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Abstract We developed a novel click-free interface for laser-pointer-based
systems with wall-sized screens. The technique includes two moving operations:
“crossing,” which uses four edges as a crossing target to execute a command,
and “encircling,” which selects objects by drawing a circle around them. This
paper describes the proposed interface, its implementation, and an experiment
conducted to test the technique.

1 Introduction

A laser pointer is a useful pointing device for presentations on wall-sized screens,
such as computer-projected presentations. It allows a presenter to point anywhere on
the large screen quickly, even when the screen is located far away. However, when
the speaker needs to manipulate the PC, he or she must either physically press some
keys, or use a commercial device such as a wireless mouse or remote control to
manipulate the PC from a short distance. However, these devices are difficult to use
to point to a target (e.g., mouse) or often have several buttons that can easily be
confused (e.g., remote). Such complications are compounded when a user needs to
use these devices while explaining a slide with the laser pointer.

Several proposed systems [4, 5, 8, 9] have attempted to address this problem using
a laser pointer as an input device. However, all of these systems adopted a mouse-
compatible interface where the mouse button is pressed while the laser dot is held for
a certain amount of time on a specific spot on the screen display. Here, we call this
technique the “holding technique.” There are several problems with this method: it
takes a relatively long time to execute, because the user must wait the specified
amount of time to click anything; the click operation requires a user to maintain a
fixed posture during the delay period, straining his or her body; and the laser dot
vibrates, because of the user’s natural hand tremor, making it difficult to interact with
small objects on the screen display.



To solve these problems, we have designed and implemented a new technique
using moving gestures. The system includes two moving operations, crossing and
encircling.

Using the crossing operation, a speaker crosses the edges of the screen using a
laser pointer to input and execute predefined commands. The encircling operation is
used to select graphical user interface (GUI) objects on the screen. The speaker
chooses an object, such as an icon, button, or thumbnail, by circling it. Basically, the
system selects the GUI object nearest to the center of the circle drawn by the user.

2 Click-free interaction technique

Myers et al. [7] showed that it is difficult for a user to keep a laser pointer fixed on
a specific area of a screen for a long time; the beam is unsteady, and users cannot turn
the device on or off at will. This is a weakness of using a laser-pointer-based system
in combination with the holding technique described above. Therefore, we
incorporated the two moving operations, crossing and encircling, into our click-free
interaction technique. Note that these techniques do not use holding, but moving
gestures for the interaction, because it is a more natural and easy way to control a
laser pointer. That is, drawing lines or circles is easier than keeping a laser dot fixed
on a specific location for a period of time.

2.1 Crossing operation

The crossing operation is used to execute commands, using goal crossing [1] as the
fundamental interaction method. All the commands executed by the user are activated
by goal crossings.

The system can detect movements of the laser dot outside the screen, and use these
movements for interactions. This is a unique merit of this technique. We use the edge
of the projected screen as the main goal of crossing, because the screen edges are
long enough for the user to cross easily. There are three basic types of crossing: in-
out, out-in, and in-out-in (Fig. 1 left). In-out is performed by moving the laser dot
from the inside to the outside of the projected screen; out-in is the opposite
movement; and in-out-in consists of two successive crossings (i.e., the user does not
turn off the beam between crossings), inside to outside and then back inside the
screen. We use combinations of these three basic operations, and the four sides of the
display screen to identify different commands.
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Figure 1. (left) Three types of crossing: (1) in-out, (2) out-in, and (3) in-out-in
(center) Target Encircling: a colored target, laser dot curve, and fine blue-line marker
(right) Encircling and crossing to select and execute

2.2 Encircling operation

The encircling operation is used to select GUI objects. Basically, the system selects
the object or objects (e.g., icon, button, thumbnail) nearest to the center of the circle
drawn by the user. Using a laser pointer-based system, a user can draw circles easily.
Therefore, this method may be easier for selecting GUI objects than the holding
technique.

In addition to objects, a user can select an area of the screen, for example, to zoom
in on the map viewer application. In this case, the user’s circle provides position and
zooming ratio information to the system. This is a unique merit of the encircling
operation.

Several pen-based systems [3, 6] use encircling selection, and have shown the
usefulness of the operation. We incorporated this method into the laser-pointer-based
interaction, because the two systems are similar. For example, both a laser pointer and
a pen can be used to point to something directly on a screen display. However, a laser
pointer cannot be used as precisely as a pen, since a user touches the screen surface
with a pen, but operates a laser pointer from a distance. Therefore, we adapted the
pen-based method to the laser-pointer-based system.

