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 Abstract 
With the increased usage of digital cameras and 
camera-enabled mobile phones in recent years, large 
numbers of photos are being taken. Many of the 
photos that are taken are used little, if at all. 
Researchers and companies have developed systems 
where photos can be annotated or tagged to facilitate 
storage and retrieval. However, people are often 
unwilling to spend the time and effort to carry out 
annotation.  
To solve this problem, we focus on real-time 
annotation where photographs are annotated at the 
time when they are taken. We propose a novel digital 
camera, ‘WillCam’, which enables users to capture 
various information, such as location, temperature, 
ambient noise, and photographer facial expression, in 
addition to the photo itself. WillCam also helps users 
express their interest -what object or information in 
the picture/scene is most important for them- visually.   
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Introduction 
The widespread availability of digital cameras with 
features such as auto-focusing and de-blurring have 
allowed relatively unskilled people to take pictures 
quickly and easily. Freed from the costs of analog film 
and the development of that film, people can take 
many pictures without caring about the cost of poor 
shots (which can be quickly deleted). The remaining 
effort in digital photography for the consumer user 
largely resides in organizing, sharing, and printing the 
images after they have been shot. Often, digital photos 
end up being stored on computers in large and 
organized collections that are difficult to search and 
browse. Photographs become lost in the resulting large 
and amorphous collections and in some cases may 
never again be viewed after being stored. 

There are many services and research projects to 
utilize stored photographs by annotating or tagging 
them [1, 10]. Annotations are not only useful for 
browsing and searching, but also for adding to the 
value of the photographs by providing contextual 
information (e.g. locations, situations, or stories) 
relating to the photographs (much as labels enhance 
the value of artifacts displayed in museums). However, 
there is an asymmetry in effort and reward between 
the author/photographer and the viewer which stands 
in the way of annotation. In the current situation, the 
photographer does the work, while the viewer gets the 
benefit. 

To solve this problem, we focus on real-time automated 
annotation techniques that require little or no additional 
effort from the photographer, while continuing to 
provide benefits in terms of ease of search and 
browsing, and in terms of viewing the photos in a 

meaningful context. Annotation can be carried out by 
capturing various information from sensors, such as 
location, temperature, ambient noise, and 
photographer facial expression, at the time when 
photographs are taken. 

We propose a novel digital camera, 'WillCam' (Figure 1) 
that provides the automated annotation capabilities 
introduced above. WillCam helps users easily annotate 
their photographs without troublesome operations, 
such as inputing annotations or tags for each 
photograph. In addition, WillCam enables users to 
express their ‘interest’ in taking the photo (e.g. what 
object or sensor information is most important for 
them) visually.   

In the following section we describe the contextual 
information that WillCam associates with photographs.  

Context of photographs 
WillCam collects contextual information of three types. 

1. Author/photographer information: "who" takes a 
photograph. Most users are more interested in 
photographs taken by their families or friends than 
photographs by strangers.  

2. Situations: Information about how and where 
photographs are taken. Photographs taken at famous 
places or emblematic situations (e.g. "hot" summer, 
and "noisy" street) may attract users' attention.  

3. Targets:  "what" object or situation in the scene 
portrayed in a photo is most important for the 
photographer. 
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WillCam Functions 
This paper focuses on three core functions of WillCam: 
VisualEXIF, RealFocus, and MetaFocus.  

 

Figure 1. Prototype system of WillCam 

VISUALEXIF 
VisualEXIF is a technique for visualizing various types 
of information concerning the situation and who 
photographed it: how/where/by whom photographs are 
taken. Digital cameras usually attach EXIF information 
(e.g. product name, company name, and date) to 
captured photographs as meta data. VisualEXIF 
generates metadata that is composited into 
photographs (Figure 2). The VisualEXIF functionality 
focuses on capturing further information with various 
sensors: temperature, ambient noise, brightness, 
location, facial expression and posture of the 
photographer, and so on (Figure 3) . Consequently, 
VisualEXIF helps users understand various situations -

how/where/by whom photographs were taken- at a 
glance. 

