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Figure 1: Architecture and components of Bayesian TV. 
 
Statement of Interest 

What is TV or television? My definition of 
TV is as follows. 
1. Content is pushed to the audience based on 

the preference of channels. 
2. Content is presented in an audio-visual form. 
3. Content is presented as the series of 

programs in the form of time division rather 
than space division.  

TV, or television, literally means visual 
information sent from a remote station. The 
architecture of TV has evolved for several 
decades, but the present TV is not the only 
solution for sending visual information. World 
Wide Web is transforming the style of 
communication and the emergence of real-time 
Web indicates the convergence of TV and Web in 
the near future. To reinvent the TV in the Web era, 
however, just mimicking the TV on Web 

standards is not enough. We believe that “what is 
TV?” is an important question to have a unified 
view on TV on Web and Web on TV, or a new 
name for a thing that integrates both worlds.   

The present Web and the present TV both 
have problems from the viewpoint of emergency 
information, which is the target of this paper. 
Firstly, the present Web does not satisfy the needs 
of users in emergency situations as follows.  
1. Users do not have time to make queries for 

search engines by a trial-and-error approach. 
They need answers as soon as possible. 

2. Due to an uncertain situation, appropriate 
actions of users are not clear; hence users 
may not come up with right queries.  

3. Observation data such as rainfall and water 
level are important sources of information, 
but they are not friendly with text-based 
search. 



The present TV satisfies those needs, because 
users just need to turn on the TV set, and get 
relevant information from the screen, which is 
recommended by people in a broadcasting station. 
Users can just “entrust” the TV set, and watch the 
screen to pick up relevant information from the 
stream of programs. Here a big difference 
between TV and Web is that Web is based on the 
“pull” model of information access which is 
useful under normal circumstances, but TV is 
based on the “push” model of information access 
which is more useful under emergency 
circumstances. We hope that Web also offer the 
push interface of emergency information by 
automatically recommending relevant information 
for the audience.  

Secondly, the present TV has different 
problems as follows.  

Figure 2: Digital Typhoon Website.  

1. TV communication channels are designed 
for “mass media” so it is limited in 
customization, localization and 
personalization.  

2. Due to the limited number of reporters and 
operators, it has limited capacity for 
following many events that occur 
simultaneously and evolve in parallel. 

3. Due to the limited interactivity of mass 
media, feedback from the audience is not 
integrated for improving the quality of 
information.  

The idea of Bayesian TV is to take the best of 
both worlds, and create a TV-like media on the 
Web, following the “what is TV” definition 
introduced in the beginning of this paper. Our 
scenario of Bayesian TV is as follows: users 
launch the software, login to the TV, and watch 
the screen. Relevant information can then be 
obtained with the help of a recommender system 
and user interaction on the Web technology. 
 
Motivation 

The motivation behind the concept of 
Bayesian TV is our long experience with typhoon 
information [1,2]. We maintain a Website called 

“Digital Typhoon”1 since 2003 (Figure 2), and 
this is now regarded as one of the most popular 
Websites in Japan about typhoon-related 
information. When a typhoon makes landfall at 
Japan, it records the daily page views of about 
one million, which is a large number for an 
academic Website. The Website integrates various 
kinds of typhoon-related data such as satellite 
images, meteorological observations, news 
articles, disaster records, and user generated data 
such as blog entries, twitter tweets, and mobile 
phone e-mails. The amount of data and the types 
of data on the Website grows steadily, and the 
Website is now filled with many links to support 
navigation across various types of data. Users, 
however, have difficulty in finding data due to the 
lack of understanding on the overall architecture 
of the Website. If the Website is too complex, we 
have to wait until users happen to click a link, 
find useful information, and remember how to use 
it. We need to improve findability with a better 
interface without increasing the burden of users.  

