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(57) Abstract: Embodiments of the
present invention include one or more
wireless transmitting devices and an
array of receiver units for receiving
wireless communications from the
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accurate location determination. Spread
spectrum techniques can be used, such as
DSSS, FHSS, THSS, and pseudo-noise
(PN) coding schemes, or combinations
thereof. The transmitting devices can
generate one or a plurality of data signals
that are orthogonal-code modulated,
to be decoded by the receiver units and
a processor associated therewith. A
plurality of transmitter signals can be
received, identified, located, and data
demodulated substantially simultaneously
using embodiments of the invention.
The combined use of array processing
methods and diversity schemes can
be used to reduce the effects of signal
multi-path and occlusion.
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Method aﬂd Apparatus For Position Sensing
PRIORITY CLAIM | -

[0001] The present application claims priority from Canadian patent application number CA

2,397,431, filed August 9, 2002, the contents of which are incorporated herein by reference.
FIELD OF INVENTION |

[0002] The present invention relates generally to computing interface devices and more
particularly relates to a method and apparatus for position seﬁsing.
BACKGROUND OF INVENTION

[0003] Computer systems configured with human interface devices are common for and are

popular in a wide variety of business and educational applications. The most common interface
device is the mouse and keyboard, which in their traditional format are Coupled to the computer by
a hard-wired connection. Since about 1990, wireless interface devices have become more common
in the marketplace. Although the concept behind wireless interfaces was known prior to this date,
interest in wireless interfaces was limited until the release of the 2.4 GHz unlicensed band for
industrial, scientific and medical (ISM) applications.

[0004] Prior art wireless interface products commonly employ either direct sequence spread
spectrum (DSSS) or frequency hopping spread spectrum (FHSS) techniques to communicafe
between a handheld device and a local receiver that inteffaces with a computer and display monitor.
[0005] There are matiy types of non-wireless interface devices including touch sensitive
computer input devices currently used for the purpose of digitizing touch on or in conjunction with
computer displays. Such devices measure the position of a transmitter, stylus or finger touch on the
sensor surface (for example, US Patent 5,365,461 to Stein). The measured position is used to
generate coordinates for the purpose of interacting with the computer, for example in pointing to
icons on the display, picking menu items, editing computer generated images, and feedback for
input of hand-drawn characters and graphics.

[0006] Devices that sense wireless signals, corded devices, or human touch may sense using
any number of technologies, including capacitive sensing, resistive sensing using a conductive
overlay sheet, infrared sensing, acoustic wave sensing, and piezoelectric force sensing. Digitizers
which use corded or tethered hand. held styli such as pens or pucks typically use electromagnetic
sensing, electrostatic sensing, resistive sensing, or sonic pulse sensing.

[0007] Devices responsive to wireless or corded transmitters are typically used for cursor
control application, for example pointing to display icons and picking menu items. Devices that are
responsive to styli (usually a wireless or corded pen) are used to create or trace drawings,
blueprints, or original art. These devices are also used for character or handwriting recognition. It
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can be des1red fhat the wireless or corded device have a pen and paper feel so that thelr use is
intuitive to most users. Wireless devices generally do not require an mtultlve ‘pen-and-paper feel,

but typ1ca11y require that the user see the cursor appea;r on the interface screen under the touch of

the pen before the writing surface is touched. For this reason wireless styli are limited to no more

than five centimetres of wireless operation eff the stylus writing surface (example: the Wacom pen)
from Wacom Technology Corporatioh 1311 SE Cardinal Court, ‘Vancouver, WA 98683, US.A.

[0008] _ Some wireless devices operate-at longer ranges (for example, about one to three -
metres) from the- computer screen and are based on mfra-red and/or acoustic media to transmit

signals that are used to locate the transmitter in 3D space. The signals are received by a base

. recelver that triangulates the position of the handheld device based on time-delays. These devices

are suitable for disabled users, and for users who require an interface over a wider volume of space
such as for gaming. These technologies generally have limited range of operatlon and commonly
requ1re that a power cable be tethered to the hand-held device to provide power and be operable to '
svv1tch signals between the handheld device and a.base receiver. Accordingly, these devices are
rather awkward to use as they are not fully wireless.
[0009] Lately, the emergence of 3D graphical games has increased a desire for 3D wireless
devices allowmg users to interface with games with built-in 3D features. There is also a need for
faster rates of data for positioning, to allow users to have a more natural interaction with the
computer, providing smoother positioning in a substantially delay-free manner. Also needed is a
higher xeselution positioning for increasingly sophisticated games and interfaces with high-
resolution computer screens. However, there is an increasing need for devices that are truly wireless
and allow multiple users to interface with the same interface screen and with a variety of controller
functions. |
[00010] There are many prior art technologies used for posmonmg and location the concept
of phased-array antenna signal processing for locating radio transmitters extenswely covered in the
prior art. The methods are generally for the tracking of aircraft using active and passive radar and
processing methods for characteristics.about multiple objects that reflect radar signals. Generally,
these methods involve two-way signal paths that involves a radio pulse reflecting from an ebject
(typically monopulse radar) or a transponded signal from an active transponder circuit. The art of
determining the location of single emitters is covered in patent US6,147,646 requiring that each
emitter have ‘their angles-of-arrival (AOA’s) determined and put into bins using a multiplexed
processing’approéeh. ‘
[00011] Methods for determining the location of reflected or t;ansponded radio emissions
using phase differencing is covered in various patents (US4,788,548; US4,977,365; US5,285,209;
2
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USS,343,212§ US5,477,230; USS;497,461) for i)has‘ed array radar applications. Geﬁerally these
methods output- the angle-of-alxrriva.‘li (AOA) of a signal and présent the data to a display screen.
These methods use a linear one or two dimensional antenna arra§ but do not involve signal ;
spreading with PN-codes, or the iﬂce. ‘

[00012] Methods of range -estimation -are covered in various patents‘ (US4,788,548;
USS,510,1795'; US5,745,437; US5,999,131; US6,177,907; US6,288,776). These methods afe based

in phase differencing using range changes in curvature, phase differencing based on a two-way -

- signal reflection, phase angle ambiguity calculation (common in synthetic aperture radar (SAR)

methods), and range ambiguity estimation based on phase difference using signals with multiple -
frequencies. These range estimation techniques involve one or tWo-Way signal paths involviﬂg
signal reﬂéctions, transponded signals, and stationary or moving emitters.

[00013] Patent US6,198,436 discusses a method for receiving and separating signals from N-
channels in a narrow-band communication system. Althéﬁgh this method is based on a coherenf '
aﬁay of phaSed-afray receivers, the sighals are processed as a multiplexed processor arrangement to
separate the signals of several channels. |
[00014]\ The use of Code Division Multiple Access (CDMA) methods is extensively covered
in prior pateﬁts for cellular. phone technology and networks, wireless LANS, as well as for locating
cell phones, -and GPS systems and receivers. Specific patents (USS,999,131; US6,081,229;
US6,249,680 ) cover the use of CDMA for locﬁtmg radio transmitters. These methods distinctly
cover location estimation based on time-delay-of-arrival (TDOA) for which raﬁges are estimated
based on time delays. Techniques of this kind are impractical at close range because time delays are
too short to be measured reliably and accurately. The benefits of methods for AOA estimation to
locate transmitters in -short range is not cited in CDMA patents and literature, and espécially for
multiple CDMA emitters. | . | A |

[00015] Other patents (US5,510,800; USS,589,838) cover the use of Ultra-Wide Band
(UWB) technology for radio location in the short range. These methods are practical for short range '
locating of radio transmitters and can adopt CDMA. techniques to locate multiple transmitters.
However, UWB technologies employ a wideband that limits the pracﬁcal ability of detecting and
locating UWB fransmitters in shoﬁ range. Furthermore, such technology would depend on the
emérgence and wide acceptance of UWB technology standards.

[00016] Existing systems that display absolute or relative position introduce some kind of -
mechanical or data-link delay that lowers the presentation speed to any display or monitoring -
device. Accordingly, there 1s 2 need for systems and methods of sensing position that increase the
rate at which absolute position data is presented on a display for multiple objects and icons.
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SU"N.[MARY OF INVENTION
[00017] - It is therefore an object of this mven’uon to prov1de an apparatus and method for

sensing Posmon that obviates or mitigates at least one of the above-identified disadvantages of the
prior art. ' |

[00018] An aspect of the present invention relates to a wireless pbsition sénsing computer
ihput device‘ that is responsive to one or more electro-magnetic transmitting devices that are

physically moved in three- dimensional space. The receiver is a passive array -and can process -

signals from multiple transmitting devices that use unique DSSS, FHSS, and “THSS spread-

spectrum methods with pseudo-noise (PN) modulating codes. A single receiver can simultaneously
detect and position multiple transmitters allowing combmatlons of three-dimensional pos1t1on and
angle orientation measurement of devices containing multlple transmitters.

[00019] An aspect of the invention provides a system for sensing position comprising at least
two transmitting dev1ces each operable to transmit an orthogonal CDMA radio signal. The system
also comprises at least two receiver units in spaced relation to each other and each operable to
receive a different version of each of the radio signals. The receiver units are comprised of an
antenna and a receiver element. The system further comprises an electronic circuit coupled to the
receiver element and is operable to substantially simultaneously determine a location of each of the
radio transmitting devices in relation to the receiver units by distinguishing the transmitting devices
based on the orthogonality of the radio signals and a éompar‘ison between each the different version
of each respective the radio signal. ‘

[00020] In a particular implementation of the foregoing, the antennas associated with each of
the receiver units are spaced apart at a distance of about one-half of a wavelength of the radio
signal.  The orthogonal radio signals codes can A,inclu‘de unique pseudo-noise (PN) codewords
assigned to each of the transmitting devices. The different versions of the radio signal can be
identifiable by using at least one of a radiated signal strength technique and a carrier phase-delay
technique.

[00021] Another aspect of the invention provides a system for sensing position comprising
transmitting device operable to transmlt a radio signal and at least two receiver units in spaced
rélation to each other. Each receiver unit is each operable to receive a different version of the radio
signal. The system further comprises an electronic circuit coupled to the receiver units and -
operable to determine, and output, a location of the radio transmitting device in relation to the
receivef units based on a comparison between each different version of the radio signal.

[00022] The system can comprise at least one additional radio transmitting device.
Each of the radio transmitting devices are operable to transmit a radio signal orthogonal to each
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other radio transmitting device. The electronic circuit is further operable to distinguish each of the

radio transmitting devices from thé other based on the orthogonal signals. The electronic circuit is

further operable to determine a location of the radio transmitting 'devices -substantially

simﬁltaheously,

[00023] The antennas associated with each of the receiver units are typically spaéed

apart at a'd'istance of about one-half of a wavelength of the radio signal.
[00024] : The radio signals are typically based on a spread spectrum 'technology. The-

spread spectrum techﬁplégy' can be selected from the group consisting of direct sequence ‘spread
spectrum signals, frequency hopping spread spectrum signals, time hopping spread‘ spectrum
signals, linear frequency sweeping (chirp) signals, and hybrid signals.

[00025] The radio signals can be based on code division mulﬁiple access (CDMA) and the
) orthogonal codes can be unique ﬁseudo-ﬁoise (PN) codewords .a.ssigned to each of the transmitﬁng

devices. ' .

[00026] The different versions of the radio signal are identifiable via a phase shift between

the versions of the received signals. The different versions 6f the radio signal can be identifiable
using at least one of a radiated signal strength technique and a carrier phase-delay technique.
[00027] The transmitting device can be affixed to a pointing device, such as a mouse, and the
electronic circuit can then be coupled with an input device on a personal computer having a display
device and such that the pointing device is operable to move a cursor on the display device. The
pointing device can include at least one button for user actuation and the radio signals can be based
on code division multiple access (CDMA). The transmitting device is assigned a pseudo-noise (PN)
codeword, and where an actuation of the button can be transmitted to the receiver units via
inverting the PN codeword for at least one bit-period, or switching to another orthogonal pseudo-
noise (PN) codeword for at least one bit-period, or the like. .

