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ABSTRACT

Digital images have become increasingly common @opllar in

mobile communications. However, due to the distidyuof these

images in various devices which are commonly alll#o users
nowadays, there is a need to develop new techresdgifacilitate

the sharing of large amounts of photos across wsréevices. In
this paper, we propose a novel approach called AB@Pbuilds

multi-client collaborated environments to achiewyachronized

image sharing. In the newly proposed ASAP, a udat&raction

with any device automatically leads to a seriesyfchronized

updates in other devices, resulting in a significaduction of

manual interventions from users. In this way, tH&AR presents
multiple similar images simultaneously across desin a way
that allows automatic synchronization of the phdiased on user
interactions. Experimental evaluations indicatet ihds effective

and useful for image sharing in mobile environménally, we

will offer the discussion details on the new conseand issues
proposed by testers to guide our future work foprioning the

ASAP.

Categoriesand Subject Descriptors
1.4.9 [Image Processing and Computer Vision]: Applications

General Terms
Algorithms, Human Factors

Keywords

Adaptive content delivery, synchronized photo si@rireflective
Ul, synchronized Ul, mobile browsing experiencendyonized
image viewer, synchronized update

1. INTRODUCTION

Mobile handheld devices with embedded digital camere

undergoing a considerable progress because of poetability

and mobility currently. Accordingly, users acquoegain access
to an increasingly diverse range of mobile devidesople can
easily capture and share personal images on thaa#-ferm-

factor devices anywhere and anytime. Images plagoee and
more important role in sharing, expressing and ergmg

information in our daily lives.

Users can use different ways to share their digiatos with their
friends or relatives. The most common way for peojd to
transfer the photos captured in mobile deviceshtir tdesktop
computers and then use the mature desktop appheato share
their photos with others. The main problem is tllsktop
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computers are not available for users all time,ifistance, when
people are on the move. Currently, people would li& upload
their photos captured by mobile phones to the pbliigging sites
that have been appearing worldwide such as FoteHagen this
way, distant friends or relatives can view theielpictures in real
time by connecting to such Web sites. However, liéted
bandwidth in current mobile network is a bottlen¢skcause the
degradation of this sharing mode. Commonly, in daity life, it
is familiar that when friends come together, theyuld like to
share their photos with each other. Usually, thegy rjust let
others manipulate their devices to view the phoioside.
Furthermore, using the popular wireless connecteshniques
such as 802.11b [8] or Bluetooth [14], users carnheir devices
form into a network neighborhood to share theirgmaesources.
These sharing methods are mainly focused on offeagtesses to
let others visit the shared resources. Howevernwhe number of
photos and devices to be shared becomes increasangg, it is a
very hard task for users to browse such large atsoofhphotos
across devices.

When photos distributed in various devices are eshaogether,
the need to view multiple photos at one time ofiéses, such as
the following scenarios:

Scenario 1:When friends come together, they wish to share
photos in their devices which are taken during ecBid time
period to share the once memorable moments.

Scenario 2Users want to find some visually similar photosoasr
devices to compose a printed photobook for a peemtan
preservation.

Scenario 3:There are many photos captured during a travel in
various devices owned by multiple persons. Usenst w@ select
some high-quality photos captured in a specifiecation and
recommend them to friends from the large photoectitbns.

Comparative viewing of multiple photos across desitends to be
a tedious task for users since they must open amdpwlate each
photo in various devices. A user's scrolling/zooghaticking
interactions with these photos are independentofi @ther. Due
to the small-form-factors of current mobile devicessers’
interactions on these mobile devices are greathstrained. For
example, suppose that a group of people bring helddifevices
embedded with camera and capture many photos thrthem
during a travel. When a user browses a photo inofitiee devices,
he may want to view other photos which are visusiigilar with
the photo. To compare all of the photos storedairious devices,
the user will shift across various devices to opaoh photo to
examine whether it is visually similar with the sjfied one.
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Figure 1. The synchronization between PDA1 and PDA2 when a photo was clicked by users on PDA1.

As the number of photos and devices to be compased, the
task becomes increasingly tedious since the comgpaaisk has to
be manually done by the user. Definitely, the usexrperience is
greatly degraded by viewing all images one by onehle small
displays with continuous shifting across the mistivarious
devices.

In this paper, we propose A Synchronized ApproamhHhoto
sharing across devices (ASAP) to facilitate phdewing across
multiple devices. In [13], the paper presents a ivetwser called
Comparative Web Browserwhich simultaneously presents
multiple web pages using multiple windows in a tlagt enables
the content of the web pages to be automaticatigtsynized.

