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Advanced Technologies and Solutions toward Ubiquitous Network Society

ABSTRACT

Ubiquitous Information Interfaces
By Keiji YAMADA,* Shuji SENDA,† Toshiyuki ASAHI,† Toshihiko HIROAKI,†
Hiroaki HATTORI* and Akitoshi OKUMURA*

This paper describes ubiquitous information interface, which consists of an input function, an
output function, and an interactive function. These functions have to be designed under the

criteria such as real time, adaptability, and personalization in addition to the basic user interface design
rules. As examples of ubiquitous information interface, it describes a camera-typing interface, a speech
interface, a semantic web browser, a fast document image browser, and an automatic spoken language
translator. These examples demonstrate that the ubiquitous information interfaces can overcome the problems
which may occur in the ubiquitous society and make ubiquitous systems be easy to use and efficient.
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1. INTRODUCTION

At the end of the 1980’s, Mark Weiser proposed the
concept of ubiquitous computing[1] and Norman put
forward the idea of invisible computing[2]. They pre-
dicted that computers would be miniaturized and em-
bedded in various objects, and that in future, comput-
ers would be used very differently from the way they
were currently used.

Until now, computers have usually consisted of a
box with a keyboard, mouse, and screen. To use a
computer, the user goes to the computer and uses the
keyboard (Fig. 1). With ubiquitous computing, how-
ever, users do not have to visit a computer to use it.
They can access information services every time they
need them wherever they are. This is not merely
“anywhere and anytime” computing, but the ability to
use information services naturally without any spe-
cial effort.

As a step towards the ubiquitous information soci-
ety, a number of computers can be connected to one
another via a ubiquitous network that combines sev-
eral network systems. These sorts of systems provide
access to almost unlimited information. To utilize
them efficiently, however, requires the impractical
task of mastering numerous types of terminal devices
with different kinds of access networks. Conventional
GUIs (Graphical User Interfaces) are incapable of
solving this problem. Instead, we need a new kind of
user interface, which we call a ubiquitous informa-

tion interface. This paper describes the concept of a
ubiquitous information interface and gives some ex-
amples along with their advantages.

2. PROBLEMS OF UBIQUITOUS SYSTEMS

Ubiquitous systems include the following three
types (see Fig. 1).

(1) Access Networks
Several computer systems may be integrated via a

ubiquitous network, which is a seamless combination
of numerous networks such as a Gigabit Ethernet, W-
CDMA network, W-LAN, and UWB (Ultra Wide
Band) network.

(2) Terminal Devices
Different types of terminal devices, including mo-

bile phones, PDAs, POS (Point-Of-Sale) terminals,

Fig. 1 From conventional interfaces to ubiq-
uitous information interfaces.



NEC  J. of Adv. Tech.,  Summer  2004

Special Issue

222

next-generation IC cards, and terminals attached to
vending machines, are connected to one another and
exchange information such as users’ attributes and
logs through a ubiquitous network.

(3) Content Presentation
Information may be presented in various multime-

dia formats such as text, images, video, speech, three-
dimensional images, or some sort of physical force.

It might seem that these various systems provide
users with access to information services whenever
they want them. However, they do not offer users the
benefits of a ubiquitous system; rather, they may
actually prevent users from experiencing these ben-
efits. Every time users want to access an Internet
service or content, they have to select the optimal
access network and terminal device depending on the
circumstances. They therefore need to know how to
use all sorts of different terminal devices so they can
successfully use the one in front of them. This chaotic
situation makes it much more difficult to use ubiqui-
tous systems.

To address this problem and to provide a truly
accessible ubiquitous system, we need a ubiquitous
information interface that enables everybody to eas-
ily access information services using any kind of ter-
minal device via any kind of network.

3. CONCEPT OF A UBIQUITOUS INFORMA-
TION INTERFACE

An information interface is defined as an interface
between the real world and a digital information
source.

In the real world, information is available in the
form of printed documents, notebooks, speech, signs,
and objects. Information is also available about our
surroundings, such as the temperature, humidity,
and location of acquaintances.

This information is observed by sensors and is
input as digital information. In addition, digital infor-
mation is produced by computers. Its examples are
computer graphics.

An information interface has three functions (see
Fig. 2), input, output, and interactive functions. Each
of these needs to be developed to overcome the prob-
lems described in the previous section.

(1) Input Function
The input function observes information on a real

object to generate digital information with minimal
effort on the part of the user. The digital information

produced is not only stored in a computer, but also
used as a hyperlink from the real-world object to
other digital information related to that object. For
example, if users want to know the meaning of a word
printed on the page of a book, all they have to do is
point their finger to it.