2.3 Encircling and Crossing

The user can select a GUI object and execute a command by combining the two
techniques. Moreover, the system provides combinations of executable commands for
various applications. For example, in a file manager, if the top edge is defined as
Open File, when the user encircles a file icon and crosses the top edge, successively,
the file will be opened (Fig. 1 right). One can select a target and execute a command
quickly and easily in one stroke.



3 Prototype system remote pointer

3.1 System overview

The system consists of a PC, a USB 2.0 camera, and a video projector. We use a
green laser pointer (wavelength 532 nm, divergence 1.2 m rad, output power about 5
mW). The projector displays the PC’s screen, and the camera is fixed on the projected
screen display. Figure 2 shows the setting of the prototype system.

Before using the system, one must designate four points for calibration. Usually
these points make a four-sided figure, but not a rectangle. The system then converts
the polygon (on the coordinate system of the image) to a rectangle (on the coordinate
system of the PC display) with the same aspect ratio as the projected display. We
applied the projector—camera homography method [9] to our system.

After calibration, the camera produces 640- x 480-pixel monochrome images at 33
frames/sec. The laser dot tracker runs on the PC. The tracker scans to find brighter
pixels than a given threshold in each frame. If the tracker finds brighter pixels, the
system places a mouse cursor at that position. If the tracker finds no such point, it
reports that no laser dot has been found. The mouse cursor moves as the laser dot
moves.
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Figure 2. Setting of the prototype system and the experiment

3.2 Detection of Crossing

If the tracker finds a laser dot outside the projected area in a certain frame, and
then finds the dot inside the projected area in the next frame, there is an out-in
crossing. There is an in-out crossing when the laser dot exists first inside and then
outside the projected area. However, surfaces around the actual screen are not usually
flat. In contrast, the flatness of the screen is guaranteed. Therefore, in our approach,
the tracker locates laser dots only on the screen.

To distinguish between traveling and turning on/off, the tracker performs the
inference illustrated in Figure 3. First, it calculates an outgoing vector when it loses
the laser dot and an incoming vector when it finds it. The incoming vector is derived



from the first two dots. Then, it makes another vector, beginning at the first dot. Its
direction and size are ¢ times the incoming vector, where ¢ is a predefined constant.
The tracker infers that the laser beam traveled across the edge if the vector crosses the
edge. Otherwise, it infers that the laser beam was turned on. The same inference is
performed for the outgoing vector. In our current implementation, we use ¢ = 4,
which is derived empirically.

The tracker also uses a threshold to distinguish between an in—out—in crossing and
an in—out crossing followed by an out-in crossing. If two crossings are detected
within the threshold, it is considered an in—out—in. The same value is used to avoid
erroneous failure to find the laser dot; that is, the tracker does not consider the beam
turned off until it continuously finds no laser dot for the threshold period. The
threshold was 500 ms in our implementation.
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Figure 3. Detection of crossing

3.3 Detection of Encircling

The system detects the encircling gesture as follows. First, it examines whether the
laser dot trajectory intersects with itself. If so, then the system calculates the area
encircled. If this area is larger than a predetermined value, then the system detects
that something has been encircled. The predetermined value is 2000 pixels on the
display coordinate system. Next, the system calculates the center of the encircled area,
and displays a blue square at that center. This marker has an area proportional to the
encircled area. Figure 1 (center) shows a colored object, a laser dot curve, and the
blue marker square. When the square includes the center of some GUI object, the
object is detected and selected.

4 Usability of the proposed technique

We conducted some informal tests on the crossing operation using two
applications. We also conducted an experiment on the encircling operation, to
examine the time and proficiency with which a user could successfully encircle a
target.



4.1 Informal tests on the crossing operation

We implemented two prototype applications using the crossing operation: a
slideshow application for computer presentations, and a map viewer application.

In the slideshow, the most basic operations were next-page and previous-page. We
used out—in (2) crossing for these operations: if the laser dot crossed the right edge of
the projection, then a next-page command was executed, and if the dot crossed the
left edge then a previous-page command was executed. If the dot moved from inside
the screen perimeter to outside and then back inside, continuously, the system
detected the movements as a sequence of next/prev-page commands. Because such a
movement can be replaced with a circular movement at the side of the screen, the user
can easily move through pages continuously. Another interesting operation is to
switch between presentation and thumbnail modes, performed by executing a circular
movement of the laser dot at a corner of the screen, i.e., an in—out—in (3) operation
consisting of crossing from the inside to the outside of the right edge of the projection,
and then crossing from the outside to the inside across the bottom edge.

In the map viewer application, the following operations are available: go right, left,
up, down, zoom in, zoom out, and rotate. These commands are made from three basic
movements. Move right and other directional commands are made from the out—in
crossing; zoom-in from right-handed in—out—in crossings; zoom-out from left-handed
in—out—in crossings; and rotate from out—in crossings, when the laser dot enters with
an angle of less than 45 degrees.

