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ABSTRACT

We present an ongoing work towards a methodology
for model-based engineering of energy-efficient auto-
mation systems. Energy consumption as an increasing-
ly important decision criterion has to be included in the
search for good architectural and design alternatives.

As a result of the work, new models of energy-
efficient automation systems have to be developed. The
methodology will have to show its contribution and in-
dustrial value by demonstrating the possible improve-
ment for a real system design. New projects of equip-
ment for energy saving will be developed and appro-
priate software will be created. As another result, we
expect new methods of industrial energy consumption
estimation.

The first task is a description method for energy
consumption that can be simulated to evaluate and later
optimize this non-functional property. An important
candidate for this aim is the new UML [1] profile for
Modelling and Analysis of Real-Time and Embedded
systems (MARTE) [2], which might have to be exten-
ded or adapted for our project. The system simulation
will be carried out after a transformation into a Petri
Net [3] or MLDesigner functional block model [4].

A laboratory for testing and evaluating modelling
and estimation quality of the work is being set up. A
small lab plant will be realized based on the energy-
controllable ATMEL microcontroller ATxmegal28A1
and evaluation board. The first aim is to find the best
possible control algorithm in terms of energy consump-
tion minimum. The second aim is to examine the pos-
sibility of developing a microcontroller conception as a
self-optimising system.

Index Terms— Energy-efficiency, model, UML,
MARTE, microcontroller

1. INTRODUCTION

Complex technical processes and automation systems
which control these processes play a more and more

The authors would like to thank Siemens AG and DAAD for
their financial support of the project.
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important role. Nowadays, complex systems themsel-
ves can be efficiently controlled with the available con-
trol units. This is based on system design methods
which can check the operation modes with the help of
a model already before the realisation of an embedded
system. In this case, the correct adoption of the desired
functions into the classical design process is in the fore-
ground.

In addition, such properties like timeliness and reli-
ability are decisive in the embedded systems with
which automation systems are controlled or realised.
The other so-called non-functional property which is
of great importance in the topical discussion about the
resource-efficient management is the energy-efficiency
of these systems. While some components in the in-
dustry like e.g. microcontroller are developed already
with low power consumption, we should draw atten-
tion that an energy-efficient automation system as a
whole includes a collaboration with the control system.
There are currently no modelling and estimation pro-
cedures which could be applied already in early design
phases for energy consumption observation. Besides,
we should pay attention to the electronic/electrical sys-
tem construction as well as the computer hardware and
the executable algorithms.

2. ENERGY-EFFICIENT AUTOMATION
SYSTEMS DESIGN METHOD DEVELOPMENT

In this project, modelling methods should be develo-
ped for discrete automation systems in such a way that
the energy consumption beside other quality parame-
ters can be modelled, estimated, and reduced. Energy
consumption as an increasingly important decisive cri-
terion has to be included in the search for good archi-
tectural and design alternatives to make an automation
system as energy-efficient as possible.

For the existing models, simulation and analysis
procedures have to be developed or adapted, so that al-
ternatives can be valued and searched for the optimum
with the help of heuristic procedures. The developed
technologies should be realised in software tools.
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Fig. 1. Overview of the intended model-based design process

Fig. 1 presents a schematic overview of the intended
procedure. The optimisation process is carried out ite-
ratively (in the picture it is circularly shown) starting
from a system description which consists of a main
model describing of the firmly given elements, the sys-
tem variations and the estimation criteria. A concrete
model is generated from the main model with the help
of a library of existing descriptions of subsystems or
modules. In the last development stage, a parameter-
choice procedure generates design variations automati-
cally. The model is filled with the values of decision
variables and afterwards the value of the criteria (opti-
mization or cost function) is calculated by simulation.

The simulation estimates the model and gives a con-
clusion, whether and how good the parameterized solu-
tion meets the requirements. The system must be exe-
cutable and can be simulated. In addition, the appro-
priate main models have to be used, e.g. the functional
blocks used in our software tool (MLDesigner) or in
Petri Nets (TimeNET) [5]. A good system interpreta-
tion is reached by a repeated definition of parameters
and the system estimation, so that the finally “optimal”
control parameters can be calculated. This gives the
idea which system variation has to be realised.

The emphasised area in the lower part of Fig. 1 pre-
sets the most important working points of the project.
The process shown in the figure is typical in this or in
similar form for all model-based design processes. In
this project, it is adapted for the consideration and op-
timisation of energy consumption. In addition, we ela-
borate the question in this first step how the system de-
scription of an automation system can be appropriately
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extended, so that the energy consumption is described
and can be later calculated in the simulation procedure.