The ASAP can simultaneously present similar phodososs
multiple devices at the same time for comparatiwedwing or
searching. A user can interact with either of thailable devices,
and the user's interaction can automatically gedeerthe
synchronized updates in other devices. In this wggchronized

into an image retrieval problem and present theesponding
algorithms in Section 5. In Section 6, we give thgerimental
results and demonstrate the usefulness of our pembecheme.
We will provide the discussion details on the conseand issues
proposed by testers in the use study in SectiorFigally,
concluding remarks are described in Section 8.

2. RELATED WORK

To let people really enjoy the ease from image isgawhere a
large amount of images are presented, there ied tedevelop
efficient methods for users to share them. Curreathods are
mainly designed to provide convenient interfaceusers to view
the photos in a device.

Due to the increasingly large amounts of imageectitbn, many
approaches have been proposed to organize thectamblefor

users to view conveniently. In [2] and [16], medbchave been
proposed to organize images according to theiressprtative

photo viewingacross various devices is achieved. Moreover, the€vent or subject. Researchers have found that arggrphotos

ASAP offers a variety of features to maintain tigachronization
across devices ranging from low-level image featyeg. color
moment) to higher-level information (e.g. locatiamd time).

In the case of this photo browsing synchronizaticomsider the
aforementioned scenario where a user wants to plestos with
visual similarity. In figure 1, there are two PDf2ersonal Digital
Assistant) denoted PDA1 and PDA2 respectively, estohes a
number of pictures which are captured by their eddbd cameras.
When a user clicks a specified photo in theambnail panelin
PDAL1 (Figure la), there are two steps to be auicaibt done
simultaneously: 1) PDAL itself searches throughlatsal image
library to display the visually similar photos orredlective panel
(Figure 1b); 2) at the same time, PDA1 sends tregerfeature to
PDA2, and PDA2 will search out their local similphotos to
display on a so-calledynchronized pandFigure 1c). Users can
freely interact with photos belonging to a devigeoperations like
clicking, zooming, scrolling or dragging. Based on users’
behaviors, the ASAP automatically generates symihed
updates on the other devices. In this newly progcggproach,
traditional photo browsing interface commonly coaisted in one
device is extended to multiple various devices.

The rest of this paper is organized as followsSégtion 2, related
work is presented. Section 3 introduces the systamework of
our approach. Section 4 discusses in detail the noamty
available image features in mobile devices. Based tleese
features, we formulate the synchronized photo sbhaproblem

by time improves users’ performance in retrievak&[6][14]. In

[19], the World Wide Media eXchang@VWMX) database was
proposed to organize large collections of imagslia by location
stamp.

When such a great collection of images in locataliles are
presented, users need a convenient interface éon to directly
navigate to the wanted images. Thus, many searahmetiods
have been proposed to facilitate this direct ndidga They are
mainly classified into two trends which are respety based on
low-level image features (e.g. color) and higherelesemantic
info (e.g. event).

The visual similarity search function is based doverlevel image
feature representation. In [6], an image featureaishigh-

dimensional vector with components comprising actimed color

histogram, a color coherence vector, edge diredtistogram and
texture features. The bottleneck of the low-levehtéire based
approach is its accuracy, which remains a gendrallenge in

current CBIR technologies. Due to the inaccuracyriage search
based on low-level image features, many approablased on
higher-level semantic info have been proposed farore search
performance.

Since we often describe photos by the events theyrdent or the
time they were taken, [1] proposed to adapt a anity-based
media segmentation algorithm to hierarchically wus
photographs with similar timestamps. Based on airady
semantic info such awho when where what, etc which are
available from image headers or from users’ maanalotations,



the search results can rather consist with usergeption. In [6],
it also provides a search function that uses featbased on face
detection and low-level color, texture and edgeufiess combined
with digital camera capture settings to providehhgmiality search
that is computed at the server but available froin other
networked devices accessing the photo collection.

3. OUR SYSTEM FRAMEWORK

3.1 User Interface

We implement a synchronized photo viewer consistifigour
panels which work cooperatively to achieve the byocized
photo browsing across devices. They are respegtineimed
thumbnail paneldetail pane] reflective paneland synchronized
panel The details of the four panels are describeakss.

