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Abstract
We detail a new approach for interacting at a distance with large public displays using a cellphone as a 
pointing device. Our approach allows cellphones with IrDA ports to interact with public displays 
equipped with affordable off-the-shelf webcams fitted with infrared pass filters. We detail a toolkit that 
supports gesturing and pointing from a distance using the cellphone. We conclude by discussing other 
interesting properties of our approach, in particular allowing data on the phone to be moved quickly 
onto a larger display for public consumption, and allowing content to be moved between multiple 
displays in the environment using the phone as a conduit for the data transfer.

1. Intr oduction

The popularity and ubiquity of cellphones means that we carry more and more data with us. 
Furthermore, large public displays are becoming more commonplace within a whole host of 
environments, in particular the workplace and public spaces such as museums and airports. We are 
interested in scenarios where the cellphone user wishes to take the content on the phone and display, 
interact and share it  on a larger display. One such example could be an impromptu meeting between 
colleagues at a conference, where individuals wish to take slides and supporting media stored on their 
phones, and quickly show them to others using a display available in the space. In such a scenario many 
questions arise such as: How can the content be moved from the phone to the large display, how can the 
content be controlled once up on the larger screen, like navigating a slide deck and annotating, and how 
can other people in the group download the publicly available content onto their personal devices? 

In this paper we attempt to address these questions by describing a new approach for interacting with 
public displays using the cellphone and infrared (IR)-based sensing. Other researchers have looked at 
techniques for enabling cellphones to interact with public displays, in particular focusing on using the 
embedded camera on the phone for sensing. Two differing techniques can be identified in the 
cameraphone approach. The first uses visual markers on the large display which can be processed and 
identified by the camera on the phone [2, 5, 11]. The second uses the optical flow of the image captured 
by the phoneÕs camera to provide direct manipulation on the screen [4, 12]. We also wish to provide 
direct manipulation and gesturing on the large display surface, but instead we utilize an IR-based 
approach which allows the phone to act as a pointing device from a distance. This approach has the 
benefit that it  is reliable, robust and utilizes simpler computer vision algorithms, specifically image 
thresholding and center of mass calculation. 

Interaction from a distance has been demonstrated to be a direct, user-friendly way to interact with 
displays [6, 9, 13]. A  number of systems successfully incorporated laser input to achieve this goal [3, 7, 
8]. However, instead of emulating the mouse, we are interested in employing gestural interaction. [1, 10, 
14]. Gesturing makes an interesting alternative to pointer-based interaction in this case .



2. Appr oach and Interaction  Techniques

We piggyback on the IrDA communication port of the phone to enable the 
phone to be used as a pointing device on a public display. The IrDA  port 
emits invisible light to send data to other devices. This invisible light can be 
used as a directional light source to facilitate interaction from a distance. On 
the display side, a web camera with an IR pass filter tracks this light source 
and maps the position from the raw video image to onscreen coordinates.

Our setup consists of a large display attached to a computer. The display is 
augmented with an off-the- shelf webcam that has an IR pass filter in front of 
its lens. The webcam is fixed on top of the display. We are using simple 
image processing techniques to detect the light cone as it  falls on the camera 
lens. The IR pass filter blocks visible light and lets through IR light, this 
approach gives us a clear, almost black and white image with the white being 
the IR light from the phone (Figure 1). We threshold this image and calculate 
the center of mass of the blob. These coordinates are bounded by the resolution of the webcam (QVGA). 
We map these coordinates from the raw bitmap image to the resolution of the display surface (UXGA).

Although one can opt to mimic the mouse pointer on standard UI widgets with such a setup, we also are 
exploring how gestures can allow the user to interact more naturally from a distance. Physical gestures 
such as throwing, moving and dragging can be exploited to make interaction with such a setup straight-
forward. There are three major classes of gestures we support: 

¥ Control gestures: Using the cellphone, the user navigates the content on the big display. This set has 
similar mechanics and semantics as a gesture set found on Tablet PCs today.

¥ Data transfer across devices: A user ÒpicksÓ content from a display in the room and drags it  to another 
display on the opposite side. This gesture triggers the data transfer over the network in the background.

¥ Manipulation gestures: The user cuts out a portion of a presentation from a display by delineating the 
region of interest and ÒdropsÓ it  onto the other display. 

We have written a toolkit in .NET to support these different types of gestures on screen. We briefly 
describe some of the aspects of this toolkit in the next section.

