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(57) Abstract

An improved optical pointing device (40') utilizing a moveable unit (100) having a voltage-to-frequency converter (VFC)
(61). The VFC emits pulses with separation proportional to the angular rotative and/or translational position of the moveable un-
it (100) which pulses are applied to an LED (57') of the moveable unit (100). A microcomputer (5) in a base unit (41) measures
separation of the pulses received by a photodetector (43') to determine the components of the angular rotative and/or translation-
al position of the moveable unit (100). In accordance with another aspect, automatic gain control circuitry (60) is located in the
moveable unit (100), thereby eliminating the need for two-way communication to achieve consistency of operation in a prescribed

space. _
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POINTING DEVICE HAVING IMPROVED AUTOMATIC GAIN CONTROL
AND INFORMATION REPORTING

BACKGROUND OF THE INVENTION

The present invention relates to improvements
to a pointing device, such as that disclosed in commonly
assigned U.S. Patent No. 5,045,843, the entirety of which
is herein incorporated by reference.

The invention which is the subject of U.S.
Patent No. 5,045,843 satisfies a need for a system
facilitating remote control of a cursor on a display
screen. Figure 1 illustrates an example of a basic
block diagram of the pointing device, shown at 40,
according to the prior patent. A first unit 41, called
a fixed unit or base unit, is located proximate the
display screen and interconnects with a cursor control
circuit 13 associated with the display screen 15, such as
a television or a computer display screen.

The fixed unit 41 includes a driver 7 and a
first LED 9. A microcohputer 5 controls operation of the
driver 7 as well as operation of the cursor control
circuit 13. The fixed unit further inéludes a
photodetector 43 connected to the microcomputer 5 via an
analog-to-digital converter 16 and a buffer 45.

The movablé or remote unit 48 includes a camera
19 having a lens 21, an elongated tube 23 andra position
sensing detectof 25 connected to operational amplifiers

29. The operational amplifiers 29 amplify the currents
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_received and translate them into proportional voltages.

The vcltages are digitized by the A/D conﬁerter 49 and
processed by the.microcomputer'Sl to control operation of
the driver 55 which drives a second LED 57.

In order to compensate for ambient 1light
conditions, the system according to the prior patent
performs active dynamic gain control in the fixed unit by
two-way ("closed-loop") communication between the fixed
unit and the moveable unit. Specifically,rthe intensity
of the light transmitted by the LED of the fixed unit is
controlled. This'iight intensity is proportional to the
square of the distance beﬁwéen the fixed unit and the
moveable unit.  The fixed unit and moveable ﬁnit
communicate rwith each other in both directions to
establish appropriate illumination levels of the IR LED
9 in the fixed unit. The amplified output signals of the
operational amplifiers are then digitized by the A/D
converter 49 to allow for processing by the microcomputer
51. The step of digitizing the amplified signal for
ultimate transmission is hereinafter referred to as
"information reporting".

'While'the,system according to the prior patent
adequately performs i£5'desired functions, there is room
for improvement. Specifically, it is desirable to
eliminate the need for two-way, or closed-loop,

communication and to accomplish automatic gain control by
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adjusting the gain of the operational amplifiers in the
moveable unit. It is also desirable to eliminate the A/D
conversion in the moveable unit.
SUMMARY OF THE INVENTION

Accordingly, it is an object ¢of the present
invention to provide for automatic gain control in an
optical pointing device without the need for closed-loop
communication between the fixed unit and the moveable
unit thus achieving consistency of operation throughout
the prescribed space.

It is another object of the present invention
to provide a less computationally intensive, and lower
power, method and circuit arrangement for reporting the
angular rotative and/or translational position of a
remote control device.

Briefly, in accordance with one aspect of the
present invention, the A/D converter in the moveable unit
is replaced with a voltage-to-frequency converter (VFC).
The VFC generates pulses with separation proportional to
input voltage, which pulses are applied to the LED of the
moveable unit. This method consumes much less power to
transmit the same amount of data as transmitting the
digital values from the A/D converter. The microcomputer.
in the fixed unit measures the interval between pulses

received by the photodetector to determine the relative
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strength of the voltages output by the operational
amplifiers in the moveable unit.