Thumbnail Panel

Thumbnail paneprovides a thumbnail view for photos specified
by users in a device, and each thumbnail contapsirgter to the
corresponding full-resolution photo (see Figure. Iye to the
thin computing capacity in mobile devices, thumbmainel can
help users to browse the photos quickly. When usetsct a
thumbnail and click to view its detail, the windowill be
navigated to a detail panel where the detail viéwhe image is
shown.

Detail Panel

Just as its name implies, ttetail panelprovides a detail view for
images when users click (see Figure 1b). In thisepausers can
freely zoom and scroll through a photo to view details of each
part within an image. On desktop computers, thaideiew of an

image can be quickly loaded from storage to displagyhe screen.
While on current mobile devices, the time to loadesail image
for display can not be ignored.

Reflective Panel

In this paper, we useflective paneto aid user’'s photo browsing.
Reflective panel locates at the bottom of the wim@md displays
the local images which are similar with the curkeriirowsed
photo (see Figure 1b). Suppose that a user wishi@sdt a similar
photo with the currently browsed photo in the looahge library,
it can be seen in the reflective panel. When a ogerates an
interaction which specifies a photo or a part gfhato to view,
the similar photos in local image library will beitamatically
searched out to display on the reflective panel.

Synchronized Panel

When a user’s interaction in the active device wassformed

into the synchronized updates in other synchrontedces, the
similar photos are automatically searched out sy ASAP to

display on the synchronized panel(see Figure 1c). In a
synchronized panel, users can view the similar emagithout

redundant interactions in these devices which aewitable in

traditional ways.

3.2 Basic Conceptsof the ASAP

In the ASAP, the interactions with any device ire tigroup
automatically generate the synchronized updatestioer devices.
Several notations in the ASAP are introduced devid:

Active and Synchronized Devices

We assume that a user wishes to browse photossaorokiple
available devices. The user interacts with one agewt a time,
which we call theactive device The interaction in the active
device will automatically lead to synchronized uggdaon other
devices. We call the other devices #yachronized devise

Synchronized Group

When various devices begin to keep synchronizatith each

other, they form into aynchronized groupEach device in a
synchronized group serves as an equivalent peés.rigans that
user’s interactions with any device will be tramsfed to other
devices to maintain the browsing synchronization.

Synchronization Features

The synchronization featuresare transformed from users’
interactions with the active device and are thetoraatically
delivered to other devices by the ASAP. When tlaufies reach
other devices, they are used to search for simpHatos from local
image libraries.

Image-L evel and Region-L evel Synchronization

In this paper, we provide a hierarchical synchratiin scheme
including two-level synchronization according toetloperated
object of a user’s interactions. When a users’ bielnas handled
on a specified photo, the image-level synchronizeis employed.
Otherwise, when a user’s behavior is manipulated part within
a photo, the region-level synchronization is usedead.

3.3 Implicit Query Based on User Interactions
Because synchronized updates across devices iASAd are
implicitly indicated by users’ interactions with \dees, we call
this implicit query Figure 1 and Figure 2 show the examples
illustrating the concept of synchronized photo tsimg across
two PDAs.

Thumbnail Clicking

Figure 1 shows two PDAs, midst them PDwirks as an active
device and PDA2 acts as a synchronized device. Whkers click

a photo in PDA1, the most similar photos on thechyonized

device PDA2 are automatically shown on the syndaeshpanel,

and the top most similar photos are shown in tfieative panel

in PDAL. This transformation isnage-level synchronization

Region Specifying

Users can freely use a pen in PDAl to drag a redan
highlighting (e.g. Figure 2a). Our ASAP is capableegion-level
synchronizationThat is, for the photo region that is specifigd b
users, our system will automatically find photositening similar
regions with the user-specified region across @svidhe search
results are shown on the reflective panel in PDAfl an the
synchronized panel in PDA2. Furthermore, when usktk such
photos searched, theSAP will automatically scroll through that
photo so that the similar regions can directly apjefore users.

Zooming/Scrolling a Photo

When browsing through a detail view of a large phoh the
small-screen mobile devices, users usually zoorhénphoto to
scroll up or down to view each part of intereststie ASAP, for
the photo part that currently appears in the dgtailel of the
active device when users are scrolling, the ASAPI wi
automatically search for the most similar part®asrdevices (e.g.
Figure 2b).
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Figure 2. Examplesfor the synchronization acrosstwo PDAsin the ASAP.

When the photos that contain the most similar pegt searched
out, they are shown on the reflective panel in PCa#2 on the
synchronized panel in PDAL. Similarly, when useliskcsuch
photos, theASAP automatically scrolls through that photo to
display the similar regions.

