
R. Shumaker (Ed.): Virtual and Mixed Reality, Part II, HCII 2011, LNCS 6774, pp. 206–214, 2011. 
© Springer-Verlag Berlin Heidelberg 2011 

Digital Display Case: A Study on the Realization of a 
Virtual Transportation System for a Museum Collection 

Takafumi Watanabe1, Kenji Inose1, Makoto Ando1, Takashi Kajinami2,  
Takuji Narumi2, Tomohiro Tanikawa2, and Michitaka Hirose2 

1 TOPPAN PRINTING CO., LTD. 1-3-3 Suido, Bunkyo-ku, Tokyo, Japan 
2 The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, Japan 

{takafumi.watanabe,Kenji.Inose,makoto.ando}@toppan.co.jp,  
{kaji,narumi,tani,hirose}@cyber.t.u-tokyo.ac.jp 

Abstract. This paper describes our proposed virtual transportation system. Our 
proposed system is a display case for use at art museums, which is based on 
computer graphics and image-based rendering (IBR) techniques. Using this 
system, anyone can simply create and realistically represent virtual cultural 
assets. This system consists of two main components: a display unit and a 
capture unit. The display unit is in the shape of a conventional display case in 
order to represent virtual cultural assets. The capture unit, which is created by 
attaching cameras to a conventional display case, reconstructs cultural assets 
using IBR techniques. In our experiment, we implemented a basic system using 
View Morphing as the IBR technique. The results show that this system can 
represent virtual cultural assets as 3D objects on the display unit by using 
arbitrary view images that are interpolated by View Morphing. 
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1   Introduction 

In conventional art museums, visitors are not supplied with sufficient information to 
understand the background of heritage and cultural assets without learning about them 
in advance. For example, it is difficult for visitors to understand the background of 
cultural assets, such as the purpose of use, the excavation site, and historical events 
that took place at the same time. Therefore, new techniques for teaching background 
information have been researched in recent years. A “digital museum” is a new 
concept for teaching the background information of heritage and cultural assets.  

As an example of a digital museum, the Tokyo National Museum in Japan and the 
Palace Museum in China have installed a Virtual Reality Theater to present virtual 
heritage and cultural assets reconstructed by digital archive technologies [1] [2].  

We have been researching on a digital museum project based on augmented reality 
techniques. Our project investigates effective techniques for use in exhibitions of 
digital museums. These techniques will give more background information to visitors 
by overlapping the information with real heritage and cultural assets with the use of 
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augmented reality techniques. In this paper, as one of our projects, we propose a new 
exhibition system for a display case. 

2   Outline of the Digital Display Case 

We previously proposed a digital display case [3] in response to the following 
requirements of an art museum: 
 

1. The external appearance should resemble a display case in order to create a 
seamless arrangement with the conventional display cases in the gallery, and also 
to easily engage the visitors with the system. 

2. The images displayed on the digital display case must be accurately correlated with 
the viewer’s eye gaze in real time, in order for the viewer to perceive the complete 
illusion as real, that is, as if there are real objects in the case. 

3. To enable the presentation of the internal structure or long-term changes in the 
cultural assets, rich digital content must be produced. 

4. Visitors should manipulate the virtual cultural assets with a force feedback 
mechanism. 

Figure 1 shows the design of the digital display case. It consists of four 3D displays 
on each side, a manipulating device to manipulate the position of a virtual cultural 
asset, and 3D glasses with a motion tracking device. The virtual cultural assets in the 
digital display case are represented as a 3D model that is produced by measuring the 
shape using a 3D scanner. The motion tracking device measures the position of  
the viewer’s eyes, and the view on the digital display case is changed in accordance 
with the viewer’s position. Using the digital display case, the visitors can experience 
the same views as with cultural assets in conventional display cases, because it 
appears that the virtual cultural assets have been placed in the display case. 
Furthermore, visitors can move and rotate objects by using the manipulating device. 
The digital display case can easily display various cultural assets by switching the 3D 
objects at the user’s discretion. 

