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Abstract. Recently, the telepresence which allows us to experience a
remote site through a virtualized real world has been investigated. We
have already proposed telepresence systems using omni-directional im-
ages which enable the user to look around a virtualized dynamic real
scene. The system gives the feeling of high presence to the user. How-
ever, conventional systems are not networked but are implemented as
stand-alone systems that use immersive displays. In this paper we pro-
pose a networked telepresence system which enables the user to see a vir-
tualized real world easily in network environments. This paper describes
the system implementation using real-time and stored omni-directional
video streams as well as its experiments.

1 Introduction

Recently, there are many researches of telepresence that acquires a dynamic
real world into a virtual world and enables the user to be immersed in the
remote envi-ronment[1]. The telepresence can be applied to various fields such
as entertainment, medical service, and education.

We have already proposed telepresence systems which use omni-directional
cam-era and enable the user to look around the scene in order to increase
the presence in telepresence[2,3]. The systems acquire and transfer the remote
omni-directional scene by an omni-directional camera, and show the user view-
dependent images in real time. They have no significant delay from the rotation
of user’s head to the pres-entation of images. They also enable the user to look
around the remote scene widely. However, the conventional systems are imple-
mented as stand-alone systems with immersive displays and require special pro-
grams and equipments. It is difficult for multiple users at remote sites to look
around the same scene with the conventional systems.



In this paper, we propose a new telepresence system which enables multi-
ple users on network to look around remote environments captured by omni-
directional cam-eras. The system uses web-browser and enables users to see
omni-directional videos interactively.

Section 2 describes the proposed system. Section 3 describes experiments of
the system with live video and stored video. Finally, Section 4 summarizes the
present work.

2 Web-based telepresence system using omni-directional
videos

The schema of proposed system is illustrated in Fig.1. Omni-directional videos
are stored in a remote server and are acquired by the viewer which is started
by a web browser. The user looks around the omni-directional video contents on
the web browser.
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Fig. 1. Overview of web-based telepresence system.

2.1 Omni-directional video viewer on web browser

A web browser is one of the most popular network applications. Especially,
Internet Explorer installed on Windows machines can execute various application
programs by a JAVA applet or Active-X for providing users with interactive
contents on a web page. Moreover, the JAVA applet and the Active-X programs
can be easily distrib-uted by an automatic install function. Thus we implement
an omni-directional video viewer for telepresence on a web browser in this study.

The omni-directional video viewer which shows the user omni-directional
video contents needs the functions of GPU (graphic processor unit) and is im-
plemented by Active-X. The omni-directional video viewer is started by the web
browser, converts the omni-directional video to the common perspective video,
and shows the user the common perspective video on the web page. The system
uses a hardware texture mapping function for converting video in real-time by
the method[2].

When the user access the web page which provides an omni-directional video
con-tent, the omni-directional video viewer implemented by Active-X is installed
auto-matically. The user can see an omni-directional video content without care
of an omni-directional camera type, parameters of camera, file-path of the con-
tent, and so on, because a content provider embeds them in a HTML file.



The user can look around the omni-directional video by using a mouse-drag
opera-tion. The omni-directional video viewer is installed only by opening the
web page, and the omni-directional video can be seen easily. In the other imple-
mentation, the user can look around the omni-directional video through a HMD
(Head Mounted Display) with a gyro sensor.

2.2 Omni-directional video contents

There are two kinds of omni-directional video contents in present implementa-
tion: stored video contents encoded in advance and live video contents encoded
in real-time. The stored video contents mainly consist of high-resolution omni-
directional videos heavy for network. Note that stored video contents can be
provided as an on-demand-service. The live video contents are used for the pur-
pose of providing multi-ple users with the same contents simultaneously just like
TV broadcasting. It is diffi-cult to transfer a high-resolution video because of the
limit of standard network bandwidth. The user can see the live video contents
acquired by an omni-directional camera and transferred immediately. It can be
transferred to many sites by multi-cast without increasing the network load.

3 Experiments

We have implemented the proposed system and experiments with both stored
video contents and live video contents. Stored video contents consist of high-
resolution videos obtained by using an omni-directional multi-camera system.
Live video con-tents are acquired by using an omni-directional camera mounted
on a car and that are transferred via wireless and wired network in real time.
A) Stored video contents

We acquired the omni-directional video by an omni-directional multi-camera
system; Ladybug (see Fig.2)[3] and stored it in a PC for presentation (see Ta-
blel). The camera unit of Ladybug consists of six cameras (Fig.2(left)): Five
configured in a horizontal ring and one pointing vertically. Fig.2(right) shows a
storage unit which consists of an array of HDD. The camera system can acquire
video covering 75% of the full spherical view. The acquired video has the size
of 3840x1920 pixels and is captured at 15fps. In this experiment, we shrink the
video to 1024x512 pixels because of the limit of HDD-access-speed of the PC. We
used MPEG-1 video and MPEG-1 layer 2 sounds for the formats of the video.

Fig.3 shows a window shot of the web browser. The user can look around the
scene on the web browser. The PC can playback the video at 30fps. The user
can pause and fast-forward the video with the stored video contents.