In accordance with another aspect of the
present invention, automatic gain control circuitry is
located in the moveablg unit, thereby eliminating the
need for closed-loop communication ﬁo adjust the
illumination intensity of the IR LED’s in the fixed unit
as distance between the fixed unit and moveable unit
changes during use. 7

The above and other objects and advantages of
the present invention will become more apparent when
reference is made to the following description taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of the pointing
system according to the prior art described above.

Figure 2 is a block diagram of the pointing
system according to the present invention.

Figure 3 is a timing diagram of the signals
generated in the moveable unit.

Figuré 4 is a timing diagram illustrating the
technique of information reporting according to the
present invention.

Figure 5 is a block diagram of the state
machine and associated logic circuitry in the moveable

unit.
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DETATLED DESCRIPTION OF THE DRAWINGS

Referring to Figure 2, the block diagram of the
pointing system according to the present invention is
shown at 40’. The system 40’ is similar to system 40 of
the prior patent (Figure 1) in some respects and 1like
elements are referred to by 1like primed reference
numbers.

As in the prior system the fixed unit 41‘
includes a driver 7/ and a first LED 9’. A microcomputer
5’ controls operationr of the driver 7’ as well as
operation of the cursor control circuit 13’ of the
display device 15’. A power supply 11’ provides power to
the microcomputer 57. The fixed unit 41’ further
includes a photodetector 43’ connected to the
microcomputer 5’. (The photodetector 43’ may be a type
which outputs a digital signal, thus eliminating the need
for the A/D circuit and buffer shown in Figure 1.)

The aspect of the present invention dealing
with the moveable unit 100 now will be described.
Specifically, the moveable unit 100 includes an automatic
gain control (AGC) circuit 60, whereas in the prior
design the fixed unit contained the active dynamic gain
control circuitry. In addition, a voltage-to-frequency
converter (VFC) 61 is provided which replaces an analog-
to-digital <converter to produce the information

transmitted by the driver and LED hardware in the
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moveable unitrloo. And finally, a state machine 62 is
provided to control the operation of the AGC circuit 60
and the VFC 61, rather than a microcomputer. The state
machine provides simple timing to manipulate control
lines to the AGC circuit 60 and the VCF 61. A
microcomputer is not reguired since no actual computation
is performed.

As in the prior system, the moveable unit 100
includes a camera 19¢/ having a lens 21’ and a position
sensing detector 25’; These elements are connected to
both the AGC circuit 60 and to operational amplifiers
29’. The operational amplifiers are controlled by the
AGC circuit 60 and amplify the currents generated by the
detector 25’ in accordance with the gain set by the AGC
circuit 60, and translate these - currents into
proportional voltages as described with reference to
Figures 19-21 of the prior patent. The operational
amplifiers 29’ furnish thése amplified signals to the VFC
61 which generates and sends pulses to the driver 55’ to
activate a second LED 57’. The interval between these
pulses is proportional to the voltage supplied by the
operational amplifiers.29'. The state machine controls
the AGC circuit 60 and the VFC 61. The moveable unit 100
is preferably powered by a battery 53’ to allow for

portability.
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As described above, there are three major
improvements to the pointing device: (1) placing the
automatic gain control functionality in the moveable
unit; (2) using a state machine rather than a
microcomputer; and (3) reporting the information
detected by the position detector 25 by way of voltage-
to-frequency conversion rather than analog-to-digital
conversion.

By placing the AGC circuit 60 in the moveable
unit, certain advantages are achieved over the prior
system. Whereas in the prior system, the active dynamic
gain control circuit altered the current applied to the
LED 9 (Figure 1), automatic gain control is performed
completely in the moveable unit 100 thus eliminating
closed-loop communication necessary in the prior system.

The state machine 62 which replaces the
microcomputer 51 (Figure 1) requires no memory and no
calculation is performéd by the state machine 62.

