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(57) ABSTRACT 

A method and apparatus for ranging finding of signal trans 
mitting devices is provided. The method of signal reception is 
digitally based only and does not require receivers that are 
analog measurement devices. Ranging can be achieved using 
a single pulse emitting device operating in range spaced rela 
tion with a minimum of a single signal transmitter and a single 
digital receiver and processing circuitry. In generala plurality 
of transmitting pulsed emitters may be ranged and positioned 
virtually simultaneously in 3-dimensions (XYZ coordinates) 
using a configuration of a plurality of digital receivers 
arranged in any fixed 3-dimensional configuration. Applica 
tions may involve at least one single transmitter to receiver 
design to determine range, or at least one transmitted reflect 
ing signal off from an object to determine range. 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 5 
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METHOD AND APPARATUS FOR RANGING 
FINDING, ORIENTING AND/OR 

POSITONING OF SINGLE AND/OR 
MULTIPLE DEVICES 

REFERENCE TO CO.-PENDINGAPPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/700,692, filed Apr. 30, 2015, which is 
a continuation of U.S. patent application Ser. No. 13/189,878, 
filed Jul. 25, 2011, now U.S. Pat. No. 9,024,810, issued May 
5, 2015. 
0002 The present application is also related to and claims 
the benefit of priority to: 

0003. PCT Patent Application PCT/CA2010/000095; 
filed Jan. 27, 2010 entitled “A METHOD AND APPA 
RATUS FOR RANGING FINDING, ORIENTING, 
AND POSITIONING OF SINGLE AND/OR MUL 
TIPLE DEVICES” and designating the United States: 

0004 U.S. Provisional Patent Application No. 61/147, 
711; filed Jan. 27, 2009 entitled “A METHOD AND 
APPARATUS FOR RANGING FINDING, ORIENT 
ING, AND POSITIONING OF SINGLE OR MUL 
TIPLE DEVICES; 

0005 U.S. Provisional Patent Application No. 61/367, 
787; filed Jul. 26, 2010 entitled “A METHOD AND 
APPARATUS FOR RANGING FINDING, ORIENT 
ING, AND POSITIONING OF SINGLE AND/OR 
MULTIPLE DEVICES; 

0006 U.S. Provisional Patent Application No. 61/369, 
994: filed Aug. 2, 2010 entitled “A METHOD AND 
APPARATUS FOR RANGING FINDING, ORIENT 
ING, AND POSITIONING OF SINGLE OR MUL 
TIPLE DEVICES; and 

0007 U.S. Provisional Patent Application No. 61/371, 
053; filed Aug. 5, 2010 entitled “A TOUCH-LESS 
TOGGLEADIRECTIONAL LIGHT SWITCH AND 
DIMMER: and 

0008. The disclosures and claims set forth in the refer 
enced applications are incorporated herein by reference. 

BACKGROUND 

0009. 1. Field 
0010. The present disclosure relates to range finding of 
one or more signal transmitting devices, and hence to deter 
mining their orientation and position based on a transmitted 
signal therefrom. 
0011) 2. Description of the Related Art 
0012 Current methods to locate electromagnetic waves in 
three-dimensions rely on intensity, wavelength, and phase 
measurements using planar sensor arrays combined with sen 
Sorimage processing algorithms. In lower frequency systems, 
measurements taken by planar sensor arrays are correlated to 
find the 3D location of electromagnetic wave sources. By 
measuring the phase shift of waves between sensors, the 
position of the source can be triangulated or trilaterated. 
Higher frequency systems in the visible light and infrared 
range typically use imaging systems to determine the 3D 
location of sources. Other systems for 3D location use active 
EM beams with sensors that measure the reflected waves like 
Light Detecting and Ranging (LIDAR) or radar systems, and 
are intended for long-range use. The emergence of 3D gaming 
devices has increased the desire for 3D positioning in short 
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range for a variety of gaming functions including 3D object 
rendering and control to allow for a realistic real-time gaming 
experience. 
0013 Current methods to locate radio frequency waves 
rely upon a form of triangulation, whether a single directional 
antenna system or a phased array radar system with multiple 
antennas and signal processing algorithms. A single antenna 
typically monitors signal amplitude to find the range of the 
radio frequency source, and two or more fixed antennas or a 
single rotating antenna to find the direction. There is usually 
no consistent approach to operate these systems over long 
range, nor is there a reliable method of processing ubiquitous 
radio signals in short range without the complexity of multi 
path fading associated with reflecting waves from the Sur 
rounding environment. Attempts to use higher frequencies 
with coded modulations and lower signal power can reduce 
multipath effects but not enough to all for high resolution 
positioning of a radio transmitter source. 
0014. The current state of the art for sensing infrared 
Sources in 3D employs imaging systems that take Successive 
pictures of the Surrounding area. These imaging systems are 
limited to a specific field of view (FOV) in a relatively short 
range and incorporate scanning algorithms and image pro 
cessing for target tracking and identification. Such systems 
also require longer signal processing times depending on the 
resolution required and the number of imaging scanners 
involved, and hence are of limited use for real-time control 
applications. Complex image processing algorithms must be 
incorporated to determine the 3D position of an IR source to 
separate from ambient sources. Lensing systems are also 
subject to system focus, objects outside of the focus of the 
system will be obscured requiring a focus time to correct. The 
combination of a wide FOV, focus time, image processing 
algorithms, and multiple sensors creates a complex, high-cost 
system with many components to determine the 3D location 
of IR sources. 
0015 Light detecting and ranging (LIDAR) systems, or 
laser radar function by sending out pulses of light and pro 
cessing the returned signals. By measuring the time of the 
photon flight, LIDAR systems spatially derive objects in the 
Surrounding environment. Such systems also include a laser 
pulse at different frequencies, such that the relative signal 
strength of the returned wavelengths measure characteristics 
of the atmosphere Such as gas composition, but not for rang 
ing purposes. Unintended reflecting objects and changing gas 
properties will interfere with the ranging performance as they 
are intended mainly for long-range tracking applications. 
Time of flight tracking in the short range is not considered 
practical. 
0016 Lately, the emergence of 3D graphical games has 
increased a desire for 3D wireless devices allowing users to 
interface with games with built-in 3D features. There is also a 
need for faster rates of data for positioning in 3D, 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 resolution 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. Gaming functions like user 
identity (for multi-user games), Switching, pointing, 3D 
object control, and other 3D rendering functions for virtual 
reality. 
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0017. Some wireless interface devices operate at longer 
ranges (for example, about one to three metres) from the 
computer Screen and are based on infra-red and/or acoustic 
media to transmit signals that are used to locate the transmit 
ter in 3D space. The signals are received by a base receiver 
that triangulates the position of the hand-held transmitting 
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 technolo 
gies generally have limited range of operation and commonly 
require that a power cable be tethered to the hand-held device 
to provide power and be operable to switch signals between 
the handheld device and a base receiver. Accordingly, these 
devices are rather awkward to use as they are not fully wire 
less, or are intended to provide a 2D screen output and have no 
ability to do ranging. 
0.018. Existing interface orgaming systems (like computer 
mice and joysticks) 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 is a need for systems and methods 
of sensing position in 2D and 3D that increase the rate at 
which absolute position data is presented on a display for 
multiple objects and icons viewed on a computer screen. 
0019. In the field of golf swing analysis many inventions 
have described using IR transmitters and receivers to begin a 
timing sequence of start of Swing and end of Swing. In par 
ticular the U.S. Pat. No. 6,821.211 describes a system where 
the objective is to measure a start and stop time hence the 
speed and angle of the golf club path, depending on the IR 
emitter and receiver configuration. The offset alignment and 
height of the club swing is described in U.S. Pat. No. 7,329, 
193 which describes an IR timing starter and the use of 
ultra-Sonic pulses for ranging the club foot inside a Swing 
sensing corridor. There is no embodiment in the prior-art that 
mentions use of the signal itself configured with a signal 
strength code that determines the range of the Swinging club 
to the mat. 
0020 US Navy patent U.S. Pat. No. 4,851,661 discusses 
using power levels and thresholds for edge detection and 
angle offset measurement. This technique mentioned in prior 
art is crude but defines a simplistic method of using power 
levels set by multiple IR LEDs being turned-on at different 
times, ultimately to detect and approaching robot, and for 
measuring the offset angle. This approach is not used for 
range measurement in any way. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0021 Several exemplary embodiments are provided, by 
way of examples only, with reference to the appended draw 
ings, wherein: 
0022 FIG. 1 is a schematic view of several exemplary 
transmitters in an operable configuration with a planar 
receiver array; 
0023 FIG. 2 is a schematic view of exemplary transmitters 
in another operable configuration with a perimeter receiver 
array; 
0024 FIG. 3 is a schematic view of an exemplary trans 
mitter in an operable configuration with a 3-dimensional lat 
tice of receivers as a single array, or multiple arrays of said 
receivers situated around a Mom; 
0025 FIG. 4 is a schematic view of several exemplary 
plots of signals emitted by transmitters as defined herein; 

Aug. 4, 2016 

0026 FIG. 5 is a schematic view of a portion of a trans 
mitting device of FIG. 1; 
0027 FIG. 6 is a schematic view of several additional 
exemplary plots of signals emitted by exemplary transmitters 
as defined herein; 
0028 FIG. 7 is a flow chart of a process implementing the 
transmitter of FIG. 1; 
0029 FIG. 8 is a schematic view of a portion of an exem 
plary receiver array of FIG. 1; 
0030 FIGS. 9A to 9D are schematic operational views of 
an exemplary transmitter and an exemplary receiver; 
0031 FIG. 10 a schematic view of an exemplary transmit 
ter in another operable configuration with a receiver array: 
0032 FIG. 11 is another schematic view of exemplary 
transmitters in another operable configuration with a perim 
eter receiver array: 
0033 FIGS. 12a and 12b are perspective views of addi 
tional exemplary embodiments, in the form of a mouse and 
pointer; 
0034 FIG. 13 is a schematic view of exemplary transmit 
ters in another operable configuration with an receiver array; 
0035 FIG. 14 is a perspective schematic view of still 
another exemplary embodiment, in this case of a golf mat; 
0036 FIG. 15 is a perspective schematic view of still 
another exemplary embodiment, in this case of a 6DOF con 
troller; and 
0037 FIGS. 16 and 17 are schematic views of a computer 
system in accordance with an exemplary embodiment herein. 
0038. It should be understood that the disclosure is not 
limited in its application to the details of construction and the 
arrangement of components set forthin the following descrip 
tion or illustrated in the drawings. The disclosure is capable of 
other embodiments and of being practiced or of being carried 
out in various ways. Also, it is to be understood that the 
phraseology and terminology used herein is for the purpose of 
description and should not be regarded as limiting. The use of 
“including.” “comprising,” or “having and variations thereof 
herein is meant to encompass the items listed thereafter and 
equivalents thereofas well as additional items. Unless limited 
otherwise, the terms “connected,” “coupled, and “mounted.” 
and variations thereofherein are used broadly and encompass 
direct and indirect connections, couplings, and mountings. In 
addition, the terms “connected' and “coupled and variations 
thereof are not restricted to physical or mechanical or elec 
trical connections or couplings. Furthermore, and as 
described in Subsequent paragraphs, the specific mechanical 
or electrical configurations illustrated in the drawings are 
intended to exemplify embodiments of the disclosure. How 
ever, other alternative mechanical or electrical configurations 
are possible which are considered to be within the teachings 
of the instant disclosure. Furthermore, unless otherwise indi 
cated, the term 'or' is to be considered inclusive. Further, the 
term “a” when followed by a single recitation of a named 
feature is to be construed inclusively, to mean that it includes 
within its meaning, more than one of the named feature, or 
more than one feature including the named feature. 
0039 Exemplary embodiments provide a system whereby 
a position of one or more transmitters can be determined by 
one or more receivers based on a signal from each transmitter, 
received by at least one of said receivers, each receiver being 
coupled to an electronic circuit and operable to determine a 
location of a particular transmitter based on a comparison 
between the signals received by the receivers. 
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0040. A system for sensing a position of a transmitter uses 
a transmitter constructed to transmit a pulsed signal. The at 
least two receivers are located in a spaced relation relative to 
the transmitter and to each other. At least two receivers are 
each operable to receive a different version of the signal. An 
electronic circuit is coupled to the at least two receivers, and 
is operable to determine the position of the transmitter in 
relation to the at least two receivers based on a comparison 
between the different versions of the signal. 
0041. A method of determining a range of a transmitter, 
the transmitter being constructed to transmit a signal to at 
least one receiver in a spaced relation to the transmitter with 
an electronic circuit connected to the receiver, the method 
comprising operating the transmitter to transmit a radio signal 
to the receiver and determining a range of the transmitter from 
the radio signal that is received by the receiver. 
0042. Receivers comprise at least two receivers that are in 
a spaced relationship to one another and to a transmitter. The 
receivers are each operable to receive a different version of a 
signal transmitted by the transmitter. The receivers are con 
nected to an electronic circuit, and the receivers are con 
structed in the circuit to determine a location of the transmit 
ter in relation to the receivers based on a comparison between 
each different version of the signal. 
0043. A method for sensing a location of a transmitter uses 
at least two receivers that are spaced apart from one another 
and spaced apart from the transmitter. The transmitter oper 
ates to transmit a signal to the at least two receivers, each of 
the least two receivers being operable to receive a different 
version of the signal. The method comprises operating the 
transmitter to transmit a signal, operating the at least two 
receivers to each receive a different version of the signal and 
determining a location of the transmitter based on a compari 
Son of the two versions of the signal. 
0044. A system for sensing position comprising at least 
two transmitters, each operable to transmit a unique signal 
There are at least two receivers in a spaced relationship to 
each other, and each receiver is operable to receive a different 
version of each of the signals. The receivers are comprised of 
a wave energy input device, and a receiver element. An elec 
tronic circuit is coupled to the receiver element and is oper 
able to Substantially simultaneously determine a location of 
each of the radio transmitters in relation to the receivers by 
distinguishing the transmitters based on the unique data field, 
and based on a comparison between each different version of 
each respective signal. 
0045. A system for identifying and locating one or more 
transmitters in a transmitting area comprises a signal propa 
gating medium for conducting signals throughout the trans 
mitting area. At least one of the transmitters has means for 
producing a signal and coupling the signal to the signal propa 
gating medium. The signal has a combined pulsed coding and 
signal strength coding, each signal including a unique code 
identifying a transmitter from which the signal is emitted. 
Receivers are associated with the transmitting area and are 
connected to the propagating medium to receive at least one 
signal from the at least one transmitter, with means for decod 
ing the signal to identify and locate the at least one transmit 
ter. 