We conducted some informal tests, allowing volunteers to use these two
applications. Users were able to successfully manipulate these applications after a
little practice. Their feedback included that these applications are useful and easy to
use; they wanted to use the slideshow application in their presentations; and that it is
easy to understand how to use the edges to execute commands. Although the tests
were informal, we are certain that the crossing operation is useful.

4.2 Encircling operation experiment

Setting

Figure 2 shows the geometric setting, including the size and position of the screen
and the position of the user. Users stood at a fixed distance from the display, which
was projected onto the screen by a video projector. The resolution of the displayed
screen was 1280 pixels width x 1024 pixels height; the screen scale was 1.5 m width
and 1 m height. The experiment was performed with 15 users, none of whom had
used a laser pointer device system before. All participants were male, 21-36 years old,
and with no disabilities in their hands, fingers, eyes, color vision, or hearing.

Methods
A matrix of squares virtually represented GUI objects typical to any system, such
as icons, menus, buttons, and thumbnails. Figure 4 shows the screen of the



experimental program. The matrix consisted of 50 (5 rows x 10 columns) light blue
squares. Each square was 90 pixels, and there were 10 pixels between squares.

In the experiment, the target, one of the arranged squares, was turned yellow or
orange. Users were asked to encircle the target using a laser pointer. If the user
succeeded, the system produced a beep and then showed the next colored target. Each
user completed five sets, each comprising 20 possible target squares. The experiments
were performed in two standing positions, at distances of 3 and 6 m, called the near
and far positions, respectively. Each participant completed five sets from each
position.
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Figure 4. The screen of the experimental program

4.3 Results

Figures 5 and 6 show the average time for users to encircle a target(s), and the
error count per set. The average time was 1.4—1.5 s in the fifth set. The most
proficient users averaged 0.9-1.0 s. It is interesting to note that the average time was
faster in the far position, likely because the hand movements for encircling gestures
are smaller from the far position; this makes it more difficult and therefore results in
more errors.

Users made, on average, four to five errors in encircling a target, per set. Half of
the users made less than three errors. The most proficient users made no errors or
only one error in the fifth set. The average success rate was about 60-80% from the
far position, and almost 80% from the near position. About half of the users had a
90% success rate.
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Fig. 5. (Right) Average required time to encircle and success rate at the far position
Fig. 6.(left) Average required time to encircle and success rate at the near position

4.4 Classified errors

We classified errors into three types (see Fig. 7 for examples): user did not select
any square (52%); user selected a square other than the target (17%); or user
encircled more than one square, including the target (31%). The most common error
was failing to select any square.
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Figure 7. Classified errors: (1) nothing encircled, (2) different target encircled, and (3)
multiple targets encircled

4.5 Discussion regarding classified errors

We analyzed the errors classified in section 4.4. In the first case, when a user
encircles empty areas, then the system should execute nothing. We considered the
second case more important, because this error strongly affects system usability.
Therefore, it was necessary to reduce the incidence of this type of error. Based on our
observations of users during the experiment, we concluded that it was easier to
encircle a target using thin ovals, versus circles. Therefore, square size should be
decreased and more blank space should be included on the right and left sides,
keeping the top and bottom space. This would make encircling easier, because there
would be enough space to encircle a target, and the user could encircle it by drawing
a thin oval.



Regarding the third type of error, we believe it would be beneficial for the system
to request a user to reselect one object when multiple objects are selected, instead of
replying with an error message. We plan to improve the system so that when a user
encircles two to four objects, then the system zooms in and arranges them around the
oval area, allowing the user to reselect one of them, as it is easy for a laser-pointer
user to select from four directions (north, south, east, and west). If there are more
than four objects in the encircled area, then the system cancels the operation. The
results of our experiments showed that users rarely selected five objects or more.

5 Conclusion

We developed a new interaction technique for directly manipulating applications
in laser-pointer-based systems with a large screen. The technique uses two moving
operations, crossing and encircling. The crossing operation uses the four edges of the
screen as crossing targets, enabling users to give commands to the system. The
encircling operation for selecting a target(s) proved to be easier than the holding
technique, especially when users stood 3 m away from the screen (versus 6 m). This
technique proved effective in terms of speed and success rate. The two proposed
operations are effective for manipulating a PC using continuous strokes.

In the future, we plan to perform more experiments to improve the system and
further refine it. For example, when the screen edge is divided and commands are
defined, how many commands can each edge have? And how accurate is our
arrangement of the target matrix and the reselecting method?
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