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ABSTRACT

In this paper, | discuss the digital photo searot annotation
problem, with ideas for solutions that incorporatatural
language, direct manipulation, and leveraging a italig
representation of the user's social network. Theiasoand
technological implications of these ideas are disoussed.

Categories and Subject Descriptors
C.5.3 [Computer System Implementation]: Microconepsit —

portable devices.H.3.1 [Information Storage and Retrievall:

Information Search and Retrieval e€lustering, information
filtering, query filtering, relevance feedback, rieval models,
search process, selection procebs5.2 [Information Interfaces
and Presentation]: User Interfacesgraphical user interfaces
(GUI), input devices and strategies, natural langaa

1. INTRODUCTION

The sharing of photographs is easier now than st dnger been
with the advent of digital image capture. Howewhere are still
many ways that technology can help us capturejozata, and
share our digital images that reach far beyondchthaual way in
which we accomplish these tasks today. | will exaami
possibilities for new ways to acquire digital imageboth

individually and from others, possible ways to aat® and

search existing photo collections, as well as impdoways to
select and find images that we want to share withpge in our
social network. The creation and maintenance of igitadl

representation of a user’s social network and pexisprofile lies

at the center of many of these ideas, and the Isanth privacy

implications are also considered.

2. ACQUISITION: GETTING THE SHOT

The traditional way to capture photographs — pogtiand
shooting a camera - hasn’t changed much with theergdof
digital. At present, digital photos in the typigarson’s collection
are most likely to be taken by the person, or taketheir friends
and family and shared by email, with any numbermphbto-
sharing websites ([4] [11] [22] [23]) or by writdabmedia (CD-
R, DVD-R). Before looking at ways to improve thatss quo for
photo sharing, | will briefly examine two other pdigms for
directly capturing photos that may become populamie.
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2.1 Automatically capturing everything

Some research projects have removed the requirerént
intentionality in picture-taking, such as the S&mm®m project [1]
and Brian Clarkson’s work [2] which utilize wearaldevices to
capture images or video continuously throughoutubker’'s day
for later processing and/or retrieval. These pfatfo collect a
comprehensive visual trace of the user’s day, ey tire oriented
more towards documentation for research purposas tibwards
capturing well-composed pictures that the user mighnt to
frame, share, or otherwise utilize in socially magful ways.

2.2 Grabbing the shot from afriend

With the right sensors and wireless communicattomorrow’s
cameras will determine when their owner has jusnbeaptured
in another person’s photo. The owner’'s camerathih negotiate
with the other camera to retrieve either a copyhef photo or a
reference to it for later online retrieval if locsiorage space is
short. This negotiation between devices could hlp the other
camera properly annotate the photo (see “Annotatieiow for
more on this), adding the first camera’s ownehtlist of people
who appear in the shot.

Even without the technology to detect when a givamera is in
another camera’s photo, camera owners will immetligtansfer
photos between devices wirelessly. Early implententa of this
feature exist today in camera-phones featuring Bhtl, email,
or SMS messaging capabilities, and in convergemsgces like
the Palm Treo [19] that have an integrated cameravell as
infrared communication capabilities. Additionallya few
companies have recently made press announcememst ab
standalone digital cameras with WiFi or Bluetoothithin.

Despite the growing number of ways that cameras gmiag
wireless, the following important social question still wide
open: How will these devices best facilitate imnagelisharing of
the desired photos with the desired people. Sloge
directional communication like infrared (IRDA) is #airly
convenient way to initiate a photo transfer onpet, but it still
consumes the user’s focused attention at the tivghare for a
few seconds to select the photo and initiate thesfer. This can
be made easier: For instance, perhaps during tree@tnds after
| take a shot, my camera should send an outgoivigation to
share my new photo over IR to any other camerasatteawithin
short-range line-of-sight. If a friend wants a cpthey just have
to put their camera in front of mine and confirne tihansfer. An
ad-hoc wireless radio network among nearby camerasid
remove the line-of-sight requirement, but would méknecessary
to verify my social connection to any recipientsorder to avoid
sharing my new photo with nearby strangers. A fntiwist this
exchange would be to initiate the photo transferc@firm the
social connection between people) by touchingweedameras to



each other physically. This physical touch wouldswee the
intention of both parties to transfer the photo.