 
Figure 2. Sample photograph taken with WillCam 

 

Figure 3. Variety of VisualEXIF Metadata Options.   
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REAL FOCUS 
RealFocus is a technique for emphasizing focused 
objects in photographs. RealFocus extends the existing 
focus point with special pointers, such as arrows or 
circles, overlaid on preview images (e.g., the pointer 
shown in Figure 2). Users can move the RealFocus 
pointer icons with a trackpoint, and can change the size 
of them with a shutter button that has an associated 
pressure sensor. When a user becomes particularly 
interested in an object, he can express that interest by 
pressing the shutter button more strongly.  

META FOCUS 
MetaFocus is a technique for emphasizing focused 
VisualEXIF icons. The most important target doesn't 
always exist inside photographs. For example, people 
may take photos which seem meaningful to them at the 
time because of extraneous factors.  As a result, there 
original intentions may be difficult to decipher from 
what can be seen in the photo. To signal this type of 
associated interest, the author can adjust the 
temperature icon associated with the RealFocus pointer. 
Thus, authors can convey their sense of how important 
a particular photo is quickly, using MetaFocus.  

IMPLEMENTATION 
HARDWARE 
The prototype of WillCam consists of a mobile computer, 
cameras, and several sensors. The WillCam prototype 
uses a SONY VGN-UX90PS as the computer (Figure5). 
The screen resolution is 1024 * 600. A user can move 
the RealFocus icon using a trackpoint mounted on the 
right side of the computer. Two cameras are used: a 
built-in camera on the front of the computer (300,000 
pixels) for capturing a photographer's face, and a USB 
camera attached on the back of the computer 

(1,300,000 pixels, Logitech QVX-13NS camera) for 
capturing pictures. 

 

Figure 4. Meta focus: focusing on date icon 

 

Figure 5. Hardware: (1) Camera and wide-angle lens, (2) 

Track point, (3) Pressure sensor, (4) Acceleration sensor,  (5) 

Luminance sensor,  (6) Temperature sensor,  (7) USB camera. 

Third, we attached a Phidgets Interface Kit and three 
sensors (an acceleration sensor, a temperature sensor, 
and a luminance sensor) on the back of the computer. 
We also set a pressure sensor on the top as a shutter 
button. Moreover, we used the USB camera’s built-in 
microphone to detect the surrounding sound level. 
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SOFTWARE 
 In this section, we explain the software configuration 
of the WillCam prototype. The software mainly consists 
of two components: (1) a front-end GUI displaying 
preview images and VisualExif/RealFocus icons, and (2) 
a back-end program that handles input from sensors as 
well as capturing the current image displayed on the 
front-end. We developed the front-end with Adobe 
Flash and the back-end with Microsoft Visual C#. 
Captured images are saved in JPEG format with a 
resolution of 1024*600. The sensor data, displayed as 
VisualEXIF icons, is also saved as EXIF information in 
each of the resulting JPEG images. 

Discussion 
Our design of the WillCam was influenced by an 
informal survey of the various genres of existing photos. 
While it was often possible to discern the 
photographers' interest in viewing photos, there were 
still many photos, where our information couldn’t 
decipher what objects or situation was of interest to the 
photographer. For example, some pictures were taken 
when people bought high-priced goods for review and 
compared options. However, this interest could not be 
discerned simply from viewing the photo. In general, 
interests that are strongly related to individual 
motivations and situations will be difficult to recognize 
automatically. The situation is somewhat like a person 
watching home movies shot by a stranger and not 
being able to appreciate the value of many of the clips 
because of not knowing the situations and motivations 
that governed the decisions to shoot them.  

We carried out an informal user analysis of the WillCam 
prototype.  Participants found the inclusion of the 
photographer’s face in the photo to be an interesting 

feature, particularly when the photo involved a social 
interaction between the photographer and the people 
being photographed.  We found that adding the user's 
facial expression and background helped to inform 
viewers of the situation in which the picture was taken. 
Since WillCam combines the original photograph with 
visualized meta-data in JPEG format, the annotated 
photos can be displayed easily on a variety of platforms. 
However, further research is needed to develop a 
method of browsing annotated WillCam images. We 
also identified a number of problems with the current 
WillCam prototype based on our evaluation. Since the 
current WillCam saves all captured information - a 
picture and VisualEXIF/RealFocus icons - in JPEG format, 
users can't separate these icons after taking pictures. 
To solve this problem, we are considering a new 
capture method: saving all information in a SWF 
(Shockwave Flash) file. SWF files are easily played not 
only in personal computers (e.g. Windows/Mac/Linux), 
but also in various game machines (e.g. PSP, Wii, and 
XBOX360) and mobile phones. Moreover, pictures in 
SWF format have more options for manipulation than 
usual images. For example, users may change the 
layout and visibility of VisualEXIF icons after taking 
pictures.  