The VFC 61 emits pulses with separation
proportional to input voltage. These pulses are sent
directly to the LED 57’ via the driver 55’. The result
is that the data stream transmitted to the fixed unit
requires less illumination duration by the LED; therefore
the LED uses less battery power. The microcomputer 5’
can measure the time interval between these pulses

received by the photodetector 43’ to determine the



WO 93/23840 PCT/US93/04605

10

15

20

25

8

relative strengths of the voltages output by the
operational amplifiers 29’. It is also possible to
convert the voltages output by the operational amplifiers
29’ to ratios. The pulses sent by the VFC 61 are
ratiometric in that case. In any case, a Vvoltage
proportional to the total gain applied also must be
converted by the VFC 61 and reported to the fixed unit.

Referring now to Figures 3 and 4 in conjunction
with Figure 2, the operation of the pointing system 40’
will be described, first in general terms, then in more
detail. First, in general terms, the microcomputer 5’
controls the dx;iver 7’ to cause the first LED 9’ to
illuminate in a predetermined manner. This may be by way
of signals of ény predetermined length, frequency and
pattern. Movement of the moveable unit 100 causes the
beam of light froni the first LED 9/ to be focused on the
surface of the position sensing detector 25’ in a manner
corresponding to the angular rotative Vand/or
translational relationship between the orientation of the
lens 21 and the fixed position of the first LED 9.

Signals are generated by f.he position sensing
detector 25’ and are conveyed to the AGC circuit 60 which

controls the gaih of the operational amplifiers 29’.

~Once the gain has been determined, the state machine 62

causes the signals from the position sensing detector 25’

to pass through the operational amplifiers 29’ and to the
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VFC 61. The voltages generated by the operational
amplifiers 29’ representing each of the components of the
angular rotative and/or translational relationship
between the fixed unit and the moveable unit and the
total gain applied are hereinafter collectively referred
to by the term "information signal". The VFC 61 pulses
the second LED 57’ in a predetermined manner to report
the information related to the proportional voltages
output by the position sensing detector 25’ to the
photodetector.43’ in the fixed unit 41’. Such signals
are conveyed via the microcomputer 5’ which receives such
signals, and in vresponse, causes the appropriate
operation of the cursor control circuit 13’ to move the
cursor to a position on the screen.

With reference to Figures 2-4, the operation of
the system 40’/ will be described in greater detail. The
state machine 62 controls operations in the moveable unit
100 and has two modes: normal and powerdown. In the
powerdownrmode, the state machine in the moveable unit
100 has not received a signal from the fixed unit 41’ in
a predetermined amount of time. In the powerdown mode,
the sampling rate can be slowed or halted to save the
battery life. To obtain the normal processing mode, the
selectoer button 33’ must be depressed otherwise the slow
sampling rate will be in effect until a remote

illumination pulse is received from the fixed unit.
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Communication between thé fixed unit 41’ and the remote
unit 100 is based on timing the intervals between front
edges of infrared pulses received by the fixedr unit 41’.

Communication may be initiated by either the
moveable unit 100 or the fixed unit 41’. In the protocol

where the moveable unit initiates, the moveable unit

 starts by issuing two header pulses of 100 microseconds

duration and 1.1 milleseconds separation. The fixed unit
41’ uses the interval of 1.1 milliseconds to detect the
request. If the fixed unit 41’/ detects the header, then
2 milliseconds after the first pulse of the header, the
fixed unit 41’ emits a 20 kHz modulated infrared pulse
for 9.2 milliseconds to illuminate the photodetector of
the moveable unit 100.

Meanwhile, in the moveable unit 100, with the
state machine in the normal proceésing' hode, PWR1 and
PWR2 signals are high for powering the operational
amplifiers 29’ (front end power) and the VFC 61 and other
associated circuits (rear end power), respectively. Once
an infrared pulse is received, the state machine 62
activates the AGC circuit 60 to set the gain of the
operational amplifiei's 29’ so that the voltages supplied

to the VFC 61 are within a predetermined range. The

‘state machine 62 controls the AGC circuit 60 to set the

gain of the operational amplifiers 29’. This is done by
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way of AGC, AGRST, GNCLK and GNCLR pulses and includes
selection of one of two gain levels.

Once the gain of the operational amplifiers is
set by the AGC circuit 60, individual detector signals
(X+, X-, ¥+, Y-) are gated sequentially to the
operational amplifiers 29’/ for generating a voltage.
These voltages are stored in capacitors for conversion by
the VFC 61. Each of the samples X+, X-, Y+, and Y- is
assigned to distinct channels.

