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Abstract. The paper addresses the problem of visual recognition of several hand postures corresponding to a
few operations commonly performed in virtual environments, such as: object selection, translation, rotation and
resizing. Processing is performed in a top-view scenario with a top-mounted camera that monitors the user’s
hands on the working desktop. By careful choosing and controlling of the scene and lighting conditions, hands
segmentation is fast and robust which increases the performances of the hand posture classifier. The chosen
classifier was a multilayered perceptron with three layers. By keeping all the processing at a low level of
complexity and by considering an appropriate control of the environment, we obtain a real time 25 fps
functional system with high detection and recognition accuracy results.
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Introduction

Human gestures are perceived as a natural
mean for interacting and conveying information
[1] and gesture based interfaces are looked
upon as ideal with respect to the human
computer interaction techniques [2, 3]. Even
more, video based gesture recognition has the
main attraction of not being intrusive and of not
requiring the wuser to wear additional
equipments or devices, giving in the end a
comfortable feeling of naturalness.

For the special case of virtual environments,
appropriate human computer interfaces are in
order. VR appears as an impoverished version of
the physical world with incomplete sensory cues
and simplified and inconsistent world models.
The wvirtual experience is influenced by
experiential, cognitive, perceptual and motor
differences between users. Hence, the
interaction technology should be appropriate so
that the overall user experience in the virtual
environment should not be diminished.
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The paper discusses the visual recognition of a
set of hand postures that have been selected in
accordance to several commonly commands
that may be performed for interacting with
virtual objects inside VR environments. Hand
postures have been identified for common
operations such as: selection, translation,
rotation and resize of virtual objects. Posture
recognition is carried out using a Multilayered
Perceptron with a three layers structure.

Previous work

Basic research has been conducted under the
general term of gesture recognition, most of
which is centered on hand recognition. Gesture
recognition can be grouped in two major
categories: gesture acquisition (using techniques
specific to video and image processing) and
actual gesture recognition (techniques that are
specific to pattern recognition). Gesture
acquisition considers the detection and tracking
of an object of interest (for example the hand
with the fingers). Detection techniques include
video segmentation function of several



characteristics: color, motion or mixed (for
example edges as the result of an edge detection
process). Tracking [4] was successfully
employed for continuously determining a series
of characteristics of the object of interest (such
as  position, orientation, etc.). Several
approaches have been focusing on hands
detection using skin color models [5, 6, 7].

Markov models have been used by Starner &
Pentland [8] for the recognition of ASL
(American Sign Language). The system uses a
color camera in order to detect hands wearing
colored gloves. Hong et al. [9] describe a 2D
gesture recognition technique in which each
gesture is modeled using a finite state machine
in the spatio-temporal space.

Kumar et al. [10] propose a method of gesture
classification based on temporal motion
templates and wavelet transforms. They use a
temporal representation of gesture based on
differences between consecutive images by
building motion templates. For Davis [11], the
starting point is motivated by the fact that a
human observer can instantaneously recognize
gestures without great effort in low level
resolution images. A Binary Motion Region,
BMR image is computed to act as an index in
the gesture library. BMR describes the spatial
distribution of motion for a given angle and for a
give gesture.

In what concerns the interaction with virtual
environments (selection, manipulation and
travel), several guidelines and suggestions on
selecting appropriate gestures have been
proposed [1, 2, 12, 13, 14, 15]. It was taken into
account also the solution for tracking the paths
as in [16].

Working scenario parameters

The working scenario is as presented in Figure
1, including a top mounted camera that monitors
the working area and the user’s hands. A
snapshot of the camera viewing angle is
presented in Figure 2.

478

Video capture is carried out at a resolution of
320x240 and 25 fps. The working desk assures a
homogenous background (see Figure 2, working
desk is of blue colour) that allows for a fast and
accurate segmentation of the user’s hands.

H video camera

Figure 1. The working scenario
(top mounted camera monitoring the working
desk and the user’s hands).

Figure 2. Camera view of the working area
(top view).



Lighting is controlled in order to assure for a
good contrast between the user’s hands and the
working desk. The video camera auto controls
the brightness and exposure settings.