We suggest that a solution to this problem is 
to take advantage of “time division,” which 
means that various types of information are 
presented for the temporal dimension, not for the 
spatial dimension. When we use a Web browser, 
information is presented in the form of space 
division with many links distributed in the 
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window. On the contrary, information in the form 
of time division is only obtained as a click stream 
that reflects the active involvement of users. 
Interface of Bayesian TV is more focused for time 
division to allow users watch information in a 
passive state. This interface, which might be 
called as an “entrustable interface,” is similar to 
the concept of TV.  

Moreover, this service is not only limited to 
“Digital Typhoon,” but also can be extended to 
other emergency information providers. General 
users are not aware of the existence of those 
providers, because they are noticed only during 
emergency situations. This problem can be solved 
by setting up a typhoon aggregator that gathers 
information from “Digital Typhoon” and its 
partners, and making the hub of information 
recognized by many people.  

Therefore, our motivation is to develop 
“Digital Typhoon TV” which is real-time media 
providing emergency information to the general 
public. The following section describes the 
concept of this system.  
 
Concept 

The concept of Bayesian TV is illustrated in 
Figure 1. The architecture consists of five 
components, namely source, aggregator, channel, 
screen, and audience.  
• Source: Because our system is internet-based, 

a source should be connected to the internet. 
A source may provide text data such as news 
articles, user generated data, numerical data 
such as meteorological observations, and 
image data such as satellite images. 

• Aggregator: An aggregator has a crawler to 
collect information from sources. It may be a 
focused crawler on typhoon information, or 
an active crawler considering the situation of 
the real world. For example, if we observe 
heavy rainfall in some areas, an event-based 
focused crawler may visit Websites related to 
that area. The aggregator works as not only a 

news aggregator such as Google News2, but 
also a data aggregator for sensor data.  

• Channel: Aggregated data are then processed 
and published to appropriate channels. 
Channels are represented by URI and rules 
are defined to specify the content of a 
channel in an intentional or extensional 
manner, where ontology might play an 
important role. In contrast to channels of the 
present TV, we could have millions of 
channels (hyper-channel) because there is no 
limitation in the number of channels. With 
the large number of channels, each channel 
should be focused on a very narrow topic 
(micro-channel). Programs on a channel 
should be fragmented into minimal segments, 
like network packets, to allow the 
recombination of programs near the audience 
side.  

• Screen: The software edits the stream of 
subscribed information into an audio-visual 
representation. The present TV set is a 
“dumb” terminal designed for visualizing 
signal it receives from a television channel. 
In Bayesian TV, the screen should be more 
intelligent to deal with subscribing, editing 
and visualizing the stream of information.  It 
is also a terminal to receive feedback from 
the audience, and send it to the network to 
improve the response of the system.  

• Audience: A screen may be dedicated to one 
person, a family, or crowds of people 
gathering in front of a digital signage screen 
in a town. If the audience is a single person, 
the screen should be personalized, but if the 
audience is people in the town, it should 
focus more on localization. To support 
customization, we assign a login account for 
each user and collect the behavior of each 
user for recommendation. 
The flow of information is represented as 

Gathering, Publishing, Subscribing and Editing. 
The last step, editing, is deferred to the audience 
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investigate the usage of XMPP4, especially for 
publish / subscribe network around channels.  

side to allow the customization of information for 
audience.  

 From the point of view of HTML5, the video 
element is regarded as an important extension 
toward Web on TV. In our case, however, we are 
more interested in the canvas element to visualize 
many types of information such as text, number, 
and map. A problem here is that the canvas 
element does not offer higher level languages to 
help information visualization. At this moment, 
we can choose SVG (Scalable Vector Graphics)5 
or Adobe Flash to do this kind of tasks. We hope 
that the canvas element of HTML5 will be 
sophisticated in the future so that we can visualize 
information using an easy-to-use language for the 
canvas element. 