Lately, the technology state was more exactly ana-
lysed and searched in particular for suitable modelling
means. The result can be summarised that this area re-
ceives topically increasing interest and such models are
being researched, but still no generally approved stan-
dard exists. In the industrial sphere of the system and
software engineering descriptions of the Unified Mo-
delling Language (UML) are mostly used. However,
it is not easy by the starting point of pure software di-
rectly to describe system properties suitably as well as
there are no constructs for the non-functional properties
estimation. Special profiles of the UML, e.g. MARTE
Profile (Modelling and Analysis of Real-Time and Em-
bedded Systems) as a successor of the UML SPT pro-
file [6], are developed for some years to solve this prob-
lem. With its help non-functional properties like ma-
chine utilization, failures, temporal relations etc. can
be described. The profile was developed especially for
embedded systems and, hence, is suitable for our pur-
poses better than UML alone.

Unfortunately, MARTE also contains no possibili-
ties to model energy consumption. Our searches led us
currently into the Tampere University of Technology in
Finland which developed DPM (Dynamic Power Ma-
nagement) profile, a MARTE extension [7]. Accor-
ding to present state we would like to implement re-
sults from this research into our project and develop it
if necessary.

Then the extended UML models contain the neces-
sary information for the estimation, however, they are



not useable directly. For the necessary simulation we
will transform them in this project either into stochastic
time-extended Petri Nets or functional block models, so
that the behaviour and the properties are preserved [8].
Then the created models can be estimated with the soft-
ware tools developed in our department MLDesigner or
TimeNET. The results will provide information about
the energy consumption of a system variation and ac-
cordingly a look at the consumption as a part of a more
comprehensive estimation function.

Moreover, after the definition of appropriate mo-
dels a model library of typical elements must be pro-
vided by embedded systems (see Fig. 1). For the re-
maining steps (parameter choice and optimisation) such
usual heuristics like Simulated Annealing, Taboo
Search or similar to natural procedures can be used.
Besides, there are already extensions of TimeNET and
MLDesigner in other projects which can be used in the
project. For a rapid simulation of the transformed re-
sults the outcomes of some parallel running project,
perhaps, can be used as well.

3. PROTOTYPE LAB CONSTRUCTION FOR
THE RESULTS VALIDATION

The calculated values of system energy consumption
must be checked by simulation to prove the functiona-
lity of the method in a real example construction. Be-
sides, for the realistic values we need, for example, the
energy consumption of a microcontroller in different
operating modes. Therefore, the construction of a small
test lab will be done simultaneously to the theoretical
work.

After searching for an appropriate prototype a mi-
crocontroller development board was chosen, because
its structure is simple enough for our purposes and it
supports different operating modes for power-saving.
The microcontroller ATxmegal28A1 on the develop-
ment board XPlain of the company Atmel was selected
for this aim. It belongs to the XMEGA series which
supports so-called picoPower technology.

4. FURTHER LINE OF DEVELOPMENT

The most important aims are

1. To find the best system design and control algo-
rithm to minimise the energy consumption of the over-
all system

2. To use MARTE and DPM profiles for the appro-
priate models representation
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3. Transformation into a model for simulation and
estimation

4. Prototype realisation in software tools and its
application into a real example (lab construction)

It is also possible to try to move the simulation into
the running system to allow a self-optimizing system.

5. CONCLUSION

This paper presented an overview of the project towards
a methodology for model-based engineering of energy-
efficient automation systems. UML language with the
MARTE profile and its extensions will be used for the
modelling process. The models will be adopted into the
functional blocks used in MLDesigner or in Petri Nets.
For the field testing a microcontroller with many useful
possibilities was chosen.

6. REFERENCES

[1] Object Management Group (OMG), OMG Unified
Modeling Language (OMG UML), Infrastructure,
Version 2.3, May 2010.

[2] Object Management Group (OMG), UML Profile
for MARTE: Modeling and Analysis of Real-Time

Embedded Systems, Version 1.0, November 2009.
[3]

A. Zimmermann, Stochastic Discrete Event
Systems - Modeling, Evaluation, Applications,
Springer, Berlin Heidelberg New York, October

2007.

[4] MLDesign Technologies Inc., MLDesigner Docu-

mentation, Version 2.8, February 2010.

[5] A. Zimmermann and M. Knoke, “TimeNET 4.0:
A Software Tool for the Performability Evaluation
with Stochastic and Colored Petri Nets. User Man-

ual,” Tech. Rep., August 2007.

[6] Object Management Group (OMG), UML Profile
for Schedulability, Performance, and Time Specifi-

cation, Version 1.1, January 2005.

[7] T. Arpinen, E. Salminen, T. Hamildinen, and
M. Hinnikdinen, Extension to MARTE Profile for
Modeling Dynamic Power Management of Embed-

ded Systems, 2010.

[8] J. Trowitzsch, Quantitative Evaluation of UML
State Machines Using Stochastic Petri Nets, Ph.D.

thesis, TU Berlin, 2005.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 false
  /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 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 /FlateEncode
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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