3. SHARING: A PRIMARY REASON TO
CARE ABOUT DIGITAL PHOTOGRAPHS

Sharing photos is a fundamentally social activitgttstrengthens
ties between individuals by facilitating the reviewnd
communication of past experiences with others Additionally,
mobile and flexible photograph-sharing tools camslate the
creation of playful stories, the expression of etffen, and the
creation of art [15]. A recent study about behawiassociated
with the sharing of digital webcam photos in artans messaging
context corroborates the social importance of piagoh sharing,
finding that digital pictures were used for a virief social
functions including the amplification of communieat intent, to
create a sense of remote presence, and to illesteatatives [18].
A host of so-called “photoware” applications foettesktop and
the web have emerged in the years since consunwography
went digital, and these applications — informedfibglings about
how photographs are used in the context of stdiyteland
reflection — have been increasingly oriented toilifate the
sociable sharing of photos [4].

4. THE SEARCH PROBLEM

Frohlich et al. found that a primary activity thgtotograph users
want to engage in is the creation of “reprint maitbums” —

collections of the user's photographs that are csede for a

particular person and include personalized messapest the
photos [7]. The less inherent organization and ckeability a

user’s photo collection has though, the more timeeguired to
create these personalized collections. The probiemthat

organizing photos into albums is a low-priority Kafer many

users, and is likely to be left undone [20]. Theitgl user’s lack
of upfront effort to organize their photographseal the need for
a good search strategy to solve the following kegbfem: How

can a system best help a user to easily searcanfbrselect the
most appropriate photos to share with another persdile

requiring minimal or at least particularly enjoyatdrganizational
activities of the user.

4.1 Search today

Searching for digital photos to share with otherstill an
incredibly primitive process for most users todagth default
file names like “DSC0327.JPG”, and file headerd$fstuwith
aperture and exposure settings there just isn'tnsocially
relevant information connected to the raw photelfit®o search
on. Many users group their photos in a rough chiamical
ordering by filing each “batch” of photos downloddeom their
digital camera into a folder together, or into & felders related
to the events [20]. Some users give these foldessriptive
names and may organize folders hierarchically [2&{ the rare
user may even rename each photo in a descriptiyehwa the
amount of time required for naming each photo @hjlitive for
most. Frohlich wrote the following generalizatidmoat his user

group [7]:

“The filtering and arrangement of ‘favorite’ printgto albums
was seen as the best way of archiving conventjoimatos for
future sharing. However, this activity was seee@splex and
time consuming. In addition, it appeared to besatated task
without any immediate emotional payoff..."

A few commercial and research platforms have beagumhevelop
more sophisticated ways of searching one’s cotiectf digital

photos [4] [17]. These platforms attempt to previdproved
ways for users to annotate their photos in seatehabys. These
groups are on the right track: fundamentally, savthe search
problem will require innovative ways to produce fuse
annotations for digital photos, since meaningfudreb requires
meaningful annotation.

4.2 Annotation

Thorough annotation is the most direct way to aahieobust
image search and retrieval. If a collection of ie&gs annotated
well, it becomes easy to find desired images wityword

searches or database-style queries. Old wisdom tslithat “a
picture is worth 1000 words” and there are lotgobdd ways to
leverage semantically relevant annotations to kefoc relevant
photos [10], so the question becomes: How can wetlymse

words that correspond to the picture in a way thagreeable to
the user?

Manual textual annotation of digital photos is phitively time-
consuming, and is not considered a practical smiufor most
consumer applications. The Aria system [13] attantpt glean
annotations by observing the text that the usess\gs they attach
images to emails. Even with features to augmerd tipe of
scheme — for example, by using time-of-capture rinfdion to
chunk photos into “sessions” [3] and by probabdaty
associating text associated with a single photd wiite other
photos from the same session — photos are beirtyarsk shared
in many ways today (websites, writeable media, Skkssages
between mobile phones) that bypass email attaclsment
completely.