0046. A system for sensing a location of a transmitter uses 
a transmitter constructed to emit a signal that is unique to the 
transmitter. A receiver is operable to receive the signal and to 
identify the transmitter based on the signal and pre-pro 
grammed information in the receiver. An electronic circuit is 
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coupled to the receiver, the electronic circuit being operable 
to determine a location of the transmitter in relation to the 
receiver based on the signal. 
0047. A method for sensing a location of the reflected 
signal from a transmitter uses at least two receivers that are 
spaced apart from one another and spaced apart from the 
transmitter. The transmitter operates to transmit a signal to the 
object that reflects the transmitted signal to at least two 
receivers, each of the least two receivers being operable to 
receive a different version of the reflected signal. The method 
comprises operating the transmitter to transmit a signal, to a 
reflecting object and hence operating the at least two receivers 
to each receive a different version of the reflected signal and 
determining a location of the transmitter based on a compari 
Son of the two versions of the signal. 
0048. As will be described, an exemplary embodiment 
provides a system including at least one signal transmitter 10 
and at least one signal receiver 12 operable to receive the 
emitted signal 14. As will be discussed, the emitted signal 14 
includes a single packet of information that identifies the 
transmitter identity, communicates the synchronizing timing 
of the packet, as well as including a train of pulses with 
varying pulse strength along the train. The signal receiver 12 
upon receiving the signal, is operable to identify the transmit 
ter 10 (in the case of two or more transmitters), synchronize 
the timing of the received pulse with other receivers 12 (in the 
case of two or more receivers), and to count the number of 
pulses received above a predetermined threshold. In this case 
the count represents the range between the transmitter 10 and 
receiver 12. Using calibration and a plurality of other receiv 
ers arranged or configured as an array 16, the range and 
location of the transmitter(s) may be individually and sepa 
rately be calculated. 
0049. An exemplary embodiment is shown in FIG. 1 with 
one or more signal transmitters 10 (in this case two), sending 
signals 14 from an emitter 17 to one or more signal receivers 
12 (in this case nine) that are affixed to the array 16. The array 
4, in this case, is shown in a planar configuration, though the 
array 16 may be provided in other configurations as need be. 
The system is further operable to determine a range 18 
between each of the signal receivers 12 and the corresponding 
signal transmitters 10, and may also, in Some cases, determine 
the identity of each signal transmitter 10, its position, and/or 
angular orientation 20. Data resulting therefrom may be 
recorded in a computer or on a display unit 22, as 3-dimen 
sional representable data or rendered as a 3D image or icon 24 
(FIG. 2). 
0050. An exemplary embodiment, as shown in FIG. 2, 
includes any number (in this case two) of signal transmitters 
10 sending signals 14 to any number of signal receivers 12 (in 
this case eight) that are affixed to a perimeter 22a of the 
display unit 22 Such that the corresponding icons 24 are 
displayed thereon, for example as a precise rendering of the 
real-time position and motion of the actual signal transmitters 
10. Other positions or data representing images, position or 
range or the like may also be presented on the display unit 22, 
or for that matter other formats on other display or messaging 
devices as need be. 

0051. Another exemplary embodiment is shown in FIG.3, 
with one or more receiver elements 12 or arrays 16 of signal 
receivers 12, affixed to a construct of multiple surfaces 30 
(such as a 3-dimensional room) Such that any number of 
signal transmitters 10 may be ranged if not obscured, for 
example by objects in the room between the signal receivers 
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and the signal transmitters 10. The range processing may 
occur with a mathematical formula involving measured 
ranges 18, triangulation or trilateration algorithm, or the like. 
0052 Exemplary embodiments may operate in any wave 
medium where wave phenomena arise, such as IR near-far, 
visible, laser, ultra-violet, and high frequency radio waves, 
and combinations and various modulations thereof. Exem 
plary embodiments may also be applied to the acoustic 
medium and ultra-sonic waves. Further to this, the medium 
may operate to reflect the transmitted signal where the trans 
mitter and receivers are operable from the same device or 
controlled by the same processing unit. An object that reflects 
the signal may need a suitable reflection medium (for 
example: Such as reflecting metal Surfaces or special IR 
reflecting tape) that allows for a calibratable or measureable 
range to be determined between the transmitter and receiver. 
0053 Referring to FIG. 1, short range precision ranging 
and positioning may be accomplished requiring a configura 
tion as simple as a single transmitter 10 to a single or a 
plurality of individual signal receivers 12, in spaced relation 
and receiving the same transmitted signal 14. A single trans 
mitter 10 may thus be operable to send a signal 14 including 
a series of primary bursts forming a train of pulses whose 
collective pulse profile and changes with increasing distance 
from the signal transmitter. Detecting and calibrating the 
changes in the collective pulse profile allows for range, dis 
tance and/or orientation to be correlated. In one example, the 
pulse profile is measured as a count of pulses in the signal and 
is converted to a value representative of a range 18, for 
example based on one or more calibration measurements. The 
3-dimensional positioning calculation is hence based on a 
range 18 measurement from multiple signal receivers 12. This 
method of ranging and position measurement may occur 
accurately within a maximum range of 30 meters depending 
on the strength of transmitted signals and the sensitivity of the 
receiver. For electro-magnetic or acoustic mediums, methods 
according to exemplary embodiments herein are based on 
high frequency pulsing of these transmissions and using a 
receiver that is sensitive to and capable of digitally processing 
these pulsed signals. Estimates for the accuracy of ranging 
can be achieved for within 1 cm root-mean-square (RMS) 
error for 10 meter range, 1.0 mm RMS error for within 3 
meters of range, and a range measurement resolution as low 
as 0.1 mm. 

0054 Referring to FIG. 4, the signal 14 includes a digital 
preamble segment 34 allowing the receiver to identify the 
transmitter and to synchronize to a timing operation essential 
for ranging or pulse counting. The preamble segment 34 may, 
in this example, include all digital data fields. Such as Device 
ID 36, operating data 38, encryption keys and a check-Sum 
code, or generally a cyclic-redundancy code (CRC) 40, that is 
needed for the data communication between signal transmit 
ter 10 and the signal receiver 12. The start of the data fields, 
for example, also allows the signal receiver 12 to begin Syn 
chronization and ranging. 
0055. The signal also includes a ranging segment 42 
which provides ranging code that typically changes with 
increasing range 18 between the signal transmitter 10 and 
signal receiver 12, that is as the signal propagates toward the 
receiver in the carrier medium, Such as atmospheric air. The 
ranging code is provided in the form of a series or train of 
pulses that vary in illumination strength along the series. The 
ranging segment may have various profile shapes including a 
series of ramped power levels incremented (as seen at 44 in 
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plot b)) or decremented (as seen at 46 in plot c)) by the 
transmitter, as will be described. Another example may utilize 
pulses with randomly varying pulse strength (as seen at 48 in 
plot d)) In this case, the corresponding received ranging seg 
ments 138, 140 and 142 include the pulses above the prede 
termined threshold value 136, the count of which represents a 
direct measure of the illumination signal strength of the signal 
received, and hence the range. As will be described, the signal 
receiver 12 and those components, modules and functions 
associated therewith, are configured to receive the signal, 
identify the signal transmitter 10, and process the ranging 
segment 42 by counting the number of pulses present in the 
signal above a predetermined threshold value. The count then 
provides a representation of the distance, or range, between 
the signal transmitter 10 and the associated signal receiver 12, 
which may be applied to multiple signal transmitters 10 and 
receivers 12. 

0056. In one example, the positioning method makes use 
of a single transmitter pulsing at between 10 to 10,000 KHZ. 
This range may vary for visible light or IR circuits using a 
transmitting diode and a receiving diode, but radio can vary 
significantly from 100 KHZ upwards to 10 GHz. Each signal 
is thus transmitted in one or more primary bursts with a 
digitally coded sequence or a series of pulses at a rate of about 
1 KHZ to 500 KHZ, with the burst rate being smaller than the 
pulse rate. Acoustic waves or pulses can vary from 10 Hz to 
100 KHZ for ultra-Sonic ranges. Depending on the applica 
tion, the duty cycle of the pulses inside the burst may be 
varied, allowing for the detector to operate more efficiently, 
although this should not adversely affect ranging or position 
ing accuracy thereof. 
0057. In FIG. 5, each signal transmitter 10 includes a 
carrier code generator 52 and a signal code generator 54, in 
this case distinct processors under the control of a micropro 
cessor 56 and synchronized by a common clock 58. Alterna 
tively, the function of the carrier code generator 52 and the 
signal code generator 54 may be carried out in a common 
processor Such as a general computer. Both the carrier code 
and signal code generators 52, 54 dispatch waveforms for the 
carrier and signal codes to a digital modular 60 which modu 
lates the carrier and signal code waveforms to deliver a binary 
waveform to the emitter 17. A power level controller 64 
receives ranging code details from the microprocessor 56 and 
regulated power from a power regulator 66 signal to adjust the 
power level of the output of the emitter 17 for signal trans 
mission. 