All four voltages which are sampled are
supplied to the VFC 61. A VFRST pulse is generated by
the state machine 62 before each of the voltages is
output seqﬁentially to the VFC 61 (0CO, OCl, OC2 and 0OC3)
which in response generates pulses on the V/F OUT pin
separated by time intervals proportional to the magnitude
of the various voltages. In addition, together with the
pulses representing the position detector voltages, the
gain set by the AGC 60, called GAIN, is also converted by
the VFC 61 to a time interval between successive pulses
on V/F OUT. V/F OUT is supplied to the driver 55’ which
in turn drives the LED 57’ to transmit the infrared
pulses representative of V/F OUT.

Referring to Figure 4, the signals detected by
the position detector 25’ (and converted to pulses)
consists of five values: X+, X-, Y+, Y- and GAIN. This

data is transmitted by the LED 57’ using the pulse
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milliseconds from the first of the header pulses. The

moveable unit 100 will send a 100 microsecond pulse at

14.2 milliseconds + (25 microseconds multiplied by X+).
This is called ﬁhe X+ pulse. The fixed unit 41’
determines the value for X+ by measuring the difference
in time between the first of the header pulses and the
rising edge of the X+ pulse subtracting 14.2 milliseconds
and dividing by 25 microseconds. The value X- is timed
based on the X+ pulse plus the maximum settle time of the
photodetector 43/ which is 1 millisecond.  X- ris
calculated as the X- pulse separation from the X+ pulse
less 1 millisecond divided by 25 microseconds. Y+, Y-
and GAIN are similarly determined by the fixed unit. To
ensure thaf stray infrared pulses do not interfere with
the communication, a TAIL pulse is sent by the moveable
unit 100 1.2 milliseconds after the last piece of data
(GAIN). The moveable unit 100 sends a total of eight 100
microsecond pulses if no switch pulls are detected and
the remote illumination pulse is detected.

These pulses are received by the photodetector
43’ in the fixed unit and supplied to the microcémputer
5/. In the fixéd ﬁnit 41',‘the raw values X+, X-, ¥+, Y-
and GAIN are transformed into X and Y coordinates. This
is accomplished by the microcomputer 5’ using a simple
ratio of the difference over the sum multiplied by a

constant. The constant L represents a performance factor

PCT/US93/04605

/3
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ratio of the difference over the sum multiplied by a
constant. The constant L represents a performance factor
of the lens 21’. For example, for an X coordinate space
of 0 to 32,768, X = L[(X+ - X-)/(X+ +X-)] 16,384 +
16,384, The microcomputer 5’ is activated to control
the cursor control circuit 13’ to move a cursor to a
position aligned with the angular rotative and/or
translational position of the moveable unit.

Figure 5 is a schematic diagram of the state
machine, associated decoder and logic circuitry for
generating the various control signals for controlling
the operational amplifiers 29/, AGC circuit 60 and VFC
61. The state machine is driven by the START signal
which is generated in response to receipt of the remote
illumination pulse (Figure 3).

The technique of reporting data related to the
orientation of the moveable unit relative to the fixed
unit is also useful in pointing devices in which
communication is by way of non-optical means. In this
regard, the moveable unit need only have some means of
determining the angular rotative and/or translational
position of the moveable unit. |

The above description is intended by way of
example only and is not intended to limit the present
invention in any way except as set forth in the following

claims.
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We claim:
1. An optical pointing device for use within
a prescribed space for interconnection with a display
device having a display screen, a cursor movably
displayed on said display screen and a cursor control
circuit for controlling the position of the cursor on
said display screen, the optical pointing device
comprising: |
a first unit including a light source and
computer means for controlling the operation of said
light source, said first unit being fixedly located
relative to said display device with said computer means
connected to said cursor control circuit;
a second unit movably contained within
said space and comprising light detector means for
detectingr light emitted from said 1light source to

generate in response output signals related to the

‘angular rotative and/or translational relationship

between said light source andrsaid light detector means,
amplifier means connected to said light detector means
for amplifying the output signals of said light detector
means by an amplification factor to generate an
information signal, automatic gain control means for
changing the amplification factor of said amplifying
means as distance between the first and second unit

changes to adjust the level of the output signals of said
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light detector means which are amplified by said
amplifying means and thereby to compensate for movement
of the second unit within said space.

