabilizes itself
on the 0 value. The utilities operation period in the given moment is represented by the time period t,.
If there was not any new event detected in the system, the periodical operations of the time activated
part of combined systems takes place.

This theorem assumes stochastic events generation corresponding to the Poisson distribution
(Fig.2). If the mean value of the events generation is v, then the product of vt represents the mean
value of the events generation over time t. The following formula is used for calculation of the Poisson
mean parameter, which is the mean value of the events generation in an arbitrary time interval <tq,t;>:

Pravdepodobnost vzniku udalosti

0.35 A= Tv(t)dt
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o2 The autocorrelation function of the

presented signal between the two discrete
moments t;, t; corjzrvgigonds to the
formula: K(t,,t,)=h%e>,

If the signal is stationary, which means
v(t)=vy=const, then the correlation function
depends only from the difference of these
two discrete moments 1=t;-t;, ?nd the
formula is simplified: K(z)=h2e 2%l

Based up on the autocorrelation
function could be the energetic spectrum of
the stationary stochastic signal calculated
using the Wiener-Chinchin equation:

8h*v,
®® + 402
The representation of the autocorrelation function
and its spectral density of the energy distribution are shown

in Fig. 3.
The event generation probability in the system is
vor  assumed instead of signal amplitude. In the case of event

> detection in the system and consequent utilities are
processed, the variable h is equal to 1. After substitution
F(o) h=1 into the autocorrelation function, we get the following

formula:
/\ K(r)=e "l
and its representation for different values of v, changes in

e — LV the dependence shown in Fig. 4.

. 42 L2 3 After substituting the considered probability h into
Figure 3. Autocorrelation function K(t)  the original formula of energy density distribution, the
and corresponding spectral density F(w) formula for energy density distribution of the stochastic

signal could be written as follows:
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Graphical representation of the probability distribution density with the mean value A and the
events count k is shown in Fig. 5.
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Figure 4. Autocorrelation function K(t) for Figure 5. The probability distribution density
different values of vq F(w)

« CONCLUSIONS

From the viewpoint of the analysis and synthesis is important to know the dynamic properties of
the combined systems. With application of the normal probability distribution to the events part of the
combined systems can be described static behavior of the system, while using the Poisson distribution
laws and energy spectrum can be captured dynamics of the probability of the events generation in the
system.

¢ REFERENCES

[1] JIEBUH, b. P. 1960. Teopus ciydaiiHbIX INpPOLIECCOB U €€ INPUMEHEHHE B paauoTeXHUKE. Mocksa :
maaterbcTBo CoBeTckoe pamuo, 1960. 662 s.

[2] STREMY, M. 2010. Combined discrete dynamic systems. Trnava, AlumniPress, 2010. ISBN 978-80-8096-
113-8.

[5] ZDANSKY,J., HRBCEK, J., SIMAK, V. 2009. Using hybrid systems modelling to design a ventilation system
in Road Tunnel. In: Technical computing Prague: 17th annual conference proceedings: Kongresové
centrum CYUT, Prague, November 19, 2009. Humusoft, 2009, p.37 and CD, ISBN 978-80-7080-733-0

Dl]ll opE !I’ID

- : rnﬂtinnﬂi
g: PN LD

asEaE Obo l[!
UeEeE 000 @@mmo

\\\f f
G’,\ |

ANNALS OF FACULTY ENGINEERING HUNEDOARA
— INTERNATIONAL JOURNAL OF ENGINEERING
copyright © University Politehnica Timisoara,
Faculty of Engineering Hunedoara,

5, Revolutiei, 331128, Hunedoara,
ROMANIA
http://annals.fih.upt.ro

-~
8.
']

© copyright FACULTY of ENGINEERING - HUNEDOARA, ROMANIA 435




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


