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WIRELESS POINTING DEVICE FOR REMOTE CURSOR CONTROL
ABSTRACT OF THE DISCLOSURE

There is provided a hand held cursor controller system for use particularly with
interactive television and computer presentation graphics. The system uses a hand held device
with infrared light emitting diodes which transmits to a detector attached to a processor. The
information from the processor is transmitted to a television or video cassette recorder. The
system allows for the positioning of a cursor on a television screen with the only input of the
user being the aiming of the controller. It includes push-button activation and provides for the

transmission of the usual controller codes.
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WIRELESS POINTING DEVICE FOR:REMOTE CURSOR CONTROL

DESCRIPTION
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates generally to theéﬁeld of userinteractivemedia interfaces and,
more particularly, to a wireless pointing device fof cursor control in interactive television and

computer presentation graphics.

Description of the Prior Art _,
A generally established method to provide h:ﬁman interaction with a system controlled by

a computer is to provide the user with a graphical display of choices and a pointing device, such
as a cursor controlled by a mouse. The pointing déﬁce is used to manipulate the position of a
cursor on the computer display or television (T V) screen to designate to the computer some
desired action. The pointing device is usually prOVi(ied with a computer-sensed button or switch,
which ¢an be pressed to cause the action to occur.

There 1s a need for a selection device wlth the functional capability of a mouse,
specifically the ability to (1) designate a displayed dption for action by moving a cursor, and (2)
initiate the action by pressing a button, For consumer applications, it is important that the device
be intuitive to use. :

In the field of interactive tel evision, the setﬁ;1g may be the home television room and the
user may be any untrained member. of the householid. It is common for the user to be seated six
feet or more from the television set, and thus out of Ereach of any controls built into or connected
to the television. In the field of computer presentatioﬁ graphics, the setting may be a lecture room,

classroom, or unprepared demonstration area, and thbse present, who may have minimal training,

may be standing or walking freely about the room.
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The majority of pointing devices were developed for desktop use in conventional
computing environments, and are poorly suited for the above applications. For example, a
mouse, joystick or trackball is normally wired to the computer. The mouse requires a smooth,
flat surface on which to roll, while the joystick or trackball must be fixed in a stable position for
smooth operation. These devices also require some degree of fine muscle control and are
difficult to use while standing or seated away from a desk. Furthermore, they are not intuitive
devices, so that untrained users may find it difficult to grasp the relationship between the cursor
position and the hand or finger motions required to move it.

An alternative device which eliminates the wire is a joystick or trackball built into a
handheld device. The motion of the ball or stick may be sent to the computer via an infrared
(IR) or radio frequency (RF) communication link. Such devices suffer from the other problems
mentioned above and may require two handed operation, a further disadvantage.

Yet another alternative is a wireless hand held device equipped with an array of
pushbuttons or a multi-element rocker switch. These do not require a stable surface, but they
do require the user to remove his eyes from the screen to locate buttons. They are even less
intuitive than the other devices, as the user is required to grasp the relationship between an
arbitrary button and text or images displayed on the screen.

U.S. Patent 4,565,999 to King et al. describes a "light pencil”. This is head mounted and
used to steer a cursor by head motion. Four infrared light emitting diodes (IRLEDs) are used
in the light pencil, with a single detector at the screen. The IRLEDs are aimed somewhat off-
axis in orthogonal directions and pulsed sequentially, allowing the received signal from each to
be separately measured. The four values are used to compute an aiming direction. The light
pencil, as described by King et al., lacks push-button function (head gestures are used) and has
rather crude digital filtering to reduce cursor jitter caused by muscular tremors. The intent is to
enable a person to position a cursor by turning the head in the desired direction. While such a
device could also be held and aimed manually, the preferred embodiment as described in King
et al. uses an awkward head motion (an abrupt nod) to initiate action after the cursor is

positioned. Other shortcomings related to the implementation will be discussed below.
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SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide a wireless device to manually
position a cursor on a display device by an intuitive direct pointing action.

It is further an object of the invention to provide the pushbutton function of a standard

computer pointing device and in such a way that the anticipatory and final motions involved

in pressing the button do not aftect the cursor position.