(2) Output Function
The output function presents digital information to

the real world via display devices such as screens,
printers, and speakers. This function not only outputs
pieces of digital information to display devices, it also
transforms them into a suitable form for the display
device in front of the user. For example, when images
and videos are presented on a small display device,
essential information such as a headline is extracted.
These parts are displayed at a higher resolution and
other parts are shrunk and presented in a reduced
form. Thus, users can acquire important information
at a glance.

(3) Interactive Function
The interactive function enables dialogue between

machines and users or facilitates communication be-
tween users. For example, an electronic commerce
system discovers users’ requirements through dia-
logue with them and then provides information about
products that best meet their preferences. The system
then guides them to complete a purchase according to
their individual levels of computer literacy.

Another example is man-machine-man communi-
cation. An interactive function inputs a message from
an individual and transforms it so that a partner can
easily understand the message. If two people are us-
ing different terminal devices, transformation tech-
niques, such as video transcoders, web-page-layout
changes, or text-to-speech synthesis, can be used to

Fig. 2 Ubiquitous information interface.



NEC  Journal of Advanced Technology,  Vol. 1,  No. 3

Ubiquitous Information Interfaces

223

change the media format. In addition, spoken Japa-
nese text can be translated into other languages such
as English and Chinese, facilitating international
communication.

4. DESIGN OF A UBIQUITOUS INFORMATION
INTERFACE

A ubiquitous information interface effectively uti-
lizes both real-world and digital types of information,
making ubiquitous systems easier to use. Each of
these information types has advantages and disad-
vantages, as shown in Table I.

1) Intuitive usability: The most important feature of
real-world information is that pieces of information
are presented via familiar media such as newspapers
and sign boards and the information is intuitively
recognized at a glance. There is no need to learn how
to use it.

2) Retrieval: Specific digital information can be found
using information retrieval systems, which is a very
helpful feature.

3) Amount of information: Unfortunately, not every
piece of real-world information is digitized. Some ef-
fort is therefore required to digitize pieces of real
world information into a useful form.

4) Transformation: Even if a piece of digital informa-
tion is not represented in the required form, it can be
transformed into that form.

A ubiquitous information interface is like a natu-
ral extension of current user interface techniques and
should be designed according to Shneiderman’s eight
golden rules for the design of user interfaces[3]. As a
consequence of the previous considerations, the fol-
lowing three criteria should be added to these rules
(Fig. 3).

(1) Real Time
Input and interactive functions should be designed

to respond quickly in situations where there is a lim-
ited amount of digital information and to enhance the
intuitive usability of real-world information. Even if
the input function makes an error when a speech
recognition technique is being used, the operator will
try again as long as the system produces a quick
response. But if the response is both slow and incor-
rect, the operator will give up.

(2) Adaptability
The output function should be capable of trans-

forming image content depending on the size of the
display and network bandwidth. For improved usabil-
ity, not only changes in image size, but also semantic
transformation should be implemented based on im-
age analysis, speech recognition, and automatic
translation technologies.

(3) Personalization
To enable anybody to use ubiquitous information

interfaces easily, they should be adaptable to indi-
vidual skills and preferences. That is, an individual
should be able to use different terminal devices in the
same way.

Disadvan-
tages

Difficult to
retrieve
Transforma-
tion not
possible

Limited
amount of
information

Type

Real world
information

Digital
information

Examples

Books,
newspapers,
sign boards,
speech,
music, facial
expressions,
behavior

Digital
documents,
document
images,
pictures,
music,
Web pages

Advantages

Intuitive
usability

Retrievable
Easily
transformed

Table I Advantages and disadvantages of
real world information and digital infor-
mation.

Fig. 3 Design criteria for ubiquitous infor-
mation interfaces.
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If ubiquitous information interfaces are designed
according to the eleven criteria described above, they
will overcome the chaotic state produced by the three
various systems that exist at present and enable gen-
eral use of ubiquitous systems. In the following sec-
tion, five examples are described.

5. EXAMPLES OF UBIQUITOUS INFORMATION
INTERFACES

5.1 Text Input Interface Using a Camera with a Mo-
bile Phone

In Japan, more than 90% of the mobile phones
shipped in the fourth quarter of the 2003 fiscal year
included cameras. These cameras are mostly used for
visual communication, but can also provide an input
function for ubiquitous information interfaces.