Forward and Backward Navigation

When users navigate forward or backward in thevaatevice, the
ASAP displays the next (or previous) photo of tisers’ viewing
history, and also shows the similar photos on theclsronized
panel in the synchronized devices (e.g. Figure 2c).

3.4 System Flow

The ASAP identifies synchronization features oé tfhoto that is
currently browsed based on the transformation ef'sdehaviors,
and then automatically transfer the features t@roiynchronized
devices for them to search for similar photos. Wleeruser
interacts with an active device’s photo, the ASAH generate
automatic synchronized updates in other deviceswoently. A
complete system flow of our approach is shown guFé 3. The
ASAP system overview is as follows:

1. As shown in Figure 3a, our system automaticallynsags
the input photos (we adopt the JSEG algorithm [#)])
partition each photo into a series of regions. Base the
attention model proposed in [12], these segmenegibms

are then grouped to generate a set of larger regidme low-
level features of these grouped regions are theéractzd.
Together the semantic features like time and lonatiserted
in image headers which are available for curreragimg
devices, they are saved to a local image featuebdse.

The user selects one as an active device from plailti
available devices, and begins to specify one cersév¥olders
that contain images in the device. The ASAP autmaiiy
shows the thumbnails for photos included by thected
folders on thehumbnail panel

The user scrolls through the detail panel and t&etecclick a
thumbnail to browse its detail view.

The ASAP automatically fetches the correspondirduies of
the specified photo from its local image featuréabase.
Then it multicasts the fetched feature to otherchyonized
devices for them to search for similar photos aisgldy the
search results on their synchronized panels. Asdmee time,
it also searches for similar photos and shows dtpentost
similar photos on the reflective panel.

On the detail panel, the user zooms/scrolls to gad&i or
manually drags to specify a region within the photo

The ASAP identifies the area that currently displéay the
detail panel, and it fetches the features impliditdicated by



the specified area and multicast them to the symihed
devices for them to search for the photos contgisimilar
regions. At the same time, the active device seardébr the
similar photos concurrently. Furthermore, when sisgick
these photos searched by the ASAP,
automatically scrolled through the similar region

7. Repeat steps (2) to (6) for photos to be browsed.

High-level semantic features like location, tinie, e

Input Image ' Attention' Low-Level —
Photcs Segmentatiopy based region 3  featyre els':lBure
(JSEC) grouping extractior
(a) Pre-processing stage
User [ Implicit zl Feature DB Actﬁve
Interactions ~ | Query device
A
Synchronization
features
Searching Reflective,
similar photo panel
—
S—
Feature Dt %/nchr_onlzed
\W/ devices
_Sgarching N Synchronized
similar photo panel

(b) Synchronization process
Figure 3. The system flow of the ASAP.

4. IMAGE FEATURESTO MAINTAIN
SYNCHRONIZATION ACROSS DEVICES

We classify the available features in current imggilevices into
two types, namely low-level features and semaetitures.

4.1 Low-Level Image Features

Surely, the visual similarity search function iséd on a low level
image feature representation. In our approach, ésiam a
database are first segmented into series of regidie
segmentation method we use is the so-called JSg@3ithim [4].
And these segmented regions are then clustered ansmall
number of groups based on the attention model mexpon [12].

We use three properties to describe a region witdigital photo.

They are respectively the low-level feature exwgdcfrom the

region, its importance weight and the positiontsfdentroid. The
former two properties are used in the similarityasee between
two images, and the last property is used for tbeeration of
automatic scrolling through the region within a fthd=or the first
property, many kinds of low-level features may lsedi In the
current implementation, we use color moment, whsckhown to

be robust and effective [17]. We extract the fisgb moments
from each channel of CIE-LUV color space. For trezomnd

property, we currently use the percentage of regi@a. The only
requirement is that the sum of importance weigbtsain image
should be equal to 1. For the last property, weitgey averaging
the coordinates of all of the included pixels witlai region.

they will be

Definition 1: The low-level feature of a digital photo is definesl
the collection of its included segmented regions:

Rgn ={(F;,W;,Cen)}(1<i<N) 1)
where
Rgn, thei™ region within the photo
Fi, the low-level feature dRgn
W, the importance weight é&tgn
Cen, the centroid position d®gn
N, the number of the regions within the photo

and, the sum afieighs satisfies:y ", Wi = 1.0

4.2 Semantic I mage Features

Most digital cameras follow the PIMA/DIG/IIIA EXIstandard.
This standard defines the format of header fietdSREG images
saved on to storage cards in digital cameras.|diwval for the

insertion of various types of metadata by the canmpcessor,
such as basic image parameters (e.g. height, wimltid

compression), location/time of capture, and captattings (e.g.
flash usage, focus distance and exposure time).

