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ABSTRACT
As small digital cameras become more popular, opportuni-
ties to take photos are rapidly increasing. Photo sharing is a
great way to maintain and revitalize relationships between
families and friends, and is a major motivator for content
sharing. While photo sharing has been well studied, lit-
tle work exists on sharing multiple photo sets contained in
spontaneously connected handheld devices.

This paper provides an algorithm to extract photos, based
on common memories collected in an ad hoc group. It au-
tomatically searches for and presents photos that could be-
come the starting point of a conversation. We found that
our mechanism has more uses than simply organizing photos
in chronological order.

This paper describes our prototype system realized us-
ing the above algorithm. We also implemented a synchro-
nized shutters mechanism, that provides a new photo shar-
ing experience. Through subjective tests, we found that our
method promotes conversation, even though the users did
not know each other beforehand.

Categories and Subject Descriptors
H.1 [Information Systems]: Models and Principles; H.1.2
[Models and Principles]: Human factors—social network-
ing, ad-hoc computing

General Terms
Human Factors

Keywords
Social networking, ad hoc computing, photo sharing, co-
locate communication, common memories, synchronized shut-
ters
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1. INTRODUCTION
The rapid development of computer networks and the

widespread use of small digital cameras have increased the
opportunities for photo sharing. Photo sharing is a popular
way to maintain relationships between families and friends
[2, 4], and is a major motivation for content sharing. It has
been well studied, mainly in the CSCW research area.

Frohlich classified photo-sharing activities into four well-
known categories[7]. They are: same place – different place,
and same time – different time.

Past research on co-location photo sharing, or, photo shar-
ing at the same time in the same place, described the idea for
communication and sharing memories between people, us-
ing a single handheld device or a fixed installation, such as a
desk. However nowadays, most notebook PCs and personal
digital assistants (PDAs) have wireless network interfaces.
This led us to develop a whole new co-location photo shar-
ing experience. That is, people carry around their handheld
devices and create spontaneous ad hoc networks, in which
they can take and share their photos.

Interestingly, even though ad hoc networks have been
thoroughly studied, there is relatively little work about con-
tent sharing. Speakeasy [6, 5] described network infrastruc-
tures as “off the Internet” communication environments.
While they also tried to share content, they did not con-
sider it from a social network perspective.

This paper first describes co-location photo sharing in ad
hoc computer networks as a way of spontaneous social net-
working. The photo sharing described in this work focuses
upon sharing photos the handheld devices have. While dis-
tant photo sharing has been thoroughly investigated (e.g.
[15, 14]), there is little work on photo sharing in such situ-
ations.

Then we describe a system that provides an easy user
interface for setting up ad hoc groups. Our system also
reminds users their common memories by searching for con-
tent about shared experiences.

When a device group is created, the properties of all the
scattered content in the devices are collected. Such proper-
ties include a timestamp, geographical location information
(e.g. latitude and longitude), and a set of values that repre-
sents a feature quantity. To determine similarities, we used
histograms comprised of timestamps taken during a specific
time window. This method is more useful than simply check-
ing timestamps within a certain threshold.
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In addition, in order to make it possible to actively create
common experience we implemented a special data trans-
mission protocol. When an interaction occur in a device
within a group, it is transmitted to every other device using
a multicast packet. Then, the event occurs on all devices
with only short time differences. Using this protocol, we
synchronized the camera shutters so that when a user takes
a photograph, all the other cameras in the group take a
photograph at the same time. These images are automati-
cally gathered and shared within the group’s devices. This
feature allows us to easily share content that has the same
timestamps.

The remainder of this paper is organized as follows. In
section 2, we give the background and related work about
our research. Section 3 describes the algorithm used to ex-
tract content similarity from a device group, and section 4
gives a general system overview and explains how users can
set up an ad hoc group and operate our system. Section 5
gives more details about the system implementation, and in
section 6, we discuss the implications of our system in terms
of social networking. Finally, in section 7 we conclude this
paper.

2. BACKGROUND
There is plenty of research about photo sharing, such as

[9]. Co-location photo sharing is a very effective corner-
stone for face-to-face communications [4]. Whittaker et al.
showed that informal communication in close physical prox-
imity plays an important role in future communications be-
tween people [17, 8]. Frohlich et al. investigated how sto-
rytelling works during co-location photo sharing [7]. They
showed that the ratio of storytelling during whole conversa-
tion is not significant, but is used as cornerstone on which
to build future communication. Our work was greatly influ-
enced by theirs.