0058 Referring to FIGS. 5 and 6, the microprocessor 56 
communicates with memory 68 for storage of transmitter 
identity and ranging code data. Alternatively, the ranging 
code data may be generated according to a ranging code 
algorithm in a corresponding processor. In this case, the car 
rier code includes instructions to the emitter 27, in the form of 
a digital waveform as shown in FIG. 6a), to be compiled by 
the digital modulator 60, to emit the carrier wave which will 
carry the signal. Similarly, the signal code includes instruc 
tions, in the form of preamble code, including code for the 
transmitter identity, the data field and the CRC field, as shown 
in FIG. 6b) to the digital modular, again to be compiled by the 
digital modular 60, to form a modulated digital output as 
shown in FIG. 6c) provided in the form of a waveform of 
binary ones and Zeros each with a constant strength, peak or 
amplitude according to the operating power of the digital 
modulator 60. 
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0059 Meanwhile, the microprocessor 56 dispatches 
instructions along path 70 to the power level controller 64 so 
that the power level controller 64 can set the power of each 
individual binary one in the waveform to form the amplitude 
of the emitter output as shown in FIG. 6d) as a series of pulses. 
The preamble segment 34 is shown with each of its pulses 
having a fixed maximum power, so that the entire preamble 
will be received by the receiver element above the predeter 
mined threshold value. The ranging segment 42 is shown with 
the power level of each pulse being adjusted according to the 
ranging code. 
0060 Referring to FIG. 7 illustrates and exemplary pro 
cess using an incremented ranging segment. The process of 
signal generation is started by the clock 58 executing a delay, 
at step 72, to denote the end of a previous signal Next, at step 
74, the microprocessor 56 instructs the carrier code generator 
52, on data path 76, to initiate the carrier waveform on data 
path 78. The microprocessor 68, at step 80, instructs the 
power level controller 64, on data path 70, to set the power 
level to maximum. Next, at steps 82, 84 and 86, the micro 
processor 56 instructs the signal code generator 54, on data 
path 88, to initiate the signal waveform by first dispatching 
the identity code waveform, then the data field code wave 
form, then the encryption and/or CRC pulse code waveform, 
which is then dispatched by the digital modulator 60 to the 
emitter 17 on data path90. Next, at step 92, the microproces 
Sorinitiates a range loop and fetches, at step 94, the first range 
code stored in memory 68 via data path 96. With the first 
range code, the microprocessor 56 instructs the power level 
controller 64, at step 98, to set the first power level for the first 
pulse in the ranging segment, which in turn adjusts the power 
at the emitter output, at step 100, to form the first pulse in the 
train of the ranging segment. Next, at step 102, the micropro 
cessor 56 advances the count and determines, at step 104, if 
the count equals N, the number of pulses in the range seg 
ment. If 'no', then the microprocessor 56 repeats step 72 and 
fetches the range code for the next pulse in the ranging seg 
ment. Steps 94 to 104 are then repeated until the ranging 
segment has been fully formed on the emitter output, at which 
point, the emitter stops the waveform, at step 104, and termi 
nates the signal, and the microprocessor repeats step 72 to 
implement the delay denoting the end of the signal. 
0061 The common clock 58 is not necessarily required 
but is strongly to ensure that, when the signal is received at the 
receiver array 16, there is no inconsistency between the bit-up 
times for the primary bursts, and hence the data carried in 
them. If the clocks for both the carrier code and signal code 
generators 52 and 54, respectively, are not synchronized, then 
an apparent jitter noise may appear in the timing of received 
primary bursts caused by the inconsistent count of received 
data. This may cause an increased “noise' in the ranging 
measurements causing reduced accuracy of ranging. Using a 
synchronizing clock 58 reduces, if not eliminates, this undes 
ired source of ranging error. 
0062. Thus, the ranging code quantifies the power level of 
each individual pulse, according to a ranging algorithm. In 
one example, for incrementing the range-code the power 
function is R(x)=x, where R(x) is a power level, and where x 
is the pulse number which increases from Zero to N, and N is 
the maximum power level as well as the last pulse of the 
range-code. Similarly for a decrementing range-code the 
power function is R(x)=N-X. In another example, the nonlin 
ear function of the range-code is the power function R(X) 
=X2/N, as an increasing nonlinear range-code, and, R(x)=N* 
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(1-(X/N)2) as a decreasing nonlinear range-code code. An 
example of an interleaved range-code is where the power 
function R(x)=x (if x is an even number), R(x)=N-X (if x is an 
odd number). This latter is an example of a range-code that 
will be calculated as an algorithm in a processor. 
0063. In this example, the ranging code is stored in 
memory 68 for each pulse. Electronic components are cur 
rently available that can be configured to set the power of a 
transmitting device digitally as a series of gated components 
inside a miniature integrated circuit Substrate. Examples of 
Such power controlling devices are digital resistors, gated 
field-effect transistors (FETs) with digitally controlled gain, 
digital-to-analog (DAC) devices, or the like. The power level 
controller 35, in this case, may use the ranging code and store 
it inside the power level controller's ROM for immediate 
setting of the power for the device. Hence, the power level 
controller 64 will set the power level of the signal emitter 17 
during signal transmission, with each setting corresponding 
to an individual pulse. Typically the number of increments 
available for the power level settings is determined by the bit 
range of operation specified for the power level controller 64. 
and can be as low as 4-bits to as high as 10-bits long ranging 
from 16 settings to 1024 different power level control settings 
overall. Each power level controller setting translates into a 
transmitted signal strength setting for a single pulse, by pre 
cisely controlling the current or Voltage flowing to the trans 
mitter from a constant and controlled power regulator 106. It 
is desirable to maintain a consistent current flowing to the 
diode, so that the power regulator 106 be available to reduce 
the effects of battery drain that may otherwise change the 
precisely calibrated range settings of the transmitter 10 rela 
tive to the receivers 12. 

0064 Various methods of electronic circuitry are available 
that may be configured to serve as a power level controller in 
a transmitting device. Typically, the power level controller 64 
adjusts the power level for each pulse within the ranging 
segment 42. Examples of devices using Such methods of 
electronic circuitry include a Digital-to-Analog (DAC) chip 
and a digital resistor chip. Depending on the time required to 
adjust the strength of an individual pulse, a circuit must be 
able to process a digital instruction during the off-cycle of a 
pulse, allowing the digital power to be available during the 
next on-cycle for the next pulse. Such hardware devices for 
controlling signal strength depend on how the transmitting 
device best varies the signal strength, such as using Voltage 
level, current level, or both, for example. 
0065 FIG. 8 illustrates more details of three receivers as 
examples of those in the array 16. Each signal receiver 12 
includes a signal energy transducer 110 which receives the 
signal including the preamble and ranging segments and its 
carrier waveform and emits a corresponding series of second 
ary bursts digitally representing the signal. These secondary 
bursts are, in turn, received by a low noise amplifier 112, in 
turn communicating with a band pass filter 114. The band 
pass filter 114 functions to isolate the value of each secondary 
burst from the carrier waveform. The band pass filter 114, in 
turn, communicates with an automatic gain controller (AGC) 
116. The AGC 116 communicates along data path 118 to the 
amplifier 112 and the amplifier 112 with comparator 120. The 
comparator 120 receives a threshold setting value from a 
threshold set unit 122 and compares the messages from AGC 
116 to establish the pulses in the range segment that are above 
the predetermined threshold and to dispatch corresponding 
instructions for each pulse above the predetermined threshold 
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to the digital output unit 124 which in turn emits a digital 
output on path 126 to a microprocessor 128 for counting. The 
threshold set unit 122 may manually programmed or other 
wise be calculated by way of another controller such as 
microprocessor 128 or a general purpose computer. 
0066. The microprocessor 128 is shown in more detail in 
FIG. 1 and includes a channel processor module 130, a range 
processor module 132 and an identity and position processor 
module 134. These modules, in this case, are subroutines 
operating within the microprocessor 128, or may alterna 
tively be carried out by Stand alone processors or in another 
computer system. 
0067. In this case, the channel processor 130 is configured 

to receive inputs on path 126 at frequencies of 10 to 10,000 
KHZ. In this case, the signal receiver 12 may require that the 
pulses in the range segment of the signal be sent at a “pulse 
rate' or frequency that allows the channel processor 130 to 
operate unimpeded without stray, interference, or ambient 
signals otherwise corrupting the received pulses. The AGC 
116 communicates on data path 118 to control the gain of the 
of the value being received by the comparator 120 and operate 
at a rate that is typically slower than the pulse rate, so as to not 
be altered by a lower frequency pulse rate. In effect, the role 
of the AGC 116 is to accommodate for the reduced strength of 
the range segment of the signal. The reduced strength simply 
means that the signal is losing its amplitude as the signal 
radiates from the signal transmitter 10 and through losses in 
the carrier medium, the farther the distance between the sig 
nal transmitter 10 and the signal receiver 12, the greater the 
gain provided by the AGC 116. The AGC 116 should change 
the gain relatively slowly in relation to the rate at which the 
pulses are received, so that the AGC 116 does not alter the 
ranging operation itself. If desired, the microprocessor 128 
may be configured to control the gain provided by the AG.C. 
The AGC 116 functions with the band-pass filter 114 which 
allows only secondary bursts to get through at the pulsed 
frequency, hence filtering out signal interference and ambient 
noise. The AGC 116 thus, in one operational phase, will only 
allow 1000 KHZ pulses to pass through from the receiver's 
signal energy transducer 110. The AGC 116 may have other 
operational phases in which pulses of other frequencies may 
pass through, including those of a specified frequency or a 
specified range of frequencies. Generally speaking the sec 
ondary burst reception is digital and represented as burst 
codes that are received and processed with enough sensitivity 
that allow the receiver/transmitter combination to operate at 
long ranges in excess of 10 meters range, and with virtually no 
ambient IR interference. For example, a digital IR receiver 
diode, operating as the signal energy transducer 110, will 
operate to lock onto transmitted IR pulses to allow for the 
diode's AGC 116 to stay set inside the band-pass filter's 
cycle, allowing the digital pulse reception to not be inter 
rupted or corrupted. 
0068 Equally important to the ranging segment transmit 
ted from the signal transmitter 10, is that the signal receiver 12 
allow for a programmable threshold of detection of individual 
pulses within the ranging segment. The receiver 12 is, in this 
example, in an OFF state when a pulse with a pulse strength 
below a threshold power level is received. The receiver 12 is 
configured to detect the transmitted pulse and transfer to an 
ON state, when the strength of the pulse exceeds the threshold 
power level. Ideally the variation of power level across the 
pulses in the train is configured to be proportional to the 
power loss due to increasing range between a transmitter and 

