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Abstract

We present a Computer Vision based system that en-
ables multiple people to interact naturally with a large dis-
play table using their own bare-hand gestures. The display
presents and supports a particular multimedia application
that can be used at the same time even by remote users.
Finally we describe two different applications designed for
didactic and entertainment scenarios.

1. Introduction

Multi-user systems are becoming increasingly common
in different scenarios such as museums, entertainment, in-
formation on demand, didactics and they have many ad-
vantages such as supporting collaboration on shared data.
Studies show that larger displays enable users to create and
manage large number of different data, as well as to involve
more people in same tasks such as visual manipulation.
As large displays become more affordable, researchers are
investigating also techniques for making the large-display
user experience more effective[1]. There are relatively few
tools that directly address the needs of users simultaneously
interacting with a large display and they are typically dedi-
cated to users with a high level of experience in traditional
interfaces, sometimes expecting them to be provided with
specialized tools such as 3D pointing devices or data gloves.
We believe that such devices may limit the system’s useful-
ness. Therefore, our goal is to design a multiuser easy-to-
use system where people can interact simultaneously with
multimedia contents through their own bare-hand [2] ges-
tures. Clearly the system needs to be more oriented towards
natural interaction: in order to implement these kinds of
improvements, we used non intrusive and invisible input
sensors, exploiting advances and results of pattern recog-
nition, and image understanding. We decided to work on

Tabletop interaction [3] because of its great affordance [7]
to the unconscious knowledge of any civilized person that
would use it: tables are an ideal environment for sharing
information and digital objects with others. Since hands
are the most communicative part of human body[4], sev-
eral works address hand gesture commanded interfaces. 3D
techniques have been used in systems where robust recog-
nition of complex hand postures is needed (i.e. for 3D En-
vironments[5], 3D objects manipulating[6]). While accu-
rate, 3D techniques have high price in term of computa-
tional technical complexity. Cheaper solutions work with
2D data and use vision based methods to perform color or
motion detection[8], and recognize gestures through neural
networks[9], or Hidden Markov models[10]. By using 2D
simple vision based techniques, we created a real-time sys-
tem based on a single PC station able to track users’ hands,
recognize their position, shape and motion and make the
interface react to them. The gesture recognition method de-
veloped, using simple background subtraction combining
with the use of infrared techniques, has been designed in
order to have low computational cost so that it allows the
system to have enough computing resources to be controlled
by more users.

2. System design

2.1. Setup features

We built a wooden table with a mat glass surface of
150x100cm on which a multimedia user interface is visual-
ized through a projector fixed to the ceiling close to a web-
cam; a single standard webcam working at 20 fps is enough
to capture the desk surface and providing it with an IR filter
we made the system impervious to visible light and pro-
jected images. A 2.3 GHz computer is connected to acquire
images from the webcam and to visualize the real-time up-
dated interface through the projector; finally an infra-red
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illuminator is placed next to the webcam to flood the desk
surface.

2.2. Video Processing

The processing chain develops from video processing
phase that consists in a segmentation done through back-
ground subtraction using a dynamic model of the scene in
order to cluster pixels into blobs through a connected com-
ponents algorithm [11]. Each blob (corresponding to one
hand) is described with a collection of statistical and mor-
phological measures, including moments (up to the third),
bounding box, and color histogram.

2.3. Hand pose recognition and tracking

In the second processing step, each blob is analyzed eval-
uating its direction, size and perimeter in order to eventually
associate to it a particular hand pose. Our system is able
to recognize three different poses: open and pointing hand
and an hybrid pose. In order to get that, once defined two
different circular finding windows sized in accordance with
standard human-hand size, we developed the following al-
gorithm.

1. Let P be the outmost point of blob B (according to
the arm’s direction) and let w1 and w2 be two circular
finding windows centered in P respectively sized 20
and 3 cm in ray (see fig.1).

2. Let us consider set S(w)= {(x, y)|(x, y) ∈ ∂B ∩ w},
and let N(S(w)) be the number of elements in S(w);

- if N(S(w1))≥ N̂ , where N̂ is a fixed bound empiri-
cally determined, then
we consider the shape of B as an open hand pose.

- otherwise, let us denote by D(d1, d2) the distance be-
tween d1 and d2, where d1, d2={S(w2)∩∂w2};

- if D(d1, d2)≤ M̂ , where M̂ is a fixed bound
empirically determined, then the shape of B
is recognized as a pointing pose;

- otherwise the shape of B is recognized as an
hybrid pose.

Figure 1. Recognizing poses.

Once recognized the pose, we associate to it a sensible
point (the fingertip in case of pointing pose and the center
of the palm in case of open hand) and a steady time, both
useful data for the interaction dynamics.

The last processing step includes hand tracking in order
to recognize and analyze gestures of each individual user.
In order to track all the hands of people who are interacting
on the table, in every frame we have to find for each blob
its sensible point position. First of all we define a circular
tracking window within which a point can reasonably move
in 1/20 second (that is the time gap between two different
frames acquired at 20 fps). Considering a generic blob B,
the tracking window associated is centered in its centroid,
defined as follow.
First of all let us take into consideration the expression of
the statistic moments of B:

mpq =
∑

x

∑
y

xpyqρ(x, y) (1)

where ρ(x, y) =
{

1 if (x, y) are into B
0 otherwise

Then, the centroid coordinates are defined by the first order
moments as follow:

x̄ = m10
m00

ȳ = m01
m00

. (2)

1. Let PB(f̂ ) correspond to the centroid of blob B at
frame f̂ and let wB be the circular tracking window
centered in PB(f̂ ).