It is also an object of the invention to provide a mechanism for the transmission of
binary codes to a remote television at negligible additional cost.

According to the invention, there is provided an infrared controller for an interactive
device, such as a television or video cassette recorder (VCR). The device allows a cursor to be
positioned merely by aiming the controller. It includes means for push-button activation and
optionally provides for the transmission of the usual controller codes.

The invention is a combination of the aiming function of a light pencil and the code-
transmitting function of an infrared television or VCR controller, in which the internal
mechanism of the controller is shared between the two functions. The innovative combination
provides an intuitive mechanism to position a cursor by rotating the controller in the desired
direction. It also provides for push-button activation of the action designated by the cursor and
optionally provides for transmitting television or other control codes.

The invention makes use of the principles of a light pencil, with improvements in the
data processing to provide better performance, the addition of a new function in the form of
push-button actuation, and further new functions allowing the transmission of standard control
codes. In addition, a diffusion filter is added to smooth out irregularities in the LED output
variation with angle. Such varations, if uncorrected, were found to introduce irregular variation
in cursor motion with pointing direction.

The invention makes use of the optical technology of King et al. In a conventional
infrared (IR) controller, a single infrared light emitting diode (IRLED) is used to transmit coded

information in the form of a timed series of modulated pulses. According to the present

3



10

15

20

25

2163630

Y0O9-94-128

invention, three or more IRLEDs are mounted in the hand-held device, with their optical axes
fanned out from the main axis of the device. For example, one IRLED may point down and to
the left, the second may point down and to the right, and the third may point forward and up.
Many other arrangements of IRLEDs are possible. The hand held device includes at least one
pushbutton, referred to as the action button, but may include others. The action button is used
to initiate an action responsive to the position of the cursor.

An infrared detector is located in the general vicinity of the television or computer
display. The IRLEDs are pulsed sequentially and the amplitudes of the light pulses reaching the
detector are measured by a computer-controlled circuit connected to the detector. The light
from an IRLED decreases progressively with an increase of the angle from its optical axis.
Therefore, the relative amplitudes of the pulses will vary systematically with overall orientation
of the device. The pointing direction is determined from the measured amplitudes, and used to
position the cursor.

Coded information is sent by adding additional pulses to the pulse train. These pulses
may be applied to all three IRLEDs to ensure reliable detection, or an additional IRLED may
be used for this purpose. Any binary code may be sent in this way. One such code is used to
indicate that the action button has been pressed. Additional buttons may be used to send other

codes, enabling the device to emulate a two or three button pointing device and/or provide

television-related control functions.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, aspects and advantages will be better understood from
the following detailed description of a preferred embodiment of the invention with reference to
the drawings, in which:
Figure 1 is a high level block diagram illustrating the basic components in practice of the
invention;
Figure 2A is a block and schematic diagram showing the transmitter electronics;

Figure 2B is a schematic diagram of the transmitter showing the diverging IR beams;

4
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Figure 3 is a timing diagram showing transmitted pulse sequences;
Figure 4 is a block and schematic diagram showing the receiver electronics;
Figure 5 is a graph of the transfer function showing the dependence of the rotation angle

Ax on cutoff angle; and

Figures 6A and 6B, taken together, are a flow diagram of the logic of the control program

implemented by the microcontroller in the receiver shown in Figure 4.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more particularly to Figure 1, there is shown a hand
held controller 1, which emits infrared beams 2, and an optical receiving device 3, which
receives the infrared beams 2. A display device 4 is connected to a computer 5 which also
receives an input from the receiving device 3. The computer 5 may optionally be connected in
a bidirectional manner to remote source 6, which provides data and/or images as part of an
interactive system.

There are two modes of operation. In the pointing mode, the transmitter IRLEDs are
pulsed in sequence, each pulse consisting of a burst of short pulses at a frequency in the 30-50
Khz range. The controllers normally apply such pulses to a single IRLED, hence only minor
changes are required to drive three or more IRLEDs in sequence. The amplitude of each pulse
is detected in the receiver, which consists of a photo-detector, tuned amplifier, and
demodulator. The three or more pulse amplitudes are used to calculate an aiming direction.
When a device, such as button 8, is pressed, an additional pulse or pulses is sent out. Detection
of this extra pulse is taken as the "action" signal which may or may not be related to the cursor
position. If desired, a second button can be used to send out yet another pulse or pulses, thus
allowing the device to substitute for a standard two-button mouse.