Aug. 4, 2016 

receiver. Otherwise, a power range should be selected that 
exceeds the power loss due to range changes. In this situation, 
only one calibration step may be required mathematically to 
select a suitable range given the available power levels and the 
programmed threshold. 
0069. Thus, in one exemplary embodiment, the ranging 
segment 42 provides a sequence of pulses, such as those 
shown at 44, 46 or 48. In the case of an incremental or ramp 
up sequence 44, at the beginning of each primary burst, the 
power level controller 64 is set initially to the minimum 
power setting. This causes the minimum amount of electrical 
power to flow through the signal transmitter 10, hence the 
transmitter 10 is transmitting energy at its minimum signal 
strength. At every off-cycle of the primary signal burst, the 
power level controller 64 is incremented a value which causes 
the transmitter power to gradually increase incrementally 
until it reaches the maximum power. At some time between 
the minimum and maximum signal strength or brightness of 
the transmitter, the receiver 12 switches on and begins receiv 
ing the primary pulses and converting them into a correspond 
ing series of secondary bursts forming one or more digital 
messages. The microprocessor 128 then counts the digital 
messages in the ranging segment and this count is inversely 
proportional to range 18 between the transmitter 10 and 
receiver 12, that is, the smaller the counter, the greater dis 
tance travelled by the signal to the receiver 12. 
0070. In the case of multiple receivers 12 in the array 16, 
the AGC 116 for each receiver 12 may be controlled by a 
common control function. In this case, the individual AGC's 
116 for each individual receiver 12 will not adjust indepen 
dently of each of the others. This would mean that gain 
adjustment for signal loss is applied evenly across the receiv 
ers 12 to mitigate the possibility that some receivers 12 mis 
takenly identify a “gained pulse signal to be above the pre 
determined threshold value, while another receiver, receiving 
the same pulse (but in this case not gained) consider the same 
pulse to be below the threshold, resulting in a different count 
and a different range that would otherwise not occur had the 
AGC's been adjusted consistently. Hence the error of range 
based location calculation may be significantly reduced, 
since the receivers, in this case, operate repeatably and con 
sistently with each other. Such a multi-element AGC may thus 
allow the array to operate at long range and in the presence of 
external interference. 
0071. At the signal receiver 12, the varying strength of the 
pulses in the ranging segment 42 means that the signal 
receiver 12 may not activate until a threshold 136 is reached 
to receive pulses for counting. If the signal receiver (when 
switched-off) is in a consistent initial state (with a high AGC 
116 setting for example) then there is a consistent threshold 
136 that will trigger the receiver's ON state. This typically 
varies with the signal strength of the transmitter. However, the 
consistent state of the AGC 116 in the digital diode may in 
Some cases require that a lower (or higher) pulse duty-cycle to 
keep it stable, or require a manual setting in the circuit to not 
vary with ambient light or other effects. In this case, the 
incremented, decremented and random pulse sequences are 
shown in a form as received by the receiver, at 138, 140,142. 
0072 Receiver circuit components are currently available 
that may be configured for exemplary embodiments herein. 
For example the TSOP7000 from Vishay Electronics operates 
digitally for IR transmitted bursts at 455 KHZ, and various 
radio devices such as a AD8302 Log-amp detector from Ana 
log Devices will operate as a wideband radio receiver for 
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radio bursts at any frequency within 1 KHZ to 3 GHz. Stan 
dard IRDA modules have built-in AGC capabilities and allow 
for pulse transmitting and receiving at up to 4 MHZ to allow 
for very fast and accurate ranging applications. These devices 
may be configured to receive a series or sequence of second 
ary burst signals to estimate the ranging in different media. 
0073. In an exemplary embodiment, as shown in FIG.9A, 
the signal transmitter element 10 and signal receiver 12 are 
shown separated by the range 18. The signal receiver is con 
figured to calculate the range 18 based on the signal 14 
received from the signal transmitter circuit. This range is 
based on a constant and fixed angle between the signal trans 
mitter and signal receiver. Similarly, in FIG. 9B, the signal 
receiver 10 is configured to calculate an angle 146 based on a 
signal 14 given that there is a fixed range. In FIG. 9C, the 
signal transmitter 10 is configured to send a signal 14 to 
reflect offa reflective barrier 144 and be received by the signal 
receiver 12, Such that the range 18 may be calculated, assum 
ing a constant and fixed angle 146 between the signal trans 
mitter 10 and the signal receiver 12. In FIG.9D, the signal 14 
is reflected off barrier 144 and received by the signal receiver 
12, Such that the angle 146 may be calculated by the signal 
receiver 12, assuming a constant and fixed range between the 
signal transmitter and receiver. In both FIGS. 9C and 9D, an 
isolating barrier 148 is placed between the signal transmitter 
10 and signal receiver 12 to reduce short-range cross-talk 
therebetween. Also, in FIGS. 9C and 9D, the signal transmit 
ter and signal receiver may be operable in common circuitry 
providing the functions of both the transmitter and receiver. 
0074. In another exemplary embodiment, different types 
of sequences may be executed that the power level controller 
64 may vary to create the required receiver count proportional 
to the range. Typically the ramped-up or ramped-down 
sequence is desirable depending on the behavior of the receiv 
er's digital processing step. For a transmitter, the ramped-up 
power sequence 44 is better because the receiver circuit does 
not lag during the ramp-up cycle, nor does it alter the AGC 
116 setting during a ramp-up. A ramp-down sequence 46 may 
typically alter the AGC 116 setting because the AGC 116 may 
attempt to hold lock if the received signal weakens causing 
inconsistent pulse counts in the microprocessor 128. If a 
decrement power control profile 46 is used instead, then a 
receiver 12 may receive digital pulses but turn-off as the 
power ramp weakens the signal (see FIG. 4). Typically the 
AGC 116 is set to fixed operation if a decremented power 
sequence 46 is used. Also, most digital devices suitable for the 
power level controller 64 may be better suited to increment or 
decrement because there is a shorter time to digitally switch 
gates for increment/decrement operations than having a 
whole new power setting written to its ROM. In other words, 
the ROM stores one power setting at a time for each pulse and 
is updated for each Subsequent pulse. 
0075. As another exemplary embodiment, the power level 
or power control profile may use a sequence for the digital 
power that does not resemble a ramp 44, 46 that is neither 
increasing nor decreasing. This power control profile may, in 
this case, be patterned or random code 48 of power control 
Such that all required values of digital power control are 
represented in the ranging segment 42 (see FIG. 6). Such a 
power code contains all the unique power control settings as 
found in a ramped code, for example, but ordered differently. 
The effect of this profile is that only a subset of all power 
settings are received by the receiver and hence the receiver 
pulse count is a Subset of the pulses in the originating signal. 
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The receiver's count is still proportional to the range 18 
between the transmitter and receiver. A random or pseudo 
random code may be used. A code represented by a formula or 
an algorithm may also be used. This sequence of the power 
profile may be a random or patterned code for every ranging 
period 42, for each Subsequent signal. It is possible that the 
code pattern 42 to 48 may be different for each successive 
ranging segment or period 42, assuming that the receiver 
properly decodes the patterned code into a count consistent 
with the range. 
0076. In an exemplary embodiment, a reason for using a 
random or patterned power control code 48 is to remove or 
average-out bias errors in the receiver unit. A receiver circuit 
may tend to “remember the power profile of the previous 
cycle, that is the cycle that led to the immediately preceding 
pulse, as a biased AGC 116 setting or as a higher electrical 
capacitance in signal energy transducer or the light sensor 
circuit, for example. Also, when using light pulses, a signal 
energy transducer, in the form of a digital receiver diode has 
relatively fast Switching speeds and may not require an AGC 
116, in which case a sequence of random power settings 48 
may be desirable for an emitter in the form of a transmitting 
diode, to offset any lingering electrical charge from the last 
pulse cycle. This will allow the power settings to not follow a 
known sequence that the receiving diode can adapt to easily. 
In this configuration, the received pulses in the burst are still 
counted as digital output pulses and the sum is proportional to 
the signal strength and hence the range. The disadvantage is 
that a power control device cannot write digital control values 
to the ROM as fast as they can be either incremented or 
decremented. 
0077. There are various types of device configurations 
possible using the above mentioned single transmitter and 
receiver(s) combination, including: 

0078 1) a single transmitter 10 sending signals 14 to a 
single signal receiver 12 measuring the signal strength 
and range. 

0079 2) a single transmitter 10 sending signals 14 to an 
array 16 of two signal receivers 12 to determine spaced 
relation between the two signal receivers 12. This is a 
2-dimensional positioning method. 

0080 3) a single transmitter 10 sending signals 14 to an 
array 16 of three or more signal receivers 12, Such as a 
symmetrical array configuration of signal receivers 12. 
This may be a 2- or 3-dimensional positioning method, 
depending on the orientation of the signal receivers 12. 

0081. 4) a single transmitter 10 sending signals 14 to an 
array 16 of many signal receivers 12 to allow a least 
squares fit of the transmitter ranges and arranged as a 
profile 60 (FIG.10) to deduce the angular of curvature of 
the transmit profile 60, hence deducing angle of arrival 
and position. 

0082 5) a single transmitter 10 sending signals 14 to at 
least two arrays 4 of signal receivers 12 that allows for a 
least-squares solution fitting the spatial power profile of 
the transmitting device 10 to determine the angular ori 
entation of the transmitting device in 3-dimensions, and 
hence allowing to use a curvature profile 150 (FIG. 10) 
to deduce the position of the transmitter 10 in addition to 
the ranging measurements 18 at each said signal receiver 
12. 

I0083. In exemplary embodiments, angular orientation 
may be expressed as the elevation and heading angles to be 
determined for a transmitter 10, by determining multiple 
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ranges from a single transmitter 10 to multiple signal receiv 
ers 12, and hence fitting a Surface of these ranges and using a 
curvature profile 150 to determine the device position. 
0084. In an exemplary embodiment, an orientation angle 
estimation method may be implemented, based on the use of 
a multi-receiver array processing of range results with mul 
tiple channels. For instance, outputs of range 18 from mul 
tiple channels, where each channel receives the output from 
one of a number of receivers (such as in a 3x3 (9 sensor) array 
or a 4x4 (16 sensor) array) The output result may be used to 
present will be a 3x3 array image or a 4x4 array image 
representing the estimated range between the transmitter 10 
and the array 16, in this case providing a planar array. By 
fitting a surface curvature profile 150 through the range data 
points with coordinates of the actual positions of the sensors 
on the array, an estimate for an illumination lobe profile, as 
shown in FIG. 10, of the transmitter may be calculated. 
Depending on the size of the sensor array, greater accuracy 
can be obtained for the angle estimate including more preci 
sion calculation of the XYZ coordinates of the transmitter. An 
example of the angle orientation estimation method and appa 
ratus is depicted in FIG. 10. 
0085. In an exemplary embodiment, a single transmitter 
10 may be used with multiple emitters 17 to determine the 
orientation of a device in 3-dimensions, as shown in FIG. 11. 
Using three distinct emitters 17 multiplexed, by way of mul 
tiplexer 160, from one transmitter 10 and each identifiable by 
a code 36 in the transmitted preamble 34 and data field 38 of 
the transmission, multiple emitters 17 may be multiplexed 
with a round-robin algorithm built into the transmitting 
device's processor 56, or activated using a wireless controller 
162 instructing the transmitter 10 to independently transmit 
to one of three separate emitters 17. At the receiver array 16 
each independent transmitter 10 is positioned and tracked in 
3-dimensional space. If three distinct transmitter element 17 
coordinates are available then the transmitter 10 can be posi 
tioned accurately in 3-dimensional space, as well the orien 
tation angles (roll, pitch, and yaw) can be determined. How 
ever, if a single transmitter element 17 is not present then the 
processing computer may employ an algorithm to estimate 
the said transmitter element's position based on past or proX 
imity data A computer algorithm may "correct for anomalies 
in the calculation by estimating the position of the unknown 
transmitter element, knowing that it is within proximity to the 
other two transmitter elements 17. An example of this method 
of device positioning is depicted in FIG. 11 for a single 
transmitter 10 with three signal emitters 17 also showing a 
3-dimensional rendering of a multi-point image or icon 24 on 
the display unit 22. 
I0086. In an exemplary embodiment, a single transmitter 
10 may be used to calculate the range to multiple arrays 16 
situated on the walls around a room, as shown in FIG. 3, for 
example. These ranges may be used to form a triangulation or 
trilaterated Solution using a minimum of three ranges repre 
senting the intersection of three circular Surfaces. If more 
ranges are available then a least-squares solution may be used 
to determine the XYZ coordinates of the transmitter 10. This 
approach is similar to the Global Positioning System (GPS) 
method but instead pseudo-ranges are determined in a short 
range signal environment. If the range measurements are 
biased because of the choice of the power control method and 
code, then a pseudo-range and bias estimation algorithm may 
be used to improve positioning accuracy. 
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I0087. In an exemplary embodiment, a method may be 
employed for determining the dilution of precision, a prin 
ciple used in GPS calculations. This is based on multiple 
sensor processing channels allowing the Solution of the trans 
mitter to be over-determined. For example, if a 2x2 array is 
used then there are four equations to determine a unique XYZ 
coordinate calculation where only three unknown values are 
available Thus, using an extra equation allows a measure of 
solution dilution to be calculated related to the uncertainty or 
over-determined nature of the solution available Thus, for 
example, if one sensor was partially obscured or occluded 
then the result will cause an inaccurate least-squares Solution 
to be calculated. This solution result will be measured as a 
solution with diluted precision, and the uncertainty will be 
measured beyond an acceptability threshold and thus allow 
ing the Solution to be ignored. Dilution of precision is com 
mon in GPS position measurement and is usually the result of 
poor calculation based on high multi-path fading or loss of 
satellite signals in urban canyons, for example. 
I0088 While only specific combinations of the various fea 
tures and components of exemplary embodiments 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 compo 
nents can be utilized, as desired. For example, it is to be 
stressed that the configurations and quantities of transmitter 
devices 10 and signal receivers 12 is not particularly limited, 
and can be chosen and structured for any given application in 
any desired manner. Thus, where it is only desired to deter 
mine a location of a single object in a single plane, the array 
can be limited to two receiver units 12 (connected to two 
single channel processors via a wired interface) that interact 
with (or receive signals from) one transmitter device 10 that is 
affixed to that single object. In contrast, where it is desired to 
track the location and/or movement of a plurality of objects in 
a three dimensional space, then the array can consist of a 
plurality of signal receivers 12 (each being coupled to a 
respective channel processor) that are configured to interact 
with a plurality of transmitter devices 10, each affixed to its 
own object. Using Suitable programming logic in the proces 
Sor, a direction can be calculated based on a different range to 
each receiver. For example, in a configuration with one trans 
mitter 17 and two signal receivers 12, and denoting R1 and R2 
as the reflected ranges to each respective receiver from the 
one transmitter, the processor can switch to an “ON” state if 
R1 is greater than R2, otherwise “OFF' if R2 is greater than 
R1. For example, proximity light Switch, or a directional light 
Switch, or any other two state Switch apparatus may employ 
this configuration. 
I0089. It 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. FIGS. 12A and 12B illustrate exemplary 
embodiments in the form of a mouse 172 and a pointing 
device 174. In another exemplary embodiment, FIG. 13 illus 
trates a gesture interface 170 that may be utilized as a human 
interface device for computer applications, as an alternative 
to the mouse and pointing devices of FIGS. 12A and 12B, and 
potentially the need even for a computer keyboard, as Soft 
ware used on a computer system connected to gesture inter 
face 170 may be programmed to respond to a sophisticated 
range of hand gestures that could represent the keys on a 
computer keyboard. In this manner, gesture interface 170 can 
mimic an actual computer keyboard. AIR-based hand gesture 
recognition device would typically involve a receiver array 
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with an IR emitter in the middle allowing gestures to be 
determined by a combination of IR reflections as unique 
range-based spatial or temporal patterns recorded by the 
receiver array. Examples of gestures intuitively recognized 
from a human hand are “push”, “grab”, “expand', and 
'Swipe' (any direction). A microprocessor can recognize the 
unique patterns and display them on a computer screen, or 
perform a representative action. 
0090. It is also contemplated that transmitting devices, 
such as transmitting device 10 and emitter 17, may be fixed 
while an array of receivers 12 may be mobile and/or worn or 
carried by a user. Such a configuration may be used to allow 
a user to obtain precise positioning information for a mobile 
display allowing interactive input to a gaming device, for 
example, and Vice versa. As another example, an array of 
receivers 12 could be mounted on a personal digital assistant 
(or other portable computing device) that is carried by an 
individual. At the same time, a plurality of transmitting 
devices 10 can be mounted throughout a shopping mall. As 
the user walks through the shopping mall, the personal digital 
assistant can provide precise mapping information to the user, 
indicating to the user exactly where the user is located within 
the shopping mall Other applications of having mobile 
receivers 12 will now occur to those of skill in the art. It 
should now also be apparent that applications can exist where 
both transmitting devices 10 and an array of receivers 12 are 
both mobile. 

