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Abstract. Currently, most of multi-touch surface tables do not provide any 
tactile feedback to the users. In this paper, a multi-touch surface table with 
tactile feedback is proposed. The proposed surface table provides the users with 
the ability of multi-point tactile feedback with variant patterns and levels of 
vibrations. A webcam is used to capture all finger-touch images as system 
inputs using computer vision. Interactive computer graphics is generated and 
projected on the surface table. In addition, the multi-point tactile feedback is 
produced by multiple motors attached below the display surface. Hence, the 
user will receive tactile feedback synchronized with multi-point interactive 
computer graphics.  
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1   Introduction 

Multi-touch technology becomes more popular in daily life. It is integrated with 
several electronic devices such as mobile phones with touch screens, touch screen 
monitors, and etc. One of the advanced multi-touch products is a multi-touch 
surface table. It allows the user to directly interact with a system using finger touch 
on the screen display. Furthermore, it is able to support multiple users to work 
together on the same multi-touch display table. Earlier research works in the field of 
multi-touch surface have introduced various methods for touch detection. Jeff Han 
proposed the frustrated total internal reflection (FTIR) [1] technique that is based on 
the light totally reflected phenomenon. He implemented infrared lights inundating 
inside a piece of clear acrylic screen. When the user touches a surface, the infrared 
lights will leave the acrylic screen to the touching points captured by a camera 
behind the acrylic screen. Katz, I., Gabayan, K., and Aghajan, H. proposed a multi-
touch surface using multiple cameras technique for determining the fingertip’s 
positions [2]. The capacitive coupled technique for detecting finger touches on the 
tabletop front-projected display in DiamondTouch [3]. There are also touch screens 
with tactile feedback for small handheld devices developed by Ivan, P., Jun, R., and 
Shigeaki, M. [4, 5].   

However, most of multi-touch surface table does not provide tactile feedback. 
Hence, this paper proposes a multi-touch surface table with multi-point tactile 
feedback that can provide haptic senses during the user interacts with a system.  
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2   System Overview 

Figure 1 shows the configuration of the proposed system. Hardware components of 
this system are a multi-touch display table and a tactile feedback system. This human-
computer interface provides the user with tactile feedback and 2D computer graphics 
on the display surface. A webcam attached in the multi-touch display table is applied 
for detecting finger touch image. Array of small motors, which are attached below the 
display surface, are used to generate multi-point tactile feedback synchronized with 
graphics.  

 

Fig. 1. System Overview 

2.1   System Components 

The dimension of the proposed multi-touch display surface is 1200 mm(W) x          
700 mm(L) x 800 mm(H). The display surface is a clear acrylic sheet with 10 mm 
thick. Hardware components of proposed system are the webcam, infrared LEDs, 
video projector, and tactile feedback system as shown in Figure 2. Software includes 
the computer vision engine, graphics engine, and tactile engine.  

 

Fig. 2. System Components  

For the system’s vision and display, the webcam is modified for capturing 320 x 
240 IR image with 30 frames/sec. Rear diffused illumination is the lighting techniques 
of this system with several infrared LEDs. The mirror is used for reflecting image 
projected from the video projector. It can increase a distance between the video 
projector and the display for magnifying the output image. For the tactile feedback, 
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actuators should be small, lightweight, and low power consumption. A small DC 
motors as shown in Figure 3 (a) are used for generating tactile feedback to the user. 
Thirty motors, which are attached below the display surface, are linked together with 
tiny copper wires. There are 5 rows of motors. Each row contains 6 motors and the 
space between motors is about 100mm as shown in Figure 3 (b).  

(a)              (b)  

Fig. 3. (a) The implemented small DC motors. (b) Thirty motors mounted below the display. 

Figure 4(a) shows the overview of a tactile controller. The tactile controller 
consists of Arduino microcontroller [6] and a transistor circuit implemented for 
driving array of motors as shown in Figure 4(b). 

 (a)   (b)   
Fig. 4. (a) Tactile controller: 1) Row motor driver circuit 2) Column motor driver circuit 3) 
Arduino microcontroller (b) Schematic diagram of a tactile feedback driver 

For the part of system software, Community Core Vision (CCV) software library 
developed by NUI Group Community [7] is used in the computer vision engine. The 
computer vision engine is responsible for detecting position of finger touch on the 
multi-touch display table. The position of detected finger touch is then sent to the 
graphics engine via the TUIO [8] protocol. It is used to trig the event in graphics 
engine. The graphics engine renders 2D computer graphics projected on the display 
surface via a video projector. The tactile engine generates the impulse response 
through the small motors when the user interacts with the graphics. That engine also 
provides multi-point vibration synchronized with the computer graphics. The user will 
receive both graphics information and corresponding vibration when he/she touches 
the screen. 
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3   Experimental Results 

The experiments are set for testing the system performance and usability. The system 
performance covers the provided ability of the system input and output. The input 
image which captured by the camera is 320 x 240 pixels with 30 fps. The interactive 
working area for input and output is a screen with 30” diagonal. The graphics update 
rate is about 60 fps with the image resolution of 1024 x 768 pixels. This system can  
track the finger touches with velocity up to 120 cm/sec and up to 50 finger touches 
simultaneously. The tactile feedback system can response 30 points independently. 
The total area which can provide tactile feedback is about 46 cm x 60 cm. The 
smallest interactive area with tactile feedback is about 10 cm x 10 cm.   