In the optional code mode, control codes are transmitted via one or more of the LED:s.
Such codes often consist of a start pulse, a stop pulse, and from one to eight intermediate pulses

to transmit a one byte code. Here, the device will first send out one more pulse than the
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maximum number used in pointing mode, the group then acting as a start pulse. It will then
send a code in the usual way. This mode would be provided in order to eliminate the need for
a separate controller.

The hand held device, or transmitter, is shown in more detail in Figures 2A and 2B.
Figure 2A shows the electronic circuit diagram. Logic control element 7 monitors the state of
pushbuttons 8 and drives IRLEDs 9 through transistors 10. Control element 7 is preferably a
permanently programmed microcontroller, which is both flexible and economical. A variety of
commercially available microcontrollers may be used, for example those being currently
manufactured for use in hand held TV and VCR remote control devices. It will be apparent to
one versed in the art that the function of the control element 7 can be implemented with
discrete logic elements as well. It will also be understood that while only two pushbuttons 8 are
shown, there may be only one for a pointing device or there may be a plurality where the
pointing device is incorporated into a TV or VCR controller.

Electrical power is supplied by battery 11, which may be rechargeable. In order to limit
battery drain, the pointing pulses would be started by pressing the pushbutton, and continue
for some predetermined time. This time would be extended each time the button was pressed.
The IRLEDs 9 may be LD242 diodes manufactured by Siemens, Inc. These components are
mounted within a housing shaped to fit the hand, with at least one button located at the natural
resting position of the thumb or index finger, as in the case of a mouse or trackball.

Referring to Figure 2B, the IRLEDs are located behind window 12, which may be
formed of any plastic transparent to infrared radiation. For aesthetic purposes, the plastic may
be opaque to visible radiation. Proper operation requires that the radiation from each IRLED
decrease smoothly with angle. Various artifacts resulting from the LED manufacturing processes
may distort the radiation pattern. These effects are reduced by the addition of optical diftusing
filter 13. Figure 2B also shows how the IRLEDs are arranged to provide three diverging but
overlapping beams. While Figure 2B is a two-dimensional representation of the diverging beams,
it will be understood that the divergence of the beams is actually in three dimensions with

beams projecting into and out of the plane of the figure. The beams first converge onto window
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12, so that any dirt or scratches will have approximately equal effects on each beam, then
diverge.

The operation of the transmitter may be understood with reference to Figures 2A and
3. Initially, control element 7 is in a passive state referred to as "sleep mode" to conserve battery
power. When pushbutton 8 (or other activating device such as a motion sensor) is pressed, the
control element "wakes up” and begins transmission. Thus it will be seen that pushbutton 8 may
serve only as an "on/off" switch, may serve as the action signal switch, or both. This sleep mode
is a common function of a microcontroller intended for low power operation. After a lack of
button activity for a predetermined time as set by the program, for example 30 seconds, the
processor will return to sleep mode.

Referring to Figure 3, transmission consists of several pulse groups 14, which may be
applied to one or more IRLED:s. Each group consists of a fixed number of individual pulses 15
at the center frequency of the detection filter. The pulses are applied to the IRLEDs through
transistors 10 connected to output pins of element 7. These are switched on and oft under
control of a program stored in element 7. The program execution speed is fixed by a quartz
crystal (not shown) connected to element 7, hence frequency, group length, and inter-group
spacing are all accurately controlled. In accordance with the general discussion above, a first
group of pulses is applied to one IRLED, a second group to another, and a third group to the
last. When received, these pulses will be used to position the cursor. When a button is pressed,
one or more additional pulse groups are applied to one or more IRLEDS simultaneously.
Sequence 16 illustrates a code transmission consisting of the binary bit pattern 01100011,
following three initial pulses. It will be understood that there are many alternative ways of
encoding without departing from the spirit of this invention. In particular, the coded
information can precede the pulses used to position the cursor. In this case, a special code may
be used to indicate that position pulses will be sent.