0091. In another exemplary embodiment, an array of 
transmitting devices 10 and an array 16 of receivers 12 may 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 configured to detect 
whether any movement in the fixed relation occurs. For 
example, Sucha system can be used in a burglar alarm system, 
where transmitting devices 10 are affixed to doors and win 
dows, and the array 16 of receivers 12 are affixed to a wall 30 
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. 
0092. The configuration of receivers 12 in FIG.3 depicts a 
three-dimensional cube of receivers 12. Such a configuration 
of receivers 12 may be used in a room, or multiple rooms of a 
building. Transmitters 10 that are active within the room can 
then be affixed to objects (or persons), to track their location 
within the room (or the entire building if the building is so 
equipped). In this example, a display unit may be replaced 
with computer tracking software that keeps track of where 
those objects are located in that room. This particular system 
can be duplicated in each room of the building, and wherein 
each array 16 of receivers 12 in the building is linked together 
wired or wirelessly, thereby providing a means for tracking 
the location of objects (or persons) as they move throughout 
the entire room or building. For example, an entire shopping 
mall could be outfitted with a plurality of arrays 16 of receiv 
ers 12, and individual customers provided with transmitting 
devices 10, thereby providing a means to track the movement, 
and thereby the shopping patterns, of particular individuals. 
0093. In an exemplary embodiment, it is also contem 
plated that every transmitting device 10 that is operable with 
multiple different arrays of receiver units 12 may be uniquely 
coded, in the preamble segment 34, thereby providing a 
means to track every individual transmitting device 10 in a 
centralized or master database. Such unique coding can 
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include encryption or other security measures to allow them 
to be properly authenticated to operate with corresponding 
receiver units 12. 
0094. It is also contemplated, for exemplary embodi 
ments, that the teachings herein can be applied to Surgical 
procedures. For example, transmitting devices 10 can be 
affixed to a Surgical instrument or implantable medical device 
and to various biological landmarks inside the patient. An 
array of receivers 12 proximal to the operating arena can then 
be connected to a computing device to give data as to where 
the Surgical instrument or medical device is located in relation 
to the biological landmark. For example, a small radio trans 
mitter device 10 (or a plurality thereof) can be affixed at a 
blockage point in an artery. A second transmitter device 10 (or 
a plurality thereof) can be affixed to a stent to be implanted at 
the blockage point. During insertion of the, Stent, the array of 
receiver units 12 can communicate with the stent and the 
blockage point to ensure proper locating of the stent. 
0.095 Another exemplary embodiment includes a direc 
tional light-switch and dimmer apparatus. Using a transmit 
ting device 10 affixed between two signal receivers 12 such 
that the emitted signal reflects off from a moving object in 
Such a manner that one signal receiver receives a low-range 
reflection before another, allows for a directional object 
motion to be determined. A microprocessor may employ Suit 
able detection logic to determine a switch ON state based on 
one directional movement, and a switch OFF state as the 
opposite directional movement. Dimming of a light intensity, 
for example, may be based on the range measurement using 
both receivers simultaneously when the switch is in the ON 
State. 

0096. Another example of applicability of various exem 
plary embodiments herein is the field of industrial robotics. 
An individual robot on an assembly line can be outfitted with 
a plurality of transmitting devices 10, typically located at 
points on the robot that can move. The array of receiver units 
12 and associated processing electronics that are proximal to 
the robot can then determine, with great precision, 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 relying on rela 
tive positioning determinations that are effected by measur 
ing the number of turns of a servo motor controlling the robot. 
0097 Another example of applicability of various exem 
plary embodiments herein is the field of golf Swing analysis. 
A golf “mat”, shown at 176 in FIG. 14, may be outfitted with 
transmitting devices 10 to emit a signal that reflects off from 
the golf club foot, such that the reflected signals are received 
by suitable array of receiver units 12. The reflected path is 
measured and used to determine the position of the club foot, 
hence the club foot path can be calculated, yielding useful 
information to the golfer for Swing practice purposes. Useful 
information to be discerned are the club Swing speed (typi 
cally up to 100 MPH), alignment relative to a centerline, and 
the height of the Swing arc relative to a golfball positioned in 
the mat area. The range capture speed must be up to 10,000 
samples per second to accurately capture a fast golf swing for 
analysis purposes. 
0098. Another example of applicability of various exem 
plary various embodiments herein 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 170, and as such may use a 6DOF control 
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ler 180 as shown in FIG. 14. Where the user has a transmitting 
device 10 affixed to all limbs and fingers, a computing device 
that interconnects the array of receiver units 12 and the virtual 
reality display helmet can present an immersive reality expe 
rience to the user. 

0099 FIG. 16 shows a general computer system 190 on 
which exemplary embodiments may be practiced. The gen 
eral computer system comprises information relay module 
192. In some embodiments, the information relay module 192 
comprises a module for providing audible cues, such as 
speakers via soundcard 218. In some embodiments, the infor 
mation relay module includes a display device or module 194 
with a display screen 196. Examples of display device are 
Cathode Ray Tube (CRT) devices, Liquid Crystal Display 
(LCD) Devices etc. The general computer system can also 
have other additional output devices like a printer. The cabi 
net 198 houses the additional basic components of the general 
computer system such as the microprocessor, memory and 
disk drives. In a general computer system the microprocessor 
is any commercially available processor of which x86 pro 
cessors from Intel and 680XO series from Motorola are 
examples. Many other microprocessors are available. The 
general computer system could be a single processor System 
or may use two or more processors on a single system or over 
a network. The microprocessor for its functioning uses a 
Volatile memory that is a random access memory Such as 
dynamic random access memory (DRAM) or static memory 
(SRAM). The disk drives are the permanent storage medium 
used by the general computer System. This permanent storage 
may be a magnetic disk, a flash memory and a tape. This 
storage may be removable like a floppy disk or permanent 
such as a hard disk. Besides this the cabinet 198 may also 
house other additional components like a compact disc read 
only memory (CD-ROM) drive, sound card, video card etc. 
The general computer system may also include various input 
devices such as, for example, a keyboard 200 and a mouse 
202. The keyboard and the mouse may be connected to the 
general computer system through wired or wireless links. The 
mouse 202 may be a two-button mouse, three-button mouse 
or a scroll mouse. Besides the said input devices there may be 
other input devices like a light pen, a track ball, etc. The 
microprocessor is configured to execute a program called the 
operating system for the basic functioning of the general 
computer system. The examples of operating systems are 
UNIXTM, WINDOWSTM and OS XTM. These operating sys 
tems allocate the computer system resources to various pro 
grams and help the users to interact with the system. It should 
be understood that the disclosure is not limited to any par 
ticular hardware comprising the computer system or the Soft 
ware running on it. 
0100 FIG. 17 shows the internal structure of the general 
computer system of FIG. 15. The general computer system 
190 includes various subsystems interconnected with the help 
of a system bus 204. The microprocessor 206 communicates 
and controls the functioning of other Subsystems. Memory 
208 helps the microprocessor in its functioning by storing 
instructions and data during its execution. Fixed drive 210 is 
used to hold the data and instructions permanent in nature like 
the operating system and other programs. Display adapter 
212 is used as an interface between the system bus and the 
display device 194, which is generally a monitor. A network 
interface 214 is used to connect the computer with other 
computers on a network through wired or wireless means. 
The system is connected to various input devices like key 
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board 200 and mouse 202 and output devices like a printer 
216 or speakers. Various configurations of these Subsystems 
are possible. It should also be noted that a system implement 
ing exemplary embodiments may use less or more number of 
the subsystems than described above. The computer screen 
which displays the results can also be a separate computer 
system than that which contains components such as a data 
base and the other modules described above. 
0101. Other exemplary embodiments are also provided as 
described below: 
0102. In an exemplary embodiment, there is provided a 
signal transmitting device for conveying a signal for use in 
determining a distance between the signaling device and a 
remote location, comprising a source transmitter operable to 
transmit a train of pulses forming a data stream representing 
a message including a series of preamble pulses having a 
common carrier frequency and a relatively constant pulse 
strength, the series of preamble pulses having a pattern cor 
responding to a predetermined preamble segment of the mes 
sage, the data stream including a series of body pulses repre 
sentative of a body segment of the message, the body pulses 
including a common carrier frequency with the headerpulses, 
each of the body pulses having a pulse strength, the pulse 
strength varying across the series of body pulses in a prede 
termined pulse strength pattern. 
0103) In an exemplary embodiment, there is provided a 
device as defined, the source transmitter being operable for 
generating a series of body pulses with a progressively 
increasing pulse strength. 
0104. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter being operable for 
generating a series of body pulses with a progressively 
decreasing pulse strength. 
0105. In an exemplary embodiment, there is provided a 
device as defined 1, the source transmitter being operable for 
generating a series of body pulses with a varying pulse 
strength from one pulse to another in the series. 
0106. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter being operable for 
generating a series of body pulses with a varying pulse 
strength from one pulse to another in the series, according to 
a fixed or varying pattern 
0107. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter being operable for 
generating a series of body pulses with a varying pulse 
strength from one pulse to another in the series according to a 
predetermined algorithm. 
0108. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter being operable with 
carrier frequencies including near infrared, far infrared, vis 
ible, laser, ultra-violet, high frequency radio, ultrasonic, and 
combinations and modulations thereof. 
0109. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter being operable to 
deliver the series of header and body pulses at pulsing speeds 
ranging from 10 to 10,000 KHZ for pulses transmitted at 
visible light or infrared carrier frequencies, from 100 KHZ to 
10 GHz for pulses transmitted at radio carrier frequencies, 
and from 10 Hz to 100 KHZ for pulses transmitted at ultra 
Sonic carrier frequencies. 
0110. In an exemplary embodiment, there is provided a 
device as, the preamble segment including unique identity 
including one or more unique data field code-words assigned 
to the source transmitter. 
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0111. In an exemplary embodiment, there is provided a 
device as defined, wherein the signals are identifiable by at 
least one preamble or data field identity code, operational data 
field, time-synchronizing data code, and/or ranging code. 
0112. In an exemplary embodiment, there is provided a 
device as defined, the signal including a signal ranging code, 
wherein the different versions of the pulse pattern are identi 
fiable using variable radiated signal strength that is varied in 
a sequence which includes the actual data code. 
0113. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter is affixed to a 
pointing device and the electronic circuit is coupled with an 
input device operatively associated with a personal computer 
having a display device and Such that the pointing device is 
operable to move a cursor on the display device. 
0114. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter including a carrier 
code generator to generate a carrier waveform, a signal code 
generator to generate a signal waveform. 
0115. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform, including an identity code wave 
form and a data field code waveform together or in Succes 
S1O. 

0116. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate an encryption waveform. 
0117. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform, including a identity code wave 
form, a data field code waveform and/or an encryption wave 
form together or in Succession. 
0118. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a ranging segment waveform. 
0119. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform, including a identity code wave 
form, a data field code waveform an encryption waveform, 
and/or a ranging segment waveform, together or in Succes 
S1O. 