3. Implementation

There are two types of gestures that our toolkit  recognizes. A primary gesture is a straight line in a 
certain direction with a certain length and IR light cone size sensitivity that can be detected in a given 
region. The class is able to introduce flexible limits to both direction and length of the stroke as well as 
the size of the light blob. All  size information that the gesture uses is fractional. This makes it  easy to 
transfer gestures between different display surfaces without having to adjust the code for each platform. 
The second class of gestures we are supporting is complex gesture. Developers stitch together primary 
gestures to come up with a complex gesture. A complex gesture can define how many times that the 
composite gesture needs to be repeated, whether the user can start the gesture at any point in the 
sequence, and whether the reversed gesture is considered valid.

Fig 1. Scene as seen by the 
image processing code. The 
green dot at the center 
coincides with the IR port.



Segmentation of the drawn gesture is done using a grid defined 
by the developer. Figure 2 shows an upward diagonal primary 
gesture. As the user moves from the bottom left, each cell on the 
path of the stroke picks up the motion in that cell and passes it  to 
the gesture recognizer. On arriving at a new cell, the gesture 
recognizer compares the running length, current heading, 
bounding box, size of the light cone and modifiers coming from 
the phone associated with the current stroke against the 
constraints declared by the developer for each gesture. When the 
stroke reaches the region that satisfies the conditions for the 
cross out gesture (the shaded region in Fig 2), the recognizer 
matches the current stroke with the cross out gesture defined by the developer, recognizes it  as a valid 
gesture, notifies the attached listeners and passes them a state object about the recognized gesture. The 
complex gestures work in a very similar way. As each stroke that makes up the complex gesture is 
recognized, the recognizer progresses towards classifying the complex stroke as a valid gesture. After a 
segment (primary gesture) in a complex gesture is recognized, the recognizer checks the overall 
complex gesture constraints as well, such as number of repetitions, valid starting points and reversed 
gestures.

We have created a slideshow suite that supports the three gesture classes we mentioned: control, data 
transfer and manipulation. There are two programs in the suite. The authoring tool is a standard 
Windows application intended to run on a laptop. The other program is a large screen slide viewer. It 
renders the deck dropped onto it as a stack of slides. After creating a slide deck on the laptop, the user 
can swing his cellphone upwards to ÒpickÓ the deck from the computer and drag his cellphone towards 
the large public display to drop it  there. This gesture transfers the current set of slides on the laptop to 
the big screen over the network. Once the slides are transferred, the user can move his cellphone 
sideways to go to the next or previous slide, cross out the deck like sweeping a desk to clear the slides, 
and make a square on the public display to zoom into the current frame or zoom out. Similar to 
transferring from the authoring tool, the user can ÒpickÓ single slides or the whole deck from the large 
public display and drop them onto another laptop. The programs use multicast for data operations.

4. Early Reflections

Although we have yet to provide a formal evaluation of our toolkit, some interesting aspects are coming 
to light through deploying the slideshow application in our lab. The obvious one is multi-user support. 
Large public displays naturally lend themselves to simultaneous collaborative activities. Support for 
multiple people interacting at the same time on the same display should be a part of the infrastructure. 
We are currently experimenting with modulating the IR signal from the phone to uniquely identify and 
track multiple phones simultaneously.

Feedback is an important issue to address in cases where the the pointing mechanism is not used to drive 
a mouse pointer, such as relative gestures. We considered two axes in this space: Explicit-Implicit, 
where the user either gets a very clear message or a subtle cue about the current status of the system, In 
situ-Peripheral, where the feedback shows up at the site of the gesture activity or on the periphery. 
Visually distinguishing multiple users and cellphones also requires further elaboration.

  Fig 2. Cross out in the slide viewer



5. Conclusions and Futur e Work

We presented an infrastructure for using a cellphone to interact with a large display. In the following 
iterations of our project, we will  be focusing on supporting multiple users and extending the control and 
data transfer capabilities accordingly. Multiple point detection is possible at this point by using multiple 
grids, we would like to support this feature extensively. By using the modulated IR signal, we can send 
Bluetooth MAC IDs from the phone to the display, allowing the display to communicate with the phone. 

Our scenario assumes a network in place. However, when a network is not available, the phone itself can 
carry data between displays. For example, when a user picks up a stack of photos, the photos are 
uploaded to the phone and when the stack is dropped, they are copied to the destination from the phone. 
This approach has obvious advantages in cases where source and destination are separated physically.

Improving the sensing mechanism by inferring some sense depth using the blob size, geometry and 
brightness is possible. We are working on dynamic calibration of detected coordinates based on the 
maximum span of the gesture across the screen to make it  easy to gesture at different distances. For 
more precise interaction, the keypad, joystick or the rocker on the phone can be leveraged for dedicated 
controls for the interface on the remote display. We believe that the class of applications enabled by our 
toolkit will allow us to observe a new way of interacting with large public displays.
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