In accordance with the method used to determine the pointing direction, yet to be
discussed, the three IRLEDs should have approximately equal output power. Although it would

be possible to hand-select sets of IRLEDs, a more economical procedure is to have control
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element 7 adjust the effective power by control of the individual pulse widths. This requires a
one-time measurement of intensities using, for example, the receiver described below. The
correct pulse widths can then be calculated and stored in a nonvolatile memory in or connected
to element 7.

As with a conventional TV or VCR controller, the receiver uses a narrow band tuned
amplifier to minimize interference from stray light. The infrared pulses are thus modulated at
a matching carrier frequency. In addition, the receiver photodetector includes an optical filter
with a moderately narrow pass band centered on the IRLED emission.

Figure 4 is schematic diagram of the receiver which consists of six functional sections
separated by dashed boxes. These sections are a photodetector and transimpedance amplifier
17, a tuned amplifier 18, a digital gain control 19, a diode demodulator 20, a smoothing filter
21, an analog-to-digital convertor (ADC) 22, and a computing element 23, in that order.
Sections 17 to 21 are based on standard operational amplifiers, using circuits well-known to
those versed in the art. Many altemative circuit arrangements can be used to perform both the
general and specific functions. Computing element 23 is a conventional microprocessor with a
control program stored in a read only memory (ROM), such as an electronically programmable
read only memory (EPROM). As illustrated here, the ADC 22 is actually a part of computing
element 23, but an external ADC would be satisfactory. Similarly, computing element 23 could
be a complete computer system, as generally indicated in Figure 1. The ADC provides the
means for the stored program to monitor the incoming optical pulses.

The general operation of the analog section 17 to 21 is described as follows. Arriving
infrared pulses are converted to voltage pulses 24 by photodetector 25 and transimpedance
amplifier 17 and then fed to tuned amplifier 18. Resistor 26 in series with the photodetector
25 serves as a drain for low frequency photocurrents caused by ambient light. In the tuned
amplifier 18, tuning is provided by the inductor-capacitor feedback combination to provide a
center frequency of about 30 kHz and full bandwidth of about 600 Hz. Thus, only signals
modulated at a frequency close to 30 kHz are amplified and extraneous signals are rejected. The

output of section 18, in response to the input pulses 24, is a modulated burst 27 having zero
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average voltage. The signals are further amplified in section 19 with an amplification factor
determined by the setting of electronic switches 29. The amplified pulses are rectified in section
20 to produce base band pulses 30. These are filtered in section 21, producing smoothed pulses
31, which are input to ADC 22.

The pulses are measured by computing element 23, using repetitive ADC samples of the
signal voltage. These samples are repeated at a steady rate sufficient to follow the pulse
waveforms. A pulse is considered valid if it remains above a small threshold value for a number
of samples corresponding to the known pulse width, and then falls below threshold. After the
leading edge is found, a fixed number of sample voltages are summed to produce an average
pulse height. An equal number of samples are taken and subtracted during the inter-pulse period

to remove any background signal caused by rectified noise and/or amplifier offset. Successive

pulses are similarly detected, each considered valid if it begins and ends at the expected times.
If more than three pulses are found, the extra pulses are interpreted as a code and their
amplitudes ignored. The entire pulse sequence is rejected as invalid if an unexpected transition
occurs.

After each pulse sequence, the computing element 23 adjusts the gain of section 19, by
closing one or more of the switches 29 in the feedback path, in accordance with the maximum
amplitude of the first three pulses. The object is to obtain maximum dynamic range from the
ADC 22, which can be achieved if the largest pulse amplitude is just below the full-scale range
of the ADC. Such adjustment is essential because the optical signals decrease with the square
of the distance from the receiver. In the absence of signals, the computing element 23 increases
the gain in steps, by opening the switches 29 in section 19, until either a signal is found or
maximum gain is achieved.