[00028] The power supply incorporated into the transmitting device can be selected from the
group consisting of a battery, a solar cell, a coil operable to receive energy from an EM powering
field radiating proximal to the power supply, or a coil operable to induce electrical energy from a
mégnetic field by mechanical motion. | '

[00029], The system can be cémprised of exactly two of the receiver units and m this case the
location is ty;;ically expressed in a single-dimension.

[00030] - The system can be comprised of exactly three of the receiver units, arranged in a
triangular format. In this configuration, the électronic circuit is operable to receive a first input -
from a first pairing of the three receiver units and is further operable to receive a second input from

a second pairing the three receiver units. The pairings have only one of the receiver umits in
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common. The electronic crrcurt is fm’ther operable to determine a two dimensional pos1t1on of the

transmlttmg devrce based on a comparrson of the first input and the second input.

[0003 1] The system can be comprised of exactly four receiver umts arranged in a rectangular
format and the electronic circuit can. be operable to-receive four separate inputs from four
respective pairings of the four receiver units. The electronic circuit can be further operable to
determine a three dimensional position of the transmitting device based on a comparison of the

separate inputs. The rectangular format can be in a plane arranged around a periphery of a -

‘computer display connected to the system, such that movements of the transmitting devices in

relation to the receiver units can be reflected on the display.
[00032] The system can be. comprised of eight of the receiver units arranged in a cube. The
electronic circuit can thus be operable to receive eight separate inputs from eight respective pairings

of the eight receiver units. The electronic circuit can be further operable to determine a three

. dimensional position of the transmitting device in relation to the cube based on a comparison of the

separate inputs. ‘
[00033] The electronic circuit can comprise a channel pair processor connected. to the |
receiver units, a detector & position calculator connected to the channel pair processor, and -an
output device for presenting the location to an electronic peripheral attachable to the output device.
[00034] The transmitting device of the system can be incorporated into a computer interr‘ace
selected from the group consisting of a mouse, a tilt-joystick, a pointer controller, a six-degree-of-
freedom interface, and a gesture interface.

[00035] ‘ The transmitting device can be incorporated into a surgical instrument to be used to
monitor the position-of the surgical instrument during the performance of a medical procedure.
[00036] The transmitting device can be incorporated into an industrial robot, to track the
position of the robot as it performs its function.

[00037] Arrother aspect of the invention provides a transmitting device operable to transmit a
radio signal. The transmitting device is. for communicating with at least two receiver units in
spaced relation to each other. Each receiver unit is operable to receive a different version of the

radio signal in order to deterrnine a position of the transmitting device via an electronic circuit

'connocted to the at least two receiver units.

[0003 8] Another aspect of the invention provides a recejver unit operable to receive a radio
signal transmitted from a transmitting device. The receiver unit is for placement in spaced relation -
to another substantially identical receiver unit, such that each receiver unit is operable to receive a-

different version of the radio signal. The receiver unit is for connection to an electronic circuit

. connectable to both of the receiver units. The electronic circuit is operable to determine a location
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of the radio transmitting device in felétion to the receiver units based on a comparison between each

of the different versions of the radio ’signal. ‘

BRIEF DESCRIPTION OF THE DRAWINGS

[00039] Various embodiments of the present invention will now be explained, by way of

example only, with reference to the following description of and the accompa'nyingdrawings, in
which: A 4
Figure 1A depicts radio-transmitting devices being detected and located in 3-dimensional space by

a planar receiver array, and presented on a 3-dimensional XYZ screen display;

Figure 1B depicts radio-transmitting devices being detected and located in 3-dimensional space by a

perimeter receiver array, and presented to a 3-dimensional XYZ screen display inside the perimeter;
Figure' 1C depicts radio-transmitting devices béing detected and located in 3D space by a 3-

dimensional lattice receiver array, and presented to a display;

Flgure 2 depicts - the multiple device detection system for locating multiple radlo transmitting

devices and extracting data signals from the transmitting dev1ces

Figure 3A depicts an exemplary RF signal-processing block diagrams for each pair of radio receiver
channels; ‘ )

Figure 3B depicts another exemplary RF 81gna1-processmg block diagrams for each pair of radio
receiver channels;

Figure 3C depicts another exemplary RF s1gnal—processmg block diagrams for each pair of radio
receiver channels; '

Figure 4A depicts an exemplary circuit diagram of the radio-transmitting device;

Figure 4B depicts. another exemplary circuit diagram of the radio-transmitting device;

Figure 5 depicts a flowchart of a2 method of operative radio-transmitting devices;

Figure 6 depicts a flowchart of a method for PN-code detection system;

Figure 7 depicts a method of detecting multiple DSSS codes embedded in a common input signal;
Figure 8 shows perspective views of a 3-dimensional mouse controller in accordance with an ‘
embodiment of the present invention; ‘
Figure 8a shows perspective views of a 3-dimensional mouse controller in accordance with an -
embodiment of the present invention; |

Figure 9 is a perspective view of a tilt joystick controller in accordance with an embodiment of the

present invention;
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Figure 10 is a perspective view Qf a‘pomtervconltroller in acqordancé with an 'embodiment of the |
present irhwer.ltion;l - o

Figure 11 is a perspective view of a sbi-degrée-of-fieedom éontroller in accordance with the present
invention; and, ' . ‘

Figure 12 isa perspectix)e view of a gesture interface controller glove in-accordance with the present
invention, ‘ '

DESCRIPTION OF THE INVENTION

: '[00040] Before discussing embodiments of the invention in detail, it is useful to review

certain technological principles used to imblement certain features of the present invention in order

to provide context in understanding certain implementations and features of the present invention.

Sﬁread Spectnmi'Signals

’ [0004'1.]‘ Spread-spectrum signaling can be effected in a number of ways. Examples of spread-

Spectmm signals include Direct Sequence Spread Spectrum (DSSS) signals, Frequency Hopping

'Spread Spectruﬁ (FHSS) signals, Time Hopping Spread Spectrum (THSS) signals, Linear

Frequency Sweeping (Chirp) signals, Hybrid signals, and the like. Wireless products frequently
employ some type of spread spectrum technique, such as direct sequence spread spectrum (DSSS)
or frequéncy hopping spread spectrum (FHSS), to communicate between the transmitter and
receiver (single or two-way). A distinguishing feature of the spread spectrum téchnique is that the
modulated output signals occupy a much greater transmission bandwidth than the baseband
information bandwidth requires. This band “spreadi_ng” is achieved by encoding each data bit in the
baseband information using a codeyvord, or symbol, that has a much higher frequency than the
baseband information bit rate. The resultant spreading of the signal across a wider frequency
bandwidth results in comparatively lower power spectral density, so that other communication
systems are less likely to suffer interference from the device that transmits the spread spectrum
signal. It also méikes the spi’ead signal harder to detect and less susceptible to interference and
harder to jam.

[00042] Both DSSS and FHSS techniques employ a pseudo-noise (PN) codeword known to
the transmitter and to the receiver to spread the data and to make it more difficult to detect by other
réceivers lacking the codeword. Thé codeword consists of a sequence of "chips" having values of -1
or +1 (polar) or 0 and 1 (non-polar) that are multiplied by (or Exclusive-OR’ed with) the
information bits to be transmitted. Accordingly, a logic "0" information bit may Abe encoded as a
non-inverted codeword sequence, and a logic "1" information bit may be encoded as an inverted -
codeword sequence. Alternatively, a logic "0" information bit may be encoded as a first
predetermihed codeword sequence and .a logic "1" information bit may be encoded as a second
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predetermined codeword sequenqé. There are m;merous well-known codes, including M-sequences,
Walsh codes, Barker codes,‘Giold cﬁddes and Kasami codes. Of all these code types, several different
PN sequences can be generated of the same length that are “orthogonal” to efeich.other (i.€. they do-

not donrelate).

- [00043] Methods for detecting and “de-spreading” PN-codes are generally done using
“matched-filter” or “sliding-correlator” structures within a digital signal processor (DSP). CDMA

Matched'F ilter Implementation in Virtex Devices, Xilinx Application Note 212, January 10, 2001 -
discusses an approach to efficiently processing CDMA applications using a matched filter
approach, If matched-filters are arranged to match multiple orthogonal PN-codes in parallel inside a
DSP, then they can operate independently to de;cect and process multiple codes “virtually”
’sir'nultanec;usly (see CDMA Matched Filter Implementation in Virtex Devices, Xilinx Application
Note 212, January 10, 2001).
Multi-path Reduction

[00044] - Multi-path propagation is a phenomenon that occurs, for example, if there are
reflectors, obsta‘cles,‘and boundaries, etc., in the propagation medium. A feceiver in the wave field
will receive not only a signal from a signal source through a direct propagating path, but it will also
receive signals v(called multi-path signals) reflected from these objects. Multi-path signals are
always delayed as compared to direct-path signals. In fact, multi-path signals can severely degrade
the system’s performance if they are not separated from the direct-path signal. |

[00045] In a spread-spectrum system, Az, the width of the main lobe of the correlation

function after de-spreading, can be written as At =1/ BW,,,, where BW,,, is the bandwidth of the

code
spread—spectrum code used for despreading. Az can be regarded as the ability of a spread-spectrum
system to resolve multi-path signals from their direct-path signal after despreading.

[00046] ' The following is-an example for acoustic systems showing that the multi-path
problem can be -eliminated by the present invention. Given: an acoustic signal -is propagating

through the air at an approximate speed of sound Vs =330m/s and BW,,, =1MHz, then Ad, the

minimum distance between a direct-path signal and the multi-path signals that a spread-spectrum
system is able to resolve, becomes:

Ad = At*Vy, =V /BW g, =0.33mm
That is to say, any multi-path in an acoustic signal that is 0.33mm away from fhe direct-path signal
can be removed. This can be difficult to achieve in narrowband radio systems. ‘ |
[00047] For short-range radio-location systems, this approach to multi-pafh reduction is

impractical because for a minimum resolution of 1mm or less, a high signaling bandwidth (more
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than 1 GHz) is typically requlred to accommodate the high speeds of radio signals. However in

short—range spread-spectrum radio there are combined strategies to remove multi-path such as:

transmitting signals. at low power, mixed DSSS and FHSS spreadmg schemes, diversity schemes :

and equalization, thereby weakening multi-path reflectioris relative to the direct path signal.
Methods of multi;bath rejection include: )
e _Adapﬁve equalization withe training signal

e Blind-equalization (where no‘training code is required)

e Antenna array diversity

e Frequency diversity

e Antenna polarization diversity

[00048] -  The adaptive and blind equalization methods improve the sigrial corrupting effects of
signal multi-path by recovering the signal strength during a signal fade-out. An equalizer in a
rece1ver compensates for the average range of expected channel amplitude and delay characteristics.
Equalizers must be adaptive since the channel i is generally unknown and time varying.
[00049] Antenna diversity by contrast exploits the random nature of radio propagation (or at
least hlghly uncorrelated) signal paths. Dlvers1ty design 1mplementat1ons are done at the receiver
and are unknown by the transmitter. The strategy for diversity occurs by recognizing that a receiver
element is experiencing a deep fade-out while other receiver elements receive strong signals.
Consequently the faded signai phase calculation is excluded from the location calculation. '
[00050] Frequency diversity is based on simultaneously transmitting on more than one carrier
frequency such that while one (or more) channels will fade, others will not allowmg some coherent
signaling to occur. FSK modulation of a PN-code in direct sequence may be used but would Tequire
a large frequency spread to make the diversity workable. For instance if the frequency spread was
small, both channels can experience the same degree of multi-path fading ’
[00051] Polarization diversity is based on the assumption that the transmitting antenna
polarization is not known and that received signals to multiple antenna elements are uncorrelated.
Cross-polarized antennas have multiple spatial elements and reduce multi-path effects by reducing
phase delay caused by receiving multiple signal reflections with different polarizations. This apphes
t6 signals that are blocked or obstructed at short range.
SNR Improvement

[00052] ‘Tt is commonly understood in a spread-spectrum system that, when the information
bandwidth is evenly spread, the system Processing Gain (PG) can be expressed as:
PG(dB)=10log,,(BW,, / BW,, .). Having the PG, the Signal-to-Noise Ratio (SNR) of the spread-
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spectrum system can be meroved to: SNRSS PG+ SNE;,, where SN@S and SNRS,,, are the SNRs of

a spread—spectrum receiver and the transmltted swnal respectively.
[0005 3] Benefits of having anroved SNR in a spread—spectrum system include: -
. ngher noise immunity. '
o Transmitter devices can be cost-effectively designed to have balanced noise immunity
through signal spreading. | l 4
~ '« Signals can be transmitted with less power.
e Transmitted signals can be detected over longer rahge. |
" e The power consumption of transmitting device(s) can be greatly reduced so that various
power supply rﬂéthods, which are impractical in some cases for narrowband devices, can be
used. -
e Transmitter devices can be detec.ted and located within close proximity of each other.
. Higher positidn Jocation resolution can be easily achieved. |
. Longer PN-codes can be uéed to increase SNR with no impact on sample speed.
[00054] For example, for a spread-spectrum system with SNE;,= - 10dB (signal eﬁergy is
10-times less than noise) and PG = 30dB (signal bandwidth is 1000-times wider than information
bandwidth), its SNR,= 20dB. That is to séy, with a properly designed PG, the spread-spectrum
system can pick up information from signals below noise. A narrowband system can not work in an
environment that has negative SNR, unless some additional signal processing methods, e.g. signal
averaging, are used.