Research Challenges 
The idea of Bayesian TV is like the 

reinvention of TV, so we have many research 
challenges. The most important challenge is the 
recommendation of information for the audience. 
The audience cannot choose channels under 
hyper-channel environment, so a channel 
recommender system must be introduced to assist 
the audience to find relevant channels. In the case 
of a digital signage screen in a town, a system 
should recommend localized channels such as 
weather and traffic information. It is important to 
note that a recommender system should deal with 
time, because the relevance of news changes over 
time. The configuration of channels may not be 
static, so the recommender should work in a 
dynamic environment. We believe that Bayesian 
probabilistic modeling will give a good solution 
for this problem, so we named this project as 
“Bayesian TV.” This problem is difficult in 
general, and hence this has been an active area of 
research for more than a decade, but our focus is 
rather on a specific domain of emergency 
information, or typhoon-related information in 
particular.  
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Figure 3: Twitter architecture in the analogy 
of Bayesian TV in Figure 1. 

Related Services Other research challenges include automated 
gathering of information from many sources, 
publishing information for relevant channels, the 
management and organization of channels, 
audio-visual information visualization and 
sonification, and markup languages for the 
various stages of information. The choice of 
markup languages is related to the main topic of 
this workshop. Dividing the architecture of Figure 
1 into two parts, namely frontend and backend, 
the frontend may be implemented in HTML53, 
but the backend needs machine-readable formats 
such as XML. About networking protocols, the 
most important protocol is HTTP, but we also 

We call our system as “TV” but it is not 
intended to be a system for broadcasting video. 
Surprisingly, the concept of Bayesian TV is less 
similar to a video sharing service such as 
YouTube6, but more similar to a micro-blogging 
service such as Twitter7. Figure 3 illustrates the 
analogy of Bayesian TV and Twitter, and we 
explain how two services are similar.  

Twitter consists of accounts and tweets. 
Information is published at an account as a tweet, 
a short message whose length is limited to 140 
characters. An account can follow another account. 
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This architecture is similar to Bayesian TV 
illustrated in Figure 1. “Following” is equivalent 
to “subscribing,” and a short message is similar to 
a program fragmented into a short segment. Users 
can make their own timeline by choosing 
following accounts, and this timeline is an 
analogy of the screen of Bayesian TV. If a Twitter 
client has the functionality of editing information, 
making stories, and visualizing information, then 
this is already a primitive version of the screen in 
Bayesian TV. An important difference, however, 
is that the channel in Bayesian TV is not 
account-based but topic-based. A screen follows 
topics, not accounts. But many bots in Twitter 
ecosystem are gathering information from the real 
world and publish it to Twitter, and these services 
are what we can also use as sources of Bayesian 
TV. The popularity of Twitter indicates that this 
kind of architecture is promising toward the 
real-time Web, and what we need to do is to 
extend it to an audio-visual representation.  

Twitter is not based on push technology, but 
its timeline does have the taste of push. Push 
technology has been “the next generation Web” 
for more than a decade. The first movement was 
around the end of 1990s where PointCast started a 
service to push the various types of news to the 
client. Some time later, other types of push 
technology has been developed, but they failed to 
gain popularity. Now is the time to try the push 
technology once again to open up a new 
possibility toward the real-time Web. Our goal is 
to apply the idea of push to the domain of 
emergency information to realize easy-to-use 
information system for the general public. This 
conceptual model is still not implemented, but we 
will start the implementation phase soon. 

 
Acknowledgment 

This work was supported by JST PRESTO 
program.  

 
References 
[1] Asanobu KITAMOTO, "Digital Typhoon: 
Emergency Information System Enabled By Ranking 

and Sharing of Multimedia Data", Pacific-Rim 
Symposium on Image and Video Technology (PSIVT) 
2009, Vol. CD-ROM Proceedings (Demo Session), pp. 
D-II-7, 2009-01 
[2] Asanobu KITAMOTO, "Digital Typhoon: Near 
Real-Time Aggregation, Recombination and Delivery 
of Typhoon-Related Information", Proceedings of the 
4th International Symposium on Digital Earth, pp. 
(CD-ROM), 2005-03 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