We have developed a new technology called a
‘camera-typing interface’ that provides a way of in-
putting characters printed on magazines or business
cards, such as URLs, using a low-resolution cam-
era[4]. For example, if someone finds a URL within
an interesting magazine article, they can immedi-
ately access the web page by shooting it using the
camera on their mobile phone. Similarly, if they see
an interesting sign board, they can access digital in-
formation relating to it by pushing a few buttons on
their mobile phone.

Our technology has two main advantages in addi-
tion to the capability of recognizing low-quality char-
acters with small computational resources; one is au-
tomatic concatenation of sequential shots, and the
other is automatic error correction by re-shooting. For
example, to input a long piece of text, the user shoots
it bit by bit. The system concatenates the recognition
results for the partial images by detecting overlaps
between them (Fig. 4). If users discover recognition
errors, they can retake the image around the
misrecognized character. Then, the system changes
the relevant recognition result to repair the error
automatically (Fig. 5).

In tests, after automatic correction was performed
once, the recognition rate increased significantly from
97.1% to 99.0%. After repeated corrections, the recog-
nition rate increased to 99.6%.

5.2 Text Input Interface Based on Speech Recogni-
tion

A speech interface is an effective input function for
ubiquitous information interfaces.

To demonstrate the effectiveness of speech inter-
faces, we developed an on-line manual retrieval sys-
tem (Fig. 6) for cellular phones with Web-browsing

capability[5]. The system recognizes user’s naturally
spoken queries via a telephone speech recognizer and
searches an on-line manual with a retrieval module
on a server. The results are then displayed on the
screen via a Web interface. Figure 7 also shows a
traffic guide system with a speech interface based on
VoIP (Voice over Internet Protocol), which transmits
high-quality (wide band) speech, thus improving rec-
ognition. These systems are based on integrating
speech interfaces and Web access technology and
have been shown to be effective in evaluation experi-
ments.

We plan to improve the usability and performance
of the systems through field trials, and to explore
technologies that will enable speech understanding
and synthesis technologies to be applied to ubiquitous
information interfaces.

5.3 Semantic Zoom Browser and JPEG2000 Image
Browser for Adaptive Output Function

Currently, web pages are designed for specific ter-
minal devices, mostly for PCs. When users access a

Fig. 4 Concatenation of recognition results.

Fig. 5 Correcting misrecognized results by
reshooting.
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web page via a mobile phone, they cannot actually
view it. One reason for this is that the description
language is unsuitable for the terminal. This problem
can be solved by translating description languages
such as HTML and C-HTML. Another major reason
is that the assumed page size is different from the
terminal display size. In this case, users cannot find
the information they need because they can only see a
very small area of the whole page. Even more annoy-
ing, although the display shows one small part of the
page, it takes a long time to download a large page.
We developed two technologies to address these prob-
lems: (1) a Semantic Zoom browser for Internet
browsing using different types of terminals, and (2) a
fast document image browser based on JPEG2000
image formatting.

(1) Semantic Zoom Browser
To solve the former problem, we developed a Se-

mantic Zoom function that controls the degree of

reduction/enlargement locally as well as the charac-
teristics of pointer movement based on the semantic
attributes of the content displayed on the screen[6].
This function is used in addition to the regular zoom
function, which simply reduces and enlarges the im-
ages on the screen.

Using the regular zoom function, it would be pos-
sible to display the entire content of a page on a single
screen, but the characters and other information
would be impossible to read. Using the extended zoom
function, however, the entire screen can be reduced,
with titles and other important information main-
tained at a larger, more readable size (Fig. 8). The
user can thus view the content as a whole, even on
TVs and other screens with low resolution, and at the
same time can understand the details by reading the
headlines. This function uses XML descriptions of
Web content layout information (inclusive relations,
etc.) to judge the importance of titles and other dis-
play elements, enabling control of the degree of zoom

Fig. 6 A manual retrieval system.

Fig. 7 Traffic guide service on VoIP.
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for each individual display element.
In the past, if users wanted to view a segment of

the content that fell outside of the main screen, they
had to move the pointer to a small area on the screen
and scroll to control the display position. This opera-
tion was difficult, however, when using a device with
limited input capabilities, such as a remote control.
With this newly developed function, the display posi-
tion can be controlled by moving the pointer on the
screen directly to the desired position. At the same
time, by adjusting the pointer movement units in
stages using “semantic units,” for example, large, me-
dium or small titles, the user can display the desired
segment quickly and easily. This function uses the
layout information described above to control the
units of pointer movement.