0120 In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform. 
0121. In an exemplary embodiment, there is provided a 
device as defined, further comprising a processor, the proces 
Sor configured to control the generation of a signal waveform 
including a ranging segment waveform, according to a power 
function, R(x)=x, where R(x) is a power level, and where x is 
a pulse number which increases from Zero to N, and N is a 
maximum power level. 
0122. In an exemplary embodiment, there is provided a 
device as defined, further comprising a processor, the proces 
Sor configured to control the generation of a signal waveform 
including a ranging segment waveform, according to a power 
function, R(x)=N-X, where R(x) is a power level, and where 
X is a pulse number which increases from Zero to N, and N is 
a maximum power level. 
0123. In an exemplary embodiment, there is provided a 
device as defined, further comprising a processor, the proces 
Sor configured to control the generation of a signal waveform 
including a ranging segment waveform, according to a power 
function, R(X) as an increasing and/or decreasing, nonlinear 
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and/or linear range-code, or an algorithm carrying out one or 
more Subroutines to select or identify elements of the ranging 
segment waveform. 
0.124. In an exemplary embodiment, there is provided a 
device as defined, the processor communicating with a power 
level controller, the carrier code generator, the signal code 
generator and the power level controller communicating with 
an emitter for emitting the signal. 
0.125. In an exemplary embodiment, there is provided a 
device as defined, the power level controller configured to set 
a corresponding power level for each pulse in the ranging 
segment being according to instructions received from the 
processor. 
I0126. In an exemplary embodiment, there is provided a 
device as defined, further comprising a memory for storing 
values of R(x), the values accessible to the processor and/or 
the power level controller. 
I0127. In an exemplary embodiment, there is provided a 
device as defined, the signal including a signal strength code 
for receiving the amplitude information, a transmitter detec 
tor code for determining an identity of the transmitting 
device, a data signal extractor code for determining any spe 
cific data embedded in the radio signal respective to the trans 
mitting device. 
I0128. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter including a power 
Supply, a signal strength code generator, a carrier code gen 
erator interconnected by a signal modulator, the transmitter 
device further comprising a pulse shaping module for shaping 
a waveform output from the signal modulator; the transmitter 
device further comprising a wave emitter connected to an 
output of the pulse shaping modulator for outputting the 
signal. 
I0129. In an exemplary embodiment, there is provided a 
device as defined, the wave emitter including an infra-red or 
light emitting diode, a laser emitter, a radio antenna and/or a 
piezo-coupler. 
0.130. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator being coupled to 
a microprocessor. 
I0131. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator further compris 
ing a Switch for selectively changing the signal strength code 
to another code when the switch is activated. 
0.132. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter device is incorpo 
rated into a light Switch, a computer interface including a 
mouse, a tilt-joystick, a pointer controller, a six-degree-of 
freedom interface, or a gesture interface. 
I0133. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter is incorporated into 
a Surgical instrument. 
I0134. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter is incorporated into 
an industrial robot, a golfmat, or speed measurement device. 
I0135) In an exemplary embodiment, there is provided a 
signal receiving device for receiving a signal from a signal 
transmitting device for determining a position and/or range of 
a remote location relative to a source location, comprising a 
receiver to be located at the remote location, the receiver 
operable to receive the signal, the signal including a train of 
pulses forming a data stream representative of a message, the 
train of pulses including a series of preamble pulses having a 
common carrier frequency and a relatively constant pulse 
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strength, the series of preamble pulses having a pattern cor 
responding to a predetermined preamble segment of the mes 
sage and a series of body pulses, the body pulses having a 
common carrier frequency with the header pulses and repre 
sentative of a body segment of the message, each of the body 
pulses having a pulse strength, the pulse strength varying 
across the series of body pulses in a predetermined pulse 
strength pattern, the receiver being operable to identify the 
body pulses received in the train of pulses above a predeter 
mined body pulse strength threshold value. 
0136. In an exemplary embodiment, there is provided a 
device as defined, the receiver being operable to count body 
pulses received in the train of pulses above the predetermined 
body pulse strength threshold value, the count indicative of 
the position and/or range. 
0.137 In an exemplary embodiment, there is provided a 
device as defined, the preamble segment including unique 
identity including one or more unique data field code-words 
assigned to the Source transmitter. 
0.138. In an exemplary embodiment, there is provided a 
device as defined, wherein the signals are identifiable by at 
least one preamble or data field identity code, operational data 
field, time-synchronizing data code, and/or ranging code. 
0.139. In an exemplary embodiment, there is provided a 
device as defined, the signal including a signal ranging code, 
wherein the different versions of the pulse pattern are identi 
fiable using variable radiated signal strength that is varied in 
a sequence which includes the actual data code. 
0140. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter is affixed to a 
pointing device and the electronic circuit is coupled with an 
input device operatively associated with a personal computer 
having a display device and Such that the pointing device is 
operable to move a cursor on the display device. 
0141. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter including a carrier 
code generator to generate a carrier waveform, a signal code 
generator to generate a signal waveform. 
0142. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform, including an identity code wave 
form and a data field code waveform together or in Succes 
S1O. 

0143. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate an encryption waveform. 
0144. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform, including a identity code wave 
form, a data field code waveform and/or an encryption wave 
form together or in Succession. 
0145. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a ranging segment waveform. 
0146 In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform, including a identity code wave 
form, a data field code waveform an encryption waveform, 
and/or a ranging segment waveform, together or in Succes 
S1O. 

0147 In an exemplary embodiment, there is provided a 
device as defined, the signal code generator configured to 
generate a signal waveform. 
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0.148. In an exemplary embodiment, there is provided a 
device as defined, further comprising a processor, the proces 
Sor configured to control the generation of a signal waveform 
including a ranging segment waveform, according to a power 
function, R(x)=x, where R(x) is a power level, and where x is 
a pulse number which increases from Zero to N, and N is a 
maximum power level. 
0149. In an exemplary embodiment, there is provided a 
device as defined, further comprising a processor, the proces 
Sor configured to control the generation of a signal waveform 
including a ranging segment waveform, according to a power 
function, R(x)=N-X, where R(x) is a power level, and where 
X is a pulse number which increases from Zero to N, and N is 
a maximum power level. 
0150. In an exemplary embodiment, there is provided a 
device as defined, further comprising a processor, the proces 
Sor configured to control the generation of a signal waveform 
including a ranging segment waveform, according to a power 
function, R(X) as an increasing and/or decreasing, nonlinear 
and/or linear range-code, or an algorithm carrying out one or 
more Subroutines to select or identify elements of the ranging 
segment waveform. 
0151. In an exemplary embodiment, there is provided a 
device as defined, the processor communicating with a power 
level controller, the carrier code generator, the signal code 
generator and the power level controller communicating with 
an emitter for emitting the signal. 
0152. In an exemplary embodiment, there is provided a 
device as defined, the power level controller configured to set 
a corresponding power level for each pulse in the ranging 
segment being according to instructions received from the 
processor. 

0153. In an exemplary embodiment, there is provided a 
device as defined, further comprising a memory for storing 
values of R(x), the values accessible to the processor and/or 
the power level controller. 
0154) In an exemplary embodiment, there is provided a 
device as defined, the signal including a signal strength code 
for receiving the amplitude information, a transmitter detec 
tor code for determining an identity of the transmitting 
device, a data signal extractor code for determining any spe 
cific data embedded in the radio signal respective to the trans 
mitting device. 
0.155. In an exemplary embodiment, there is provided a 
device as defined, the source transmitter including a power 
Supply, a signal strength code generator, a carrier code gen 
erator interconnected by a signal modulator, the transmitter 
device further comprising a pulse shaping module for shaping 
a waveform output from the signal modulator; the transmitter 
device further comprising a wave emitter connected to an 
output of the pulse shaping modulator for outputting the 
signal. 
0156. In an exemplary embodiment, there is provided a 
device as defined, the wave emitter including an infra-red or 
light emitting diode, a laser emitter, a radio antenna and/or a 
piezo-coupler. 
0157. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator being coupled to 
a microprocessor. 
0158. In an exemplary embodiment, there is provided a 
device as defined, the signal code generator further compris 
ing a Switch for selectively changing the signal strength code 
to another code when the switch is activated. 
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0159. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter device is incorpo 
rated into a light Switch, a computer interface including a 
mouse, a tilt-joystick, a pointer controller, a six-degree-of 
freedom interface, or a gesture interface. 
0160. In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter is incorporated into 
a Surgical instrument. 
0161 In an exemplary embodiment, there is provided a 
device as defined, wherein the transmitter is incorporated into 
an industrial robot, a golfmat, or speed measurement device. 
0162. In an exemplary embodiment, there is provided a 
system for range finding between a signal transmitter and a 
signal receiver comprising: 

0163 a signal transmitter operable to transmit a ranging 
signal having train of pulses forming a data stream rep 
resenting a ranging message including a series of pre 
amble pulses having a common carrier frequency and a 
relatively constant pulse strength, the series of preamble 
pulses having a pattern corresponding to a predeter 
mined preamble segment of the message, the data stream 
including a series of body pulses representative of a 
body segment of the message, the body pulses having a 
common carrier frequency with the header pulses, each 
of the body pulses having a pulse strength, the pulse 
strength varying across the series body pulses in a pre 
determined pulse strength pattern, 

0164 one or more signal receivers to be located at the 
remote location, the receiver operable to receive the train 
of pulses; 

0.165 one or more signal processors, operable to com 
municate with the receivers to identify the body pulses 
received in the train of pulses above a predetermined 
body pulse strength threshold value and to associate the 
body pulses received in the train of pulses above a pre 
determined body pulse strength threshold value with a 
range value. 

0166 In an exemplary embodiment, there is provided a 
system for range finding between a signal transmitter and a 
signal receiver comprising: 

0.167 a plurality of signal transmitters, each operable to 
transmit a ranging signal having a corresponding train of 
pulses forming a data stream representing a ranging 
message including a series of preamble pulses having a 
common carrier frequency and a relatively constant 
pulse strength, the series of preamble pulses having a 
pattern corresponding to a predetermined preamble seg 
ment of the message, each preamble segment including 
data representative of an identity of the corresponding 
signal transmitter, the data stream including a series of 
body pulses representative of a body segment of the 
message, the body pulses having a common carrier fre 
quency with the preamble pulses, each of the body 
pulses having a pulse strength, the pulse strength vary 
ing across the series of body pulses in a predetermined 
pulse strength pattern, 

0168 one or more signal receivers to be located at or 
near the remote location, the receiver operable to receive 
the train of pulses; 

0169 one or more signal processors, operable to com 
municate with the receivers to identify the body pulses 
received in the train of pulses above a predetermined 
body pulse strength threshold value and to associate the 
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body pulses received in the train of pulses above a pre 
determined body pulse strength threshold value with a 
range value. 

0170 In an exemplary embodiment, there is provided a 
system as defined, the one or more signal processors operable 
to count the body pulses received in the train of pulses above 
the predetermined body pulse strength threshold value, the 
count value being representative of the range value. 
0171 In an exemplary embodiment, there is provided a 
system as defined the signal transmitters including a first 
signal transmitter, the one or more receivers including a first 
receiver located proximal to the first signal transmitter and a 
second receiver located distal to the first signal transmitter, 
the first receiver achieving a higher count value than the 
second receiver. 
0172. In an exemplary embodiment, there is provided a 
system as defined, the signal transmitters including a first 
signal transmitter, the one or more receivers including a first 
receiver to generate a first count value, the first receiver count 
value being reduced with increasing distance between the first 
signal transmitter and the first receiver. 
0173. In an exemplary embodiment, there is provided a 
system as defined, the signal transmitters includes a first 
transmitter and a second transmitter, each configured to trans 
mit respective first and second ranging signals, each includ 
ing a unique preamble segment, the one or more signal receiv 
ers including a first receiver and a second receiver at least one 
of signal processors being operable to communicate with the 
first receiver to associate the body pulses received in the train 
of pulses from the first transmitter above a predetermined 
body pulse strength threshold value with a first range value, 
the second signal processor operable to communicate with 
the second receiver to associate the body pulses received in 
the train of pulses from the second transmitter above a pre 
determined body pulse strength threshold value with a second 
range value. 
0.174. In an exemplary embodiment, there is provided a 
system as defined, the signal processors including a first 
signal processor communicating with the first receiver and a 
second signal processor communicating with the second pro 
CSSO. 