Studies show that users associate their persootbplvith event,
location, subject, and time [10]. Among them, e\emet frequently
tied to time and location, subject is often defifgdcombinations
of who, what, when, and where. According to thdustaof the

current imagining devices, we choose iméggation andtime as

the metadata to identify the semantic features digéal photo.

The geographic location where the photographs wafen

provides critical context that transcends languagsture, and
user-dependent taxonomies [19]. For example, knpwirat a
photo was shot at a spot says a lot about the pian before a
single pixel is viewed. The time when the pictuvesre taken is
helpful for locating particular photos or eventechuse it is
usually easier to remember and associate when emt eecurred
relative to time [14].

Currently, the majority of the images would be anpanied by
time stamps which indicate the time being captuted19], the

paper provides detailed ways on how to acquiretioeanfo for

digital photos. Mobile phones, for example, areitigigg to use a
combination of GPS and cell-tower triangulation determine
their location represented by longitude/latituded ahis location
info can be inserted into the headers of imagesuoag by their
embedded cameras.

4.3 Annotation Features

In general, annotation methods have been applie@BIR to
extend the available features to semantic textstloer types of
information. For example, Search engines such agl@s Image
Search make good use of surrounding keywords ofésavithin
Web pages as the annotation features, and it seaapes via
keywords instead of low-level features [7].

The technically simplest solution for acquiring tfe@ metadata
from digital photos is to let users manually ant®tdem via a
convenient Ul. In our case, by default, clients pken text as the
annotation, which offers an interface allowing ttexts to be
linked with the wanted semantic features suchwa®, where
(BTW: appending the time stamp available in imagiayices, a
subject an image indicates can be determined).sUsan add
feature annotation to past photos, or correct eobrannotations.
The clear disadvantage is the tedious labor reduire



5. SYNCHRONIZED BROWSING OF
PHOTOSACROSSDEVICES

The hierarchical two-level synchronization are dgsed in this
section, namely image-level and region-level syantaation.

5.1 Image-Level Synchronization

As for image-level synchronization, since variosens may have
different demand for the synchronization resultg, pvovide an
option interface for users to select the wantetlifea For example,
if a user wishes to find photos with similar tingethe currently
browsed photo, he can select ttime feature to maintain the
synchronization. According to the category of syociization
features specified by users, there is a need telojewifferent
similarity measures to evaluate the similarity aliste between two
photos according to various types of used features.

Case 1: Similarity Measurefor Low-L evel Image Features

As for low level features, in our approach, thetatise between
two images is measured using the Earth Mover’'sabist (EMD)

which has a rigorous probabilistic interpretatidtb]] EMD is

suitable for region-based image similarity meaduoreit matches
perceptual similarity well and can operate on \dddength

representations of the distributions. In this cae ground
distance is an equally weighted Euclidean distdmesveen the
features of two regions, namely color moments cillyeused in
the ASAP. EMD incorporates the properties of af #egmented
regions so that information about an image canutig @tilized.

EMD is robust to inaccurate segmentation by allgwmany-to-
many relationship of the regions to be valid.

Case 2: Similarity Measurefor Semantic | mage Features

If the time feature is selected to maintain the synchronizatora
photo, it is quite simple to measure the similabigtween two
photos in various devices. For two given phofsand P, stored
in an active device and a synchronized device ecsgly with a
time stamp,andt;, the similarity can be described as follows:

Sim Py, Py) = (to=t1) — Oy 2

The variableO,, represent time offset of the active device with

respect to the synchronized device’s clock. Thigetioffset info
can be acquired when the synchronization acrossceteus
initialized.

Whenlocationinfo represented by longitude/latitude is usethéo
the synchronization feature, the longitude/latitiafea photo is
mapped to an index with a single 8-byte in [19].indsthis
identified index, the similarity distance in thecation feature
between two photos can be evaluated. As for otigire-level
semantic features such as annotation texts whichabty identify
a specified aspect of a photo such as person rthemesimilarity
on this text-level can be referred to the currepipar text-centric
search algorithms.