It is possible to calculate a cursor position from the measured pulses, such that the cursor
would be positioned at the point on the screen at which the device is aimed. This is not actually
desirable, as precise cursor placement requires very fine motor control if the distance to the
screen is greater than a few feet. A preferred method is to translate a fixed range of rotational

angles into full screen motions of the cursor, independent of distance. The cursor itselt will
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provide visual feedback, and one can rely on human eye-hand coordination to make a final

adjustment. The method is described below.

The rotation direction is calculated for the measured signals according to the following

slightly idealized model. The emission from an IRLED decreases with angle and distance

5 according to approximate formula:

.
S =(-5-](1 -(i] ]wotts/cm2 | (1)
R 2 Ac

| where, Ac represents cutoff angle, beyond which the radiation is negligible. Consider first, two

identical IRLED:s offset left and right by angle Ao. If the pair are then rotated in their own
plane, the signals will vary as

()
(- ()

A useful measure of the left-right rotational angle Ax is

Sl "'Sr
Ax = SEy and (3a)

(A+Ao) Y2 [ (A-Ao) )2

Ay - Ac Ac | (3b)

10 This measure is independent of the distance, as desired, as well as the actual power output of

10
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the IRLED:s. The dependence of Ax on angle is shown in Figure 5 for a cutoff angle of 30°, for
several values of the offset angle Ao. For this example, an offset angle of about 20° produces a
smooth variation of cursor position with angle over a comfortable range of rotation angles.
The vertical position is obtained from the third IRLED, which may have a vertical offset
angle equal to Ao. Denoting the vertical signal by Sy, the vertical rotation angle Ay is calculated

as

Ay = Sy(Sy+0.5(SI +Sr)) . (3c)

The cursor coordinates Xc and Yc are proportional to Ar and Ay, respectively.

Because of the visual feedback provided by the cursor, normal hand-eye coordination
can provide excellent selection accuracy with minimal training. However, it is necessary to filter
out the effect of hand tremor to avoid visible cursor jitter, while still allowing rapid cursor
movements. These two goals are in conflict and cannot be realized with a conventional linear
filter. A linear filter has an inherent delay between input and output, and this delay increases
as the degree of filtering is increased. Instead, a nonlinear filter is required in which the degrees
of filtering is decreased as the cursor velocity increases. The principle is that jitter will be less
noticeable when the cursor is in rapid motion than when it is nearly stationary. If this type of
filtering is done improperly, it can produce an annoying or even unstable feedback situation.

King et al., supra, recommended switching between two digital (software) filters having
different filter constants, the switch occurring at a particular cursor velocity. Although this may
have been suitable for a head-mounted device, it was found to be inadequate for a hand-held
device, causing a jerky cursor movement. An improved filter was developed using continuously
varying filter constants. In addition, a special algorithm is applied to undo the sudden jump in
cursor position caused by "hand-twitch" when the button is pressed.

The filter operates on unfiltered cursor coordinates (Xc, Yc) which are obtained every T
seconds, where Ts is the data sampling time. Filtered coordinates Xf and Yf are obtained by

applying a recursive low-pass filter described by the following equations:
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X (t) =Xf(t-Ts)+Uﬂ”+W_ (4a)
VE(t) = Yi(t-Ts)+YC{t) YE(t-Ts) (4b)

Ny

In a conventional recursive filter, Nx and Ny would be a constant and equal to a single constant

N. Such a filter would have a fixed cutoff frequency Fc and a lag time t given by:

1
(2mNTs)

il

FC , where t =NTs (5)

The degree of filtering increases in proportion of N. If N is made large enough to eliminate
visible cursor jitter caused by hand tremors, then the cursor lag time will be excessive. Instead,

the value of N is made to decrease smoothly with increasing cursor velocity (Vx, Vy). The

velocity is estimated as:

Vx(t) = (Xc(t)-Xf(t-Ts)) (6a)

Vy(t) = (Ye(t)-Yf(t-Ts)) (6b)

A smooth and well-behaved function for Nx is as follows:

(A+Vx)
(B+Vx) (7)

Nx =

It is evident that Nx - 1 for large Vx while Nx - -g- for small Vx. The equations for Ny are

identical. Substituting for the case where Nx - 1, we find that Xf(t) = Xc(t) for large Vx. Thus,
at high velocity, the cursor will simply follow the pointing device coordinates without filtering.