... Sharing photos in person is a very common and en-
joyable activity. Such co-present sharing is seen as a way
of recreating the past and reliving the experience with others
who were there at the time.

Additionally, it was found that looking at printed photos
in person is far more interesting than sitting in front of a
display and looking at them.

With this in mind, we would like to discuss the meaning of
sharing. Their work only discussed to share experiences re-
called by a single set of photos with co-located people. Thus,
the purpose is to share experience among family and friends.
In fact, it described that people are likely to use photo shar-
ing as catalysts for conversation more extensively with their
extended family and friends, which helped to improve in-
dividual relationships over distance and time. In contrast,
we aim to introduce photo sharing into ad hoc social com-
munications, regardless of whether the people involved are
family, friends or strangers. Frohlich’s work did not suggest
what the motivation for their findings might be. In addi-
tion, they did not consider the influence of user interfaces
on photo sharing.

There is also a lot of research on the influence of social
communication on ad hoc computing. Edwards et al. de-
scribed Speakeasy as “recombinant computing” [6, 5]. They
constructed a communication infrastructure by proposing
a set of resource discovery protocols. Their ultimate goal
was off-line communication, the same as ours. Aoki et al.
proposed a voice chat system in an ad hoc group [1]. It at-

tenuates the volume as the physical distance between people
increases. It also provides dynamic association control when
a user tries to enter an established group. This is done by
measuring the users’s direction using an electrical compass.

Borovoy et al. proposed Meme Tags[3], a social message
exchange system that uses the same name tags commonly
used in formal meetings. Each short message is called a
“meme”, and memes are exchanged via infrared signals when
participants face each other. Because the exchanges occur in
chains, memes are sent to a large number of the participants.
This work can be categorized as ad hoc social communica-
tions from an off-line perspective. While this is applicable
to photo sharing, it is difficult to share with more than three
people at one time.

FishPond is a tangible game interface, based on co-locate
informal communication[18] that allows us to share sponta-
neous experiences. While it shows the importance of tan-
gible informal communication, photos are basically lifelong
content.

As described above, there is a lot of research about co-
location communication. However, little work has studied
in terms of searching photos based on common memories
gathered from ad hoc groups.

3. COMMON MEMORIES IN AN AD HOC
GROUP

To begin with, what are photos based on common mem-
ories? For our research, we considered the following two
types. The first was photos taken when people attend the
same event. In other words, photos taken at the same place
and at the same time. If a system that could automatically
search a subset of photos that satisfy specified conditions
from the enormous number of photos, spontaneously col-
lected from handheld devices on an ad hoc networks, we
would have more to remind us about the experience, and
we could re-live the moment as if we were actually there by
talking about it with each other.

Another type was a set of photos taken at the same place,
but at different times. Even though such photos are not
acquired during common experience, they are still meaning-
ful because photos of a place people have visited have more
potential to initiate conversations on the basis of shared in-
terests. This is especially useful when group members are
not acquainted with each other. In such cases, the fact that
they have a shared experience can be discovered by search-
ing photo collections and can lead to a conversation, and
perhaps even a friendship.

To sum up, our goal is to extract subsets of photos that
satisfy the above conditions from photo collections.

3.1 Premises
We assumed the following conditions.

• Each photo data has a timestamp that indicates when
the image was captured. If the photo file is EXIF
file format, and it contains timestamp information in
its header, we adopt that value. Otherwise, the file
creation time is used.

• Each image file optionally contains geographical loca-
tion information obtained from a GPS.

• Photo sharing is processed using physically proximal
handheld devices carried by the participants.
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Figure 1: Searching similar regions using timestamp
histograms.

• Each handheld device is equipped with a digital cam-
era, WiFi network interface, LCD, and an electrical
compass.

Obviously, there are not many handheld devices equipped
with electrical compasses. However, we applied this device
to enable easy-to-use photo sharing user interfaces. The
details will be described in a later section.

3.2 Finding Common Memories
This section describes the algorithm used to extract com-

mon memories from the ad hoc group.

3.2.1 Timestamp Histogram Similarity
How can we search for photos taken at the same time,

in the same place? Suppose that some people participate
in an event and each of them has a digital camera. They
often take photos when they see something that they like
and want to remember it.