5.2 Region-Leve Synchronization

As for region-level synchronization, which occurfiam a user
zoom/scrolls or specifies a region within a phatafrently our
approach offers only low level features of the ciele regions to
maintain this level synchronization. Unlike the gedevel
synchronization, there is a need to search simégions instead
of whole photos to achieve region-level synchrotiizea across
devices. The summary of the region-level synchmtion can be
described as follows:

1. Get the regions included by the specified area.adhgeve
this by examining whether the size overlapped bg th
specified area and a region exceeds an assigneshtidA
(e.g. 100 pixels).

2.  The low-level features of these included regiorained in
the step 1) are then fetched from local featuratutege as the
synchronization features. They are multicast tachyonized
devices to search for photos containing similaromeg; and
the active device itself also searches concurrently

Similarity Measure

More detailedly, assume that there areegionsRy;, Roz...Rn
being selected within the specified area in a plrgia the active
device. For the sake of simplicity, we take a phetin a device

as an example to measure its similarity with thected regions
within Py. SupposéP, containsm regions, which are respectively
labeledRy; Ri» Rim Here, the distance between two regions is
measured using the Euclidean distance.

Definition 2: The similar region pair between photegand P, is
defined as a set of region pairs and their Euctidiatance:
SimRgnSgt={(Ron, . Rim . Dist)}  (1sks§)  (3)
where
SimRgnSgt thek™" similar region pair within the set

Ron » the region belonging @y,
Rim the region belonging ®
Disty, Euclidean distance betweBg, and R

S the number of the members in the Sah)

Here is the step-by-step description of the alparito find similar
region pairs betweeRy; Ro,...Ryn andRy; Riz Ri

1. For each regioRy; Ry, Ronwithin Py, do the step 2-3.

2. Calculate its Euclidean distance with each regidthin P;
such asRy; Ri» Rim Select the region withif?; with the
least distance, and let it be labeRg(1<t<m).

3. Examine whether the distance is under a assigmedtbidy.
If the distance satisfies the condition, the cqroesling
regionRy, is inserted into a similar region pair set denaed
(initialized as null).

By this way, is gradually formed. Suppogéinally consists of
members @<n<n). Depending on whether is larger than 0, the
final similarity distance between two photos isivas:

® If n'is equal to OP, is thought to have no matched region
with Py The similarity distance is assumed tolhe

® If n is larger than 0, The overall similarity distandeRy
compared with the selected region$gfs defined like this:

Z.nzl Dist; x Ry W,

n

Sim (P, Py) = (4)
Correspondingly, for other photos to be comparedeirt
similarities with P, can be measured likB;. According to the
similarities measured by the above method, thecheasults in
each device are sorted in a priority order. Thely e displayed
on the synchronized panels in synchronized devicebs on the
reflective panel in active device.

Region-L evel Synchronization Results
As for the region-level synchronization, we providefurther
method to facilitate photo viewing on the searcsults. That is,



when users specify one of photos midst the seaslits to click,
the window will be automatically scrolled to navigato the
matched regions. Specially, when the number of rtfe¢ched
regions is more than 1, we adopt an automatic lsggohpproach
to automatically scroll through these similar regiqthis can be
implemented by using the centroid property of eeggjion, i.e.
Cenin Definition 1).

The generation of automatic scrolling through samilegions is
referred to the method of the generation of aut@miatowsing
path proposed in [11]. In this case, the user'skclnto these
photos results in a smooth scrolling through thmilar regions
included ing with each being displayed serially for a briefipdr
of time. This mode can facilitate synchronized phbtowsing,
because users can view the interested regions wtéch be
automatically scrolled through without excessiverusteractions
such as zooming/scrolling.

6. EVALUATION RESULTS

As shown in Figure 4, our evaluations were condletéh two
PDAs (Compaq iPAQ 3670 Pocket PC) with 64M memary,
resolution of 320x240 and PocketPC 2002 as theatipgrsystem.
Both of the PDAs are equipped with an 802.11b waelnetwork
card to connect with each other. The two PDAs retbpaly stores
75 images ranging from a variety of types includiagily, indoor,
outdoor, group. They are mainly collected from paed albums
offered by the colleagues. We asked ten computénce
undergraduate students to participate with ourstisgy, including
six males and four females. They are familiar with operations
in mobile devices like PDAs, and they never hawe latowledge
of the ASAP before.