Phased array receivers '

[00055] In a phased array, each DSSS radio receiver receives a transmitter signal in the form
of 2 DSSS code modulated carrier wave. Each receiver connects to a common LO (local Oscillator)
that when mixed with the received radio wave, will down-convert the RF v;/ave to an IF

(Intermediate Frequency) wave. The frequency of the IF wave is determined by: fir =fzr — 10 and

is usually a frequency between 1 MHz and 100 MHz. A suitable IF is chosen to minimize the
phase-noise between the IF signals measured at all elements in the phased array. At this point it
should be noted that the IF signals are “phase coherent” meaning that they have a common phase
reference. The IF signals are then entered through an analog phase/amplitude detector. This is done
by splitting the signals into the I(in-phase) and Q(quadratu;e—phase) components such that the phase

and amplitude signals are determined by: ®(¢) = arctan(l/ Q) , and A(7) = I 2L 0%
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[00056] " In a spread—spectfuni feceiver the phase and amplitude signals afe still code
modulated 51gnals at this stage . and are sampled with a fast ADC (Analog—to -digital converter)

cn'cu1t and hence sent to a DSP circuit for further processing. A CDMA processor Wﬂl use a code- |
matchmg filter to determine which code w111 correlate with the input signal producing a correlation .

peak output, thereby determining which transmitter is transmitting at that time. The DSP would use

parallel hardware or a fast code-multiplexer processing architecture to correlate multiple codes

substantially simultaneously. This can be implemented with high-speed parallel DSP hardware, -
and/or field-programmable gate-array (FPGA) hardware designs. ‘

Location tracking

[00057] Location Tracking in embodiments of the invention empioy radiated signal strength
(RSS) and the relatively measured radio carrier pha,se—déieiy (CPD) to detect and.position the radio
transmitting device(s). The phase delay is measured between signals received at a minimum of two
receiver antennas and processing channels. This method will be referred to as the CPD model.

[00058] The CPD model used in embodiments. of this invention is based on radio signals
propagating through 3D space. That is, when a wave field is confined to propagating through 3D

space, such as the free space in which an EM signal propagates, the associated RSS is then modeled

to be linearly proportional to the inverse square of R, asRSS o 1/R* whereR is the distance

between a radio transmitting device and a receiver element. However, in the CPD model the
relative phase-delay between two receivers is related to the relative distance that a radio’signal
transmitter is away from the receivers as; Ax = A® A4 /27 where ) is the wavelength of the radio
carrier signal. Together with RSS and phase-delay measurements the receiver array can determine
the 3-dimensional (XYZ coordinate) location of a transmitting device using a minimum of 4
receiver antennae and processing channels. Using this basic design with more than 4 receiver pairs,
then a plurality of radio transmitting devices may then be tracked by reéeiving and calculating the
relative RSS and phase-delays from PN-coded radio signals.

[00059] Calibration is established in embodiments of this invention by taking several fixed
measurement points (3D-coordi1}ateé) of a fixed radio-transmitter relative to the receiver array and
converting them to a fixed database of signal-strength and phase-delay measurements. For example,
an experimental model would réquire calibration points on a spatially fixed plane in three-
dimensional space with constant Z, and take phase-delay and/or RSS measurements at these points.
A métrix of experimental positioning data can then be established, and three-dimensional (XYZ-
coordinate) location resolution can be obtained and/or improved using this data.; Furthermore, self-

calibration can be achieved by using a fixed transmitter mounted close to the receiver array
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providing a periodic update causg:’d by disturbances in the receiver near-field (see Reférences 3 and

" ‘ , o

Device Communication

[OOOSO] " Data cominunication émployed in embodiment in this invention are similar. to

common spréad-spectrum communication systems understood by those of skill in the art upon full
review of the teachings herein. To perform communication procedures, after de-spreading, a bit

decision is made based on the sign of the de-spreading correlation peak output for a particular -
radio-transmitting device. If a radio—transmitting‘ device utilizes a switch to cbnvey inforfnatioﬁ

(such as a wireless mouse using a “right-click”) then the device will encode a data bit using “bit-

mversion—nlodulation”. That is, the PN-code will be inverted for at least one “bit-period”. If more

than one data event is conveyed by the radio-transmitting device then multiple PN-codes can be

- assigned for transmitting additional data information.

Power Supply for the Transmitting Device

[00061] In various embodiments of the present invention, at leést four different methods to
supply power for the active radio tranémitting devices can rbe employed, which include: 1) a
chemical battery; 2) a solar or light-powered cell; 3) an EM powering field in free space with a loop
antenna and powering circuit built into the transmitting device; and 4) mechanical motion inducing
electricity from a magnetic field in free space using an induction coil and powering circuit built into
the transmitting device. It is to be noted that, due to use of spread-spectrum signals, an active radio-
transmitting de\iice.can requiré less power than an active device transmitting a narrow band carrier
wave. This can enable the above power supply methods to be more practical than in other
circumstances.

Two or Three-dimensional Displays

[00062] An important performance characteristic of* an interface device, particularly to
position high speed motion to a computer and display monitor, and the like, can be the two-
dimensional or three-dimensional coordinate data measurement rate and the speed of data
transferred from transmitter to the receiver array. Wireless interface devices are no exception. It is
therefore often desired to increase and/or maximize the rate at which position data is calculated and
to also increase and/or maximize the transfer of high-speed communication data at the same time.

[00063], . Embodiments of the present invention allow multiple radio-transmitting devices to
have their absolute position displayed “virtually simultaneously” on a display or monitoring device
at high speed. This is accomplished because all transmitting -devices are detected and positioned
within the same code-matching cycle in the receiver’s processor. Also, the radio-transmitter to
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receiver path is fast, and does ﬁot.introduce any ‘delays (compared with delays in mechanical

interface de\'/ices? such as angle tilt 'devicés'; for example). High-speed pdsitiori—capmre and display

is accomplished with parallel radio receiver channels and signal proceésing ‘methods;’ _andlwi'choutv ‘

the use of multiplexed structures in hardware and software that ultimately limit the capture and
display speeds. | -

{00064] Having discussed certain technological prinéiples, specific embodiments of the
invention employing the foregoing principles will now be discussed. It should be understood that -
the foregoing principles can be applied to the various specific embodiments below to provided -

desired functionality when implementing the teachings herein.

[00065] Referring now to Figure 1A, at least one electro-magnetic signal transmitting device

1 movable at a various displacements from an array of electromagnetic receiver units 2 is shown.
The receiver units 2 form an array of electromagnetic receivers arranged in.a line, a plane, or a

three-dimensional configuration, and it is to be understood that many configurations are possible.'

" Each receiver unit 2 comprises a receiver element 3 and an antenna 4 respective thereto. Each

antenna is arranged such that its adjacent antenna 4 is at a distance of about one half of a

wavelength apart from each other, indicated with the dimension S in Figure 1a. Each antenna 4 is so

‘positioned to improve antenna efficiency (i.e. impedance mismatch) and reduce cross-coupling

losses between antennas 4. Each antenna 4 receives the signals 5 from each transmitting device. 1.
The antenna 4 for the receiver elements 3 afe, in the present embodiment, chosen to be compact and
are of the micro-strip, patch, or directional type to reduce gain differences and polarization effects
that can cause errors.

[00066] .  The system in Figure 1A also includes a channel pait processor 6 that is connected to
a given pair of receiver units 2 in order to receive input therefrom. Thus, it is présently preferred
that there be an évcn number of receiver units 2, however receiver units 2 can also be shared in
pairs. Each channel pair processor 6 is in turn connected to a.detector & position calculator 7,
which in turn feeds 'its output to a computer 8. Computer 8 then uses the data received from
detector & position calculator 7 to present information that is representative of the positions of
transmitting devices 1 on a display 9.Figure 1B shows a system thgt is substantially the same as the

system in Figure 1A, with some notable differences, and like items in each Figure are marked with

like reference numbers, but items in Figure 1B include the suffix “B”. The system in Figure 1B

-will be discussed in greater detail below.

[00067] " Referring again to Figure 1A, in an embodiment of the invention, the position of
transmitting devices 1 in three-dimensional space (also referred to herein as XYZ space) is
determined for eventual use by computer 8 attached to each receiver unit 2 via detector & position

, 14
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calculator 7 and channel parr processor 6. As radio-transmitting devices'1 transmit srgnals 5 to the

receiver units 2, each receiver umt 2 rece1ves a duplicate s1gna1 from the respective transmltter 1.
When each dev1ce 1 moves in XY Z space the ' difference in relatwe line-of-sight' (LOS) path
between the device and a.ny antenna 4 causes a difference in the relative phase of the received signal

at each antenna 4. Thus the phase difference is shifted between each of the units 2 in proportion to

the time difference of the received signal to each antenna. 4. The received signal strength (RSS) at

each antenna 4 also changes in proportion to distance between the transmitter device to each

receiver antenna 4. The phase-difference and relative RSS can vary for any pair of receiver array

elements 4 that are simultaneously sampled by their respective channel pair processor 6. The degree

of phase difference and signal strength difference typically varies according to a “near-field” or
short-range radio mathematical model. .

[0006Sj : As previously mentioned, the array of receiver umts 2 can be arranged in different
geometric patterns to provide the optimum (or as otherwise desired) ab111ty to discern the phase and

signal strength difference between any pair of recéiver elements 3. For three-dimensional position

‘determination (or XYZ position display shown in Figure 1A) the antenna array elements are

arranged in a plane, although it is to be understood that this is merely an exemplary arrangement.
Indeed, the receiver units 2 can be arranged linearly on the perimeter of a rectangle (as shown in .
Figure 1B), surrounding display 9b. This arrangement is suited for a display b that is used to
present a representation of three-dimensional space that this is situated inside the perimeter of the
array, providing the convenience of mounting the array of receiver units 2 and simplifying
calibration of the array with display 9b. Alternatively, the array of receiver units 2 can itself be
positioned. in three-dimensional space (for exampie, .at each vertex of a cubic lattice, as shown in
Figure 1C) such that multiple radio-transmitters are Jocated within or in proximity to the érray.
[00069] Whichever configuration is used (Figure 1A, 1B or 1C) radio transmitting devices 1
can be irlcorporafed into a 2D or 3D wireless mouse, a tilt joystick, a pointer .device, 6DOF
controller, a gesture interface controller, or the like.

