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(54) Air pointer with improved user experience

(57) The invention discloses a 3D pointing device
and a method to control an object on a surface and im-
prove the user experience when the user moves the ob-
ject beyond the limits of the surface where the object can
no longer be visualized. The user experience is en-
hanced by defining a margin outside the screen limits
wherein the position of the object is projected towards

the screen border so the object can be visualized just
within the screen limits. When the object is beyond the
limits of the margin, the object is no longer visualized. In
addition, the visual appearance of the object may be
changed to indicate how far into the margin, i.e. how far
away from the screen border, the actual calculated po-
sition of the object is.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the use of 3D
pointers. These pointing devices are used for a variety
of different purposes: control the functionalities of a TV
set or a tablet, using or not a set top box, control a pres-
entation on a desktop or a larger screen, play games,
etc.. A 3D pointer includes motion sensors which capture
the motion imparted to the pointer by a user handling it.
In most applications, the motion of the device in space
is converted into the position and/or motion of a virtual
object, often times a cursor, in a plane, generally a dis-
play. By controlling the object and moving it across the
plane, the user is able to command the execution of spe-
cific functions, like e.g. selection of a program, control of
an audio or a video stream, creation of drawings and
graphics, etc..

BACKGROUND PRIOR ART

[0002] In most cases the plane, or display, is of finite
size, but the movements of the pointer are usually not
limited in space. This means that the movements of the
user can drive the position of the object beyond the limits
of the display. First, we consider the case of a conven-
tional 2D computer mouse that the user moves across
the horizontal desk surface to move the cursor on a dis-
play or screen. It is known that when the user moves too
far in a certain direction, the actual cursor stops and re-
mains at the screen border because the cursor cannot
move beyond the limits of the screen. The advantage of
this principle is that it is quite easy to use the objects at
the edges of the screen, such as the scroll bar or the
close button, since they seem to have an infinite width
(in the direction beyond the screen). Therefore, the user
does not have to perform a precise movement to select
these objects.
[0003] A problem with the behaviour of the 2D mouse
at the screen border is that the cursor starts moving as
soon as the user reverses direction. This creates an offset
between the position of the cursor and the position of the
mouse compared to when the user moved the pointer
and the position of the cursor was about to leave the
screen. A commonly used correction when using a 2D
computer mouse is to have the user lift and displace the
mouse to cancel this offset.
[0004] The ’lift and displace’ method does not work for
a 3D pointer, which is not supported by e.g. a desk sur-
face and can be freely moved in space. Therefore, other
algorithms are preferred for 3D pointers to map the move-
ment of the pointer to the movement of the object on the
screen.
[0005] As an alternative, the position of the object may
be tracked beyond the limits of the screen. This means
that the position of the object is calculated as if the screen
would be infinite, but the user is not actually able to see