 

Fig. 1. The design of the digital display case 
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The digital display case is an important advance compared to conventional display 
cases from the viewpoint of simply displaying and manipulating various cultural 
assets. However, we need to prepare a 3D model to create the digital display, which is 
generally very time consuming even with the use of a 3D scanner, and we also need 
special techniques and tools to create high-quality content. This makes it difficult to 
place new objects in the digital display case at the museum, when there is no special 
operator to produce digital content. The curators of the art museum have high 
expectations for the digital display case, because they want to display a large number 
of cultural assets. This is possible with a digital display case; however, each art 
museum owns tens of thousands of cultural assets, and it is very difficult to prepare 
3D models of all of them. 

3   Virtual Transportation System 

To solve the problem described in Section 2, we propose our virtual transportation 
system. Figure 2 shows the design of this system. This system consists of a display 
unit and a capture unit.  

The display unit is used to exhibit virtual cultural assets. The basic functions and 
shapes of the display unit are identical to the previous digital display case.  

The capture unit views real cultural assets and captures images of them. The shape 
of the capture unit resembles a conventional display case and can exhibit real cultural 
assets in a manner similar to conventional display cases. The capture unit has a 
function that can automatically generate images of arbitrary views by using image-
based rendering (IBR) techniques. IBR techniques are image processing techniques  
 

 
Fig. 2. The design of our virtual transportation system 
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that can generate the viewpoints of virtual cameras from the pictures of one or more 
real cameras. To capture input images for use of IBR techniques, multiple cameras 
surrounding the cultural assets are attached to the inside of the capture unit. Each unit 
is connected to a PC, and the two PCs are connected via network. 

Following are the processes required to run this system: 
 

1. The cultural assets are placed in the capture unit. 
2. The capture unit captures multiple input images of the cultural assets. 
3. The capture unit’s PC sends the input images to the display unit’s PC via network. 
4. The display unit’s PC computes the arbitrary view images from the received 

original images by using IBR techniques. 
5. The images are displayed on the display unit. 

The advantages of our system are it takes only a short time to reconstruct images of 
the assets, the processes are simple, and the output images are highly realistic. In 
terms of the reconstruction of the cultural assets, it takes only a few minutes to 
compute the arbitrary view images from the multiple input images taken by the 
cameras. Because process 1 entails only placing the cultural assets in the capture unit 
and processes 2–5 are computed automatically, the steps are simple to perform. The 
images of the virtual cultural assets in this system approximate the state of a real view 
better than that obtained by using a 3D scanner, because this system directly generates 
the images from the pictures of real cultural assets, in contrast with the view created 
by 3D scanners, which only approximately simulates the shape and lighting. 

4   Experimental Result of the Prototype System 

To indicate that the concept of our virtual transportation system is effective, we 
constructed a prototype system. By evaluating the prototype system, we verify that 
the capture unit can generate arbitrary view images in the same way as if 3D cultural 
assets were placed in the display unit. 

In the prototype system, we selected View Morphing as the IBR technique [4]. View 
Morphing is an image morphing technique that can generate interpolated images of 
virtual cameras arranged on a line segment between the two cameras. One advantage of 
View Morphing is that it requires the use of fewer cameras than that required by other 
IBR techniques. Therefore, the number of cameras in the capture unit can be decreased, 
and the cameras can be arranged inconspicuously. However, because View Morphing 
can only generate the images of virtual cameras on the line segment, our experiment 
limits the transformation areas of the view on the display unit to horizontal directions. If 
we need to generate arbitrary viewpoints that include both horizontal and vertical 
directions, tri-view morphing [5] or trifocal transfer [6] may be required. 

Figure 3 shows a replica of the cultural asset utilized in our experiment. The 
cultural asset, which is called DOGU, is a traditional ceramic figure in Japan. Figure 4 
shows the setup for photographs of the DOGU. In these photographs, the DOGU was 
put on a turntable, and light was placed over the DOGU. The camera was set in a 
horizontal direction and aimed at the center of the DOGU. We captured the DOGU 
while the turntable was rotated by 30 degrees. View Morphing generated interpolation 
images that were each rotated by 3 degrees for the input images that were each rotated 
by 30 degrees. Figure 5 shows the pictures and the interpolation images. 
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Fig. 3. A replica of the cultural asset (DOGU) 

 
Fig. 4. The setup for photographs of the DOGU 

 

Fig. 5. Pictures of the DOGU and the images interpolated by View Morphing 
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In our experiment, the pictures of the DOGU were prepared as input images 
beforehand, and the interpolation images were pre-computed by View Morphing. The 
computation time was approximately 2 min to interpolate nine images from two input 
images at a resolution of 10 megapixels. 