[00070] - When implementing the systems shown in Figures 1A, 1B or 1C, it is presently
preferred to implement the system using spread spectrum technologies. In particular receiver units
2.and transmitting devices 1 utilize a pseudo-noise (“PN™) code signal modulation structure.
Figures 4A and 4B each show block diagrams of how, in hardware, transmitting devices 1 can be
implemented.. Receiver units 2 are operable to receive signals 5 transmitted by transmitting
devices 1 according to whichever implementation is used Figures 4A and 4B.

[00071] Common to the systems in Figures 1A, 1B and 1C, a plurality of radio transmitting
devices 1 transmit signals 5 to the array of receiver units 2. The hardware implementation of the
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active radio ';cransnlittiho devices' 1 ead have generally the same electrical ci:rcuitryl(such as the
circuitry shown m figures 4A and’ 4B) with only a small mod1ﬁcat10n being the modulatmg PN-

code respectwe toa partlcular transmlttmg ‘device 1. Signals recelved by the receiver units 2 are |
also recelved mdependently by each receiver element 3 and processed by a mu1t1-channe1 signal
processor 6 such that each transmitting device 1 is independently detected and the three-

dimensional (XYZ coordinate) location of each radio-transmitting device 1 is determined by a

‘locator 7. Location and identiﬁcation data is then sent to an interfacing computer 8 for presentation :

toa display, such as 9 or 9b. In the example shown in F1gures 1a and 1b, the displayed image is in
the form of a “cube™ cursor 11a shown in the display viewing area 11, and in a present embodiment

the “cube” cursor 11a is variable in size to convey depth consistent with the 3-dimensional effect of

' the transmitting device 1 respective to a given cursor “cube” 1la. In Figure 1A and 1B, 2 given

cursor 11a appears larger depending on the Z-coordinate of the transmitter relative to the receiver
arcay. : ‘ |
[00072] - Each of Figures 3A, 3B and 3C reflect slightly different implementations of certaiﬁ :
components shown in Figures 1A, 1B and 1C and 2. Referring now to Figures 2, 3A, 3B and 3C,
the receiver units 2 each comprise a radio recei\'fer element 3 that receive signals 5 from
transmitting devices 1. Refeiring to Figﬁe 2, signals 5 vary 1n voltage while oscillating at a
radiating frequency (RF). Each antenna 4 that receives the signals 5 reduces cross-coupling of the
antenna field with the other receiver elements 3. As seen.in Figures 3A, 3B and 3C, receiver
elements 3 include a low-noise amplifier (LNA) 18 that boosts the signals 5 and a band-pass filter
(or image rejectien filter) 19 separates the wanted narrowband 'carrier signal from external.
interference. In the implementation of element 3 in Figure 3A, a mixer circuit 21 mixes the RF
input signal with a local oscﬂiator ZO signal to generate a down-converted intermediate frequency
(IF) signal. An IF amplifier 22 boosts the IF signal to a pre-defined voltage for theI/Q demodulator
23, which splits the IF signal into an in-phase “I” signal and a quadrature-phase Q" signal. An
analog-to-digital converter (ADC) 24 converts the I and Q signals to digital form and a CDMA
processor unit 12 collects the amplitude and pﬁase information 25 for all functioning devices, and,
referring again to Figure 2, a deteetor 13 determines which devices are present. Detector 13 uses
stored PN-codes 15 respective to each transmitting device 1 to detect device codes and store the
device detection data 27. Transmitter detector 13 and a data extractor 14 removes modulated data
from the PN-coded signal of each transmitting device 1. A device locator 14a removes nonlinear
radiated signal-strength (RSS) variations. and fluctuations caused by changes. in the radio- -
transmitting environment to the radio receiver array 2. CDMA processor unit 12 also determines the
frequency of the processed RF signal of each channel pair, for the purpose of location calculation of
16 '
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RF transmitters" usmg FHSS modula’aon Device locator 14a determines the three-dimensional
location of each active transmlttmg device. 1 based on frequency data 16, radiated signal-strength
(RSS) and phase data calculator 25. The three-dimensional location is derived by locator 17. The -

identity of which device 1 being processed is derived by transmitter determiner 27, and transmitter

' sw1tch data 16 are assembled into packets for interface with computer 8.

J00073]  Referring agam to Figure 4A, for one partlcular implementation of each device 1,

there is an EM field generator unit 28 to provide an EM field tuned to the same frequency as the-
radio transmitting device power coil 29. EM energy is radiated from an EM field coil 29 and

induced by the radio transmitter power coil 31, and regulated by a device power circuit 32. The

radio transmitting device power circuit supplies sufficient voltage to the RF signal modulator circuit
33. Each tranemitt_ing device 1 also includes its own pnique PN-Code 34 supplied to a read-only-
memory (ROM) 35a or a linear-feedback shift register (LFSR) generator 35b to generate unique
PN-codes. A voltage controlled oscillator (VCO) 37 provides the RF wave when modulated with
the PN-code to produce an RF modulated waveform. A switch 36 sends a single data bit to
modulator 33 to modulate the PN-code to communicate switch events. The RF‘modAulator 33 will

periodically and/or continuously generate RF carrier s1gnals modulated by the PN-code of this

~ device. These carrier modulated PN signals are then provided to a pulse shapmg circuit 38 to limit

the spread, if necessary, and then to an antenna to transmit the coded signal 5. The EM powered
radio-transmitting device will ‘operate only within range of the EM powering field area 30 (see
Figure 4A).

[00074] In addition to the trans1‘nd‘ctin,‘c,r devices 1 disclosed above, there are also components
in the embodiments discussed herein to perform the radio transmitting device-powering functions
away from the array of receiver units 2. Figure 4A shows an EM power coil 29 which is used to
create a strong EM field around the coil 29 allowing transmitting devices 1 on or near the powering
surface area 30 to be wirelessly powered by an induction coil 31 as shown in Figure 4A. In other
embodiments the power coil 29 can be separate and ‘away from the receiver array 2 still allowing
transmitting devices 1 to receive the EM field 30. The induction coil 31 will be in resonance or

near-resonance with the EM power field using a resonance capacitor 31a to optimize powering. In

. another embodiment, shown in 4B there is provided a separate self-contained power source 40

30 -

(such as a chemical battery and/or a solar/light cell).

[00075] . There are various ways of implementing the RF modulator .33 for the radio
transmitting device designs illustrated in Figures 4A, 4B. The most common approaches istousea-
digital ROM to read a fixed PN-code, or to use an LFSR to generate the PN-code using fixed circuit
logic or programmable firmware. The ROM or LFSR will first generate the PN-code as a square
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wave, and then send this s1gna1 to the RF modulator 33 along with VCO-37 51gna1 The antenna 39
can be of vanous ‘Lypes but it is presently preferred that it be a miniature micro- strip, patch, loop,
wire, whip, feed—through dlpole directional antenna, or the hke The presently preferred
transmitting ‘antenna 39 would typically be non-polarized and have a near-isotropic directional

beam to reduce phase difference errors at the antenna array.

[00076] ~ The RF modulator 33 initiates its own operation by getting a clock signal from an .

internal clock source, to request the next PN chip or code bit from the ROM 35 or LFSR 35. When
a sequence of this data i3 clocked out, it forms a PN-code sequence signal that is modulated and
sent to the antenna 39. Note that the PN-code can be either successively répeated after the code-end
is reached or is repeated after a delay period. '

[00077] Referring again to Figure 2, it is presently preferred that the array of receiver units 2
is configured in a substantially rectangular format, although a wide variety of shapes are possible.
At each vertex of the array of receiver units 2 there is disposed an antenna 4 to receive signals from
the transmitting devices 1. Antennas 4 are connected to radio receiving element circuits 3 that
connect to the channel pair processor 6 and the digital CDMA processor 12 housed within detector

& position locator 7. Channel pair processor 6 is analog in nature and processes received signals 5

‘ handling such functions as power amplification, filtering, analog-to-digital converter (ADC), and

the like.. After signals 5 from devices 1 are sampled and digitized, CDMA processing unit 12 is

used to do tﬁe signal processing procedures, including code synchronization, matched-filtering,

amplitude and phase determination using phase data calculator 25. These results are then passed to

a transmitter detector 13, data signal extractor 14, and device locator 14a to acquire data for the

desired system operatlon such as device identification, trackmg and communication, etc. Finally,

these data are transferred to computer 8 via a common senal link (serial, USB) or the like. This data

may then be used in a computer system, or any electronic device that may employ a wireless

interface, such as for presenting the receiving data on a display 9 or 9a.

[00078] In the foregoing embodiments, there is typically a one-way communication between

the devices 1 and the array of receiver umits 2. Typical CDMA systems .use a return link for

synchronization purposes, however, in certain impiementations it can be possible to manage

CDMA devices asynchronously to i)erform system functions. This can further save the cost of thek
systemn implementation. Synchronization in this system is thus not required because each

transmitter 1 uses a unique PN-code that is of equal length to each other transmitter PN-code. As
well, each CDMA detector PN-code is of equal length. Using parallel running matched-filters in the‘
CDMA detector 12 will substantially ensure that a PN-code match detection will occur once for
each code cycle for any transmitter device 1. Even if an arbitrary time delay is introduced between
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transmitted PN-codes, the CDMA processor 12 can detect the code-match between the time delays.

Synchromzatlon 18 therefore not essentlal fo detect multiple transnntters ‘providing that the CDMA

processor 12 “knows” the PN-codes and that the chosen PN-codes are truly orthogonal.

[00079] .  Referring again to Figure 3A, each 51gna1-rece1ver element 3 is cqnnected to its own

independent antenna 4. Channel pair processor 6 includes a separate A/D converter (ADC) 24, and

.a separate PN-code multiplexed matched-filter 25 that operates in parallel with each other receiver

element 3. The signal received at channel pair processor 6 from each receiver element 3 is a mixture -

of PN-coded signals from all the devices 1 that are delivering signals 5 to antennas 4. The signals

‘are fed to a signal low-noise amplifier 18 respective to each element 3 and thence to a band-pass

filter 19 to remove unnecessary RF noise and interference. The signals of each channel are mixed
with the signal of a common Local Oscillator (LO) 20 and the output IF signal is ampﬁﬁed 22 and
I/Q demodulated 23. The I/Q demodulated “comp_oeite” signal is fed to an ADC 24 for each I and Q
signal to be converted into digital format and stored in a data register 25 ready to be processed by
the CDMA detector 12. |

[00080] As previously discussed, each receiver element 3 receives a copy of a transmitter
signal in the form of a PN-code modulated carrier wave. Each receiver element 3 connects to a
common LO (local Oscillator) 20 that when mixed with the received signal, will down-convert the

RF wave to an IF (Intermediate Frequency) wave. The frequency of the IF wave is determined by:

S = Jar = S0 | 1)

and for this embodiment is typically a frequency between about 1 and about 100 MHz but can be
between about 20 MHz and about 80 MHz and can also be between about 40 MHz aﬁd about 60
MHz. A suitable IF is chosen to minimize the phase-noise between the IF signals measured at all
receiver units 2. The IF signals for all receiver elements are “phase coherent”, that is, that they share
a common phase reference. The [F signals of a pair of channels then enter through an VQ .
demodulator 23 which outputs the “composite” I and Q signals which are a sum of the individual
transmitter signals. By sphttmg the IF signals into their I (m—phase) and Q (quadrature—phase)
components each pair of receiver element 3a has a mixture of PN-coded 51gnals and the DSP
processor extract, the 1/Q signal pair components for each transmitting device 1. These PN-code
modulated signals are sampled with a fast ADC circuit 24 and hence sent to the CDMA processor
12 which detemﬁnes the 1 and Q signal component amplitude corresponding to a particular :
transmitting device 1. The phase and dmplimde signals for each transmitting device 1 are.

determined by:
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where I, and 0, are the in-phase and quadrature phase signal components for device “i” where

“N” is the number of transmitter devices 1, and “k” is the chosen pair of receiver elements 2 in the
array, and “M” is the total number of chosen receiver elemént pairs.