the object/cursor. When the calculated position is again
within the screen limits, the cursor appears again be-
cause it can be shown on the screen. The problem with
this solution is that it is more difficult and less user friendly
to control e.g. the scroll bar on the side of the screen, or
target the buttons on the top right corner, like the close
button, because they no longer have an ’infinite’ size.
Moreover, because the user does not have any visual
feedback as long as the cursor is outside the screen lim-
its, it is not easy to predict exactly where and when the
cursor will re-enter the screen.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to over-
come the above mentioned limitations by providing an
air pointer where a margin is defined outside the screen
limits, where, when the position of the object is within the
margin, the position of the object is projected to a second
position within the screen border, so that the object can
be visualized just within the screen limits. Thanks to the
invention, even if the user is not very skilled in precisely
pointing at a border and moves the pointer out of the
screen inadvertently, he will be able to use the controls
which are located on the borders, like the start button,
scroll bar, close and resize buttons.
[0007] To this effect, the invention discloses a system
for controlling a virtual object on a surface comprising :
at least one of sensing and imaging capabilities config-
ured for producing measurements in relation to one of a
position, an attitude, and a motion of the device; process-
ing capabilities configured for calculating a first position
of the virtual object from the measurements; said
processing capabilities being further configured to dis-
play the virtual object at the first position when the first
position is located within a first subset of the surface, and
at a second position within the first subset when the first
position of the virtual object is outside said first subset
and inside a second subset (260), enclosing the first sub-
set.
[0008] Advantageously, the processing capabilities
are further configured to display the second position sub-
stantially on a border of the first subset of the surface.
[0009] Advantageously, the first subset is a rectangle
of coordinates (W, H) in a frame of reference of the sur-
face.
[0010] Advantageously, coordinates (x2, y2) of the
second position in the frame of reference of the surface
are calculated from coordinates (x1, y1) of the first posi-
tion in a frame of reference of the surface by a formula
of a type (x2, y2) = (min (max(0, x1); W); min (max (0;
y1); H)).
[0011] The system of claim 4 wherein an offset is added
to at least one of coordinates x2 and y2.
[0012] Advantageously, the second subset is of a finite
size.
[0013] Advantageously, the size of the second subset
depends on the speed of the virtual object.
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[0014] Advantageously, the processing capabilities
are further configured to change the appearance of the
virtual object based on the first position, when the first
position is outside the first subset.
[0015] Advantageously, the appearance is based on
the distance between the first position and one of the
second position and the first subset.
[0016] Advantageously, the at least one of sensing and
imaging capabilities comprise at least an inertial sensor.
[0017] Advantageously, the at least one of sensing and
imaging capabilities comprise at least a camera.
[0018] The invention also discloses a method a method
for controlling with a system at least a position of a virtual
object on a surface, said method comprising: a step of
producing an output formed of measurements using at
least one of sensing and imaging capabilities, said meas-
urements in relation to one of a position, an attitude, and
a motion of the device; a step of processing said output
to calculate a first position of the virtual object on the
surface; said method further comprising a step of dis-
playing the virtual object at the first position when the first
position is located within a first subset of the surface, and
at a second position within the first subset when the first
position of the virtual object is outside said first subset
and inside a second subset, enclosing the first subset.
[0019] Advantageously, the first position is calculated
from the intersection with the surface of a vector repre-
sentative of said attitude of the device.
[0020] Advantageously, the first position is calculated
by applying a gain coefficient to the orientation angles of
the device with respect to reference orientation angles,
and adding the result of said calculation to the coordi-
nates of a reference point on the surface.
[0021] The invention makes the air pointer more user
friendly and easier to use. In addition, a visual feedback
can be given to the user to indicate how far into the mar-
gin, i.e. how far away from the screen border, the calcu-
lated position is.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention will be better understood and its
various features and advantages will become apparent
from the description of various embodiments and of the
following appended figures:

Figures 1 a and 1b illustrate embodiments of the in-
vention wherein a spherical pseudo-absolute point-
ing algorithm is used as an alternative to absolute
pointing like a laser pointer;
Figure 2 displays a screen with some surrounding
margins according to an embodiment of the inven-
tion;
Figure 3 illustrates an embodiment of the invention
where the cursor size is changed depending on the
distance between the calculated position and the
border.