The ten subjects were firstly asked to view an éaslyuction on
how to use the ASAP. Afterwards, the common intéoas in the
ASAP were each conducted five times for each user a course
of fifteen minutes: specify a photo in thumbnaiinphto click,
drag to specify a region within a photo, zoom/dctbtough a
photo, and click into the synchronized photos tpegience the
automatic scrolling through similar regions for seephotos. By
the assigned exercise, the users mastered thetiopsrased in
the ASAP.

Wireless 802.11b | |

Figure 4. Two Pocket PCs connected by wireless 802.11b.
6.1 Task-Based Evaluations

After the users got familiar with the interactiansthe ASAP, we
asked them to do evaluations which accurately ctfte the
common use of the ASAP. They were asked to firtisee tasks to
evaluate the performance of our approach as follows

Task 1: Select 25 photos randomly from the photo collestiom
the two PDAs, and use the three features likedhelével feature,

time and location to examine the synchronizatiosults in the
ASAP. Rate the three features in a preference grder

Task 2: Select 6 random photos from the photo collectians),
use either zooming/scrolling or dragging to specégions within
these photos to examine the region-level synchatinizresults.

Task 3: Find related photos on the two PDAs for five assdjn
pictures, and the number of search results for eashigned
picture should not be less than 5.

In the task-based evaluations, the subjects couwtesther the
synchronization results were relevant with regawdtite photo
specified by them. The definition of relevancy el to the user,
but two scenarios were recommended to the testers:

® Whether the found images would be reasonable
replacements for the original if it were lost oteded?

®  Whether they would group the found photos togethién
the original to compose a themed subject?

Task 1 Observation

As for the evaluation results on rating the synaofration features,
see Table 1 above. 70% of users rate the synclatiorizfeatures
generally as thistocation Low-Level Time Totally, 80% of the
participants ratelocation as the prior selection to be the
synchronization feature, and the remaining 20% tendse low-
level image feature as the prior synchronizatiatuee.

Table 1. Therating resultsof the synchronization features.
Synchr onization featuresrating Per centage

Location, Low-Level, Time 70%
Low-Level, Location, Time 20%
Location, Time, Low-Level 10%

The testers mostly think that the synchronizatiesutts specified
by the location feature consist most with their perception. The
low-level features was mainly rated as the secaile two users
rate it as the prior and only one user rate it les last. This
indicates that the synchronization based on théysisaof low-
level features is accepted by users, but it neesthnical
improvements, which is a common challenge for therent
Content-Based Image Retrieval (CBIR) techniquesr&tare no
participants to selet¢tme as the prior synchronization feature. The
main reason is due to that different devices majura irrelated
photos at one time.

Task 2 Observation

Each evaluation is put into one of the followingreth
categories: perfect, good and ba®effect” means that the
synchronization result is perfectly consistent witisers’
perception. Good” means that the synchronization result is
correct but there are minor errors and those edonsot affect
the overall results.Bad” means that the synchronization result
contradicts with user’s perception.

Figure 5 shows the distribution of our performapealuation

of image-level and region-level synchronizationdzhen the
three categories. More than 60% of the resultsaaseimed to
be prefect. And about 88% of the results are eigleefect or

good. In both evaluations, the “bad” category isniyadue to

the synchronization results inconsistent with usevisual

perception. The results indicate that the regimelle
synchronization in the ASAP is commonly acceptedisrs.
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Figure 5. The results of

synchronization.

Task 3 Observation

In this task, all of the ten testers were halvei itwo groups.
Midst the two groups, one group was asked to useASAP
approach, and the other group was requested tthadeaditional
photo sharing approach. Each member in the two pgrou
performed this task on the two PDAs.

evaluation region-level

Figure 6 shows the results of the average seanck for each
assigned photo. We can see there is a significashtiction of
search time using our approach compared to th&itaal sharing
method. We can see that for each photo, we caewaehbout 5~8
fold time reduction. Specially, we record the featu being
selected to maintain the synchronization for theugrusing our
synchronized approach. In this evaluation, we ket low-level
feature as the default feature to be used. If ulsmisunsatisfied
with the low-level synchronization results, theyndaeely select
other semantic features to maintain the synchrtinizaTotally,

60% satisfy the synchronization results of the akeflow-level

features initially assigned, and 32% continue udogation to

adjust the synchronization, and the remainder 88tsuselectime

as the synchronization features. From this tesuriher supports

that users tend to udecation as a more accurate synchronization

feature.
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Figure 6. The search timefor thefive assigned photos.