[00081] - The CDMA detector 12 uses a matched-filter algorithm F ,,;f such that a code for
each device 1 (each device 1 is identified as “i” in Equations 2-7) is correlated with the signal
received at each receiver unit 2 (each pair receiver channels 3a is identified as “k” in Equations 2-7)
and outputs. the correlation peak amplitudes I;, Q, as shown in equations (3) and (4). The matched
filter algoriﬂu:n is typically a convolution function implemeﬁted digitally, and is used here to
correlate the cﬁannel input with a known PN-code C;. A suitable method of implementation is

known as the transposed FIR method of doing matched filtering (see CDMA Métched Filter
Implementation in Virtex Devices, Xilinx Application Note 212, January 10, 2001). Note that

I,,0, are still signed quantities and the signed information is removed when 4;,®,are

calculated in equations 5 and 6 (i.e. they become positive quantities). If any value of 4;exceeds a

threshold for a given transmitter “i” then that transmitter 1s detected, and hence the coordinates may

(1944

be calculated to position the transmitter “i”. The quaﬁtities S;»a;, calculated in equation (7) are a

normalization of the amplitude and are used to calculate a phase “correction” caused by
occlusion/muiti—path effects, thereby improving the device positioning accuracy. .
[00082] The amplitude and phase based position locating operation is facilitated by the use of
PN-code signals that are mutually orthogonal. As. shown in Figure 7, two examples of PN-codes of
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active radio transmitting device signéls" PN-code-A and PN-code B, are comprised of bmary bits in
series. “These two codes occupy the same spectrum Wthh 18 fa:rly flat across the entire signal
bandwidth. Generally speaking, the number of ones and zeros in a PN-code are approxmlately equal ‘
and evenly distributed in time so that the spectrum is substanhally flat. If two parallel matched-

ﬁiters oberating each with code A and B are applied to the sum of PN-code A and PN-Gdde Bthena |

»correlatlon peak is outputted separately for each code match. Note that if PN-codes A and B are

mutually orthogonal then independent correlation peaks will appear in each matched-filter output.

-[00083] The CDMA detector 12 employs a code-matching filter to determine which code

correlates with the input signal producing a correlation peak output, thereby determmmg which
device 1 is transmitting at that time. The CDMA detector 12 uses a fast multiplexer design to
correlate multiplé codes using a transposed-form FIR (Finite Impulse Response) architecture as can
be found in, for example, the circuit of Figure 14 of CDMA Maiched Fz;lter Implementation in
Virtex Devices, Xilinx Application Note 212, January 10, 2001, incorporated herein by reference.
This matched-filter architecture can be implemented in hardware such as high-speed parallel
channel DSP, ASIC, or FPGA chips. |

[00084] Another feature of various embodlments of the invention is for each channel pair
processor 6 do direct I/Q demodulation (See Figures 3A and 3B) or direct amplitude/phase
demodulation (See Figure 3C) without the use of an LO and IF signal. This can simplify the design
of channel pair processor 6 and not require an intermediate receiver‘stagc per channel, but still
utilizes an RF band-pass filter 19 in each element 3 to be precisely tuned to the desired radio
frequency of the transmitter device 1. The direct /Q demodulation approach is outlined in Figure
3B and involves a direct /Q demodulator circuit 23, which requires as input the antenna RF signals
(aftér an LNA 18 and band-pass filter 19) and genérates the demodulated. cdmposite signals as I(f)

and O(f) which are then further de-spread and decoded to  determine the transmitter signals

components as I, .and 0. Altematively, another method outlined in Figure 3C is to use a

Phase/Amplitude detector 26 to determine the direct demodulated phase and amplitude composite
signals ®(f) and A(7). These signal outputs are then decoded to determine the transmitter signal
components as ®, and 4;. The latter approach requires that phase and amplitude signals be
c{igitally sampled, and that phase ambiguities be resolved in CDMA processor 12.

[00085] ‘ Another feature of various.embodiments of the invention is for each radio receiver .
element 3 to process an Amplitude Shift-Keying (ASK) modulated signal from each transmitting
device 1. For this feature, the PN-code modulation must be ASK. The type of A'SK.signal used can
be a pulsed ASK signal (i.e. on-off type) or can have a -Vé:@irlg amplitude. The output of the
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matched filter will be a correlgﬁoﬁ peak propbrtional to the amplitude difference of the ASK
modulation. o . ‘ q
[00086] Anqther feature of various embodiments of the invention' is for e@ch receiver

element 3 to process the varying frequency of a Chirped, frequency hopped, or Frequency Shift-

. Keyed (FSK) signal from each transmitting device 1. This applies also to a transmitting device 1

that can periodically switch carrier frequencies. For this feature, the PN-code modulation is ASK or
FSK bas;ed. The frequency of the IF carrier signal is measured at the sum signal using one of several -
methods suph as pulse counting, edge counting, etc. The frequency estimate is then used in the
locator operation ‘to estimate the location. Changes in carrier frequency provide additional
information to calculate the location of the transmitter by helping to resolve phgseambiguities, and
frequency diversity making the location calculation resistant to phase errors caused by rﬁulti—path
effects. | o

[00087] An exerﬁplary operation flowchart of transmitting device 1 is illustrated in Figure 5.

" After the transmitter device 1 powers-up, the transmitter uP 34 requests a PN-code bit sent from a

LFSR storage device 34a or PROM storage device 35b. The data sWitch 36, when activated, will
switch between independent PN-codes of the same length and in the same order of the sequence.
This fetched code bit is then modulated with the transmitter circuit RF carrier wave and transmitted.
When the PN-code sequence comes to an end then in the pP 34 fetch process, then the PN-code
sequence is restarted after a programmed time delay. A time ‘delay is measured in bits and is
determined by the timing of other simultaneously transmitted codes by the same pP 34.

[00088] The operation flowchart of the CDMA. processor 12 is illustrated in Figure 6. After
transmitter device 1 powers-up, excitation signals from the active transmitter device 1 are sent to
the receiver element 3. These received signals are procéssed to determine which PN-codes are
present in the input signals. Transmitters are detected when the amplitude output of the matched
filter in the CDMA. processor 12 exceeds a preset threshold. Of the devices that are detected via
their PN-codes, switch data bits are extracted by determining code-inversions or code-switches, and
subsequently their XYZ position is calculated. This identity/switch/location data is assembled into a
data packet and output to the compﬁter system 8 (or eéuivalent) that is associated with the receiver
array assembly 3 for display on a three-dimensional display unit 9, 10. -

[00089] In the method of Figure 6, a rélative—amplitude and phase-difference model is used
to calculate the position of each transmitting device 1. It is to Be noted that the free space between -
devices 1 and the array of receiver units 2 (see, for example, Figures 1A and 1B) comprises an RF
impedance that is distributed ﬁniformly in the XYZ space. The signal of each active radio-
transmitting device 1 is received by all of the elements 3, and the strength of each received signal is
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inverse-square related to the dlstance from the active radio- transmlttmg antenna 39 to the 1 receiver
antennas 4. Also, the phase dlfference of the received 51gna1 from each transmitting device 1 is .
directly related to the change in d1stance between any pair of receiver elements 3,4.  After matched-
ﬁltermg the received signals with the PN—code from each radio-transmitting device 1, the relative-

amplitude and phase-difference of each transmitting device 1 can be determined. Calculatlons then

.determine the active position of a given transmitter relative to the receiver array plane 2; to be.

presented on an independent XYZ coordinate displaty unit 9, or an insét XYZ coordinate display-
unit 9b (Figures 1A and 1B). In this fashion a plurality of active radio transmittingh devices 1 can be
tracked substantiaily simultaneously.

[00090] . The simplest conﬁgurzttion is the two-dimensional (herein referred to as XY)

trackmg example. The XY array (as shown in Figure 1A and 1B) consists of four receiver elements

‘ (denoted 1,2, 3 and 4 and labeled counter-clockwise startmg from the top right corner of a square

array) and are paired into element groups (1,2), (2,3), (3,4), and (4,1). The paired receiver elements
are denoted as the subscript “k” (such that “k” has values 1, 2, 3, and 4) for a total of four pairs of
receiver elements. After the signals are digitally sampled and matched—ﬁltered the relative-

(4343

amplitude and phase differences for each pair are computed as 4; and @, for each transmitter “1
(as in equations 4 and 5). For all values of 4, that exceed a specified threshold indicates that that
transmitter “i”” had been detected and the phase differences @, can be used for the approximate

positioning calculations for XY coordinates given by the following formulae:

X, =R, (CDU - cI)2,i — CI)3,17 + (D4,i)/’ii /27, : (7).
Y = 'Ry ((D-l,i + q)2,i _CDS,i "q)4,i)2~i /27, — (8)

Where R, and Ry are scale factor values that are determined by calibration, and 4, is the

transmitter signai wavelength. In the above equations, the two-dimensional coordinates X, and Y,

can be determined using four receiver elements, for a multiple number of transmitters “1". The
coordinates are an efficient and good approximation for the exact X and Y coordinates for a radio-
transmitting device at very close range to the receiver array, moreover compensating for occlusion
effects. |

[00091] In the 3-dimensional model (herein referred as the XYZ model), the simplest
example uses the same configuration as the XY tracking example, and relative amplitude and l
phase-differences are similarly measured using equations (4) and (5) for each radio-transmitting

[1944]

device “i”. The CDMA processor 12 will compute the correlation peaks as phase differences from
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each of the array elements. pairs 'wﬁich here aré 'lab‘eled here as- 0, 52 12055 and5 The device

locator 14a then employs the followmg operatmn (For other operatlons see also A Synthesizable

Low Power VHDL Model of the Exact Solution of Three Dzmenszonal Hyperbolzc Positioning

© Systemi, by R. Bucher and D. Misra, Technical Proceedmgs to the 2000 Intemaﬁonal Conference on
" Modeling and Simulation of Microsystems, March 2000) to compute the three-dimensional X, Y,

‘and Z coordinate position of the radio transmitter to the array of receiver units 2

8, =(@,, )42, o
0,; = (@, — D, )4, /27 (10)
Oy, =(@;,—® A4 /27 o an
8, =(@,;, — P, A /27 . (12)

{47' = (52;1'(362 —X) _51,z‘<x3 —361))/(51,1'(373 "Jﬁ) ""52,;'0’2 -), (13)
B, = (54,1' (x, —x;) —54,i(x4 _x3))/(53,i(3’4 —¥3)— 54,;()’2 -¥)), (14

C,=(6,-6,)8,6,/20,(; =)=, -1, a3

'Di — (5;: o 54,1')53,1'54,1' / (2(53,1' 0’4 _y 3) - é:u (yz —Vs ))), (16)

X, =(D,-C)/(4-B), 17

Y =A4X,0+C, - (1) |
E=(6,F +20 -3)X, +205 -0, | o)
Z,=\|E =48, (0~ X +(5—1)")/ 28, 20

Equations (9) to (20) identify a position calculation operation that utilizes the coordinates of four
receiver antennas as (x;,), (xz, V50, (X3, ¥3)5 (X4 Vs) ona array plane to determine the position of
the transmitters identified as “1”, for one to 2 plurahty of “N” transmitter dev1ces 1 (note that
z, =z, =2z, =z, =0 onthe array plane).

[00092] - Another feature of various embodiments of the invention is to determine the position

~ of multiple transmitter devices 1 based on an array with more than four receiver units 2 (see Figures ‘

1A and 1B). If an array is constructed and configured with more than four recéiver units 2 (i.e. with
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‘more elements than the XY ahd XYZ tracking'eXamples described earlier) then an “over-

determined” set of equatmns will result for the calculation of the XY or XYZ pos1t10ns of each
transmitter device, 1. Usmg the calculation methods of linear or non-linear least-squares, an
operation cahn be formulated to compute the optimum position of n1u1t1ple transrmtter devices “i”

based on antenna arrays configuration exceeding four of antennas 4.

