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and stationary displays alike, granting differespabilities
Abstract in different situations. For example imagine twensswith
mobile devices that have integrated portable displahe

Imagine a world in which people can use their hand- SPatial proximity of the displays—indicated by aredap

held mobile devices to project and transfer content It:] their aLeaz of prOJerc;‘tlon—_allows for Itc))ose dic_qu@l
Everyone can join the collaboration by simply biirg etween the devices. Then using gesture-baseadtiten

their mobile devices close to each other. Peoptegrmap ~ With the displays—made possible by the augmenting
data from each others’ devices with simple handuges. ~ camera—the users can transfer data across theede@a

Now imagine a large display created by tiling ki the other hand,. when se_veral §uch displa_ys ard toe
displays where multiple users can interact withaage ~ Créate @ large display, their contiguous spati@rgrement

dynamically changing data set in a collocated, allows a Ioose_ coupli_ng _betvyeen all the disp_laybeT
collaborative setting and the displays will takeeaf the ~ 9€sture-based interaction in this case can enablte user

data transfer and handling functions in a way thst interaction with the display wall. The distributed
transparent to the users architecture in this case allows efficient data chiaug
In this paper we present a novel data-handlingldig across the different displays, critical when digrg
: : . large, dynamically-changing data.
which works as not only a display device but alscaa . A . o .
interaction and data transfer module. We proposepse Ma|r_1 Contributions O_ur_ main contrlbutlon__ln this
gesture based solutions to transfer informationwaetn paper is to show the feasibility of a data-handliigplay

- ; ; " lized by a distributed network of projector-caane
these data-handling modules. We achieve high sitiyab rea o "
by presenting a fully distributed architecture irhiah systems_. Augr_nented by a d_|s_tr|buted gesture ratogn
each device is responsible for its own data and als mechanism, this enables efficient data transfetsden

communicates and collaborates with other devices. W the displays, enabling different capabilities irffetient

also show the usefulness of our work in visualizarge applications.
datasets and at the same time allowing multipleuse .
interact with the data. 2. Previous work
Our work shares a common vision with that of [18],
1. Introduction though we expand on the rudimentary concepts pregen

therein into a scalable system. There have beerny man
earlier publications in the direction of single amalilti-
user projection-based user interfaces. For singler,u
single projector systems, using a flashlight asirgut
hdevice has been explored in [6, 13, 14] in ordanteract
with a large virtual workspace. Whenever a portiérthe
screen is lit by the flashlight the information that part
will become visible to the user. Cao and Balakrishf6]
investigated the possibility of using the flashtigietaphor

in order to achieve generic interaction techniqusssd for
defining information spaces in a new environmentha:

fly. Beardsley et al. account for the distortioms the
projected image for a single projector to create an
undistorted stationary virtual desktop [1]. Thisitended

to multiple projectors by Raskar et al. [14, 15].

Recent advances in projection and camera techrslogi
have made these devices increasingly portables hot
difficult to envision displays made from portable
projector-camera pairs in the near future. Many ifeob
phones and computers already come equipped wit
integrated cameras for video chat and handheldo*pic
projectors” are already available to consumers.efsiv
these advances in the miniaturization of projectansl
cameras, it is entirely possible for projector-ceame
displays to also soon be portable.

We consider displays made from projector-camerespai
and show that such display units, coupled by ay full
distributed architecture for handling data allow tts
exchange data between displays. The advantagecbf s
display modules is that they can be used in bottapte



In addition to single user systems much research haas inputs, spatial proximity is used to couple displays
been done in the area of single projector, mukirus together as opposed to tracking the displays, anthd a
systems which are usually used as collaborativepyvare distributed network of projector-camera pairs opamshe
for collocated groups of users. These papers can beossibility of distributed gesture recognition amacking
categorized into two major groups: the approachasuse  to enable interaction. Finally, there is little pting
display walls as described in [4, 8, 9, 19] anddhes that  between the users and the displays which autonfigtica
are using tabletop displays as described in [17,22]. lends itself to a multi-user scenario, where a usay not
These papers usually focus on handling multi-userhave the ownership of a device.
collaboration paradigms in collocated groupware as
discussed in [11] and also how to retain informatio 3, System overview
privacy of the users utilizing shutter glasses, chhis
investigated in [18].

Our work falls in the category of multi-projectonulti-
user interaction as in [5]. This work uses multiple
handheld projectors to explore a shared physicatep
When dealing with general displays instead of priojes,
there have been more papers pertaining to congectin
multiple display spaces. Pick-and-Drop [16] invgates a
pen-based technique used to transfer data betwesaced
by picking objects from one device and droppingrtlieto
another one. Toss-It, presented by Yatani et ab],[2
introduces a new technique to transfer information
between a PDA and other devices.