Related Work 
Prior research has addressed the problem of storing 
photographs more effectively, including the use of 
efficient annotation techniques [1, 10] and visualization 
strategies [2]. In contrast to this earlier work which has 
emphasize a separate editing process, we focus on 
real-time automated annotation techniques. 

Research has been carried out on automated 
annotation for digital photographs. There are two 
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approaches to solving this technical problem: 
automated methods based on feature analysis of 
images [6, 7], and the use of context information from 
sensors [3, 4, 5, 8, 9]. For instance, WayMarkr [3] 
utilized a camera-enabled mobile phone to take 
continuous photographs from the vantage point of the 
wearer (e.g. mounted on a backpack strap) with 
location information calculated from cell tower 
information. Davis et al [4, 9] proposed a system for 
inferring location information for pictures taken with 
camera phones. Capturing the Invisible [5] designed 
real-time visual effects for digital cameras using 
simulated sensor data. ContextCam [8] proposed a 
context-aware video camera that provides time, 
location, person presence and event information using 
several sensors and machine learning techniques. Our 
approach is different in visualizing more context 
information and users' interests with 
RealFocus/MetaFocus icons.  

Conclusion  
We propose a novel digital camera, 'WillCam', which 
helps users easily annotate their photographs without 
troublesome operations, such as inputing annotations 
or tags for each photograph. In addition, WillCam 
enables users to express their 'interest' in taking the 
photo (e.g. what object or sensor information is most 
important for them) visually. We plan to evaluate the 
efficiency of VisualEXIF/RealFocus/MetaFocus functions 
with a field test. We expect that WillCam annotation 
may new ways of experiencing and enjoying 
photographs.  

RFERENCES 
[1] Abowd, G. D., Gauger, M., and Lachenmann, A. 
2003. The Family Video Archive: an annotation and 

browsing environment for home movies. In Proceedings 
of MIR '03. ACM Press, New York, NY, 1-8. 

[2] Bederson, B. B. 2001. PhotoMesa: a zoomable 
image browser using quantum treemaps and 
bubblemaps. In Proceedings of UIST '01. ACM Press, 
New York, NY, 71-80. 

[3] Bukhin, M. and DelGaudio, M. 2006. WayMarkr: 
acquiring perspective through continuous 
documentation. In Proceedings of MUM '06, vol. 193. 
ACM Press, New York, NY, 9. 

[4] Davis, M., King, S., Good, N., and Sarvas, R. 2004. 
From context to content: leveraging context to infer 
media metadata. In Proceedings of MULTIMEDIA '04. 
ACM Press, New York, NY, 188-195. 

[5] Hakansson, M., Ljungblad, S., and Holmquist, L. E. 
2003. Capturing the invisible: designing context-aware 
photography. In Proceedings of DUX '03. ACM Press, 
New York, NY, 1-4. 

[6] Jeon, J., Lavrenko, V., and Manmatha, R. 2003. 
Automatic image annotation and retrieval using cross-
media relevance models. In Proceedings of SIGIR '03. 
ACM Press, New York, NY, 119-126. 

[7] Jiebo Luo Savakis, A. 2001. Indoor vs outdoor 
classification of consumer photographs usinglow-level 
and semantic features. In Proceedings of International 
Conference on Image Processing, vol. 2, 745-748. 

[8] Patel, S.N. and Abowd, G.D. 2004. The 
ContextCam: Automated Point of Capture Video 
Annotation. In Proceedings of UbiComp 2004: Lecture 
Notes in Computer Science, pp. 301-318.  

[9] Sarvas, R., Herrarte, E., Wilhelm, A., and Davis, M. 
2004. Metadata creation system for mobile images. In 
Proceedings of MobiSys '04. ACM Press, New York, NY, 
36-48. 

[10] Shneiderman, B., and Kang, K. 2000. Direct 
Annotation: A Drag-and-Drop Strategy for Labeling 
Photos. In Proceedings of IV2000. 88-95 



<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