-[00093] Another feature of various embodiments of the invention is the adaptive detection

and synchronization of PN-codes with the transmitting devices 1 in the event that the device PN--

code “chipping” rate differs slightly from chipping rate inside the CDMA. detector and processor

12. When a PN-code is digitally sampled using the ADC 24 of each signal channel (i.e. in the

_circuit from antenna 4 to ADC) the ADC 24 will over-sample the signal typically by a factor of five

to ten times faster than the PN chip-rate. This ensures that a correlation peak will form a triangular

shape when output from the matched-filter. If there is a slight-discrepancy h‘-chipping frequency

-between the radio transmitting device. 1 and CDMA detector 12, then a correlation triangle will |

appear . distorted but will form a distinct peak inside the PN-code period. The degree of tolerance
discrepéncy in chipping frequency can improve with a higher over-sampling rate of the ADC to the

PN-code-chipping rate.

- [00094] Another feature of various embodmlents of the invention is the use of a parallel

transposed-form FIR matched-filter as part of the CDMA. detector 12. The circuit of Figure 14 of
CDMA Matched Filter Implementation in Virtex Devices, Xilinx Application Note 212, January 10,
2001 illustra;ces the design of this filter implemented to allow parallel detection of one or a plurality
of PN-codes at high speeds. This filter uses a “folded” structure and is designéd to share firmware
resources and allow PN-code multiplexing to detect.up to “N” PN-codes in a single shared code
period, using “R” code taps and accumulators, and N/R filter.“folds” per code perfod. For example,
if a channel signél is sampled at.“S” Mﬁz then this filter design can sample up to N different PN-
codes (representing N distinct transmitting devices 1) at a fnultiplexed rate of “S*N” MHz. This
method of designing a matched filter is flexible and a necessary trade-off of processor resources,
depending on the number of transmitting devices 1 required, and the PN-code-chipping rate. This
design generally requires more hardware logic spacé at fewer clock cycles and can be easily
implemented inside a standard Fielci—Programmable Gate-Array (“FPGA”) processing chip.

[00095] Another arrangement of CDMA detector 12 is to construct N parallel structures per
channel for the detection and processing of N multiple codes. In this arrangemen‘t, the CDMA
detector 12 serially cycles through M*K samples and codes with code length M and signal over-

sample rate K. The matched filter is a single code tap and accumulator per channel, and the clocked
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multiplex rate .is S*M*K. This .érre{ng'ement uses fewer logic resources but ‘réquireé more s‘erial
clock cycles to implement- inside an FPGA processing chip. o

[00096] <A.no,ther feature of various embbdi'menté of the inver.ltion' includes a PN-code that |
can be-used to convey a binary communication link between the transmitting device 1 and array of

receiver units 2. A mouse is shown in Figure 9 that incorporates a plurality of radio-transmitting

devices 1. Devices 1 in the mouse of Figure-9 have switches 36 (switches 36 being discussed

earlier w'ith reference to Figures 4A and 4B) to convey switch event data (such as a switch from a
hand-held device) to the CDMA deteptor 12. Binary switch everts (e.g. like a right or left mouse
click) can be conveyed in the PN-code signal using two methods:-1) bit-inversion modulation, or 2)
switching from one PN-code to another PN-code (see Figure 5). If a switch event occurs using a bit-
inversion modulation (method 1) then depressing switch 36 on the transmitting device 1 will invert
the PN-code in the transmitting device’s pP 34. The CDMA detectdr 12 will then detect the same
PN-code but recognize the bit-inverted PN-code as an inversion of the correlation peak, thereby
allowing the CDMA detector 12 to detect the switch event as a sign change in the matched-filter
output. If a switch event occurs by altering the PN-code (method 2), then depressing switch 36 on
the transmitting device 1 will alter the PN-code generated in the transmitter’s pP 34. The CDMA

“detector 12 will be assigned code pairs per transmitting device and then recognize the code switch

as a data event. Switching events can be recognized as often as every PN-code period.

[00097] Variations of the radiated signal-strength (RSS‘.)‘caused by signal occlusion and/or
multi-path effects can cause amplitude and phase variations to appear in the received signals 5 in
each receiver array element 3,4,6. This occurs because blocked or reflected signals 5 traverse a
slightly longer path when received at the array elements 4. This problenﬁ can be addressed by using
a “correction” formula that relates variations in RSS to variations in carrier phase difference, hence |
these corrections can be applied.to the XY or XYZ coordinate calculations (equations 7-8 and 9-
20). RSS measurements are affected most by signal occlusion and multi-path so that a
normalization calculation will restore the relative RSS between signals received at the receiver
array elements. Nofmalized RSS is used to correct for small changes that occur in the phase-
difference measurements caused by the signal requiring to transverse a longer path. This method of
correction is limited only to ;méll RSS and phase variations typically if the transmitter and
occlusion/multi-path effects are further away from the array. The normalization calculation also
introduces nonlinear distortion effects in. the XYZ position calculation when a radio-transmitting
device 1 is positioned near one or more of the receiver elements 3. This occurs because the sum of -
all received signals is not constant amplitude over the radio receiving array area but instead gets
much larger near the receiver elements 4. | ‘
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[00098] " Those of skill in the'airt will now recognize that there is little difference between 2D
and 3D modes of the invention because the 2D mode can assume that a fixed Z coordinate in 3D

mode had been measured For example, the transmitter device 1 can be a writing stylus’and may

 write on a surface that is transmlttable (and not absorptive) of RF electro-magnetic waves. If 3D is

chosen then the controller proceeds to calculate a Z coordinate and outputs the data to the computer.

JIf the 3D mode was not chosen the hardware automatically switches to 2D and ignores any 3D

coordinate data.

[00099] _ In the case where three-dimensional positioning is calculated to present transmitting
device 1 locations on a display area 9b by an XY or XYZ display unit 9 (such as an LCD screen or
video monitor) it is presently preferred to employ a method to correct for position errors. A
software operation can be used to correct for inaccuracies of misalignment between the receiver
array and a display area, to rescale the active receiving area to the display area, or correct offset:
errors in the receiver/analog hardware. The operation. can be executed separately for any .
transmitting device 1 to reduce ,accﬁxacy differences between specific controller types. The ﬁser will
move a transmitting device 1 to a minimum of two points on the lower left and upper right of the
display area to "rescale" the reported coordinates to these points. Other methods can be
implemented by moving to a displayed grid of points in 3D space to provide more-calibration detail.
[000100] The followinig operation can be used to: correct inaccuracies due to receiver unit 2
misalignment with display 9b; rescale the active receiver area to the display area; or correct offset
errors in the receiver analog hardware. The operation can be executed separately for 2D and 3D
mode to eliminate accuracy differences between the two modes. The user will be requested to touch

the lower left-and upper right display area to "rescale" the reported coordinates to these points.

Xo=Ry(X - X )I(Xy-X,) o
Y, = R,(Y =Y,) (¥, ~ 1), ay
Zo=R(Z-Z)NZy~2p), )
Where:

X e Yo, Z c are the corrected position coordinates
Ry,R;;R, are the resolution limits of the X, Y, and Z axes

X L Y L Z L earethe coordinates of the lower calibration point
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X U Y, U> Z U are the coo;dinafes Qf the; lipp'er calibration point j

[000101] . The operation could also enable the system to designate selected 2D or planar
transmitters 1 and 3D moving transmitters 1 (like a pen input device or a 3D game mput device).
This could be accomplished by repofting 2D pen digitizaﬁon poims only in éreas designated for pen

sensing, and doing the same for 3D transmitter sensing. This feature would be especially useful as a

A ‘means of rejecting pen inputs in an area (potentially the entire screen) designated for handwriting

and other stylus-like input, and allow another device like a 3D or even another stylus device to‘
operate independently. ‘ |

[000102] Referring again to Figures 4A and 4B, the entire analog circuitry for active radio-
transmitting device(s) can be embodied in one custom RF ASIC or RF microprocessor and

requiring very few logic gates to implement PN-code genérétion. That is, the Powe;_; Supply circuit

© 32, the RF signal modulator 33, pulse shaping 38, and the front-end analog circuits (18 to 24) can |

all be executed in an ASIC or programmable pP with a separate or built-in RF transmitter. The
components in Figures 3A, 3B, and 3C can be created as RF and analog hardware that can be
embedded in a PCB behind the array of receiver units 2 itself. Similarly, all digital comporients of
this CDMA processor function (shown in Figures 2 and 6) can also by prepared as firmware to be
downloaded into a microcontroller or FPGA chip. The PN-code ROM 35 or LFSR' 35, and CDMA
processing Unit 12, XYZ location calculation 7, and.data signal extraction 14, can be coded into

firmware for download into a FPGA, or microcontroller. These possibiliﬁes can reduce the device

size and result in a device and controller of small dimensions. The use of a custom ASIC, or

readily available microprocessor or FPGAl chibs also makes the transmitting devices 1 more rugged
by reducing component connections, and it minimizes overall power consumption.

[000103] The active rédio-u'ansmitting device 1 or a corﬁbmation thereof can take any of
several forms. As.shown in Figuré 8 and 8a, a radio transmitting 3-dimensional mouse 41 can have
a single radio transmitﬁng device 42 (that is itself based on device Dto pérform its function. Mouse
41 can move in fhree-dimensional space and will always provide a positioning cursor in the view
area of the array of receiver units 2. When mouse 41 is used with the system of Figure 1, cursor 11a
will indicate information relevant to position of mouse 41 in three-dimensional space and providing
the information to an XY or XYZ display as shown in Figures 1A and 1B. The contact poin‘i will
radio transmit to the receiver array surface 2 with a RF modulated PN-code signal 5 from antenna
39 located at fransmitting device 42. The 3D mouse 41 is equipped with the fighf button 44 and the
left button 43, and are désigned as moveabie buttons to yield the clicking status.
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[000104]  Referring now Flgure 9, a tilt—jldystick controller 45 includes at least two radio-

 transmitting devices 46,47 (that are themselves based on device 1) within thé body of tilt-joystick.

controller 45 such that the devices 46,47 are ?laéed near or at the extreme ends of the tilt device.
Each device 46, 47 will transmit a different PN-code such that each device is located independently

and substantially simultaneously by the CDMA. processor 12. The locator 14a will then compute a

relative tilt between the devices and as a forward tilt é,ngle and a side tilt angle. The position of the

tilt-joystick is also determined as the average position 48 of the radio transmitting devices 46,47. -
The joystick can operaite in either tilt-joystick mode or mouse modé, in which event data is
communicated from a left switch button 49 to the left transmitter 47, and the right switch button 48
to the right transmitter 46, where modulated codes are generated.

[000105] Referring now to Figure 10, a pointer controller 50 includes at least two radio-

- transmitting devices'51, 52 (that are themselves based on device 1) within itself such that the

devices are placed along a linear path. Each device 51,52 will transmit a different PN-code such
that each device is located independently and substantially simultaneously by the CDMA processor .
12. The locator 14a will then compute a linear direction determined by an inner the outer device
locations, and thé intersection point of the direction line with the viewing plane is presented on an
XYZ display screen 9,10. This allows the user to point or aim at a displayed dbject shown on the
display screen 9,10. One or more. switch buttons can be pressed, in which event data is
communicated. from switch buttons 53 and 54 to the transmitters 51 and 52 respectively, where
modulated codes are generated.

[000106] As shown in Figure 11, a six degree-of-freedom (6DOF) interface device 55 can
include at least three radio-transmitting devices 56,57,58 (which themselves are based on device 1)
within itself such that devices 56,57,58 are placed near or .at. the vertexes of a triangular plane. Each
device 56,57,58 transmits a different PN-code such that each device 56,57,58 is locatable
independently and substantially simultaneously by the CDMA processor 12. The locator 14a
computes relative angles between the devices based on their XYZ locations. The orientation angles
computed will be one or more of Roll, Pitch, and Yawing angles of a model aircraft, or a similar
object. The position of the 6DOF object is also determined as the average position 61 of the radio
transmitting devices 56,57,58. Swifch buttons may exist on the object 59,60 and send event data to
one or more transmitter devices 56,57,58 where modulated codes are generated.