The backbone of our system is built on our eaxlierk
on creating scalable displays via a distributedvodt of
“plug-and-play-projectors” (PPPs) [3]. A PPP is elfs
sufficient display unit made of a projector, camarad
computer (Figure 1). A scalable display is creatgd
placing the projection areas of the PPPs in a a@pati
contiguous (overlapping) manner. The PPPs arealiyiti
unaware of the configuration that they are arranged
Using visual communication via the cameras in titeri
projector overlap regions, a PPP starts detectisg i
neighbors whenever its associated camera percsoras
other PPP in its coverage area. Using a distributed

However, all these systems depend on a centralizeoapproaCh eaqh PPP can discover it§ positiqn inlipeay
camera-based-tracking system where a stereo pair ofmd communicate and propagate information thrc_)ughou
cameras sees all the different projectors whicht emi the entire display until convergence (geometric and

specialized LED based patterns to decipher the lcmup gfILoFt)ometrlc Ireg|str(t':1t|0n) IS acthlevke(;. Foclilowmgst}thg i
between the input devices. Further, all these waodesthe can aiso set up a network-based communication

handheld projector/pen/PDA as the input device eteer chsnn:altﬂcros? aI_I the PltF_)PS tbelonglng dto o?e dmg:.}t
user is coupled to a device and can hence onlyaictte subse ereol via_ multicast “or broadcast Capeisii

with the shared space through it. Figure 2 shows an illustration of this distributegstem

In contrast, in our system, only human gesturesiseel architecture.
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Figure 1: A Plug-and-Play Projector (PPP) Figure 2: An illustration of a distributed systemchitecture for
consisting of a camera, a projector, and a multi-projector displays.
processing unit.



This distributed architecture permits the easy adite
of addition and removal of PPPs to a display. The
neighboring PPPs can detect this via their camarab
broadcast a reconfiguration message following wihiah
PPPs reconfigure and register themselves.

We propose using the same PPPs to create datadrgandl
displays that can now function as both input anthuu
devices. We consider hand gestures as the princarge
of input. Gestures can be detected using the samera
that is wused for configuration identification and
registration. We propose using the underlying itisted
architecture proposed in [3] for interacting wittetPPPs
as well as using a distributed way teecognize
communicateandreact togestures.

Distributed gesture recognitioposes challenges when
the gesture does not occur within a single display.
However, note that since the recognition is a local
phenomenon which only involves a single display dew
adjacent ones, having multiple users does not ose
problem.

In back projection systems, the screen blocks tae v
of the gestures in cameras mounted on the reaeqioof
themselves. This poses a challenge which is commonl
resolved by the using infrared illuminators and eeas [7,
10], as will be described in Section 3.3.

Distributed gesture communicatidnvolves informing
all the PPPs in the display or a subset thereothef
recognized gesture. The challenge lies in achiethigin
a fashion that optimizes different parameters kkeed,
network congestion and reliability.

Finally, distributed reactiorinvolves each PPP to reach
an independentdecision about how to react to the
communicated message in such a manner that wosid re
in aglobally acceptablelata transfer and display.

We have developed the first basic version of thevab
mentioned features resulting in two applicatiorey: file
handling in portable devices via front projectioRf3; (b)
data handling in visualizing large, dynamically-onbang
datasets in a tiled display via rear projection PP

3.1. File handling with front projection

Imagine two users holding their mobile devices WWwhic
are equipped with small, hand-held PPPs. The usarg
together the projection areas of their devicessicauthem
to overlap. Using the cameras, the PPPs can remogni

picture of our front projection setup.

The user can use a simple pointing gesture to tsalec
file. He can first select a document in one folded select
a different folder on a different device to inigaa file
transfer from one device to another. In additionfite
transfer, users can use additional gestures tdedflies or
to capture new data. For example a user can show a
capture gesture and then hold a physical documenbit
of the camera. The camera captures a picture of the
document and a new object will be created thatainst
the captured image.

Figure 3: The process of moving a document from mobile
device to another one.

It is important to note that in our system we dd no
associate users with the particular displays. Ge might
interact with all of the displays or more than arser can
interact with the same display.

3.2. Largevisualization with back projection

A tiled display made of multiple rear projectors is
commonly used for visualizing large datasets. Nio& the
same distributed gesture based data handling tpofmian
also be used to interact with this type of datae Th
limitation we encounter is that the camera canreiect
visible light gestures reliably because the screeud
projected image obstructs the hand.

To handle this situation, as in [7, 1®8e augment our
PPPs with an infrared (IR) camera and an IR illlaton.
Note that while the regular cameras are used for
registration and detection of addition and rem@id*PPs,
the IR cameras are used following registration wiien
display is being used for visualization purposesal The
IR illuminator and the camera allow us to detecitgees
when we touch the screen. Figure 5 shows our setup.