6.2 Overall Evaluation

After users finished the assigned tasks above, skeusers to
evaluate the effectiveness and ease of use in 8/&PAwith YES
or NO. The results are encouraging that each user iredicdat
the ASAP is effective for them to browse photosoasrmultiple
devices. Each of them thinks that our approachnisngeresting
and useful work because they commonly have a reeddrch or
compare related photos across devices.

The users claimed that when they are staying kgl friends or
families during traveling or get-together, they Wblike to share
their photos together synchronously using our psepoASAP.

The users indicated its perceived usefulness idomstsituations
where one can't be in front of his or her compufer, they
commonly transfer the images captured in imagingods to their
desktop computers for storing or processing. Onatier hand,
users seemed to think it useful in “quickly glimpgiover photos
across devices”, for they think our approach cawe stheir
interactions with various devices.

7. DISCUSSIONS

In the end, we handed out a survey to each of dhncfpants. We
tried to learn user’s feedback to guide our futwoek to improve
the ASAP. The survey involved two problems as fofo

1) What concerns you have toward the ASAP?

2) Due to the obvious privacy issues in photo sharimigat
means you would like to make out to protect youvgmy?

7.1 User Concerns

Users almost seemed to raise a common concerrinthaASAP

needs to provide more features to maintain synéhation across
devices. They thought features should be extendsria the

low-level image featuretime and location that are currently
offered in the ASAP. For instance, they proposesl thme of a
person within photos, the subject or event of pbotbe flower

breed in a flower photo and so on. Actually, th@seposed

semantic features are beyond the current techniqoede

automatically extracted from images. After we ekmd the

technical difficulties to them, they suggested thet could

provide an annotation interface for them to idgntifeir wanted

features to maintain synchronization across devidéey also

argued that in some cases several types of feaheed to be
combined together to maintain the synchronizatfeor. instance,
they illustrated a scenario where they want to sewisually

similar photos with a specified location. In thi&se, they propose
to combine the low-level image feature and semafeature

locationtogether to build the synchronization feature.

Another concern proposed by users is that the dedayged by
searching for synchronization results across varidevices. Due
to the thin computing capacity in current mobilevides, it's
challenging to quickly search out the synchronaratiesults from
a large collection of photos. We are consideringngistwo
plausible strategies to solve this matter in oturiel work. One is
proposed in [3], where the summary of featuresafbimages in
each device will be multicast to other devices wigennection
across devices is initialized. In this case, thigaadevices which
contain the wanted resources can be quickly coefitnThe other
is based on the history records, that is, the ad@vice will cache
the synchronization results. When the photo neealsbé
synchronized again, the device will fetch the cache
synchronization results and transform them to éngett devices to
prevent them searching renewedly through a largeoptollection.

7.2 How to Protect Privacy?

Privacy is the key problem users are concerned whey share
resources with others. Almost each of them arghatithe shared
photos need privacy protection. The users tendedutborize
various access rights to different users when thlegre their
photos. For instance, they wish to share some figgicture
with their buddies, while others can not acces# gictures.

A rather creative suggestion from a user is thataisan freely set
photo sharing level for different users such agtitdic, protected



and private He claimed thatpublic means that everyone can
access even without authentication, whif@otected needs
authentication to access apdvate can not be accessed by anyone
else. In this case, an active device can only aqeeBlic photos in
synchronized devices if they haven't been authdriZéhere are
also two users claiming that they should have aessto specify
whether some of his interactions should be transfor to the
synchronized updates to other users when his dadte as an
active device, because he felt his interactions beyraced or
monitored by others.

We leave questions relating to privacy for imagarsty as open
problems for future research.

8. CONCLUDING REMARKS

Currently, the predominant methods for sharing psioacross
devices are simply letting each other to accespltioto resources
using wired or wireless connection techniques. iRdependence
of user's behaviors in various devices resultsitidus browsing
experience due to the excessive user interactiagtis frequent

shifts across devices.

In this paper, we have described a synchronizedoapp for
photo sharing across multiple devices (ASAP). Th8AR

simultaneously presents similar photos across pieltievices in
a way that allows automatic synchronization of petos based
on user interactions. In the ASAP, a users’ intéoadn a device
is transformed into synchronized updates on othmricds to
achieve the synchronized photo sharing. The ASA®Viges a
hierarchical synchronization scheme including imkgyel and
region-level synchronization. Experimental evaloiasi indicated
that our approach has significantly improved usdmdwsing

experiences across multiple devices. From the ussdback, we
will continue to improve the ASAP in future work.
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