One solution could be to build more direct manigiatainto an
interface for annotation and categorization. Histdly, sorting
photos was done with physical photographs, andipalyphotos
have some convenient affordances that digital pEhatrck:
Physical photographs can be quickly flipped throwghially,
spread out spatially and sorted into piles, or gdlam boxes for
on-the-spot classification. All of these activitteke advantage of
the fact that we have two hands with multiple firsgéhat can
quickly grasp and manipulate physical objects iralpa. It would
be interesting to re-introduce a greater degree dokct
manipulation into the digital photo sorting/annatatprocess to
speed things up. For instance, the user couldK'aid-dip” a
photo in and out of any number of category “bins”drder to
associate semantic concepts with the photo. Photodd be
classified by spatially grouping them in a way thetps them
clustered into groups, but simultaneously visiblat (east
partially) on-screen, similar to shuffling physigdiotos into piles
on a floor or table. Borrowing the affordance ofepi would
mitigate the current problem of digital photos gisearing from
sight when dragged into a folder. Demonstratingatieantage of
mouse-based direct manipulation over keyboard atioot
Schneiderman and Kang's PhotoFinder interface aitbthe user
to drag-n-drop labels directly onto photos in ortierannotate
photos with the names and locations of people thdg&i]. The
mouse only gives a single point of control though,a multi-
finger touchscreen or multiple touchpads couldvall® direct-
manipulation style pile-sorting or label-dispensipgocess to
mimic the affordances of physical photographs ewere closely.



Another solution is to build the annotation proce¢s an activity
that is more ubiquitous — the in-person showing tatidng about
photos with another person. The verbal descripti@t a person
gives when showing photographs to a friend or irdatvho was
not present at the depicted event [7] is an imporfzotential
channel of annotation information. Important antiota
information such asvho is in the picturewhat the activity was,
where it was taken, and other socially relevant data @ten
discussed verbally during an in-person or telepHzased sharing
session. An annotation interface that utilized tardus speech
recognition [17] might feel less cumbersome thae featuring
only textual annotation, but the expectation of ptate speech-
to-text annotation may still be optimistic. Basigesch
recognition could at the very least create a pridistib
representation in semantic space of a photo orbatghotos
using word-spotting techniques, even with recogniterrors. A
more sophisticated scheme might leverage contekif@imation
from a range of camera sensors, or produce a ‘tvapfed”
context from previous word recognitions in orderdgmamically
tune probabilities for ongoing word recognitions.sgstem like
WordNet [16] or ConceptNet [14] could extend thiststrapping
process beyond actual words spotted to include swerounding
neighborhood of words or concepts. Of course, theesh
recognizer for a personal mobile device could lén&d on the
user’s speech to improve upon a default user-inutdgre
recognizer. This one-time configuration is still c¢hu less
cumbersome than ongoing manual textual annotation.

A keyword search over a collection of photos anieota
probabilistically with speech recognition could ude actual
search terms, as well as collection of other tefrom their
immediate word-net or concept-net neighborhoodsegtaies
assigned by any method (such as the direct-marnipnléagging
described above) could also be used to screenhseasalts. In
addition, good natural language parsing of a usguery could
allow much more natural searching based on timeapture or
other contextual features than we have today ferigs like “I'm
looking for a photo from last year or the year lbefdaken on a
Sunday morning”. Enabling a search interface talpoe correct
results on natural language queries would be aemaftcareful
grammar design based on observation of a largeusof
language-specific user data. Eventually, the bewrfaces for
searching a collection of digital photos may inwkeveral, tens,
or even hundreds of separate heuristics, each dtieuri
contributing to overall search quality much likeppitar search
engines for the web today [9]. Much like a web skathe result
of a multi-heuristic photo search could potentiddlya very large
set of a user’s photos, but the search resultsdvbalranked in
order of probable relevance to the query. In addijtthe most
relevant search results could be a starting poort rhore
traditional, less probabilistic forms of exploratitike looking at
photos that are chronologically near to a selepteato. A photo
management application with a modular plug-in frevoik or a
scripting language for search heuristics could bexovery
powerful by leveraging the sensibilities of an entommunity of
digital photo enthusiasts who could contribute vittlial search
modules under an open-source license.