Hands detection

Hands segmentation is achieved using a simple
low cost skin filtering in the HSV colour space
on the hue and saturation components.

p is skin <
hue(p) [h,ow, hh[gh J/\ saturation (p) IS |_s,0w, S high J

where p is the current pixel submitted to
classification and |n,, ,#,,, |and |s,, s, | are the

low and high thresholds for the hue and
saturation components.

The technique is very fast (the complexity order
is O(n) where n is the dimension of the
processed video frame) and assures for accurate
hands segmentation under the previously
mentioned working conditions. Segmentation
results are given in Figure 3.

Figure 3. Segmentation results
(segmentation is performed in the HSV
colour space by filtering on hue / saturation).

The values for the hue / saturation thresholds
were chosen experimentally as follows:
hy,, =180, hy,, = 240 and s, =20,s,,, =150

low
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where hue varies from 0 to 359 and saturation
from 0 to 255.

Hands postures recognition

We have selected four hand postures by
considering a few common operations
encountered when interacting with virtual
objects (see Figure 6) such as: selection,
translation, rotation and resize. Two of these
operations (selection and translation) are
performed with one hand only, the other two
(rotation and resize) are two-hand operations.
Finally, we only have 3 distinct hand postures as
presented in Figure 4.

PA

Figure 4. Selected hand postures.

Recognition is performed using a multi-layered

Perceptron, organized using a 3-layer structure

of 39 neurons (20-16-3), as follows:

= the 1% layer consists of 20 input neurons

coding each hand blob using 5 x 4 = 20

values, normalized in the interval [0..1] (see

Figure 5)

the 2" layer uses 16 hidden neurons.

Experiments showed that 16 neurons in the

hidden layer offer the best performance on

the testing set

= the 3™ layer with 3 neurons, each outputting
a real value in the [0, 1] interval representing
the probability of recognition for each of the
3 hand postures.

0.00
0.23
0.79
0.73
008

072
0.97
1.00
1.00
0.84

0.00
0.00
0.80
1.00
0.50

0.00
0.00
0.711
0.95
0.47

Figure 5. Hand blob coding using a
5x4 matrix structure.



a) video snapshot b) hands segmentation ¢) corresponding action in the virtual
environment

Figure 6. Set of hand postures and associated commands for interacting with virtual objects.

Table 1. Neural network details

Network structure 39 neurons distributed
The results obtained on a test set consisting of in 3 layers: 20-16-1
67 images show a level of accuracy of 92%. Training set 152 images
Details with regards to the multi-layered Testing set 67 images
Perceptron are given in table 1. Accuracy on the 92% )
testing set (61 of 67 images
correctly classified)
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Prior processing includes blob rotation so that
the blob’s longest axis should be parallel to the
vertical axis, see Figure 7. This is done by
computing the two axis of the ellipse of inertia
having the same area and centre of mass as the
hand blob.

=

Figure 7. Blob rotation based on the axis of
the ellipse of inertia.

The performances obtained overcomes those
presented in [17]. A neuro-fuzzy approach, as in
[18], can improve the accuracy of the
recognition process.

Conclusions

Visual recognition of a set of hand postures is
achieved with a real time gesture based
interacting system with virtual reality. The hand
postures have been selected in correspondence
with a few operations commonly performed in
virtual environments, such as: object selection,
translation, rotation and resizing of virtual
objects.

The working scenario includes a top-mounted
camera that monitors the user’s hands on the
working desktop. Scene parameters (such as
lighting conditions, working area complexity,
etc.) have been carefully chosen which leads to
fast and robust hands detection that increases
further the performances of the postures
classifier. We managed to keep all the
processing at a low level of complexity and
ended up with a real time 25 fps functional
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system with high detection and recognition
accuracy results.