12
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During such rapid motion, jitter caused by hand tremors is not noticeable. At low velocity, the

delay time and cutoff frequency become:

To =(%)Ts (8)

b = . _ B (9)

The values of A and B are adjusted empirically to obtain a good "feel”, using the above
relationship as a guide.

The logic of the control program of computing element 23 is further shown in the flow
chart shown in Figures 6A and 6B. First, in Figure 6A, hardware and variables are initialized in
function block 40. Variables are reset in function block 41 to start a new cycle. A sample signal
is then received in function block 42. In decision block 43, a determination is made as to
whether the leading edge of the signal is being received. If not, the gain is increased by opening
switches 29 in function block 44, and the process again samples the signal in function block 42.
When a leading edge is detected, the signal is sampled N times in function block 45 and
summed in temporary variable store maximum value.

A test is next made in decision block 46 to determine if all the samples are greater than a
threshold and a valid time for a pulse. If not, the process loops back to function block 41 to
reset variables and start a new cycle; otherwise, a valid pulse has been received. A test is then
made in decision block 47 to determine if three pulses have been received, one from each of the
IRLED:s of the hand held transmitter. If not, the process loops back to function block 42 to
sample the signal in order to detect the next pulse.

When three pulses have been received, the process goes to function block 48 in Figure
6B which interprets extra pulses as digital codes. In function block 49, the maximum signal
value received is used to set the amplifier gain in section 19. Now the process of calculating the

13
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pointing location begins. In function block 50, Ax and Ay are first calculated. The calculated

values of Ax and Ay are then transformed into X¢ and Ye in function block 51. Vx and Vy are
calculated in function block 52, as

Vx = Xc -Xf (10a)

Vy = Yc-Yf (10b)

Nx and Ny are calculated in function block 53, as

(A+Vx)

N
x (B+Vx)

(l1la)

(A+Vy)
(B+Vy)

<=
T
|

(11b)

Xf and Yf are calculated in function block 54, as

Xc-Xf)

Xf = Xf (
+ ™ (12a)

Y¢-Yf)

TR
— (12b)

The new values of Xf and Yf are fed back to function block 52 to continue the calculation of Vx
and Vy. At the same time, the calculated values of Xf and Yf are transferred to the cursor
controller in function block 55 to move the cursor on the display. This process continues until
the pointing position comes to rest, at which time the process loops back to function block 41
in Figure 6A to await new pointing cursor signals.

A problem common to "point and shoot" devices is that the act of pressing the trigger or

button spoils the aim. For some people, anticipatory and largely involuntary tremors may
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exaggerate the effect. A solution to this problem is based on the idea that the cursor position
will have stabilized a short time prior to the button press. Using a circular buffer stack in
computer memory in function block 55, a short list of prior cursor positions is maintained.
After each button press, an algorithm is applied to the list to locate this stable point. The
preferred embodiment of this invention makes use of this technique.

Several varations of this invention can be created. Thus, while the invention has been
described in terms of a single preferred embodiment, those skilled in the art will recognize that

the invention can be practiced with modification within the spirit and scope of the appended

claims.
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The embodiments of the invention in whikh an exclusive property or privilege 1s claimed are defined as
follows: :

1. A hand-held pointing device far : otely controlling a cursor on a display device comprising:
at least three infrared light emitt ,. g diodes (IRLEDs), each of said IRLEDs aimed off 2 main or
t directions;
a circuit connected to each of sai lRi,EDs for sequentially pulsing said IRLEDs with pulse trains
30 as to cause the IRLEDs to individuglly 'and sequentially emit modulated infrared light sigmals to

pointing axis of the device pointing in df}

position said cursor; and

at least one activating device o sz{id hand-held pointing device, operatively coupled to said
circuit for causing a control signal to ba ;:33 erated;

said eircuit including programny ble means for storing calibration information for said IRLED:s,
said circuit controlling an amplitude of ui#c trains to each IRLED according 1o said stored calibration

information so as to cause gaid IRLEDsjto amit approximately equal amplitude said modulated infrared
light signals. '

2. The device of claim 1 wherein sid activating device transmits a control signal 10 cause an action
to occul. |

3. The hand-held pointing devicg ré%;itcd in claim 2 further comprising a plurality of activating
devices and wherein said circuit is additionally responsive to said plurality of activating devices to
generate additional control signals. |

4, The hand-held pointing devide recited in claim | wherein said circuit is responsive to said

activating device to transmit a control godeibefore said IRLEDs are sequentially pulsed, said control code
indicating that position pulses are to fpllow.