4.3 Search using the social network

Sharing photos is a fundamentally social activigd there are
many patterns governing how a person decides wpigitos to
share with whom and how to narrate a particulartqimaph.
Some factors involved in photo selection for shguimclude the
relation of the other person to the sharer (i.¢hésother person a
friend, mother, sibling, co-worker, boss, ex-gidfrd, etc.?), the
degree of closeness between the two people, teeage of other
relations in common between the two, the shareckrsxpces
between the two people, and the interests of thergperson.
Much of this information would be contained in dftdefined
representation of a person’s social network, ansktaof rules
operating on the social network data could provigeeful
suggestions about what to share with whom.

For instance, photos of my sister’s recent visiBaston ought to
be shared with my mother and brother. Photos odnaemy good
friend Sean on a bicycle ride ought to be sharat wiy friend
Justin, since Sean is a mutual friend. Photos oferagirlfriend
ought not to be shared with my current girlfrieadd | probably
only need to view a subset of her recent “girls keeel in the
city” collection. These examples are a sample efiinds of rules
that could operate on a digital representation péson’s social
network. A basic set of “default” sharing rules kbube
distributed with a social-network based photo deaystem, and
a simple language for modifying or adding to thedes would be
an important feature. Equipped with a digital reergation of a
user's social network and annotated photos, a msysteuld
suggest a ranked list of possible photos to shate another
member of the network. The ordering of this listulcb be
informed both by the social network rules, and aother
heuristics as mentioned in the previous sectioaséhted with the
system’s suggestions for sharing, the user cowdd tlonfirm the
sharing of particular photos with people directlyr the system’s
suggestions, or by exploring related images andplpedThe
online trading of social-network photo sharing su®uld become
popular, as users would probably develop rules #vat more
perceptive or specifically targeted than the ohes the designers
of such a system would invent.

The contents of photos would also be informativeut® in
concert with the social network. As a simple exanm user
could directly tag certain photos as “risqué” bg thrag-n-drop or
“click-and-dip” direct-manipulation methods mentezh earlier.
Or perhaps the phrase “wild party” was recognizedhe verbal
description with a word-spotting interface. In eitltase, a social-
network sharing rule could suggest showing thess#qgshto close
friends, but not to parents or co-workers. A maeHearning
algorithm could learn the nuances about what iagibns certain
words or classes of words have to an individuat.useen more
interesting would be if the system could use thateats of a
picture in concert with the interest profile of pé®in my social
network in order to suggest sharing. For instaricé, have a
picture with enough annotation to identify it asRa&ykjavik
shipyard, the system could suggest sharing theophdith my
grandfather, since he was in the United States Naawy years
ago and is interested in nautical topics. All afsl suggestions by
the system could be presented to the user in aedati&t, and
whenever social network rules of sharing were zddi in
suggesting a photo, the particular rules utilizedld be identified
alongside the search results, giving the searchegreé of
reflective capability. In this way, the connectyiobf my social



network, as well as the ability to access the pebkprofiles of its
members, could allow a rule-based or probabilisyistem (or a
combination of the two) to profitably suggest ptsto share with
other people in my social network.

Recently, the merging of social-network functiotyaliand

photograph sharing has appeared in several conamheacid

research applications ([4], [24], [25]). Flickr hasceived the
most press for the combination of social networkl grhoto

sharing, but Flickr's social network — built origilty so that users
could restrict access to their photos — is useohanily today by

users in order to share their photos with a widdience of

interested strangers [8]. In contrast, the Yaho® 3@rvice

incorporates a person’s social network and thené's blogs in

order to help users connect with and communicatie thie people
that they already know, rather than try to meet pewple [12].

Microsoft's “Wallop” project [24] seems to offermsilar features
to Yahoo 360 [25]. The creation of a system thaésus

community-contributed set of rules operating ovehe t
connectivity and individual profiles in a persorsscial network
in order to actively suggest sharing activity Wik an exciting
step forward for photo sharing.

5. SOCIAL IMPLICATIONS
The aforementioned ideas on capture, annotatioarclseand
sharing of digital images could have implications personal
privacy and people’s willingness to make their aboetwork and
personal profile explicit and accessible.