2. The optical pointing device of claim 1,
wherein said second unit further comprises transmission
means for transmitting the information signal to the
computing means of said first unit.

- 3. The optical pointing device of claim 2,
wherein the transmission means of the second unit
comprises optical transmission means for transmitting an
optical signal, and the first unit further comprises
light detection means connected to the computing means
for receiving the optical signal transmitted by said
optical transmission means.

4. The optical pointing device of claim 3,
wherein said secbnd unit further comprises means for
controlling the automatic gain control means and the
amplifying means.

5. rThe optical pointing device of claim 4,
wherein the means for controlling comprises a state

machine.

6. A pointing device for use within a
prescribed space and adapted to be interconnected with a
display device having a display screen, a cursor movably

displayed on said display screen and a cursor control
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circuit for controlling the position of the cursor on
said display screen, the pointing device comprising:

a first unit including computer means
connected to said cursor control circuit;

a second unit movably contained within
said space and comprising orientation detection means for
detecting angular rotative and/or translational position
and generating an information signal representative of
components of said angular rotative and/or translational
position, meahs for converting the information signal to
a series of spaced pulses, the “time spacing between

consecutive pulses being proportional to a particular

'component of the angulér rotative and/or translational

position.-

7. The device of claim 6, wherein the second
unit comprises transmission means for transmitting the
series of pulses to the computer means of the first unit,
and the computer,meaﬁs of the first unit converts the
series of pulses to cursor control data which is supplied
to the cursor control circuit.

8. The device of claim 7, wherein the first
unit comprises light detection means éonnected to said
computer means, and the transmission means of the second
unit comprises optical transmission  means for
transmitting the series of pulses as a series of light

pulses to the light detection means of said first unit.
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9. The device of claim 6, wherein said first
unit comprises a fixedly located light source and the
orientation detection means of the second unit comprises
light detector means for detecting light emitted from
said light source and in response generating an output
signal related to the angular rotative and/or
translational relationship between the light source and
the light detector means.

10. A method for communicating the angular
rotative and/or translational position of a moveable unit
within a preécribed space to a receiving unit for
interconnection with a display device having a display
screen, a cursor movably displayed on said display screen
and a cursor control circuit for controlling the position
of the cursor on said display screen, the method
comprising the steps of:

detecting the angular rotative and/or
translational position of the moveable unit;

generating an information signal having a level
which is indicative of components of the angular rotative
and/or translational position of the moveable unit;

donverting the information signal into a series
of spaced pulses,'the time separation between any two
consecutive pulses being representative of a particular
component of the angular rotative and/or translational

position of the moveable unit; and
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transmitting the series of pulses from the
moveable unit to the receiving unit.

11. The method of claim 10, wherein the step
of transmitting comprises the step of generating a series

5 of light pulses which are transmitted to the receiving
unit from the moveable unit.

12. The method of c¢laim 10, and further
comprising the steps of converting the series of pulses
received by the receiving unit to cursor control data and

10 supplying thercursor control data to the cursor control
circuit.

13. The method of claim 12, wherein the step
of transmitting comprises the step of transmitting a
series of light pulsés to the receiving unit.

15 14. The method of claim 10, whefein said step
of detecting the angular rotative and/or translational
position of the moveable unit comprises detecting light
emitted from a fixedly located light source at said
receiving unit and in response generating an output

20 signal related to the angular rotative and/or
translational position of the moveable unit.

15. A pointing device for use within a
prescribed space for interconnection with a display
device having a display screen, a cursor movably

25 displayed on said display screen and a cursor control
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circuit for controlling the position of the cursor on
said display screen, the pointing device comprising:

a first unit including computer means
connected to said cursor control circuit, said first unit
being fixedly located relative to said display device;
and

a second unit movably contained within
said space and comprising orientation detection means for
detecting angular rotative and/or translational position,
amplifier means connected to said orientation detection
means for amplifying the output signals of said
orientation detection means by an amplification factor to
generate an information signal, automatic gain control
means for changing the amplification factor of said
amplifying means as distance between the first and second
unit changes to adjust the level of the output signals of
said light detector means which are amplified by said
amplifying means and thereby to allow for movement of the
second unit within said space.