[000107] - As shown in Figuie' 12, a gesture interface 63 can include at least one radio
transmitting devices 65 (which themselves are based on device 1) such that the devices are placed
on the hand or glove 62 to indicate the relative position of fingers to a reference point 64 on the
glove 62. Each device transmits a different PN-code such that each device is located independently
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and simultaneously by the CDMA processor 12. The gesture mterface locator 14a computes relative
changes in XY Z position between the devices. The changes of the finger-tip transmitter 65
locations relative to a reference point 64 wﬂl be compared with stored position patterns and be
recogmzed as speclﬁc hand gestures.

[000108] While only specific combinations of the various features and ccmponents of the

-present invention have been discussed ‘herein, it will be apparent to those of skill in the art that

desired subsets of the disclosed features and components and/or alternative combinations of these
features and components can be utilized, as desired. For example, it is to be stressed that the
configurations and quantities of transmitter devices 1 and receiver umts 2 is not particularly limited,

and can be chosen and structured for any given application in any desired manner. Thus, where it is

g only desired to determine a location of a single object in a single plane, the array can be limited to

two receiver units 2 (coupled to one channel pair processor 6) that interact with one transmiiter
device 1 that i is affixed to that smgle object. In contrast, where it is desued to track the location
and/or movement of a plurality of Ob_] ects in a three dimensional space, then the array can consist of
a plurality of receiver units 2 (pairs of which can each be coupled to a respective channel pair
processor 6) that are configured to interact with a plurality of transmitter devices 1, each affixed to
its o§vn object.

[000109] Tt should now be apparent to those of skill in the art that teachings herein can be used
in a wide variety of real-world applications. For example, gesture interface 63 of Figure 12 can be
used as a sophisticated human interface device for computer applications, obviating the need for a
pointing device or mouse, and potentially the need even for a computer keyboard, as software used
on a computer system connected to gesture interface 63 can be programmed to respond to a
sophisticated range of hand gestures that could-include the keys on a computer keyboard. In this
manner, gesture interface 63 can mimic an actual computer keyboard.

[000110] It is also contemplated that transmitting devices, such as transmitting device 1, can
be fixed while an array of receiver units 2 are actually mobile and/or actually womn or carried by a
user. Such a configuration could be used to allow a user to obtain precise positioning information.
For example, an array of receiver units 2 could be mounted ona personal digital assistant (or other
pertable computing device) that ic carried by an individual. At the same time, a plurality of
transmitting devices 1 can be mounted throughout a shopping mall. As the user walks through the
shopping mall, the personal digital assistant can provide précising mapping information to the user,
indicating to the user exactly where the user is located within the shopping mall. Other applications

of having mobile receiver units 2 will now occur to those of skill in the art. It should now also be
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_apparent.that applications can exfst where both transmitting devices 1 and an airay of receiver units

2 are both mobile.

[000111] It is also contemﬁlated that a system of transmitting devices 1 and .an array of

receiver units 2 can be configured so that, in at least one mode of operation, each are intended to be

_ fixed in relation to the other, with a computing device associated with the system being cdnﬁgured

to detect whether any movement in the fixed relation occurs. For example, such a syétem can be
used in a burglar alarm system, where transmitting devices are affixed to doors and windows, and-
the array of receiver units are affixed to a wall or other stationary fixture proximal to the .

transmitting devices. When the burglar alarm system is “armed”, the movement of a door. or

-window can be detected and provided as a signal to activate the alarm.

[000112] The configuration of receiver units 2 in Figure 1C depicts a three-dimensional cube-

_of receiver units 2. Such a configuration of receiver units 2 can be used in a room, or. multiple

rooms of a'building. Transmitting devices 1 that are active within the room can then be affixed to

. objects (or persqris), to track their location within the room (or the entire building if the building is |

so equipped.). In this example, display 9 in Figure 1C can be replaced with computer tracking
software that keeps track of where those objects are located in that room. This particular system can
beAdupli‘cellted in each room of the building, and wherein each array of receiver units 2 in the
building are linked together, thereby providing a means for tracking the location of objects (or
persons) as they move throughout the entire building. For example, an entire shopping mall could
be outfitted with a plurality of arrays of receiver units 2, and individual éustomers provided with
transmitting devices 1, thereby providing a means to track the movement, and thereby the shopping
patters, of particular individuals.

[000113] It is also contemplated that every transnﬁtting device 1 that is operable with multiple
different arrays of receiver units 2 can be uniquely coded, thereby prox}iding a means to track every
individual transmitting device 1 in a centralized or master database. Such unique coding can include
encryption or other security measures to allow them to be properly authenticated to operate with
cqrresponding receiver ﬁm'ts 2. |

[000114] It is also contemplated that the teachings' herein can be applied to surgical
procedures. For example, transnﬁtting devices 1 can be affixed to a surgical instrument or
implantable medical device and to various biological landmarks inside the patient. An array of
receiver units 2 proximal-to. the operating arena can then be connected to a computing device to
give data as to where the sﬁrgical instroment or medical device is located in relation to the -
biological landmark. For example, a small transmitter device 1 (or a plurality thereof) can be
affixed at a blockage point in an artery. A second transmitter device 1 (or a plurality thereof) can be
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affixed to a stent to be implanted at the blockage point. During insertion of the stent, the array of
receiver units 2 can communicate with the 'stenf and the blockage point to ensiire proper locating of

the stent.

[000115] Another example of applicability. of various embodiments herein is the field of
»industriall robotics. An individual robot on an assembly line can be outfitted with a plurality of -
transmitting devices 1, typically located at points on the robot that can move. The array of receiver -
units 2 and associated processing electronics that are proximal to the robot can then determine, with
great pfecision, where the robot is located in an absolute terms. This location data can then be fed

back to ensure precise locating of the robot is effected in the software and machinery used to move

the robot, and thereby obviate the limitations of rélying on relative positioning determinations that

are effected by measuring the number of turns of a servo motor controlling ffhe robot.

[000116] Another example of applicability of various embodiments of the invention is the
emerging field of immersive reality, wherein a user is equipped with a virtual reality display helmet
and then equipped with one or more gesture interfaces, such as gesture interface 63. Where-the user
has a transmifting device 1 afﬁxéd to all limbs and fingers, a computing device that interconnects
the array of receiver units 2 and the virtual reality display helmet can present an immersive reality
experience to the user.

[000117] " The above-described embodiments of the invention are intended to be examples of
the present invention and alterations and modifications may be effected thereto, by those of skill in
the art, without departing from the scope of the invention which is defined _solely by the claims

appended hereto.
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CLAIMS
1.

A éystem for sensing position comprising: J

-a trarismitting device operable to fransmit a radio signal;

-at least two receiver units in spaced relation to each other and each opefable to receive a

dlfferent version of the radio s1gna1 and,

an electronic circuit coupled to the receiver units and operable to determine a 1ocat10n of the -

radio transmitting device in relation to the receiver units based on a comparison between each

the different version of the radio signal.

2.

The system of claim 1 further comprising at least one additional radio transmitting device,

“each of the radio transmitting devices operable to transmlt a radio 51gna1 orthogonal to each

- other the radio transmitting device, the electronic circuit further operable to dlstlngmsh each

of the radio transmitting devices from the other based on the orthogonal signals, the
electronic circuit being further operable to determine a location of the radio transmitting
devices substantially simultaneously. .

The system according to claim 2 wherein an antenna associated with each of the receiver
uhits are spaced apart at a distance of about one-half of a wavelength of the radio signal.
The system according to claim 2 wherein the radio signals are based on a spread spectrum
technology. .

The system according to claim 4 wherein the spread spectrum technology is selected from
the group consisting of direct sequence spread spectrum signals, frequency hopping spread
spectrum signals, time hopping spread spectrum s:ignals, linear frequency sweeping‘(.chjxp)
signals, and hybrid signals.

The system according to claim 2 wherein the radio signals are based on code division
multiple access (CDMA) and the orthogonal codes are unique pseudo-noise (PN) codewords
assigned to each of the transmitting devices.

The system according to claim 1 wherein the different versions of the radio signal are
identifiable via a phase shift between the versidns.

The system according to claim 7 wherein the different versions of the radio signal are
identifiable using at least one of a radiated signal strength technique and a carrier phase-
delay technique.

The system according to claim 1 wherein the transmitting device is affixed to a pointing

device and the electronic circuit is coupled with an input device on a personal computer
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10.

.user actuation and the radio signals is based on code division multiple.access (CDMA) and

having a display device ahd such that the pointing device is operable to move a cursor on
the display device. .

The system,according to claim 9 wherein the pointing device includes at least one button for

transmitting device is assigned a pseudo-noise (PN) codeword, and wherein an actuation of

the button is transmitted to the receiver units via using one of the techniques of inverting the .

- PN codeword for at least one bit-period, and switching to a different PN codeword for at

11.

2.

13.

14.

15.

16.

17.

least one bit period.

The system according to claim 1 wherein a power sﬁpply incorporated ipto the transmitﬁng
device is selected from the group consisting of a battery, a solar cell, a coil operable to -
receive energy from an EM powering field radiating proximal to the power supply, and a
coil operable to induce electrical energy from a magnetic field by mechanical motion.

The system according to claim 1 comprising only two of the receiver units and the location
is expresséd in a single-dimension.

The system according to claim 1 wherein at least one of the transmitting device and the
receiver units remain fixed during operation..

The system according to claim 1 comprising three of the receiver units arranged in a
triangular format, the electronic circuit operable to receive a first input from a first pairing
of the three receiver units and further operable to receive a second input from a second
pairing the three receiver units, the pairings having only one of the receiver units in
common, the electronic circuit further operable to determine a two dimensional position of
tile transmitting device based on a comparison of the first input and the second input.

The system according to claim 1 comprising four of the receiver units arranged in a
rectangular format, the electronic circuit operable to receive four separate inputs from four
respective- pairings of the four receiver units, the electronic circuit further operable to
determine a three dimensional position of the transmitting device based on a comparison of
the separate inputs.

The system according to claim 15 wherein the rectangular format is a plane arranged around
a periphery of a computer di:splay.

The system according to claim 1 comprising eight of the receiver units arranged in a eube,
the electronic circuit operable to receive eight separate inputs from eight respective pairings
of the eight receiver units, the electronic circuit further operable to determine a three -
dimensional position of the transmitting device in relation to the cube based on a
comparison of the separate inputs.
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18.

20.

21.

The system according to ‘claim 1 wherein the electronic circuit comprises a channel pair
processor connected to the Teceivér units, a detector & position calculator connected to the

channel pair. processor, and an output device for presenting the location to an electronic

. peripheral attachable to the output device.

19.

The system according to claim 1 wherein the electronic peripheral is aéompute'r and a
display device, the computer being configured to present a representation of the location on
the display device. ‘

The system according to claim 18 wherein the channel pair processor comprises an I/Q
demodulato} coupled to the receiver umit to receive input therefrom, the channel pair
processor further éomprising an analog-to-digital converter coupléd to the I/Q demodulator

for. converting analog signals therefrom to digital signals; the channel pair processor further

comprising a phase data calculator for determining amplitude and phase information from

the digital signals and for outputting the amplitude and phase information to the detector &
position calculator.

The system according to claim 20 wherein the system is based on CDMA and the detector &
position calculator comprises:

a CDMA processor for receiving the amplitude and phase information;

a transmitter detector coupled to the CDMA processor and for determining an identity of the

transmitting device;

a data signal extractor coupled to the transmitter detector for determining any specific data

embedded in the radio signal respective to the transmitting device; and,

a device locator coupled to the data signal extractor for determining a position- of the

transmitting device.