We have also implemented a view-dependent presentation system (see Fig.4)
with a HMD and a gyro sensor for realizing more rich presence. The gyro sensor
is Inter-Trax2 made by INTERSENSE. It can acquire the user view-direction at
256Hz. The user can look around the omni-directional scene without significant
delay.



Fig. 2. Omni-directional multi-camera system; Ladybug.

Table 1. PC for presentation of stored video contents.

CPU Pentium4 2GHz
Memory 512MB

Graphics card|ATI RADEON9700pro
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Fig. 3. Window shot of omni-directional video viewer with stored video content.



Fig. 4. HMD (Head Mounted Display) with gyro sensor.

B) Live video contents

In the experiment of live video contents, the system consists of a car which
mounts omni-directional camera HyperOmni Vision[4], multicast relay server of
video, omni-directional video viewer, and network (see Fig.5).

The car mounting the omni-directional camera acquires omni-directional pro-
gressive video surrounding the car, running in our campus. The acquired omni-
directional video is transferred to a PC for encoding in the car through iLink.
The PC encodes the omni-directional video (640x480 pixels, 30 fps) to Win-
dows Media Format (1Mbps) by Windows Media Encoder[4]. The encoded omni-
directional video is transferred to the indoor relay server through IEEE802.11a
or g network via wireless network. Table 2 describes the configuration of the
system for acquiring omni-directional video streams. Fig.6 and Fig.7 show the
car which mounts the omni-directional camera and the system which mounted
on the car.

The transferred omni-directional video is received by the multicast relay
server of omni-directional video. The relay server distributes the omni-directional
video by multicast such as RTSP protocol. The distributed omni-directional
video is seen by using the same omni-directional video viewers as for stored video
contents on the web browsers. When many viewers receive the omni-directional
video, the load of network does not increase because of using not unicast but
multicast.

In the experiment, actually four PC received the distributed omni-directional
video. The four users could look around the scene in arbitrary directions. Fig.8
shows ex-amples of windows shots of the omni-directional video viewer. The
video is dis-played on the web browser at 30fps. The time delay between the
acquisition and the presentation omni-directional video is 10 seconds. In this
time, the both transmitting and receiving network loads of the relay server are
1Mbps. When the number of re-ceived omni-directional video viewer increased,
the network load did not increase.
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Fig. 5. Telepresence system with omni-directional camera mounted on car.

Table 2. Facilities for omni-directional video acquisition in outdoor environments.

Omni-directional camera|SONY DCR-TRV900

+ Hyperboloidal mirror

(field of view : 30 degrees upper)
PC for video acquisition [Pentium4 2.53GHz

and encoding Memory 1GB
WindowsXP

Wireless network IEEE802.11a and g

Car Nissan ELGRAND

(see Fig.6, Fig.7)




Fig. 6. Appearance of car for omni-directional video acquisition.

Fig. 7. Window shots of omni-directional video viewer.
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Fig. 8. System of car for omni-directional video acquisition.



4 Conclusion

We have developed a new networked telepresence system which easily enables
multi-ple users to look around a remote scene with omni-directional camera. The
system uses a web-browser, and enables users to see omni-directional video such
as common video. In the experiment of stored video contents, the user could
see the high-resolution omni-directional video. In the experiment of live video
contents, the omni-directional video was distributed through wireless and wired
network by multicast protocol, and multiple users could look around the scene
in arbitrary directions in real time.

In the experiment of live video contents, the omni-directional camera was
NTSC. The resolution of the omni-directional video was low. Thus the presence
was not rich e-nough. On the other hand, in the experiment of stored video
contents, an omni-directional multi-camera system was employed for acquiring a
high-resolution video. It was not suitable for distributing an omni-directional live
video. Therefore omni-directional camera should be high resolution and should
not be multi-camera system. The omni-directional HD camera can acquire omni-
directional high-resolution live video.

In the experiment of live video contents, the delay between the acquisition
and the presentation omni-directional video is 10 seconds. It is difficult to use
the system for communication with a remote user. In future work, we should
reduce the delay in transmitting an omni-directional video stream.

References

1. Moezzi, S., Ed.: Special issue on immersive telepresence. IEEE MultiMedia. 4 1
(1997) 17-56

2. Onoe, Y., Yamazawa, K., Takemura, H., and Yokoya, N.: Telepresence by Real-time
View-dependent Image Generation from Omnidirectional Video Streams. Computer
Vision and Image Understanding. 71 2 (1998) 154-165

3. Ikeda, S., Sato, T., Kanbara, M., and Yokoya, N.: Immersive telepresence system
using high-resolution omnidirectional movies and a locomotion Interface. Proc. SPIE
Electronic Imaging. 5291 (2004).

4. Yamazawa, K., Yagi, Y., and Yachida, M., Omnidirectional imaging with hyper-
boloidal projection. Proc. Int. Conf. on Intelligent Robots and Systems. 2 (1993)
1029-1034

5. Microsoft Corporation, Windows Media Encoder 9 Series.
http://www.microsoft.com/windows/windowsmedia/9series/encoder/




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /SyntheticBoldness 1.00
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