For example, ordinary Kodak moments that occur during
a wedding reception include blinding flashes when everyone
takes pictures at the same moment. As a result, there are
many photos whose timestamps are very similar. Therefore,
the timestamps and image characteristics of the photos ac-
quired during the reception are strong correlated. On the
other hand, those who did not attend this event does not
have any photos whose timestamps are correlated to the re-
ception’s photos.

Our algorithm exploits this phenomenon to search corre-
lating photos. It calculates the similarity between times-
tamp histograms of photos taken during a certain time win-
dow (Figure 1, and then compares their similarities using a
threshold. In addition, the feature quantities obtained from
the images are also used for more precise recognition.

Let X = {X1, X2, · · · , Xn} be the set of time stamp
arrays, and H = {H1, H2, · · · , Hn} be the set of X his-
tograms. Each histogram is an array of the occurrence

frequency. That is, Hn =
n

h1
n, h2

n, · · · , hW
n

o
, where W =

(tmax−tmin)/∆t. tmin and tmax are the earliest and the latest
timestamps, respectively, which are determined by scanning
X.

Let Rij(k) be the similarity function between Hi and Hj

during time period [a, a + N ], where 0 < a < W − N and
N is a constant value. Note that a certain time t during the
time period is obtained by

t = a + k∆t (1)

Rij(k) can be represented as follows:

Rij(k) =
1

N−k

a+N−1−kX
n=a

Hi(n+k)Hj(n), (k = 0, · · · , N−1).

(2)
Because Rij(k) indicates how similar Hi and Hj are, all ofą
t, Rij(k)

ć
where Rij(k) is more than a specific threshold

are recorded into an array. t is calculated from Equation 1.
Then a moves forward and Rij(k) is calculated again until

a reaches tmax. When the iteration finished, the saved t and
Rij(k) are sorted in ascending order. If no tuples were saved,
a search process using image similarity follows, as described
in the next section.

3.2.2 Image Similarity
The main concept of the above algorithm can be applied

to searches using the number of similar image features, to
extract common memories taken at the same place, but at
a different time.

The principle is to search similar photo sets acquired dur-
ing a specific period of time by two different people. In other
words, it searches the time windows in which similar photo
images are contained. The image feature quantities used in
this algorithm are as follows.

A photo image is split into 3 × 3 areas, and the ratios
of R, G, and B for each area are calculated. We used the
results obtained from the vector of the 27th dimension as
the image feature quantities. Of course, using any better
algorithm will improve the search result. However, it is out
of scope of our current work. In this paper we use the simple
algorithm.

3.2.3 Execution Timing
When a new ad hoc group is generated, each device tries

to collect the timestamps of photos contained in the other
devices. After all the exchanges are finished, the search al-
gorithm is activated on each device. The algorithm tries to
collect the thumbnails of photo images scattered through-
out the device group. Because the protocol is HTTP-based,
a thumbnail request is issued as an HTTP GET request.
Every device must be able to run an HTTP server to ac-
cept such requests. When a server receives a GET request
from a device within the ad hoc group, it returns the desired
content.

4. MAKING AD-HOC GROUP
Clearly, some type of user interface is needed to make an

ad hoc device group. This user interface should be intuitive
and easy to operate. This is especially important for novice
users.

There is a lot of research on establishing network connec-
tions easily [11, 12, 10]. All of it describes the use of special
media, such as infra-red signals and buttons, as the out-of-
band secure transmission path, and are aimed at providing
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Figure 2: (a) Example of making a group (b) Users temporarily control their perspectives by moving in the
opposite direction, (c) Examples of the wrong way to make a group.

user interfaces that can easily connect the two network ends.
Thus, it is hard to directly apply them to make a group of
more than three devices. Moreover, user context arised after
connection is not taken into account.

To ease this problem, we used a couple of types of infor-
mation: the signal strength of WiFi packets, and the device
orientation obtained from the electrical compass. These all
make it easier to establish ad hoc groups, and reflect the
users’ context during connection.

4.1 Users’ Direction
Generally, in order to grasp the positional relationship of

devices, location information is required. A location system
is necessary to obtain information from the GPS. However,
location information from a GPS receiver is not accurate
enough to physically co-locate handheld devices. However,
they are usually ineffective indoors, in actual photo sharing
events. In terms of indoor positioning systems, there is some
past research and commercial solutions available. One sys-
tem, UbiSense[16] is highly accurate. However, people do
not always share photos from places where location systems
are installed.