0.175. In an exemplary embodiment, there is provided a 
system as defined, further comprising at least one reflective 
Surface between the signal transmitters and signal receivers 
and, for each signal receiver, the corresponding range value 
relating to the distance between the signal transmitter and the 
reflective surface added to the distance between the reflective 
surface and the receiver. 
0176). In an exemplary embodiment, there is provided a 
method of finding range between a source location and a 
remote location, comprising: 

0.177 issuing, from the source location, a train of pulses 
forming a data stream representing a message and 
including a series of preamble pulses having a common 
carrier frequency and a relatively constant pulse 
strength, the series of preamble pulses having a pattern 
corresponding to a predetermined preamble segment of 
the message, the data stream including a series of body 
pulses representative of a body segment of the message, 
the body pulses having a common carrier frequency with 
the preamble pulses, each of the body pulses having a 
pulse strength, the pulse strength varying across the 
series of body pulses in a predetermined pulse strength 
pattern, 
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0.178 receiving, at the remote location, the train of 
pulses; 

0179 identifying the body pulses received in the train of 
pulses above a predetermined body pulse strength 
threshold value; and 

0180 associating the train of pulses above a predeter 
mined body pulse strength threshold value with a range 
value between the Source and remote locations. 

0181. In an exemplary embodiment, there is provided a 
method of finding range between a plurality of source loca 
tions and a plurality of remote locations, comprising: 
0182 issuing, from each source location, a ranging signal 
including a train of pulses forming a data stream representing 
a ranging message and including a series of preamble pulses, 
the preamble pulses having a common carrier frequency and 
a relatively constant pulse strength, the series of preamble 
pulses having a pattern corresponding to a predetermined 
preamble segment of the message and unique to the Source 
location, the data stream including a series of body pulses 
representative of a body segment of the message, the body 
pulses having a common carrier frequency with the header 
pulses, each of the body pulses having a pulse strength, the 
pulse strength varying across the series of body pulses in a 
predetermined pulse strength pattern; 
0183 receiving the ranging signal at each remote location; 
0184 identifying, in each ranging signal, the body pulses 
received in the train of pulses above a predetermined body 
pulse strength threshold value; and 
0185 associating, for reach ranging signal, the train of 
pulses above a predetermined body pulse strength threshold 
value with a range value between the respective source and 
remote locations. 
0186. In an exemplary embodiment, there is provided a 
system for sensing position, comprising a transmitter oper 
able to transmit a signal including a train of pulses with 
varying pulse strength along the train to form a pulse pattern, 
a plurality of receivers in spaced relation relative to the trans 
mitter and one another, each receiver operable to receive the 
signal with a different version of the pulse pattern according 
to the position of the receiver relative to the transmitter; and 
an electronic circuit coupled to the receiver and operable to 
determine a location of the transmitter, based on a comparison 
of the corresponding versions of the pulse pattern received by 
each receiver. 
0187. In an exemplary embodiment, there is provided a 
system as defined, further comprising at least one additional 
transmitter, each of the transmitters operable to transmit a 
signal having a unique identity, the electronic circuit further 
operable to distinguish each of the transmitters from the other 
based on the unique identity, the electronic circuit being fur 
ther operable to determine a location of each of the transmit 
ting devices Substantially simultaneously. 
0188 In an exemplary embodiment, there is provided a 
system as defined, each receiver including a wave energy 
input device which is spaced from each of the wave energy 
input devices of the other receivers at a distance independent 
of the wavelength of the signal. 
0189 In an exemplary embodiment, there is provided a 
system as defined, the signals being based on a predetermined 
pulse strength coding scheme and/or a predetermined pulse 
coding scheme. 
0190. In an exemplary embodiment, there is provided a 
system as defined, the signals including one or more groups of 
pulses. 
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0191 In an exemplary embodiment, there is provided a 
system as defined, the unique identity including one or more 
unique data field code-words assigned to each transmitter. 
0.192 In an exemplary embodiment, there is provided a 
system as defined, wherein the signals are identifiable by at 
least one preamble or data field identity code, operational data 
field, time-synchronizing data code, and/or ranging code. 
0193 In an exemplary embodiment, there is provided a 
system as defined, the signal including a signal ranging code, 
wherein the different versions of the pulse pattern are identi 
fiable using variable radiated signal strength that is varied in 
a sequence which includes the actual data code. 
0194 In an exemplary embodiment, there is provided a 
system as defined, wherein the transmitter is affixed to a 
pointing device and the electronic circuit is coupled with an 
input device operatively associated with a personal computer 
having a display device and Such that the pointing device is 
operable to move a cursor on the display device. 
0.195. In an exemplary embodiment, there is provided a 
system as defined, wherein the pointing device includes at 
least one button for user actuation and the signals are based on 
what is available directly, coded into, and/or modulated in the 
preamble. 
0196. In an exemplary embodiment, there is provided a 
system as defined, the transmitter device including a power 
Supply including at least one battery, Solar cell, and/or coil. 
0.197 In an exemplary embodiment, there is provided a 
system as defined, the coil being operable to receive energy 
from an EM powering field radiating proximal to the power 
Supply. 
0.198. In an exemplary embodiment, there is provided a 
system as defined, the coil operable to induce electrical 
energy from a magnetic field by mechanical motion. 
0199. In an exemplary embodiment.-The system compris 
ing two receivers and the location is expressed as a range and 
a variation in a single-dimension. 
0200. In an exemplary embodiment, there is provided a 
system wherein at least one of the transmitters and at least one 
of the receivers remain fixed during operation for the purpose 
of self calibrating. 
0201 In an exemplary embodiment, there is provided a 
system comprising at least three of the receivers arranged in a 
first triangular grouping and at least three receivers grouped 
in a second grouping, the electronic circuit being operable to 
receive a first input from the first grouping and further oper 
able to receive a second input from a second grouping, the 
groupings having only one of the receivers in common, the 
electronic circuit further operable to determine a range and at 
least two dimensional position of the transmitter based on a 
comparison of the first input and the second input. 
0202 In an exemplary embodiment, there is provided a 
system comprising at least four receiver units arranged in a 
rectangular format, the electronic circuit operable to receive 
four separate inputs from four respective pairings of two 
receivers each, the electronic circuit further operable to deter 
mine a three dimensional position of the transmitting device 
based on a comparison of the separate inputs. 
0203. In an exemplary embodiment, there is provided a 
system, wherein the rectangular format is a plane arranged 
around a periphery of a computer display. 
0204. In an exemplary embodiment, there is provided a 
system, comprising at least eight receiver units arranged in a 
cube, the electronic circuit operable to receive eight separate 
inputs from eight respective pairings of the eight receiver 
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units in groups of two, 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. 
0205. In an exemplary embodiment, there is provided a 
system, the electronic circuit including at least a multichannel 
channel processor connected to the receivers, a detector and a 
position calculator connected to the multiple channel proces 
Sor, and an output device for presenting the location to an 
electronic peripheral attachable to the output device. 
0206. In an exemplary embodiment, there is provided a 
system, the electronic peripheral being a general purpose 
computer and a display device, the general purpose computer 
being configured to present a representation of the location on 
the display device. 
0207. In an exemplary embodiment, there is provided a 
system, the multiple channel processor including a digital 
signal receiver coupled to the receiver unit to receive input 
therefrom, the channel processor further comprising a detec 
tor, a band-pass filter, an automatic gain controller, and/or a 
threshold programmable comparator; the channel processor 
further comprising a signal strength data calculator for deter 
mining pulse count information from the received digital 
signals and for outputting the pulse count information 
0208. In an exemplary embodiment, there is provided a 
system, the signal including a signal strength code for receiv 
ing the amplitude information, a transmitter detector code for 
determining an identity of the transmitting device, a data 
signal extractor code for determining any specific data 
embedded in the radio signal respective to the transmitting 
device. 
0209. In an exemplary embodiment, there is provided a 
system, the transmitter including a power Supply, a signal 
strength code generator, a carrier code generator intercon 
nected by a signal modulator; the transmitter device further 
comprising a pulse shaping module for shaping a waveform 
output from the signal modulator; the transmitter device fur 
ther comprising a wave emitter connected to an output of the 
pulse shaping modulator for outputting the signal. 
0210. In an exemplary embodiment, there is provided a 
system, the wave emitter including an infra-red or light emit 
ting diode, a laser emitter, a radio antenna and/or a piezo 
coupler. 
0211. In an exemplary embodiment, there is provided a 
system, the signal code generator being coupled to a micro 
processor. 
0212. In an exemplary embodiment, there is provided a 
system, the signal code generator further comprising a Switch 
for selectively changing the signal strength code to another 
code when the Switch is activated. 
0213. In an exemplary embodiment, there is provided a 
system wherein the transmitter device is incorporated into a 
computer interface including a mouse, a tilt-joystick, a 
pointer controller, a six-degree-of-freedom interface, or a 
gesture interface. 
0214. In an exemplary embodiment, there is provided a 
system wherein, the transmitter is incorporated into a Surgical 
instrument. 
0215. In an exemplary embodiment, there is provided a 
system wherein the transmitter is incorporated into an indus 
trial robot, a golf mat, or speed measurement device. 
0216. In an exemplary embodiment, there is provided a 
system, wherein each receiver includes a wave energy input 
device and a receiver element. 
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0217. In an exemplary embodiment, there is provided a 
system, the wave energy input device including a diode, 
antenna, or piezo-coupler. 
0218. In an exemplary embodiment, there is provided a 
system, wherein the receiver element comprises a low-noise 
amplifier connected to the wave energy input device, a band 
pass filter connected to the low-noise amplifier, and an auto 
matic gain controller circuit connected to the band-pass filter 
for outputting to the electronic circuit, and feeding back to the 
low-noise amplifier, and a programmable threshold compara 
tor, output to a pulse counting processor. 
0219. In an exemplary embodiment, there is provided a 
transmitting device operable to transmit a signal, the trans 
mitter for communication with one or more receiver units in 
spaced relation to the transmitter and an electronic circuit 
connected to at least one receiver to receive a radio signal in 
order to determine a range of the transmitting device accord 
ing to a variation in signal strength of the radio signal over a 
predetermined sensing time period. 
0220. In an exemplary embodiment, there is provided a 
receiver unit operable to receive a 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 ver 
sion of the 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 signal transmitting device in relation to the receiver units 
based on a comparison between each the different version of 
the signal. 
0221. In an exemplary embodiment, there is provided a 
method for sensing position comprising receiving a first sig 
nal from a first transmitting device, the version including a 
body segment therein with a first version of a train of pulses; 
receiving a second signal from the first transmitting device, 
the second segment including the body segment with a second 
version of the train of pulses; and determining a location of 
the transmitting device based on a comparison of the first 
version and the second version. 
0222. In an exemplary embodiment, there is provided a 
method further comprising the steps of receiving a first signal 
from a second transmitting device, the first signal including a 
body segment with a first version of a train of pulses, the 
second signal being sent at a different time to the first signal; 
receiving a second signal from the second transmitting 
device, the second signal including a body segment having a 
second version of the train of pulses; determining a range 
and/or location of the first transmitting device based on a 
comparison of the first and second versions of second signal. 
0223) In an exemplary embodiment, there is provided a 
method, the receiving steps including providing a wave 
energy input device to receive the signal and an additional 
wave energy input device to receive the additional signal, the 
wave energy input devices being spaced apart at a fixed dis 
tance independent to the wavelength of the signal and the 
additional signal. 
0224. In an exemplary embodiment, there is provided a 
method, wherein the signal and additional signal are based on 
a code and signal strength variable algorithm. 
0225. In an exemplary embodiment, there is provided a 
method, wherein the simultaneous pulse code and signal 
strength variable algorithm include an incrementally ramped 
sequence, a decrementally ramped sequence, and/or a ran 
domly selected strength code. 



US 2016/022363.6 A1 

0226. In an exemplary embodiment, there is provided a 
method, the algorithm based on a code allowing for a unique 
signal strength pattern of the signal to be identified and a 
unique range to be calculated. 
0227. In an exemplary embodiment, there is provided a 
method, wherein different versions of the signal are identifi 
able via a different pulsed code that are unique code-words 
assigned to each of the transmitting devices. 
0228. In an exemplary embodiment, there is provided a 
method wherein the signal is a radio signal, and the different 
versions of the signal are identifiable via a different signal 
strength code and between the versions. 
0229. In an exemplary embodiment, there is provided a 
method wherein the different versions of the radio signal are 
identifiable using at least one of a radiated signal strength 
coding technique and a pulse-coding technique. 
0230. In an exemplary embodiment, there is provided a 
method, further comprising the steps of providing the trans 
mitting device on a pointing device and providing the elec 
tronic circuit in a coupling 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. 
0231. In an exemplary embodiment, there is provided a 
method, wherein the pointing device includes at least one 
button for user actuation and the signal is based on data 
formatted in the preamble or ranging codeword, and wherein 
an actuation of the button is transmitted to the receiver units 
via altering the codeword for at least one ranging period. 
0232. In an exemplary embodiment, there is provided a 
method wherein a power Supply incorporated into the trans 
mitting device is selected from the group including 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 magnetic field 
by mechanical motion. 
0233. In an exemplary embodiment, there is provided a 
method the unique identity of different transmitting devices is 
effected through unique data field codes in each transmitting 
device. 