(2) Fast Document Image Browser
A full-color A4 document image of 600 dpi (dots per

inch) consists of about 100 megabytes of data. When
users receive an image like this, it takes about ten
seconds to see the page even using a 100Mbps net-
work. This means that they cannot leaf through the
pages of a magazine. We therefore developed a fast
document image browser using the JPEG2000 image
format, which provides hierarchical image descrip-
tions using seven levels of resolution from low to
high[7] (Fig. 9). Users at a terminal with a QVGA-
size display do not receive an image with 2,000 ×
3,000 dots; instead, the system sends the image to the
terminal at the lowest resolution. Then it sends im-
ages at progressively higher resolutions. Users can go

to the next page as soon as they want to skip the
current page. If they want to magnify an image, the
system will send that part at a higher resolution so
that it fits the display. For users at terminals with
different sizes of display, the system operates
adaptively to the display size. This system enables
users to view 10 full-color pages of a magazine per
second via 384kbps communication channels.

We also developed image analysis technology that
recognizes the content of document images. It ex-
tracts information about document layout, such as
text lines, headlines, figures, and photos and also
estimates the reading order of the text. The system
sends images of text lines according to the reading
order, enabling users to read them as quickly as pos-
sible. It can also send only photos to reduce the trans-
mission time if users are looking for photos.

5.4 Automatic Speech Translation for Interactive
Functions

We developed an automatic speech translation sys-
tem for PDAs (Personal Digital Assistants) to assist
oral communication between Japanese and English
speakers in various situations while traveling (Fig.
10)[8]. This compact system requires only a small
memory to immediately translate speech input in
Japanese into English or vice versa and to read aloud
the result.

As shown in Fig. 11, the system consists of speech
recognition, translation and speech synthesis mod-
ules. The speech recognition module has a large-scale
vocabulary of tens of thousands of words and

Fig. 8 Semantic zoom browser.
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recognizes a variety of conversational expressions
spoken by travelers. The translation module has a
large-scale grammar dictionary and translates vari-
ous travel-related expressions including colloquial
idioms and polite expressions.

The performance of the new system has been aided
by the development of a number of functions includ-
ing a high-speed large-vocabulary continuous speech
recognition engine that adjusts its operation in accor-
dance with the processor and memory capacity used.

We are planning to continue developing automatic
speech translation technology with improved perfor-
mance and enhanced functions to provide users with

the ideal translation support solution. We also plan to
attempt to increase the number of languages that can
be translated.

6. CONCLUSION

In this paper, we described the design of a ubiqui-
tous information interface with properties of real
time, adaptability, and personalization. To date, we
have developed component technologies suitable for
practical application. For input functions, we have
developed interfaces using character and speech rec-
ognition, which provide hyperlinks between the real
world and digital information. Users can easily access
rich information relating to their interests. For out-
put functions, adaptability is essential because differ-
ent types of terminals have various-sized displays.

Fig. 9 Progressive transmission of document images.

Fig. 10 Speech translation system on a PDA.

Fig. 11 Overview of speech translation sys-
tem.
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The system adjusts the content to suit the terminal.
Media transcoding such as text-to-speech and text-to-
animation will become more important. We also de-
scribed an automatic interpreter which provides an
interactive function. In future, we will develop a uni-
versal interpreter and a robot to engage in natural
dialogue with people.

REFERENCES

[1] M. Weiser, “Some Computer Science Problems in Ubiqui-
tous Computing,” Communications of the ACM, July 1993.

[2] D. A. Norman, “Invisible Computer -Why good products
can ail, the personal computer is so complex, and informa-
tion appliances are the solution,” The MIT Press, 1998.

[3] B. Shneiderman, “Designing the User Interface,” Addison
Wesley, Third Edition, 1998.

[4] S. Senda, et al., “Camera-Typing Interface for Ubiquitous
Information Services,” Proc. of IEEE PerCom 2004,
pp.366-370, 2004.

[5] S. Ishikawa, et al., “Speech-Activated Text Retrieval Sys-
tem For Multimodal Cellular Phones,” Proc. of ICASSP
2004, 1, pp.453-456.

[6] Y. Tatsumi, H. Noda and T. Asahi, “Pointer Zooming:
Pointing Method under Limited Input and Output Envi-
ronment,” The 10th Workshop on Interactive Systems and
Software (WISS2002), pp.67-72, 2002.

[7] S. Wang, et al., “Adaptive Data Transmission on Browsing
of Scanned Documents Using JPEG2000,” Proc. of IEEE
International Workshop on Knowledge Media Networking
(KMN’02), 2002.

[8] R. Isotani, et al., “An Automatic Speech Translation Sys-
tem on PDAs for Travel Conversation,” Proc. ICMI’02,
pp.211-216, Oct. 2002.



<<
  /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
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [609.449 793.701]
>> setpagedevice


