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Abstract— Gézenguz Foundation for Children with Birth Inju-
ries offers a complex habilitation-rehabilitation therapy. The
patented hemisphere-like tool, Huple®, can improve the bal-
ance ability of affected children. The reported research work
focused not only on objectively and quantitatively assessing the
balance ability but also increasing the devotion of children to
take part actively in the habilitation. Based on a 3D acceler-
ometer sensor children can control simple PC games with the
hemisphere. This preoccupies them for quite a long time.
Quantitative assessment of balance ability is based on the
evaluation of the output signal of two sensors (one on the head
and one on the Huple®). Inclination angle of the head to up-
right position of healthy subjects is close to zero even when
tilting their trunk. For children with birth injuries this angle
can be as high as 50 degrees.

Keywords— habilitation, balance ability, objective assessment,
Huple.

I. INTRODUCTION

Fig. 1 The Gézengiiz hemisphere, Huple®.

The Gézenglz Foundation was established in 1990. The
purpose of the foundation has been to provide early inter-
vention and complex therapy to children with birth injuries.
To aid the complex therapy for these children — and also to
help healthy children improve their balance ability —, a

special therapeutic tool, the Huple® (Figure 1) was devel-
oped and patented [1], [2], [3].

The hemisphere shaped tool helps instructors in playfully
assessing and improving the balance ability of children.
Sitting in the Huple® is a complex task requiring the coordi-
nated movement of the trunk and muscles around the pelvic
grindle. This task in itself has beneficial effect. Neverthe-
less, this is boring for the children. New games are needed
to preoccupy them. If they can control PC games by moving
the hemisphere (Figure 2) a new game can always attract
them. This helps the habilitation process. Attaching a sensor
to the head and one to the petal of the hemisphere makes
possible to measure the tilting angle of the head as a func-
tion of the tilting angle of the tool.

Fig. 2 Controlling PC game by moving the Gézengiiz hemisphere.

II. MATERIALS AND METHODS

A. The sensor hardware

The 3D acceleration sensor (MMA7260QT) was interfaced
to the rapid prototyping environment (mitmot, [4]) of the
Department of Measurement and Information Systems of
Budapest University of Technology and Economics. A
simple board (4 x 8cm) was assembled that is plugged into
the connector of the mitmét mainboard. This made possible
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a short development time. The complete sensor together
with the local processor and batteries weighs 150g. The full
scale value of the sensor is programmable, +1.5g, +2g, +4¢g
or +6g can be selected. During the research work full scale
value was set to +1.5g. This sensitivity was found to be
sufficient both for using the sensor as an input device for
PC games and for measuring the tilting angles. The resolu-
tion is 12 bit, the sampling frequency was set to 100Hz.

B.  The model for using the sensor for control

For the habilitation very simple PC games are needed as
most children concerned are below 6 years and have move-
ment disorders. The 3D acceleration sensor was attached to
the Huple” (see Figure 2), the movement of the object on
the screen can be controlled by moving the hemisphere.
There are three possibilities for control. The tilting angle
can determine the position of the object. In this case meas-
urement noise — even after low-pass filtering — causes an-
noying vibration of the object on the screen. The second
possibility is to move the object on the screen as if a steel
ball was moving on a ftilted tray. The third model is when
the tilting angle determines the velocity of the object. All
three possibilities were tested at the Gézenguz Foundation,
and the third was found to fit best to the application.

C. Simple PC games for habilitation

The children participate in habilitation with pleasure if
they have success experience. Therefore the operator can set
the difficulty level of the games, even while the child is
playing. The variable parameters are: the velocity of the
moving object, the dependence of its speed on tilting angle,
the size of the objects. The simplest game requires moving
an object (a hedgehog) in one dimension, along a straight
line. Apples are falling from trees along a line and the ap-
ples must be gathered by the hedgehog by moving it either
to the left or to the right. The tilting angle of the sphere in
the frontal plane determines the direction and the velocity of
the hedgehog. The next game requires the movement of a
hand in two dimensions, along the whole screen, see Fig. 3.
Ladybirds are crawling along the screen and they should be
caught by the hand. The tilting angle in the frontal as well
as in the sagittal plane determines the position of the hand.
Figure 2 shows a child playing with this game. There are
eight ladybirds on the screen, the hand is actually in the
middle.

