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1. Introduction

Nowadays, the further development in industrial area is constrained by deficit of powerful machines with adequate dynamics
and stiffness. Utilization of parallel robots, especially over-actuated, that are controlled by suitable control algorithms
represents promising way to improve dynamics, stiffness, accuracy and productivity of machine tools and their centers. The
redundant parallel kinematics can be understood similarly as adequately-actuated structures - movable truss constructions or
the movable platform (place of tool or gripper) supported by several links - but they include more actuated links than DOF.
This option solves existence of singular positions of adequate structures and furthermore improves stiffness and dynamics. The
important and not fully solved issue is their control. This work summarizes two possible ways based on model-based approach:
Sliding Mode Control (SMC) and Generalized Predictive Control (GPC).
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Fig. 1. Parallel kinematics actuated adequately and actuated redundantly.

2. Model - Based Control

There are two levels of the control shown in Fig. 2: local-7 and global-2. Local (decentralized) level controls each drive
independently, without any consideration of mutual relations. The global (centralized) level uses for control design some
mathematical model of whole structure; e.g.: model given by set of differential equations. The model-based approach (SMC,
GPC) combines feedforward and feedback together. The model represents prior information, which is used for forming the
dominant part of control actions. Attached feedback from measurable robot outputs compensates model inaccuracies and
certain bounded disturbance. It composes remaining part of designed actions. From view of prediction to future, Sliding Mode
Control represents one-step ahead strategy and Generalized Predictive Control represents multi-step strategy. Due to practical
reasons, we focus only on discrete cases of mentioned control strategies.
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Fig. 2. Conceptual scheme of control.

2.1 Sliding Mode Control

The SMC approach is based on the ‘switching’ control action and performance of conditions of Lyapunov theorem. The both
fundaments generate fast and accurate actuation continuously leading the system to asymptotic stable state approaching to
desired position.

2.2 Generalized Predictive Control
The predictive control is a multi-step control based on N — step prediction of outputs inserted to minimization of quadratic cost
function e.g. in a form:
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j

where prediction of outputs y; is based on mathematical model describing the dynamics of the structure. From the function (1),
the suitable control ; is obtained. In comparison with former SMC strategy, it produces more harmonized control actions.
Moreover, this property can be adjusted by suitable choice of penalizations (Q,, Q,) and their ratio respectively.



3. Examples and Illustrations

For real experiments, the control scheme (Fig.3) was applied to laboratory prototypes shown in Fig. 4. As real actuators
(drives), brush MAXON DC motors were used. The time history of generated requirements on motors i.e. torques on rotors are
shown in Fig. 5.
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Fig. 3. Structured control circuit including both SMC and GPC strategies enabled via switch.
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Fig.5. Comparison of model-based control strategies with conventional PID/PSD structures.

Fig. 5 were recorded during the motion along “S - shaped” trajectory. It illustrates the both model-based strategies SMC and GPC
in comparison with conventional PID/PSD structures.

4. Conclusions

This work shows two possible ways of control and their comparison. It shows that the classical approaches may be energetically
consuming (Fig.5). They should be, in a future, replaced by such strategies e.g. model-based strategies like SMC or GPC, which
consider the most of the available information on given controlled object — parallel kinematics (parallel robotic structure).

5. References

1. L.-W. Tsai, Robot analysis, The Mechanics of Serial and Parallel Manipulators, John Wiley & sons, Inc. 1999.

2. V. Stejskal, M. Valasek, Kinematics and Dynamics of Machinery, Marcel Dekker, Inc. 1996.

3. A. Ordys, D. Clarke, A State - Space Description for GPC Controllers, Int. J. Systems SCI., vol.24, n0.9, 1993, pp. 1727 - 1744.
4. K. Belda, Control of Redundant Parallel Structures of Robotic Systems, dissertation, Czech Technical University in Prague,
2002.

5. K. Belda, J. Bohm, M. Valasek, State-Space Generalized Predictive Control for Redundant Parallel Robots, Mechanics Based
Design of Structures and Machines, Vol. 31, No. 3, 2003, pp. 413-432.

6. J.A. Rossiter, Model-Based Predictive Control, A Practical Approach, CRC Press LLC, New York, 2003.

7. Elmali, H., Olgac, N.: Sliding mode control with perturbation estimation (SMCPE): a new approach, Int. J. Control, vol.56,
no.4, 1992, pp. 923 - 941.

8. Ch. J. Lawson, R. J. Hanson, Solving Least Square Problems, Prentice - Hall, Inc. 1974.

9. H. G. Golub, Van Ch. F. Loan, Matrix computations, The Johns Hopkins University Press, 1989.

Acknowledgements
This research is supported by grants GA CR (101/03/0620, 2003-2005) “Redundant drives and measurement for hybrid
machine tools” and GA CR (102/02/0204, 2002-2004) “Design of adaptive intelligent controllers”.




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