22.

23

The system according to claim 1 wherein the transmitter device comprises a power supply, -
orthogonal code generator, a VCO generator interconnected by an RF signal modulator; the
transmitter device further comprising a pulse ‘shaping module for shaping a waveform
output froni the RF signal modulator; the transmitter device further comprising an antenna
connected to an output of the pulse shaping modulator for outputting the radio frequency.
The system according to claim 22 wherein the orthogonal code generator generates PN
codes -and is comprised of a PN-code chip coupled to a microprocessor, the PN-code chip
for instructing the microprocessor which PN code is to be generated for the transmitting

device.
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24,
25.

26.
27.
8.

29.

The system according to ¢laiin'23 Whereﬁl-the orthogénal code generator further comprises

a switch for selectively chénging'the PN-code to.another PN-code” when the switch is

activated. . | 4 { ‘ | |
The system according to claim 1 wherein the "Eransmittihg device is inéorporated into a

computer interface selected from the groﬁp consisting of a niouse, a tilt-j oystick, a pointer

controller, a six—degrec-of—freédom interface, and a gesture interface. -

The system according to claim 1 wherein the transmitting device is incorporated into a-
surgical instrument. | . |

The system according to claim 1 wherein the transmitting device is incorporated into an -
industrial robot.

The system according to claim 1 wherein the receiver unit comprises an aqtenha and a . .
receiver element. - ' ‘ . _

The system according to claim 1 wherein the receivér element comprises a low-noise

amplifier connected to the antenna, a bandpass filter connected to the low-noise amplifier,

©and an intermediate frequency amplifier connected to the bandpass filter for outputting to -

.30.

31.

32.

the electronic circuit.

A transmitting device operable to transmit a radio signal, the transmitting device for
communication with at least two receiver units in spaced relation to each other and each
operable to receive a different version of the radio signal in order to determine a'position' of
the transmitting device via an electronic circuit connected to the at least two receiver units.
A receiver unit operable to receive a radio signal transmitted from a transmitting device; the
receiver unit for placement in spaced relation to another substantially identical receiver unit
such that each receiver unit is operable to receive a different version of the radio signal, the
receiver unit for connection to an electronic circuit connectable to both of the receiver units,
the electronic circuit being operable to determine a location of the radio transmitting device
in relation to the receiver units based on a coniparison between each the different version of
the radio signal.

A method for sensing position comprising:

receiving a first version of a radio signal from a transmitting device;

receiving a second version of the radio signal; and,

determining a location of the transmitting device based on a comparison of the first version

and the second version.

33.

The method of claim 32 further comprising the steps of:
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receiving first version of at least one additional radio signal from at'least one additional

radio transmitting device, the at least one additional radio signal being orthogonal to the radio

_ signal;

receiving a second version of the at least one additional radio signal;

determining a location of the at least one transmitting device based on a cbmparison of the

first énd'secqnd versions of the at least one additional radio signal:

34.

The method according to claim 33 wherein antennas used to perform the receiving steps are -

. spaced apart at a distance of about one-half of a wavelength of the radio signal.

35.

- 36.

37.

38.

39.

40.

41.

42.

The method according to claim 33 wherein the radio signalé are based on a spread spectrum
technology. ‘ - '

The method according to claim 33 wherein the spread spectrum technology is selected from
the group consisting‘ of direct sequence spread spectrum signals, ﬂequency hoﬁping spread
spectrum signals, time hopping. spread spectrum signals, linear frequency sweeping (chirp)
signals, and hybrid signals. |

The method according to claim 33 wherein the radio, signals are based on code division
multiple access (CDMA) and the orthogonal codes are unique pseudo-noise (PN) codewords
assigned to each of the transmitting devices. o

The method according to claim 32 wherein the different versions of the radio signal are
identifiable via a phase shift between the versions.

The method according to claim 38 wherein the different versions of the radio signal are

identifiable using at least one of a radiated signal strength technique and a carrier phase-

“delay technique.

The method according to claim 32 wherein the transmitting device is affixed to a p‘c;inting
device and the electronic circuit is coupled with an input device on a personal computer
having a display device and such that the pointing device is operable to move a cursor on
the display device.

The method according to claim 40 wherein the pointing device includes at least one button
for user actuation and the radio signals is based oﬁ code division multiple access (CDMA) -
and- transi:nitting device ié assigned a pseudo-noise (PN) codeword, and wherein an
actuation df the button is transmitted to the receiver units via inverting the PN codeword for
one bit-period.

The method according to claim 32 wherein a power supply incorporated into the’
transmiﬁ?ng device is selected from the group consisting of a battery, a solar cell, a coil
operable to receive energy from an EM powering field radiating proximal to the power
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- supply, or a coil operable to mduce electncal energy from a magne’uc field by mechanical
n1ot10n
43 The method accordmg to claim 33 the orthogonality is effected through PN codes unique to
-each transmitting device.
44. A system for sensing position~comprising: ‘
at least two transmitting devices each :operable to transmit an orthogonal CDMA radio
signall; |

at least two receiver units in spaced relation to each other and each operable to receive a

‘different version of each of the radio signals, the receiver units comprised of an antenna and a

receiver element; and, _

-an electronic circuit coupled to the receiver element and operable to substantially
simultaneously determine a locétion of each of the radio transmitting devices in relation to the
febeiver units by distinguishing the transmitting devices based on the orthogonality and based
on a comparison between each the different version of each respective radio signal.

45. The system according to claim 44 wherein the antennas associated with each of the reééiver
units are spaced apart at a distance of about one-half of a wavelength of the radio signal.

46. The system according to claim 44 wherein the orthogonal radio signals codes include unique
pseudo-noise (PN) codewords assigned to each of the transmitting devices.

47. The system according to claim 44 wherein the different versions of the radio signal are
identifiable using at least one of a radiated signal strength technique and a carrier phase-
delay technique.

48. A radio transmitting system for identifying and locating one or more radio transmitting
devices in a radio transmitting area, including: B

e a signal -propagating medium for conducting signals throughout the radio
trahsmitting range;

e at least one of the radio transmitting devices including means for producing a radio
transmitting signal and coupling the signal to the propagating medium, the radio -
transmitting signal comprising a spread spectrum signal;

e each radio transmitﬁng signal including a unique code identifying the respective
device;

e - signal receiving means associated with the sensiﬁg area and connected to the
propagating medium to receive at least one radio transmitting signal from the one or

more radio transmitting devices; and,
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49.

. position of at least one of the radio transmitting devices in the radio transmitting range.

50.
5L

. 52

- 53.

54.
55.
56.
57.
- 58.
59.
60.
- 61.
62.

- 63.

e means for decoding the radio transmitting signal to identify at least one of the radio
transmitting de‘.vices'.' ‘

The radio transmitting syétem ‘of claim 48, further including means for determining the

The radio transmitting system of claim 48, wherein the one or more raidio transmitting
dev1ces are active devices. |

The radio transmitting system of clalm 50, further including means for generating an energy~
field in the propagating medium within the radio transmitting range.

The radio. transmitting system of claim 51, wherein. the energy field includes a spread
spectrum signal component. | '

The radio transmitting system of claim 51, whetein each of the radio-transmitting devices
inchides ‘a means to receive "a signal through the EM energy field for active Iédio :
transmitting device operation. | |

The radio transmitting system of claim 51, wherein the energy field includes an EM field or
a magnetxc field. |

The radio transmitting system of claim 54, Wherem the propagating medium comprises free
space in the radio-transmitting range.

The radio transmitting system of claim 54, wherein the propagating medium comprises an
occlusion in the radio'—transmifthlg range.

The radio tranénﬁtting system of claim 52, wherein the spread spectrum signal component is
a direct sequence spread ‘sbectrum (DSSS) signal.

The radio transmitting system of claim 52, wherein the spread spectrum signal component is
a frequency hopping spread spectrum (FHSS) signal. |

The radio transmitting system of claim 52, wherein the spread spectrum signal component
modulation is Amplitude Shift Keying (ASK).

The radio transmitting system of claim 52, wherein the spread spec‘crum signal component
modulation is Frequency Shift Keying (FSK)

The radio transmitting system of .claim 48, wherein the unique codes of the one or more
radio transmitting devices are orthogonal codes.

The radio transmitting system of claim 48, wherein the one or more radio transmitting
devices are active devices that generate a radio transmitting signal.

The radio transmitting system of claim 48, wherein the radio transmitting signal is an EM

signal. -
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64.

65.

67.

68.

69.

70.

71.

72.

73.

74.

75.

The radio transmitting sys’te1r1 of claim 63, wherein the propagating medium comprises free
space in the radro-transrmttmg range. ‘

The radio transrmttmg system of claim 63, wherein the propagatmg ‘medium comprlses an

-EM reflecting and conducting layer in the radlo—transmrttmg range.

66.

The radio transmitting system of claim 63, wherein the signal receiver means includes a
plurality of spaced-apart signal receivers; and the means for determining the position of each

of the one or more radio transmitting devices includes means for calculating the received-

 signal strengths and phase differences of the radio transmitting signals passing through the

propagating medium to the plurality of signal receivers.
The radio transmitting system of claim 63, wherein the means for decoding and identifying

each of the one or more radio transmitting devices includes matched—ﬁltermg means for

.comparing received radio transmitting signals to stored spread spectrum codes of the one or

more radlo transmitting devices.

The rad1o transm1tt1ng system of claim 48, wherein the at least one radio transmitting device
comprises a 2- d1mensmna1 mouse controller.

The rad1o transmitting system of claim 48, wherein the at least one radio transmitting dev1ce
comprises a 3-dimensional mouse controller.

The radio transmitting system of claim 48, wherein the at least two radio transmitting device
comprises a tilting joystick controller. v o
The radio transmitting system of claim 48, wherein the at least two radio transmitting device
comprises a “pointer” controller..

The radio transmitting system of claim 48, wherein the at least three radio transmitting
device comprises a 6-DOF controller. -

The radio transmitting system of claim 48, wherein the et least two radio transmitting device
comprise a gesture interface controller

The radio transmitting system of claim 48, wherein a portion of the radio transmlttmg
devices include a receiver operable to receive wireless instructions to vary operation of the
radio transmitting devices. |

A radio transmitting systeﬁl for identifying and locating one or more radio transmitting
devices in a.radio transmitting range, including:

e a signal propagating medium for conducting signals throughout the radio transmitting

area,
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776.

e af least one of the radio'transmittmg devices including means for producing a radio
tfan‘smitting signail and coupliilg the signal to the propagating' medium, the radio

transmitting s1gna1 comprising a spread spectrum signal;

-e each radio transmlttmg signal including a unique code identifying the respectwe radio

transmitting device;

. signal receiving means associated '\;Vith the radio transmitting area and connected to the
propagating medium to receive at least one radio transmitting signals from the one or-

" more radio transmitting devices; A

e means for decoding the radio transmitting signals to identify the one or more radio
transmitting devices; and,

e means for determining the position of the one or more radio transmitting devices in the
radio trarismitting range. o

The radio transmitting system of claim 74, wherein the at least two radio transmitting device

* comprises a tilt joystick controller.

77.

78.

79.

80.

81.

82.

The radio transmitting system of claim 75, wherein the at least two radio transmitting device
comprises a “pointer” controller. ‘

The radio transmitting system of claim 75, wherein the at least one radio transmitting device
comprises a 2-dimensional mouse interface controller.

The radio transmitting system of claim 75, wherein the at least one radio transmitting device
comprises a 3-dimensional mouse interface controller.

The radio transmitting system of claim 75, wherein the at least three radio transmitting
device comprises a 6-DOF controller.

The radio transmitting system of claim 75, wherein the at least two radio transmitting device
compnses a gesture interface controller.

The radio transmitting system of claim 75, wherein a portion of the one or more radio
transmitting devices are active devices that generate a radio transmitting signal, and another

portion of the one or more radio transmitting devices are active transceiver devices.
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