References

[1] Melinda M. Cerney, Judy M. Vance (2005)
Gesture Recognition in Virtual Environments: A
Review and  Framework  for  Future
Development, Iowa State University Human
Computer Interaction Technical Report ISU-
HCI-2005-01, 28 March

[2] Matthew Turk, Gesture Recognition,
chapter 10, http://ilab.cs.ucsb.edu/projects/turk/
TurkVEChapter.pdf

[3] Axel Mulder (1996) Hand Gestures for
HCI, Hand Centered Studies of Human
Movement Project, Technical Report 96-1,
School of Kinesiology, Simon Fraser University,
February

[4] Chen, F.S, Fu, C.M., Huang, C.L. (2003)
Hand gesture recognition using a real-time
tracking method and hidden Markov models,

IVC(21), No. 8, August, pp. 745-758

[5] T. S. Caetano, D. A. C. Barone (2001) 4
probabilistic model for human skin color, 1AP
Conf., pp. 279-283

[6] Michael J. Jones, James M. Rehg (1998)
Statistical color models with application to skin

detection, Cambridge Research Laboratory, TR
98/11

[7] Tiberio S. Caetano, Silvia D. Olabarriaga,
Dante A. C. Barone (2002) Performance
Evaluation of Single and Multiple-Gaussian
Models for Skin Color Modelling, Proc. 15th
Brazilian Symposium on Computer Graphics
and Image Processing, pp. 275-282

[8] Starner T., Pentland A. (1995) Real time
american sign language recognition from video
using hidden Markov model, TR. 375, MIT
Media Laboratory



[9] P.Hong, M.Turk, T.S.Huang (2000),
Constructing Finite State Machines for Fast
Gestures Recognition, Proc. ICPR, Barcelona,
Spain, Septemer 2000 (http://www.cs.ucsb.edu /
~mturk/Papers/ICPR2000.pdf)

[10] Sanjay Kumar, Dinesh Kant Kumar,
Arun Sharma, Neil McLachlan (2004), Visual
Hand Gestures Classification using Temporal
Motion Templates and Wavelet Transforms,
Proceedings of the 10th  International
Multimedia Modelling Conference (MMM’04),
IEEE Computer Society

[11] James William Davis (1996)
Appearance-Based Motion Recognition of
Human Actions, MIT Media Lab, TR 387

[12] Jose Marque Soares (2004) Contribution
a la Communication Gestuelle dans les
Environments Virtuels Colaboratifs, PhD

dissertation sustained 9th July 2004 at the
Institut National des Telecomunications and
Universite de Technologie de Troyes

[13] Alan Wexelblat (1995) An Approach to
Natural Gesture in Virtual Environments, ACM
Transactions on Computer-Human Interaction
(TOCHI), Volume 2 , Issue 3 (September
1995)

482

[14] Michael Nielsen, Moritz Storring,
Thomas B. Moeslund, and Erik Granum (2003)
A procedure for developing intuitive and
ergonomic gesture interfaces for HCI, Gesture-
Based Communication in Human-Computer
Interaction, 5th International Gesture Workshop,

Genova, Italy, April 15-17

[15] Rochelle O’Hagan, Alexander Zelinsky,
Sebastien Rougeaux (2002),
Interfaces for Virtual Environments, Interacting
with Computers, Special Issue

[16] Leonid Timchenko, Yuriy Kutaev,
Volodymyr Kozhemyako, Alexander Gertsiy,
Andriy Yarovyy, Nataly Kokryatskaya - Method
for Processing of Extended Laser Paths Images,
Advances in Electrical and Computer
Engineering, ISSN 1582-7445 - No 2, pp.66-78

[17] Sorin Vlad, Nicolae Morariu (2005)
Using Neuroshell Neural Networks Simulator
for Prediction Problems Solving , Advances in
Electrical and Computer Engineering, ISSN
1582-7445 - No 1

[18] Alexandru Barleanu (2005) Fault
Diagnosis of Wall Hang Boliers Using a Neuro-
Fuzzy Model, Advances in Electrical and
Computer Engineering ISSN 1582-7445 - No 1

Visual Gesture



	VISUAL RECOGNITION OF HAND POSTURES                                                                                FOR INTERACTING WITH VIRTUAL ENVIRONMENT                                                                   Radu Daniel VATAVU1), Ştefan-Gheorghe PENTIUC2)                                                                         Christophe CHAILLOU3), Laurent GRISONI4), Samuel DEGRANDE5) 


<<
  /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 false
  /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 (None)
  /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 [595.276 841.890]
>> setpagedevice