DETAILED DESCRIPTION

[0023] Most 3D pointing devices use either inertial sen-
sors, or a camera, or possibly both.
[0024] The inertial sensor based devices use e.g. ac-
celerometers, gyrometers, magnetometers, or any com-
bination of these sensors. The accelerometers and mag-
netometers may be used to measure the orientation of
the device with respect to the gravitational and magnetic
field, respectively. The gyrometers may be used to meas-
ure the angular velocities of the device. Examples and
more details of these systems can be found in European
patent application N° 13306334.7 filed by the applicant
of the instant patent application.
[0025] Camera based devices use a camera incorpo-
rated in the device to capture images of the screen, which
may be equipped with (infra-red) markers. The position
and/or movement of the object on the surface may be
deduced from the position of the screen (border) in the
image frame. Alternatively, the camera may be incorpo-
rated in the display, while the device is equipped with
markers. Examples of camera based systems include
the Nintendo Wii and the Philips U-Wand.
[0026] In the description that follows, the invention is
explained using inertial sensor base systems. However,
the invention may equally well be applied to camera
based systems, or other types of systems.
[0027] The basic operating principle of the devices is
that the sensors (or cameras) determine motion param-
eters of the device in space and a processor then maps
these motion parameters into position/motion data of an
object on a surface, for example a cursor on a display.
[0028] The sensing device comprises a power supply
and a channel of transmission of motion signals to a con-
troller or a base station, which control/shows the position
of the object on the surface. Radiofrequency transmis-
sion can be effected with a Bluetooth waveform and pro-
tocol or with a Wi-Fi waveform and protocol (Standard
802.11 g). Transmission can be performed by infra-red
or by radiofrequency. The transmitted signals may be
generated by a computation module either embedded in
the device itself, or embedded into a base station or dis-
tributed between the device and the base station. The
device comprises at least a computation module that
deals with some processing of the sensors.
[0029] This computation module comprises a micro-
processor, for example a DSP Texas Instruments
TMS320VC5509 for the most demanding applications in
terms of computation time, or a 32-bit microcontroller with
ARM core, for example one of those from the STR9 fam-
ily, notably the STR9F12FAW32 from STM. The compu-
tation module also preferably comprises a flash memory
necessary for storing the code to be executed, the per-
manent data which it requires, and a dynamic work mem-
ory. The computation module receives as input the out-
puts from the different sensors. On the one hand, angular
velocity sensors have the function of measuring the ro-
tations of the device in relation to two or three axes. These
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sensors are preferably gyrometers. It may be a two-axis
gyrometer or a three-axis gyrometer. It is for example
possible to use the gyrometers provided by Analog De-
vices with the reference ADXRS300. But any sensor ca-
pable of measuring angular rates or velocities is usable.
[0030] It is also possible to use magnetometers and
use the measurements of their displacement with respect
to the terrestrial magnetic field to determine the rotations
with respect to the frame of reference of this field. It is
for example possible to use the magnetometers with the
reference HMC1001 or HMC1052 from the company
Honeywell or KMZ41 from the company NXP. Preferably,
one of the sensors is a three-axis accelerometer. Advan-
tageously, the sensors are produced by MEMS (Micro
Electro Mechanical Systems) technology, optionally
within one and the same circuit (for example reference
accelerometer ADXL103 from Analog Devices,
LIS302DL from ST MicroElectronics, reference gyrome-
ter MLX90609 from Melixis, ADXRS300 from Analog De-
vices). The gyroscopes used may be those of the Epson
XV3500 brand.
[0031] The different sensors can be combined into a
’3A3G3M’ device, having three accelerometer (A) axes,
three gyrometer (G) axes, and three magnetometer (M)
axes. This type of sensor combination allows typical IMU
(Inertial Measurement Unit) processing, which makes it
possible to deliver a dynamic angle measurement. Such
a device can deliver smoothed movement information,
even for rapid movements or in the presence of ferrous
metals that disturb the magnetic field. Many other com-
binations of A, G and M sensors are also possible de-
pending on the quality of the sensors (e.g. drift, noise)
and the application. For example, if the absolute orien-
tation with respect to the earth’s magnetic field is not
needed, a solution using only A and G sensors might be
sufficient if the gyrometers have a low drift.
[0032] The algorithms used to map the motion of the
device in space into motion of an object on a surface can
be of one of two types:

- Absolute pointing, wherein the position of the object
in the (X,Y) frame of reference of the surface is di-
rectly linked to the orientation/position of the pointing
device. This means that every time the user holds
the pointing device in a certain orientation/position,
the orientation/position of the object in the frame of
reference of the surface is identical. The most
straightforward example is a pointer that acts like a
laser pointer, where the position of a point on the
object coincides with the intersection of the pointing
axes of the device with the surface. In addition, the
orientation of the object on the surface may be de-
ducted from the attitude of the device, for example
by controlling the orientation by the roll angle of the
device. Thus, in an absolute pointing algorithm the
attitude of the pointing device is converted into the
position (and possibly orientation) of the object on
the surface.

- Relative pointing, wherein the displacement of the
object in relation to a previous position is controlled
by the motion of the air pointer. The best known ex-
ample of relative pointing is the computer mouse. In
an air pointer version of the mouse, the angular ve-
locities (in yaw and pitch direction) are converted to
cursor displacements Δx and Δy.

[0033] Because of the behaviour of the mouse at the
screen border, there is no one-on-one relation between
the position of the mouse and the position/orientation of
the device.
[0034] The present invention refers to embodiments
where the pointing algorithms that are used convert the
position/orientation/motion of the device to a position on
the surface, no matter what type of algorithm is used,
absolute, relative or a mix of both. The position or orien-
tation may be only partially required depending on the
algorithm. For example, if for the orientation the algorithm
uses only the pitch and the yaw to control the cursor, the
roll angle does not need to be known/calculated.
Using an inertial based system to perform absolute point-
ing like a laser pointer is complicated because the exact
distance and position of the device with respect to the
display must be known in order to calculate the intersec-
tion of the pointing axes and the display surface.
[0035] Figures 1 a and 1b illustrate embodiments of
the invention wherein a spherical pseudo-absolute point-
ing algorithm is used as an alternative to absolute point-
ing like a laser pointer.
[0036] As an alternative to an absolute pointing algo-
rithm, a spherical pseudo absolute mapping algorithm
might be used where the yaw and pitch of the device are
directly converted to the x and y position of the cursor on
the surface, after applying a gain. The advantage is that
this mapping algorithm is absolute because every time
the user holds the pointing device in a certain orientation,
the position of the cursor on the screen is identical, but
there is no need to know the exact distance and position
of the device with respect to the display.
[0037] Figure 1a shows the remote 110a and the
screen 120a in one dimension, where the sphere is rep-
resented by the circle. At the initial position, the remote
is at angle α0, 130a, which corresponds to position x0,
140a, on the screen. When the remote is rotated to angle
α1, 150a, the position on the screen becomes x1, 160a.
Note that the remote does not necessarily act as a laser
pointer since the direction α1, does not point directly at
position x1. The position depends on the gain g according
to: 