S. The hand-held pointing devic : recited in claim 1 further comprising an optical diffusing filter

positioned to pass infrared light signfs emitted from said IRLEDs to improve linearity.
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6. A remote pointing system fpr controlling a cursor location on a display device
comprising: |

a hand-held pointing device for jre,ﬂ"mtely controlling the cursor on the display device, said
pointing device comprising: .=
at least three infrared light ¢ :ttirflg diodes (IRLEDs), each of said IRLEDs aimed off a

main or pointing axis of the device injdiffferent directions; and

a c¢ircuit connected to each o :sa'iFi IRLEDs for sequentially pulsing said IRLEDs with
pulse trains so as to cause the [RLED} to/individually and sequentially emit modulated infrared
light signals;

at least one activating device n- id hand-held pointing device, operatively coupled to

said circuit for causing a control signal tp be generated;
a receiver and controller locted proximate to said display device, said receiver and

controller comprising:

an infrared detector and amp jﬁﬁr tuned to a predetermined pulse frequency;

a demodulator to convert rec ide signals to analog base*band. pulses;

an analog-to-digital convertqr tq digitize the analog base-band pulses;

a digital processor to process thj digitized analog base-band pulses as data representing
a point of aim on the display dcvic b the hand-held pointing device, said digital processor
determining the position of a cursorjorn the display device;

said circuit including progre f : able means for storing calibration information for said

IRLEDs said circuit controlling pulsg widths of pulse trains to each said IRLED according to said
stored calibration information so as tp cguse said IRLEDs to emit approximately equal power said
modulated infrared light signals. |

7. The remote pointing syst: recited in claim 6 wherein said digital processor is
programmed to calculate cursor po f‘ition (Xc, Yc) as a function of rotation angles (Ax, Ay).
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8. The remote pointing system r:i:itéd in claim 7 wherein said digital processor is further
programmed to calculate cursor veloc g'ty'(Vx(z‘), Vy(t)) as.

Vx(t) = E)(q(t)-Xf(t-Ts)) , and

Vy (L) -(Yc(t)-Yf(t—TS)) ’

R
where Xc(f) and Ye(?) are respectively cursor X and ¥ coordinates as a function of time, Xf and
Yf are filtered X and Y coordinates, ¢ d 15 is a sampling time.

9. The remote pointing syster r¢cited in claim 8 wherein said digital processor is
programmed to apply a digital filter _ dT:sor position data, said digital filter having a degree of
filtering which decreases smoothly :ith| cursor velocity.

10.  Theremote pointing system ciﬁed in claim © wherein said digital filter calculates X and
Y filtered coordinates as: -

Xrie) = xfpi.;L)\«_(ifw____f_‘E_{il ' and

(Y(t) -YE(t-Ts)

Yf({t) = Yf(t-Ts) + Ny

’ (4b)

where Nx and Ny are calculated as: |

- (A+VX)
(B+Vx)

where for Nz~ =, Va<<B, and[for N ~ 1, V>>4, and
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Ny = (ATVY)
S (Brvy)
where for Ny = =, Vy<<B, and fof Ny ~ 1, y>>4.

11.  The remote pointing system ecafcd in claim 6 wherein the hand-held pointing device
further comprises one or more acti 5aiing devices and wherein said circuit is additionally

responsive to said one or more active f'ng devices to generate control codes, said circuit pulsing

all or some of said IRLEDs with pulge \Tﬁns in accordance with said control codes subsequent

to first sequentially pulsing said IRL : D5 with pulse trains,

12.  The remote pointing system . ;Jte:d in claim 11 wherein the activating devices of said

hand-held pointing device comprise n or more pushburton switches.
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