16. A method for communicating the angular
rotative and/or translational position of at least one
moveable unit within a prescribed space to a receiving
unit or to another moveable unit, the method comprising
the steps of:

detecting the angular rotative and/or

translational position of the at least one moveable unit;
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generating_an information signal having a
level which is indicative of components of the angular
rotative and/or translational position of the at least
one moveable unit;

converting the information signal into a
series of spaced pulses, the time separetion between any
two Vconsecutive pulses being representative of a
particular component of the angular rotative and/or
translational position of the at least one moveable unit;
and

transmitting the series of pulses from the
moveable unit to the receiving unit.

17. The method of claim 16, wherein the step
of transmittiﬁg comprises the step of generating a series
of light pulses which are transmitted from the moveable
unit to the receiving uﬁit or to another moveable unit.

18. An improvement to an optical pointing
device for user within a prescribed space for
interconnection with a display device having a display
screen, a cursor moveably displayed on said display
screen and a curser controlrcircuit for controlling the
position of the cursor on the display screen, the optical
pointing device comprising a first unit including
computer means connected to said cursor control circuit
and being fixedly loeated relative to said display

device; and a second unit moveably contained within said
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space and comprising orientation detection means for
detecting angular rotative and/or translational position,
amplifier means connected to said orientation detection
means for amplifying the output signals of said
orientation detection means by an amplification factor to
generate an information signal, the improvement
comprising:

automatic gain control means in said éecond
unit for changing the amplification factor of said
amplifying means as theidistance between the first unit
and second unit changes to adjust the level of the output
signals of said orientation detection means and thereby
to compensate for movement -of the second unit within said
space.

19. The improvement of claim 18, wherein said
first unit includes a light source controlled by said
computer means, and said orientation detection means of
said second unit comprises 1light detector means for
detecting 1light emitted from said 1light source to
generate in response to output signals related to the
angular rotative and/or translational position between
said light source and said light detector means.

20. An improvement to an optical pointing
device - for wuse within a prescribed space for
interconnection with a display device having a display

screen, a cursor moveably displayed on said display
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screen and a cursor control circuit for controlling the
position of the cursor on the display screen, the optical
pointing device Vcomprising a first unit including
computer means connected to said cursor control circuit
and being fixedly located relative to said dislpay
device; and a second unit moveably contained within said
space and comprising orientation detection means for
detecting angular rotative and/or trahsiational position,
amplifier means connécted to said orientation detection
means for amplifying the output signals of said
orientation detection means by an amplification factor to
generate an information signal representative of
components of the angular rotative and/or translational
position, fhe improvement comprising:

means for converting the informatién
signal to a series of spaced pulses, the time spacing
between any two consecutive pulses being proportional to
a particular component of the angular rotative and/or
translational position.

21. The improvement of claim 20, wherein said
first unit-includes'a light source controlled by said
computer means, and saidrorientation detection means of
said second unit comprises 1ight detector means for
detecting 1light emitted from said 1light source to

generate in response output signals related to the
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angular rotative and/or translational position between
said light source and said light detector means.

22. The improvement of claim 21, wherein the
second unit further comprises optical transmission means
for transmitting the series of pulses to the computer
means of the first unit, and the computer means of the
first unit converts' the series of pulses to cursor
control data which is supplied to the cursor control
circuit.

23. The improvement of claim 21, wherein the
means for converting receives as input, discreté voltage
signals representing spatial coordinates indicating the
position on said light detector means of a light beam
emitted by said light source of said first unit.

24. The improvement of claim 20, wherein said
means for converting receives as input the information
signal in the form of a predetermined number of DC
voltage signals each representing one of said components,
the number of pulses in said series comprising a lead
pulse, a plurality of component pulses equal in number to
said predetermined number of DC voltage signals, and a
tail pulse, the time spacing between a first component
pulse and a lead pulse representing a first DC voltage
signal, and the time spacing between succeeding
consecutive pairs of said component pulses representing

the remaining DC voltage signals.
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