Figure 6 shows a demonstration of the prototype system. Figure 7 shows a mock-up of 
the capture unit, and Figure 8 shows the display unit. As a result of the demonstration, we 
obtained opinions that the virtual cultural asset was viewed similar to a 3D object, even 
though these images were interpolated by View Morphing by a two dimensional image 
processing technique. Therefore, we conclude that our proposed system can obtain views 
that are the same as those obtained using the previous digital display case, and that we 
can simply reconstruct virtual cultural assets by using IBR techniques. 

 

 

Fig. 6. The demonstration of our prototype system 

             

Fig. 7. A mock-up of the capture unit 

                        

Fig. 8. The virtual DOGU in the display unit 



212 T. Watanabe et al. 

On the other hand, we encountered the following problem. The images interpolated 
by View Morphing included outlier which has a negative impact on the perceptual 
quality as shown in Figure 9. This is derived from the failure of scanline matching. 
Because visitors at art museums will pay close attention to the details of cultural 
assets, these outliers can be a serious problem. When we adopted IBR techniques 
other than View Morphing, broken points were also observed that were derived from 
the failure of scanline matching. 
 

 

 

Fig. 9. An enlarged view of an interpolation image of the DOGU 

5   Future Applications 

This section introduces two future applications that our proposed system will achieve. 
The first application is a remote exhibition system (Figure 10). This system aims to 

create an experience that reproduces the effect as if the visitors of an art museum were 
viewing the actual cultural assets in real time. This system can be achieved by 
displaying the cultural assets along with views of the actual surroundings in the 
display unit. 

 
Fig. 10. A remote sightseeing system 
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The second application is a remote education system (Figure 11). This system 
predicates that anyone in the world can be educated by specialists without the 
physical transportation of cultural assets and specialists. This system can be achieved 
by techniques in which the specialists explain by manipulating real cultural assets in 
the capture unit, and where the display unit reconstructs the virtual cultural assets 
being manipulated. 

 

 
Fig. 11. A remote education system 

6   Conclusion 

This paper proposed a display case for art museums that utilizes computer graphics 
and IBR techniques. Our virtual transportation system consists of a display unit and a 
capture unit. The display unit can exhibit the virtual cultural assets as real, as if there 
are real cultural assets in the display case. The capture unit can automatically 
reconstruct the cultural assets in a short time by using IBR techniques. This system 
requires only the placement of the cultural assets into the capture unit. The 
experimental result of the prototype system shows that the images of the cultural asset 
interpolated by View Morphing were viewed as 3D objects. 

As a future work, to solve the problem that the interpolation images created by IBR 
techniques cause outliers derived from the failure of scanline matching, we will 
further investigate the IBR technique used in this system. In addition, in order to 
achieve the remote sightseeing system and the remote education system, we will 
investigate techniques for acquiring surroundings and lighting and for performing 
real-time computations. 

References 

1. Ando, M.: Networked VR for Virtual Heritage. In: HCII 2003, vol. 3, pp. 1386–1390 (2003) 
2. Ueno, R.: An Experience of Digital Cultural Assets at Museum. In: VSMM 2010 (2010) 



214 T. Watanabe et al. 

3. Kajinami, T., Hayashi, O., Narumi, T., Tanikawa, T., Hirose, M.: Digital Display Case: The 
Exhibition Sysytem for Conveying the Background Information. In: SIGGRAPH 2010 
(2010) 

4. Seitz, S.M., Dyer, C.R.: View Morphing. In: SIGGRAPH 1996 (1996) 
5. Xiao, J., Shah, M.: Tri-view morphing. Computer Vision and Image Understanding 96, 

345–366 (2004) 
6. Avidan, S., Shashua, A.: Novel view Synthesis in Tensor Space. In: CVPR 1997 (1997) 


	Digital Display Case: A Study on the Realization of a Virtual Transportation System for a Museum Collection
	Introduction
	Outline of the Digital Display Case
	Virtual Transportation System
	Experimental Result of the Prototype System
	Future Applications
	Conclusion
	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