On the other hand, electrical compasses are complete small
circuits that do not require an infrastructure. In fact, some
commercial camera phones already have electrical compasses
that are used for real time navigation to obtain the device
orientation. However, it is impossible to grasp the positional
relationship of the devices only from their orientation. This
is serious dilemma.

To solve this dilemma, we assumed the following situa-
tion; when people are making a new group, they stand in
a small circle and hold his/her handheld device in front of
them (Figure 2 (a)). The orientation of each device is trans-
mitted to other devices as the reference orientation. This
remains valid until the group disbands. By subtracting an-
other user’s orientation value from yours and checking the
results, you can determine whether a user is on your right
or left side.

After a group is made, users can change their orientation
and control their access control by simply changing their
orientation. Figure 2(b) illustrates this feature. When users
reverse their orientation, then photo sets from other group

members will be temporarily unavailable. When the user
faces them again, photos can again be shared. In other
words, photos can only be shared while the users are facing
each other.

Clearly, this has limitations. For example, if two people
are standing as shown in Figure 2(c) and create a group, the
resulting orientations will not match the correct positional
relationship. Also, when they change their positions after
creating a group, the resulting orientations will not match
as well. Even though this presents a confusing problem, we
chose to ignore it in this paper and instead focused on the
advantages described above.

4.2 Group Generation
You can easily create a group by following these steps.

First, set the device to group making mode. Second, posi-
tion your handheld device near the others’ in a small circle.
When someone pushes a button of Device A, then Device A
will transmit a multicast packet, called a GROUP GENER-
ATION packet. Each device that receives the packet mea-
sures the signal strength of the multicast packet. If the sig-
nal is stronger than the threshold, Device B sends a JOIN
REQUEST packet back to Device A. Otherwise the packet
is silently discarded. The request packet consists of B’s IP
address and current orientation. Device A checks the signal
strength of B’s packet. If it is also stronger than the thresh-
old, A registers B into the internal group management table.
Device A waits for reply packets for a short period of time.
When a timeout occurs, Device A transmits JOIN packets
to all the devices registered in the group management table.
Each JOIN packet consists of the IP addresses of all regis-
tered devices, as well as A’s reference orientation. At this
time all devices begin the photo sharing process.

Each device periodically transmits a KEEPALIVE packet
containing the current orientation to group members. Ev-
ery node that receives the packet checks the signal strength
and orientation value to update the user interfaces. If the
signal strength is under the threshold, or the orientation is
reversed for a certain period of time, the entry in the group
management table will be disabled. When the orientation
returns, the entry will be enabled again.
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Figure 3: Photo sharing using our prototype system

5. PROTOTYPE IMPLEMENTATION
We implemented a prototype system running the above

algorithm. We used three handheld PCs, Sony VAIO-U
(Celeron M 900MHz, RAM 256MB) and USB cameras. Fig-
ure 3 shows how the system was applied. Three people held
their devices, which were connected using an ad hoc (IBSS)
wireless mode.

To obtain the signal strength of wireless packets, we used
a MELCO 802.11b CF card as a wireless network interface,
instead of the embedded WiFi. We also attached a camera
to the back of each handheld PC so that we could use it just
like a digital camera. We used Linux and Java J2SE 1.5.0
platforms.

We made a small circuit of the electrical compasses and
connected it using a USB. We used Aichi Microelectronics
AMI100 to sense the orientation. We also used a small tilt
sensor for compensation.

Figure 4 shows our prototype system. In the figure the
photo sets of three people are shown. The bottom photo
bar shows person A’s photos, the bar on the left the shows
person B’s photos, and the bar on the right side is person
C’s photos. Person A is in the center, B is on the left and
C is on the right. Following the Rodden’s work[13], the
photos are shown in chronological order. If a photo has
strong correlation to any of other user’s photo, it appears
on a larger scale. In other words, if the picture is big, it is
recognized as a common memory. For example, in the center
of Figure 4, person A and B’s photos are very similar.

The photo shown in the bottom center is person A’s photo.
You can scroll and change the current photo. The point is
that when you change the current photo, everyone else’s
photo bar also changes to show the one most similar to your
updated photo. That is, group members can simultaneously

Figure 4: A screen snapshot. Three PCs are con-
nected to each other. One is on the left and the
other is on the right.

browse each other’s photo bars, which is a completely new
experience.