5.1 Moreexplicit definition of social network

In order to take advantage of photo sharing sesvizsed on a
user’s social network, it will be to the user's adtage to
maintain an accurate and up-to-date digital repitasien of their
social network. An accurate social network woulditfee a
representation of the category and degree of oglship between
the user and others in their network. For instarmcee person
might be classified as a “good friend” while anatperson is just
a “business acquaintance” or anywhere else in fthaces of
relationships. People might be uncomfortable makitig

relationships in their social network explicit, threy might fear
social repercussion should the information be madblic

through a system security breach.

Popular social networking websites like Friendsfét are
increasing public comfort with the idea of a digitepresentation
of one’s social network, and it is likely that sassive generations
of technology users will have fewer worries abouatintaining an
accurate digital rendering of their social network.

In addition to keeping their social network currensers will
benefit from an accurate and publicly-query-ablespeal profile.
This profile would have much in common with the fieoin
current social-networking websites (type of huneating habits,
favorite books, etc.), but might also include spkentries related
to photos. For instance, if | am a still-life aoiado, | want to be
sure to see still-life photos that my friends arwdjumintances
capture. | may also want to meet new people if thlegre my
interest in still-life photography, either to tadkop about still life
issues or for dating/friendship purposes. As thactice of
keeping an accurate and query-able personal profieomes
more common, people may be presented with an isicrga
number of personalized services and dating oppivigsn

6. TECHNICAL IMPLICATIONS

There are hardware and system architecture imjgitatof the
ideas stated thus far, and the following sectioitkinvestigate a
few of these implications.

6.1 Hardwarelmplications

Cameras (both mobile-phone cameras and single-perpoes)
will be fitted with more and different sensors. GBSnaking its
way into mainstream mobile phones, and infrared#&lath are
already a standard feature on so-called “smartpdiotoelay. A
digital compass combined with GPS and wirelessoradould
enable the directional sensitivity needed for insgharing with
people who are in a recently-taken picture. Forbéng the
touching of phones together to initiate photo sigrphones will
need to have some way to sense the ID of the qihene. This
could be close-range RFID, or even just a one-wégal data
connection. Moreover, the addition of new sensor®morrow’s
digital cameras (temperature, humidity, altitudiét or other
inertial, etc..) will augment the contextual infation available
for annotation and searching purposes.

6.2 Architectural Implications

In order to leverage a user’s social network foarcleing and
sharing purposes, a portable, easily malleable, aadure
representation of the network and personal prefilebe needed.

Portable: This has two meanings here. First, sitge photo

sharing activity will happen on mobile as well &sktop devices,
in scenarios with and without internet connectivitya

representation of the user’s social network mussyrehronized
across the user's desktop and mobile computingfopias

frequently. Second, the information would ideally tepresented
by an open and universal standard, to allow interaigility

between diverse applications and interfaces. Thaf 53 project

is an example of an effort to create such a stahdar

Easily malleable: The architecture should easilyd(gperhaps
automatically) support the addition of new friendand
acquaintances, as well as changes and updates tpetisonal
profile, in a way that isn't cumbersome to the user

Secure: Making one’s social network explicit cometh the risk
of a security breach. In order for users to haner dhis personal
data to a computerized system, they will have & @nfident
that the data will be kept safe and used only ilyswidat they
specify. However, there is evidence to suggest pleatple are
willing to expose amounts personal information, daeward. For
instance, the free Gmail service from Google ispsuged by
targeted advertising informed by the contents @rsispersonal
emails.

7. CONCLUSIONS

Possibilities are great for upcoming innovations How we
capture, search, and share our digital photos. &\thi inclusion
of more sensors and communication capabilities allitiw digital
cameras to capture and annotate photos for us ia oseful and
automated ways, new direct-manipulation and natpakch and
language processing interfaces will permit the #aian process
to be less prohibitive to the user. Modular, sty search
heuristics that can be traded between users wiaed the ways
in which photoware applications can find approgriglhotographs
to share, and the utilization of each user's sooetlwork and



personal profile will give the search process a rdagree of
social intelligence.
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