2. For every point O(f̂ + 1) s.t. O(f̂ + 1) ∈ wB

- if O(f̂ + 1) is the centroid of a blob,
then O(f̂ + 1)≡ PB(f̂ + 1)

- otherwise blob B got out of the scenario.

Larger tracking windows allow faster gestures but increase
risk of mistakes in case of multiuser mode. In order to ob-
tain an effective hands tracking in such situations, after sev-
eral testing sessions, we fixed the circular tracking window
ray at
8 cm.

3. Multiuser System

When multiple users act at the same time in the same in-
teractive scenario there are many nodal points to take into
consideration: first of all the need of different simultane-
ous hand tracking even in presence of particular hands over-
lapping (i.e. accidental bump cases). In order to maintain
an effective hand tracking we have to distinguish in every
frame each acting hand from the others: this means to study
a good labelling technique. We chose to associate to each
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of them their own centroid ’id’ as their label: choosing a
proper tracking window we avoid the risk of wrong label as-
signments. This labelling technique works as long as there
are no total or partial blob overlaps, or rather when we assist
to a blob merging. In fact, in case of temporary overlapping
(i.e. when a ”bump” between different users occurs), the
blobs involved merge into one blob and the system can be
subjected to errors in hands tracking and therefore in the as-
sociation of the observed gestures to the right users. In order
to obtain good results, we have employed some heuristics to
detect such cases. We define the following accidental bump
model :

- there are two blobs involved;
- bump is an occasional accident;
- minimal portions of each blobs are merged.

Once defined the blob surface as the zero order statistic
moments (m00, according with def.1), the system detects
a merging case as follow:

- blobs in the current frame are less than them in the pre-
vious one;

- the larger one of them has a surface equal to at least 1.5
times the bigger one in the previous frame.
Once such merging is detected, frames are not processed
until the two involved blobs detach so that there are no re-
strictions about the duration of the overlapping. The system
predicts the positions of the sensible points associated to
the involved blobs using a linear one-step-ahead predictor
of the following form:

x̂(f) = x(f − 1), ŷ(f) = y(f − 1).

where (x(f),y(f)) are the coordinates of the sensible point
at frame f (detach frame). Under the reasonable hypothesis
made in our accidental bump model, a one-step-ahead pre-
dictor is enough to solve merging cases according with the
following three step algorithm.

1. Predict the two blobs’ sensible point positions they
will have at the frame in which they detach;

2. evaluate the prediction error associated to each blobs
in term of distance between predicted and real sensible
points (see fig.2);

3. associate to each blob the ’id’ of that one which mini-
mizes the prediction error.

4. Two interface prototypes

The two interfaces proposed address two different sce-
narios in which we believe that a natural interaction multi
user tabletop would be exploited: entertainment and didac-
tic/educational. Common goal was to build easy-to-use in-
terfaces where involved people learn to use them only by

Figure 2. Merging management and testing.

observing other people working on. This meant for us to de-
velop simple visual languages adapted to the different con-
texts.

4.1. Manipulating multimedia objects

The first interface proposed offers to its user the chance
to manipulate some multimedia contents like videos and im-
ages by changing their visualization features. In order to
develop a visual interaction language as natural as possible,
we tested this interface with up to 20 persons to see which
gestures would be the appropriate. Finally, The associations
chosen between gestures and actions were the following:
Static actions.
selection/deselection: persistence of pointing pose on the
object chosen (steady time at least of 700 milliseconds) (see
fig.3, a));
play/pause/stop: persistence of open hand on the video ob-
ject chosen (steady time at least of 500 milliseconds, see
fig.3, b).
Dynamic actions.
drag & drop: pointing pose moving through the interactive
scenario after an object selection (see fig.3, c)) ;
roto-translation/resizing: two different pointing poses on
the object chosen (steady time at least of 800 millisec-
onds)(see fig.3, d));
clear: open hand pose moving from one side to the opposite
side of the table.

Figure 3. Static and Dynamic actions.
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4.2. Big image exploring

This experimental system is part of the project VICOM
(Virtual Immersive COMmunications), co-financed by the
Italian Ministry of Education, Universities and Research
(MIUR). This interface is designed for professor tutorship
to students that interact with the collaborative table asking
questions about some didactic materials: the professor an-
swers them through a remote computer able to command
the interface as well. The associations chosen between ges-
tures and actions has been the following:
Static actions.
buttons selection: persistence of pointing pose on the but-
ton chosen (steady time at least of 500 millisec);
zoom in/out: persistence of pointing pose in the position
chosen after correspondent button selection (see fig.4).

Figure 4. Static actions.

Dynamic actions.
exploring image: alternation of open hand and hybrid

pose moving from one side to the opposite side of the table
(see fig.5, a); drawing: pointing pose moving on the table
after the correspondent button selection (see fig.5, b).

Figure 5. Dynamic actions.

5. Experimental results and conclusions

This work addresses a working implementation of a 2D
hand gesture recognizing system based on images segmen-
tation through background subtraction. We have developed
an interactive environment in which more users can inter-
act simultaneously with multimedia objects. In order to
solve problems due to hands’ shapes overlapping, we have
employed a predictor based method that is able to distin-
guish (under reasonable hypotheses) two hands of distinct
users even when they accidentally bump. Finally we have
tested the system with two different interfaces prototypes

with more than fifty persons differently aged and experi-
enced during a whole year, and we observed very good re-
sults (see fig.6).

Figure 6. Testing results.
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