3.1   Usability 

To test the usability of the tactile feedback, the users were asked to find the 8 invisible 
virtual buttons with random positions on the display. The experiments are set in three 
conditions which are the invisible virtual buttons with only tactile feedback, ones with 
only audio feedback, and ones with both tactile and audio feedbacks. The number of 
correct positions and times used were recorded. From the results as shown in Figure 
5(a), the invisible virtual buttons with both tactile and audio feedback can increase the 
number of correct positions with 5 percents compared to the ones with only tactile 
feedback and 11 percents compared to the ones with only audio feedback. Figure 5(b) 
shows the time used to find the correct positions of all 8 invisible virtual buttons.    
The operation time from the system with both tactile and audio feedback can be 
reduced with 49 percents compared with time from the system with only tactile 
feedback and 32 percents compared with time from the system with only audio 
feedback. 

(a)   (b)  

Fig. 5. (a) Accuracy of correct identification of position (b) Time used 

For another experiment, the users were asked to classify the vibration level which 
was generated into three levels. Before doing a test, the user must learn about each 
vibration level. From the experimental results, users can correctly identify the high 
vibration level with 48 percents, the medium vibration level with 62 percents, and the 
low vibration level 90 percents. The user’s satisfaction after using the system is 
evaluated through data from a questionnaire. From the results, the usability of display 
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size got the highest satisfaction score with 78 percents. The satisfaction score of the 
use of the virtual buttons with tactile and audio feedback is increased by 6 percents 
compared with the score obtained from the use of the virtual button without tactile 
and audio feedback. With tactile and audio feedback, it makes the user feel like he/she 
interacts with a real button. The lowest satisfaction score is related to accuracy of 
touch detection with 66 percents. 

4   Conclusions and Future Works 

This research implemented the multi-touch surface table with multi-point tactile 
feedback. The proposed multi-touch table applied DI lighting technique for finger 
touch detection. The small motors which mounted below display surface are used for 
generating tactile feedback. From the experiment results, the tactile feedback helps 
user to find the invisible virtual buttons more easily and correctly. The virtual button, 
which provides tactile and audio feedback, helps user to feel more realistics. Various 
patterns and levels of the tactile feedback can be programed to increase the 
effectiveness of this proposed system. Furthermore, the accuracy of touch detection 
can be improved by adjusting the IR lights and selecting the suitable threshold for the 
binary image conversion. It is challenge to apply this system for entertainment 
applications, public relations, and computer-assisted instruction applications which 
the user can use them for self-learning. 

 
Acknowledgments. This research work is financially supported by the National 
Science and Technology Development Agency, Thailand. 

References 

1. Jefferson, Y.H.: Low-cost multi-touch sensing through frustrated total internal reflection. 
In: Proceedings of the 18th annual ACM symposium on User interface software and 
technology, pp. 115–118. ACM, Seattle, WA, USA (2005) 

2. Katz, I., Gabayan, K., Aghajan, H.: A multi-touch surface using multiple cameras. In: 
Blanc-Talon, J., Philips, W., Popescu, D., Scheunders, P. (eds.) ACIVS 2007. LNCS, 
vol. 4678, pp. 97–108. Springer, Heidelberg (2007) 

3. Dietz, P., Leigh, D.: DiamondTouch: a multi-user touch technology. ACM, New York 
(2001) 

4. Ivan, P., Shigeaki, M.: Tactile interfaces for small touch screens. In: Proceedings of the 16th 
Annual ACM Symposium on User Interface Software and Technology. ACM, Vancouver 
(2003) 

5. Ivan, P., Jun, R., Shigeaki, M.: TouchEngine: a tactile display for handheld devices. In: CHI 
2002 Extended Abstracts on Human Factors in Computing Systems. ACM, Minneapolis 
(2002) 

6. Arduino, http://www.arduino.cc 
7. Community Core Vision, http://www.ccv.nuigroup.com 
8. TUIO, http://www.tuio.org 


	Multi-touch Surface Table with Multi-point Tactile Feedback
	Introduction
	System Overview
	System Components

	Experimental Results
	Usability

	Conclusions and Future Works
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /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 [595.276 841.890]
>> setpagedevice