Users can now interact with the data. Imagine some

simple hand gestures. Users can then use simplé hanmap-like data which is being panned and zoomedhby t

gestures to share data across the devices. Orea level,
the devices can use Wi-Fi or Bluetooth for commatian
and data transfer. Figure 3 demonstrates the sipmpless
of moving a document from one mobile device to haot
in our system.

users. In this work, we consider global interactiore. an
interaction that involves changing the display eointon
all PPPs similarly (e.g. translate the map 100Ipit@ left
or zoom the map to 1.5 times scale). This is maswvant
for single user, but does not restrict multiplerage work

In our system, we use a PC to simulate the mobiletogether unless they perform different gesturehesame

device; the fundamental issues are the same. Fijise

instant in time. A more sophisticated paradigm amdie



multiple users, which is a part of our future workay reflected back to the IR camera we use for gesture

involve defining regions of local interactions aaltbwing detection.

different kinds of local interactions from multiplesers in Each PPP is responsible for detecting the gestheds

different parts of the data. occur within the view of its camera. When the gestis
happening at the overlap of two projectors they detect

4. TheFirst Prototype that this is the same gesture using network comration

in order to avoid duplicate execution of the gestur
detection across two adjacent PPPs.

We assume simple 2D gestures and use an approach
milar to the method described in [12] to clasdifie
gestures. We first find the bounding box of silhieief

. the hand to find its orientation. The bounding kgt then

4.1. Gesture detection be properly rotated in order to make the featuotation

The PPP Captures the scene using the camera antﬂlvariant. FOIIOWing the rotation the gestures wile
performs background cancelation on the capturedjéma  classified with metrics presented in [12]. We uderéted
Following this we get the silhouette of the hand number of gestures in our systems and thereforplaim
performing the gesture. classifications can be utilized effectively.

In the rear-projection system, the use of IR illnators
and cameras does not require any dynamic background.2. Gesture Communication
cancelation for gesture detection because our ¢trije
content appears only in the visible light spectrant, seen
by our IR cameras. It also makes gesture detectiore
robust because if we project dark content on theesc
there might not be enough visible light for gesture
detection. The cameras, being behind the screeg alih
the projectors prevent occlusion problems which are
common in front projection systems. However ourr rea
projection system does require the user to touetstheen
for gesture detection. When the user touches theesc
part of the light that reaches the front of theesar is

In this paper, we present the very first versiontlod
distributed gesture-based interaction and datalimgnade
have developed using the PPP based distributedSi
architecture [3].

After detecting a gesture, the resulting action hhig
affect the whole display. Therefore following eaadtion
with a global scope, the corresponding PPP wilbdoast
the action to its neighbors and the neighbors telép
doing the same thing. The system will reach a amse
after a few iterations. With this message passing
mechanism that happens only between the neighbers w
avoid network congestion that is usually a resuit o
message broadcasting.

Cam. Projector

Figure 4: Our setup for the file handling with ftgrojection system including two PPPs.



4.3. Data Handling Reaction

Once each PPP detects the gestures, the PPP sealiz|

how the data should be moved on the unified displagle
by all of the PPPs to create the acceptable résulthe
user. Note that following the configuration ideiatition
step presented in [3], each PPP is aware of theopaine
data it is responsible for and already has fetdheddata.
Similarly, when a PPP receives a transmitted gestur
based on the pre-defined interaction it is supposed
perform, it can compute the extra part of the dtashould
fetch from the server and in the position it shobi
displayed. Following this, the appropriate datdeished
by each PPP from the data server.

5. Implementation and results

As introduced in the previous section we have two
different systems both utilizing hand gestures tser
interaction but utilizing different projection meafisms.

In this section we will go through the implemerdati
details of each of the systems and the way thesusam
interact with them.

5.1. File handling with front projection system

This system consists of two PPP units. Each ofittits
has a separate desktop. When units come spatiaflg to
each other and start to overlap, users can stary tite
transfer abilities. Also each unit by itself givae user the
ability to capture documents and move or deletentba
his own desktop.

Camera

Projector |

(©)
Figure 6: Gestures used for the file handling witont

(d)

projection system. Corresponding actions are: (ahncel
operation, (b) copy a document or paste it if stingtis already
in the clipboard and the finger does not point twother
document, (c) capture a new document, and (d) remav
document.

We use four basic gestures in this system for captu
select, paste, and delete. The corresponding gssfor
each action can be found in Figure 6. Our gesture
recognition is implemented in a non-optimized MATRA
code. Hence, for the gesture recognition to takeelthe
user should keep his hand steady for half of argkcbhis
way the system can make sure that the user actotdlyds



to do some action which prevents
misinterpretations.