The timestamp histogram is shown in the bottom of the
window. It indicates the location of common memories in
the photo set. Members can directly jump to photos by
pointing to a location on the histogram bar.

5.1 Clock Operation User Interface
We built some simple gesture operations into our system

in order to provide intuitive user interfaces. We used a built-
in touch screen device.

The timestamp of the current photo is displayed in the
center of the window. This works as a clock user interface.
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Figure 5: By turning the hands on a clock, users can
intuitively browse their current photos.

Figure 6: Photos are transferred using a drag and
drop operation.

Users can change their current photo by placing their finger
on screen and moving it as you would move the hands on a
clock (Figure 5). As you turn the clock either clockwise or
counterclockwise as desired, all the photo bars are updated
to show the best image which is correlated to the current
photo.

5.2 Drag and Drop
“Drag and drop” is, of course, supported. If you want

someone’s photo, you can simply drag it and drop into your
photo bar (Figure 6). Conversely, you can give your photo
to someone else by dropping it on their photo bar.

Note that when a photo transfer occurs, the histogram
also changes. Therefore it is recalculated and updated.

In addition, you can even give another member’s photo to
someone else. At present, we do not have a clear idea about
how this feature can be used and whether it is required.
However, we are going to investigate it further.

5.3 Have Fun! Sync’ed Shutters
We implemented the synchronized shutters mechanism

that allows us to actively create common memories. It en-
ables people to synchronously acquire images from the cam-
eras of other members in an ad hoc group.

The basic idea is as follows. The timestamps of photos
captured simultaneously are the same. If these photos ac-
cumulate, the timestamp histograms during the period also

become the same. As a result, their similarities are quite
high and they are recognized as common memories.

Figure 7 shows a scene in which people are taking photos
using synchronized shutters. In this figure, the three people
on the left are taking a picture of the man standing on the
right. These handheld users have already constructed an ad
hoc network. When someone in the group pushes a shutter
(i.e. pushing a tactile button mapped to capture operation),
a capture request event is broadcast to all devices. The
devices then obtain the image almost immediately.

After all devices have taken a picture, a photo collection
process is automatically invoked. Each of the devices exe-
cutes an HTTP based file transfer system as a background
process. When data arrives, it is displayed on screen sequen-
tially (Figure 8).

6. DISCUSSION
While we did not perform any user tests, our subjec-

tive tests suggest generally positive reactions to our system.
We found that automatic presentation of photos, based on
shared situations can help keep the memory of the event
alive much longer than simply looking at organized thumb-
nails.

Browsing multiple photo sets was also well received. The
feelings experienced by scrolling multiple photo streams by
rotating the hands of a clock was described as feeling like
time travel.

We found that reflecting the positional relationships into
user interfaces by using wireless signal and user orientation
did not work well as we have expected. When group mem-
bers were in close proximity the connections worked well,
but otherwise, unexpected status changes occurred. This
was more frequent when people tried to take pictures using
synchronized shutters.

The synchronized shutter mechanism was very interesting.
In our experiment, we took more than 1,200 photos, some of
which were useless because users sometimes shot a picture
before the others were ready. However, we were able to share
photos from locations where we could not take them. This
was a new experience and enjoyable feature.

From a technical viewpoint, the wireless connection some-
times presented problems, the synchronized shutters were
not synchronized, and the delays were more than one sec-
ond. Automatic photo collection was sometimes incomplete,
and we have not yet solved this problem. Basically, we be-
lieve the major reason is that IBSS mode of the 802.11b card
is poorly implemented.

7. CONCLUSION
This paper describes a system for extracting photos based

on common experiences in an ad hoc group. It shows that
using the similarities of timestamp histograms and image
feature quantities can provide good search results. It also
describes our prototype implementation and illustrated the
new photo sharing experience.

While we found that using positional relationships is use-
ful, the system does not yet meet our requirements. Cur-
rently we are considering a kind of indoor positioning sys-
tem, such as UbiSense.

In this work, we did not consider privacy issues. However,
in practice this could be a serious problem. We would like
to obtain more feedback from our users about this issue.
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Figure 7: Using synchronized shutters.

Figure 8: When one person captures a photo, every-
one captures one. Their photos are automatically
collected and displayed. The bottom three figures
are photos taken using synchronized shutters.
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