Children can also control the PC games by moving their
head when the sensor is attached to a helmet they are wear-
ing.
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Fig. 3 Ladybirds are gathered by the hand. Objects are big enough not
requiring too fine control.

III. MEASURING THE BALANCING ABILITY

A second sensor was embedded into a helmet. The hel-
met was covered with a textile mouse so that children do
not object to wearing it. The output signals of the two sen-
sors are collected while the Huple is tilted several times in
both directions by the therapist. Subjects with healthy bal-
ancing ability hold their head in the upright position inde-
pendent of the tilting angle of the hemisphere.
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Fig. 4 Angle of the head and of the hemisphere, healthy subject.
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Figure 4 shows the head angle versus tilting angle of the
hemisphere for a young healthy adult (43 year old female).
Less than 10 degrees is the maximum angle, when the
hemisphere is tilted by 20 degrees. A slight overcompensa-
tion can be observed as well.
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Fig. 5 Angle of the head and the hemisphere; child with balance
disorders.

This is not the case for children with balance disorders.
Figure 5 (10 year old male) shows that the head is practi-
cally moving together with the trunk, showing no activity of
the vestibular compensation mechanism. The minimum
recording time was 20s. The time function of the tilting
angle during sitting in the Huple (healthy control subject,
the sensor kept in hand) and the frequency spectrum corre-
sponding to the marked part of the time function are given
in Figure 6.
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Fig. 6 The angle-time function (top) and its frequency spectrum
(bottom) during balance measurement, the sensor is held by tested
subject.
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Balancing ability is characterized by three parameters.
The simplest parameter is the maximum value of the tilting
angle (after bandpass filtering), ©,,, see Fig. 6. Usually,
the smaller is the swaying of the subject sitting in the Huple,
the smaller is the maximum tilting angle. Nevertheless, the
maximum can derive from a single unskillful movement.
Thus the mean value (Z,,) of the absolute value of the tilting
angle - time function, @(7), over a given time interval (from
Ty to Ty) is a better estimate.

7
_ 1
[abs - T-T, I|®(t)|dt
TO
The third possible parameter is the effective value (P) of

the tilting angle — time function for the same (from T, to T)
time interval.

1
— j @ (t)dt

11— tor,

P=

O L, and P are calculated after each test and dis-
played on the screen.

Balancing ability was tested under different circum-
stances. The simplest test is when the subject is sitting still
in the Huple. Another test is when the subject is asked to
stretch upwards for different objects (most frequently a
plastic fruit) handed over by the physiotherapist. All these
parameters have been found to be helpful during the habili-
tation process resulting in an objective assessment of the
subjects’ actual state.

Further testing situations can be easily realized using the
above described measurement set-up. Neither the testing
procedure nor the parameters to determine the subject’s
actual state are to be standardized before gathering meas-
urement data from enough subjects at different habilitation
centres.

IV. ConcLusions

A simple sensor has been developed that greatly helps
not only the quantitative assessment of the balancing ability
but also the habilitation process. Children with birth injuries
were found to be motivated and they played with pleasure
when the level of the game was set to their ability. Further
PC games can be offered that are controlled by the Huple®.
Although the connection wire did not bother the children
sensors using wireless transmission are under development.
The wireless sensor together with the local processor and
battery weighs only 24g. This will make the very effective
everyday use, even at home, much simpler.




12

N —

REFERENCES

www.huple.org

HUPLE movement and coordination improving tool. Hungarian
patent HU/CA01/2184/07

Schultheisz J, Bacso P: The The Huple program and hydrotherapy for
premature babies. Conf. proc. Eurlyaid 2008/Szeptember- Norway-
Early Childhood Intervention in Europe. p. 22.

Toth Cs, Scherer B, Kadar L, Bako T: "Implementation possibilities
of networked smart transducers", ICCC[12003, International Carpa-
thian Control Conference, Tatranska Lomnica, Slovak Republic, 26-
29 May 2003, pp. 198-201.

IFMBE Proceedings Vol. 25

B. Jantek et al.

Address of the corresponding author:

Author:  Akos Jobbagy

Institute: Budapest University of Technology and Economics
Street:  Magyar Tudosok krt. 2.

City: Budapest

Country: 1521 Hungary

Email:  jobbagy@mit.bme.hu





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /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 true
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