[0038] As shown on figure 1b, in the initial position the
remote 110b does not have to be aligned with the position
of the screen 120b. The pointing is absolute in the sense
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that, every time the user has the remote in orientation
α0, 130b, or α1, 150b, the position on the screen is x0,
140b, or x1, 160b, respectively. Because the pointing is
not absolute like a laser pointer, we refer to this method
as pseudo absolute.
[0039] The relation between the initial or reference ori-
entation α0 and the initial or reference position x0 can be
set by the system. For example, the orientation α0 of the
device when it is started refers to the position x0, e.g. the
center or a corner of the screen. Alternatively, the relation
can be set by the user, for example by pressing a button
on the remote, indicating that the orientation α0 at the
moment of the button press refers to position x0.
[0040] The absolute position can be calculated using
a 9-axes device comprising accelerometers, gyrometers
and magnetometers (AGM), where the magnetometer
axes are used for an absolute yaw reference. However,
a system with only accelerometers and gyrometers (AG)
with limited perturbation (drift and noise) will also work
fine. The accelerometers may be used for roll compen-
sation and the conversion of the movements from the
reference frame of the device to the reference frame of
the display.
[0041] Figure 2 displays a screen with some surround-
ing margins according to an embodiment of the invention.
[0042] A display screen 200 has a finite size, and when
the calculated position is within the boundaries of the
screen, a visual feedback of this position can be given
to the user, e.g. in the form of a cursor. This is represented
by position P1, 210 on figure 2. The motions of the user
are not limited by the boundaries of the screen, so it is
very easy to point outside the screen, for example point
P2a, 221. Since the position is outside the actual screen,
no visual feedback can be given at this exact position.
[0043] In order to indicate to the user the position he
or she is pointing at, the position P2a is projected to a
position within the screen boundary, where the cursor
can be shown at position P3a, 222. This principle can be
applied to all boundaries of the screen; position P2b, 231
is projected to position P3b, 232. For calculated positions
in the corner regions of the margin (P2c, 241), the pro-
jected position coincides with the corner of the screen
(P3c, 242).
[0044] In absolute pointing the coordinates are usually
defined using the interval [0;1], where :

- {0,0} is the top-left screen border
- {1,0} is the top-right screen border
- {0,1} is the bottom-left screen border
- {1,1} is the bottom-right screen border

[0045] To project the position outside the screen
boundaries back to the screen limits, the calculated po-
sition can be saturated to the [0;1] interval. Projection the
position to the screen limits means that the objects is
shown as close as possible to the screen border. De-
pending on the size and shape of the cursor (with respect
to the actual position), a small offset towards the inside

of the screen might be added to show the complete cur-
sor.
[0046] Consider a screen with width W and height H,
and a cursor position with coordinates (x1,y1) that is out-
side the screen limits. The coordinates (x2,y2) of the pro-
jected position on the screen border can be calculated
using coordinates (x1 ,y1) as follows:

x2 = min( max(0;x1) ;W)
y2 = min( max(0,y1) ; H)

Because the position (x2,y2) is exactly at the screen lim-
its, a small offset can be added or subtracted as suggest-
ed above according to:

x2 = min( max(0;x1) ; W) 6 offset-x
y2 = min( max(0,y1) ; H) 6 offset-y

[0047] As shown on figure 2, the margins 260 have a
finite width Wmar. For example, Wmar=0.2, meaning the
margin equals 20% of the screen size. When the position
determined by the system is outside the margins (P4,
250), no (projected) visual feedback is given to the user,
i.e. no cursor is shown. The margins might be different
on the sides or on the top/bottom, and might depend on
the user or the application. Alternatively, the margin size
might depend on the speed of the cursor as it leaves (or
enters) the screen, e.g. small margins for low speeds and
wide margins for high speeds.
[0048] Not showing any feedback when the position is
outside the margin has the advantage that when the user
puts the device down, which is often in a position not
pointing to the screen, no cursor is shown.
[0049] Showing the cursor all the time, no matter what
the position, may also cause issues for spherical absolute
pointing mapping algorithms, for example if the user
would accomplish a complete 360 degrees turn where
the cursor would leave the screen on one side and would
have to enter on the other side.
[0050] Figure 3 illustrates an embodiment of the inven-
tion where the cursor size is changed depending on the
distance between the calculated position and the border.
[0051] To further enhance the user experience and
give an indication of how far into the margins the actual
position of the cursor is, the visual feedback of the pro-
jected cursor can be varied depending on the distance
to the screen. Figure 3 shows an example where the
cursor size is varied depending on the position in the
margin, relative to the border of the screen, 200. Cursor
C1, 310 represents the standard cursor for a position P1
inside the screen. When the position (P2, 321) is outside
the screen just inside the margin 260, the cursor size
(C2, 322) is nearly identical. As the position (P3, 331) is
further away from the border, the cursor size (C3, 332)
decreases. As the position approaches the limits of the
margins (P4, 341), the cursor (C4, 342) nearly vanishes.
The relation between the size of the cursor and the dis-
tance between the position and the screen border might
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be a linear function, or any other monotone function.
[0052] Other embodiments where the cursor changes
shape, colour, or opacity can also be envisioned, as long
as the visual feedback to the user changes depending
on the position in the margin.
[0053] The algorithms described above to calculate the
position of the object on the surface only serve as exam-
ples. It is irrelevant for the invention how the position of
the object is obtained, be it using the position, orientation
and/or motion of the device equipped with inertial sensors
or cameras.
[0054] The examples disclosed in this specification are
only illustrative of some embodiments of the invention.
They do not in any manner limit the scope of said inven-
tion which is defined by the appended claims.

Claims

1. A system for controlling a virtual object on a surface
comprising:

- At least one of sensing and imaging capabilities
configured for producing measurements in rela-
tion to one of a position, an attitude, and a motion
of the device;
- Processing capabilities configured for calculat-
ing a first position (210, 221, 231, 241) of the
virtual object from the measurements;
said processing capabilities being further con-
figured to display the virtual object at the first
position when the first position is located within
a first subset (200) of the surface, and at a sec-
ond position (210, 222, 232, 242) within the first
subset when the first position of the virtual object
is outside said first subset and inside a second
subset (260), enclosing the first subset.

2. The system of claim 1, wherein the processing ca-
pabilities are further configured to display the second
position substantially on a border of the first subset
of the surface.

3. The system of claim 2, wherein the first subset is a
rectangle of coordinates (W, H) in a frame of refer-
ence of the surface.

4. The system of claim 3, wherein coordinates (x2, y2)
of the second position in the frame of reference of
the surface are calculated from coordinates (x1, y1)
of the first position in a frame of reference of the
surface by a formula of a type (x2, y2) = (min (max(0,
x1); W); min (max (0; y1); H)).

5. The system of claim 4 wherein an offset is added to
at least one of coordinates x2 and y2.

6. The system of one of claims 1 to 5, wherein the sec-

ond subset is of a finite size.

7. The system of claim 6, wherein the size of the second
subset depends on the speed of the virtual object.

8. The system of one of claims 1 to 7, wherein the
processing capabilities are further configured to
change the appearance of the virtual object based
on the first position, when the first position is outside
the first subset.

9. The system of claim 8, wherein the appearance is
based on the distance between the first position and
one of the second position and the first subset.

10. The system of one of claims 1 to 9, wherein the at
least one of sensing and imaging capabilities com-
prise at least an inertial sensor.

11. The system of one of claims 1 to 10, wherein the at
least one of sensing and imaging capabilities com-
prise at least a camera.

12. A method for controlling with a system at least a po-
sition of a virtual object on a surface, said method
comprising:

- A step of producing an output formed of meas-
urements using at least one of sensing and im-
aging capabilities, said measurements in rela-
tion to one of a position, an attitude, and a motion
of the device;
- A step of processing said output to calculate a
first position of the virtual object on the surface;
said method further comprising a step of display-
ing the virtual object at the first position when
the first position is located within a first subset
of the surface, and at a second position within
the first subset when the first position of the vir-
tual object is outside said first subset and inside
a second subset, enclosing the first subset.

13. The method of claim 12, wherein the first position is
calculated from the intersection with the surface of
a vector representative of said attitude of the device.

14. The method of claim 12, wherein the first position is
calculated by applying a gain coefficient to the ori-
entation angles of the device with respect to refer-
ence orientation angles, and adding the result of said
calculation to the coordinates of a reference point on
the surface.
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