In this system cameras are located near the poogeit
front of the display. The camera included in thePPP
captures an image of the scene. Using the infoomati
gathered during the geometric and photometric tregisn
phase [3],
photometrically transform the image it is projegtin
appropriately to predict the scene without the gesfrom
the camera’s point of view. This predicted imagehien
subtracted from the captured images in order toado
background cancelation and detect the silhouettéhef
hand.

After detecting the gestures, TCP is used for ngessa
passing in this system. The port number will beppgated
together with the IP address after the PPPs visuall
recognized each other. Following that a TCP conmect
will be established between the neighboring PPEgtaey
can start to communicate. We chose TCP for thitesys
since we need to transfer the actual user datafi{t®
along with the gestures which can be done reliafidy
TCP.

from many

5.2. Rear projection system

Our rear projection system consists of four prajestn
a two row, two column grid, each of them equippéith &
camera located on top of the projector. The gestur¢his
system include translation and zooming which alis&rs
to effectively browse different parts of the mapheT
gestures for this application are similar to gessuic), and
(d) in Figure 6 but they will be tracked.

In our system, instead of using a separate IR camer
following the distributed registration of the PPRse
mount a simple visible light filter on the same eamto
realize an IR camera. This transition takes plaeaually
in our system but can be made automatic simplysiygua
mechanical actuator to switch between visible lightd
infrared filters. If the projector configurationaiges (due
to addition, removal or fault) the actuator carowallthe
cameras to be switched back to the normal modeéliega
the IR filter) for geometric and photometric caéibon.
We can also simply use an additional IR camerapiwe
gestures while an independent visible light camera
monitors registration.

In order to perform static background cancelation
required for the gesture detection the system captthe
background before presence of any gesture to bd use
later. Since IR images are noisy, the system pad@ome
preprocessing and then, by comparing the image thih
background model, finds bounding box of the sillituef
the hand gesture.

In this application we need to track the gestumes t
interpret the intent of the user. This is achievey

computing and tracking the centroid, size and daigon
of the gesture until the gesture is complete. Treumt of
movement or scaling is proportional to the differerof
these values between the first and current frame.

For message passing we use a UDP based messaging to
keep all the PPPs updated with the latest gestigtested

each PPP can geometrically warp andby rest of the PPPs. First each PPP propagateséson,

which is discovered during the geometric regisbratiand
also its IP address. Afterwards a UDP connectidhhei
established between every pair of neighbors. Simtkis
application we only need to transfer the gesturarpaters
in a timely manner and do not send any data aldtiyity
we chose UDP, which affords us lower latency.

Each PPP keeps on sending its current detectedrgest
or a no-op when nothing is detected. Sending a mo-o
helps the neighbors to make sure that the PPPIillis st
responding. All the PPPs use a polling mechanismeto
the latest detected gesture and respond apprgprifith
PPP stops responding due to a failure, it will le¢éedted
and handled via reconfiguration of the displayhiea same
way as in [3].

5.3. Details of the utilized devices

We used two Epson PowerLite 1825 LCD projectors for
our front projection setup and four similar progest for
our back projection setup. We used two Access ifecas
connected to two similar PCs for the front projewcti
system and four Point Grey Firefly2 cameras coratkt
four heterogeneous PCs for the back projectioresyst

The photometric and geometric calibration process
takes less than a minute and afterwards users ocak w
with the system interactively.

6. Conclusion and futurework

In this paper we presented data handling displays b
extending the notion of the "plug-and-play projetto
(PPP) and implementing a distributed gesture detgct
communication and reaction system on top of the
distributed network of PPPs proposed in [3]. W® aised
visual overlaps to group the PPPs instead of tnacttiem
which requires a central tracking mechanism. Usisgal
overlap helped us to keep with the fully distriltite
paradigm of the system. We demonstrated usefulogss
our approach by showing a front projection systesadu
for information sharing between multiple desktopsl &
back projection tiled display for large datasetigigzation.

However, this is the very first prototype and enous
possibilities for future work exist. We would like be
able to handle gestures which are not limited tpscof
one projector and its overlap area e.g. a userdcaw a
large circle without considering how many projestare
included in his drawing. Then the area inside fhdeccan
be considered as his personal workspace. We plstudy



possible ways of defining the notion of personatkim
area in a large area display. This way a user ear his
personal workspace when required and at the same ti
share his work with the rest of the users whenéweer
desires.

Finally we would like to seek other applicationatthan
make use of such systems, such as office enviratsmen
and study a wider variety of gestures that suitsehe
applications.
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