0234. In an exemplary embodiment, there is provided a 
system for sensing position comprising at least two transmit 
ting devices each operable to transmit a unique radio signal; at 
least two receiver units—in spaced relation to each other and 
each operable to receive a different version of each signals, 
the receiver units comprising a wave energy input device and 
a receiver element; and, an electronic circuit coupled to the 
receiver element and operable to substantially simulta 
neously determine a location of each of the transmitting 
devices in relation to the receiver units by distinguishing the 
transmitting devices based on the unique data field and based 
on a comparison between each the different version of each 
respective signal. 
0235. In an exemplary embodiment, there is provided a 
system wherein the wave energy input device associated with 
each of the receiver units are spaced apart at a distance inde 
pendent of the wavelength of the radio signal. 
0236. In an exemplary embodiment, there is provided a 
system wherein the signals include unique data field code 
words assigned to each of the transmitting devices. 
0237. In an exemplary embodiment, there is provided a 
system wherein the different versions of the signal are iden 
tifiable using at least one of a radiated signal strength tech 
nique and a pulse-coding technique. 
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0238. In an exemplary embodiment, there is provided a 
transmitting system for identifying and locating one or more 
transmitting devices in a transmitting area, comprising at 
least one transmitting means for transmitting a signal on a 
propagating medium throughout the transmitting area and 
coupling the signal to the propagating medium, the transmit 
ting signal comprising a combined pulsed coding component 
and a signal strength coding component; each transmitted 
signal including a unique code identifying the respective 
device; signal receiving means associated with the transmit 
ting area and connected to the propagating medium to receive 
at least one transmitting signal from the one or more trans 
mitting devices; means for decoding the transmitting signal to 
identify at least one of the transmitting devices, and further 
including means for determining the position of at least one of 
the transmitting devices in the transmitting range. 
0239. In an exemplary embodiment, there is provided a 
transmitting system, wherein the one or more transmitting 
devices are active devices. 

0240. In an exemplary embodiment, there is provided a 
transmitting system, further including means for generating 
an energy field in the propagating medium within the trans 
mitting range. 
0241. In an exemplary embodiment, there is provided a 
transmitting system, wherein, the energy field includes a sig 
nal strength varying component. 
0242. In an exemplary embodiment, there is provided a 
transmitting-system, wherein each of the transmitting 
devices includes a means to receive a signal through the 
energy field for active transmitting device operation. 
0243 In an exemplary embodiment, there is provided a 
transmitting system, wherein the energy field includes an EM 
field, a visible light energy field, a magnetic field, or an 
acoustic field. 

0244. In an exemplary embodiment, there is provided a 
transmitting system, wherein the propagating medium com 
prises free space in the transmitting range. 
0245. In an exemplary embodiment, there is provided a 
transmitting system, wherein the propagating medium com 
prises an occlusion in the transmitting range. 
0246. In an exemplary embodiment, there is provided a 
transmitting system, wherein the signal-strength variation 
and pulse coding represents a unique strength level coding 
and/or range coding. 
0247. In an exemplary embodiment, there is provided a 
transmitting system, wherein the signal strength coding is a 
forward-ramped or reverse ramped code. 
0248. In an exemplary embodiment, there is provided a 
transmitting system, wherein the pulsed-coding signal com 
ponent modulation is Amplitude Shift Keying (ASK). 
0249. In an exemplary embodiment, there is provided a 
transmitting system, wherein the pulsed-coding signal com 
ponent modulation is Frequency Shift Keying (FSK). 
0250 In an exemplary embodiment, there is provided a 
transmitting system, wherein the unique codes of the one or 
more transmitting devices are in the data field. 
0251. In an exemplary embodiment, there is provided a 
transmitting system, wherein the one or more transmitting 
devices are active devices that generate a transmitting signal. 
0252. In an exemplary embodiment, there is provided a 
transmitting system, wherein the transmitting signal is an 
electromagnetic signal. 
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0253) In an exemplary embodiment, there is provided a 
transmitting system, wherein the propagating medium com 
prises an EM reflecting and conducting layer in the transmit 
ting range. 
0254. In an exemplary embodiment, there is provided a 
transmitting system, 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 
transmitting devices includes means for calculating the 
received signal strengths of the radio transmitting signals 
passing through the propagating medium to the plurality of 
signal receivers. 
0255. In an exemplary embodiment, there is provided a 
transmitting system, wherein the means for decoding and 
identifying each of the one or more transmitting devices 
includes a means for comparing and filtering-out received 
transmitting signals to stored identifying codes of the one or 
more transmitting devices. 
0256 In an exemplary embodiment, there is provided a 
transmitting system for identifying and locating one or more 
transmitting devices in a transmitting range, including: a sig 
nal propagating medium for conducting signals throughout 
the transmitting area; at least one of the transmitting devices 
including means for producing a transmitting signal and cou 
pling the signal to the propagating medium; the transmitting 
signal comprising a signal strength coding and/or a pulse 
coding; each transmitting signal including a unique code 
identifying the respective transmitting device; signal receiv 
ing means associated with the transmitting area and con 
nected to the propagating medium to receive at least one 
transmitting signals from the one or more transmitting 
devices; a means for decoding the transmitting signals to 
identify the one or more transmitting devices; and, means for 
determining the position of the one or more transmitting 
devices in the transmitting range. 
0257. In an exemplary embodiment, there is provided a 
transmitting system, wherein a portion of the one or more 
transmitting devices are active devices that generate a trans 
mitting signal, and another portion of the one or more trans 
mitting devices are active transceiver devices. 
0258. In an exemplary embodiment, there is provided a 
system for sensing a location of at least two transmitters, said 
system comprising at least two transmitters, each transmitter 
being operable to transmit a unique signal, at least two receiv 
ers in spaced relation to one another and to said transmitters, 
said at least two receivers each being operable to receive a 
different version of each of said signals, said receivers having 
a wave energy input device and a receiving element, and 
electronic circuit being coupled to said receiving element and 
being operable to Substantially simultaneously determine a 
location of each of said transmitters in relation to said receiv 
ers by distinguishing said transmitters based on a unique data 
field, and based on a comparison between each of said differ 
ent versions of each signal. 
0259. In an exemplary embodiment, there is provided a 
system for sensing a location of a transmitter, said transmitter 
being construed to emit a peculiar signal, said receiver being 
operable to receive said peculiar signal and to identify said 
transmitter based on said peculiar signal, an electric circuit 
coupled to said receiver and being operable to determine a 
location of said transmitter in relation to said receiver based 
on properties of said signal. 
0260. In an exemplary embodiment, there is provided a 
system for sensing position comprising: (a) a transmitter 
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operable to transmit a pulsed wave oriented signal with a 
signal strength variation; (b) at least one receiver placed in 
spaced relation between said transmitter and said receiver; (c) 
said transmitter simultaneously sending a timed burst pattern 
and a power burst pattern; (d) at least one additional receiver, 
each receiver being operable to receive a different version of 
said signal; and (e) an electronic circuit coupled to said 
receivers and operable to determine a position of said trans 
mitter in relation to said receivers based on a comparison 
between each version of said signal. 
0261. In an exemplary embodiment, there is provided a 
system as claimed in, wherein there is at least one additional 
transmitter, each of the transmitters being operable to trans 
mit a signal with an identity and a signal strength variation: 
(a) said electronic circuit being further operable to distinguish 
each of the transmitters from the other transmitters based on 
a received identity signal strength variation and (b) said elec 
tronic circuit being operable to determine a location of said 
transmitters Substantially simultaneously. 
0262. In an exemplary embodiment, there is provided a 
system for sensing a position comprising a plurality of trans 
mitters, each transmitter being operable to transmit a pulsed 
wave oriented signal that is sent simultaneously as a timed 
burst pattern and a power burst pattern, the signal front each 
transmitter being distinguishable front said signals of each of 
the other transmitters, there being a plurality of receivers, 
each receiver being operable to receive a different version of 
said signals from said transmitters, an electronic circuit 
coupled to said receivers and being operable to determine a 
location of each of the said transmitters in relation to said 
receivers based on a comparison between different versions 
of said signals. 
0263. In an exemplary embodiment, there is provided a 
system for detecting a range value between two locations, 
comprising a transmitter associated with a first location and a 
receiver associated with a second location, the transmitter 
operable to emit a train of pulses arranged in identifiable 
groups, each group including a number of pulses that vary in 
discreet values of signal strength, the receiver being operable 
between an inactive condition and an active condition, if the 
strength is greater than a known threshold, and not active 
otherwise. 
0264. In an exemplary embodiment, there is provided a 
system for detecting a range value between two locations, 
comprising a transmitter associated with a first location and a 
receiver associated with a second location, the transmitter 
operable to emit a train of pulses arranged in identifiable 
groups, each group including a number of pulses that vary in 
discreet values of signal strength, the receiver being operable 
between an inactive condition and an active condition, Ve if 
the strength is greater than a known threshold, and not active 
otherwise. 
0265. In an exemplary embodiment, there is provided a 
method for detecting a range value between two locations, 
comprising transmitting, at a first location, a train of pulses 
arranged in identifiable groups, each group including a num 
ber of pulses that vary in discreet values of signal strength, 
receiving the train of pulses at a second location, determining 
a minimum strength in the train of pulses, activating a detect 
ing condition when the minimum strength exceeds a prede 
termined threshold. 
0266. In an exemplary embodiment, there is provided a 
method of determining a relative position of a first location 
relative to a second location, comprising emitting a signal 
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from one of the locations, the signal carrying a sequence of 
pulses that vary in range as a set of discreet values of signal 
strength, receiving the signal from the other of the locations, 
measuring a minimum signal strength value from the signal 
and associating the minimum strength value with a corre 
sponding relative position. 
0267 In an exemplary embodiment, there is provided a 
method as defined, further comprising providing a predeter 
mined threshold for the minimum strength value, and adjust 
ing the predetermined threshold. 
0268. In an exemplary embodiment, there is provided a 
method as defined, the step of associating including accessing 
a lookup table for a correlation between the minimum 
strength value and the corresponding relative position. 
0269. In an exemplary embodiment, there is provided a 
method as defined, the step of associating including accessing 
a predetermined converter function for each minimum 
strength value to generate a corresponding relative position 
value. 
0270. In an exemplary embodiment, there is provided a 
method as defined, further comprising the step of generating 
a signal waveform including a ranging segment waveform, 
according to a power function, R(X) as an increasing and/or 
decreasing, nonlinear and/or linear range-code, or an algo 
rithm carrying out one or more Subroutines to select or iden 
tify elements of the ranging segment waveform. 
0271 In an exemplary embodiment, there is provided a 
method as defined in any one of claims 49 to 56, 60 to 92 and 
108 to 145, further comprising the step of generating a signal 
waveform including a ranging segment waveform, according 
to an algorithm carrying out one or more Subroutines to select, 
identify, or quantify according to one or more power func 
tions, elements of the ranging segment waveform. 
0272. 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. 

I claim: 
1. A device for conveying a signal for determining a dis 

tance travelled by the signal between the device and a 
receiver, the device comprising a transmitter operable to 
transmit a series of pulses having a varying pulse strength that 
varies across the series of pulses in accordance with a desig 
nated pulse strength profile. 

2. The device as defined in claim 1, wherein the pulse 
strength profile comprises at least one of (i) a progressively 
increasing pulse strength pattern, and (ii) a progressively 
decreasing pulse strength pattern. 

3. The device as defined in claim 1, wherein the pulse 
strength profile comprises at least one of (i) a fixed pulse 
strength pattern, (ii) a random pulse strength pattern, and (iii) 
a varying pulse strength pattern. 

4. The device as defined in claim 1, wherein a carrier 
frequency of the transmitter is selected from the group com 
prising: near infrared, far infrared, visible, ultra-violet, high 
frequency radio, and ultrasonic. 

5. The device as defined in claim 1, further comprising a 
processor configured to control generation of a signal wave 
form to be applied to the series of pulses in defining said 
designated pulse strength profile according to a power func 
tion R(x), where x is a pulse number which increases from 
Zero to N, and where R(x) is a power level calculated as a 
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function of the pulse number x to vary between a power level 
of Zero and a maximum power level of N. 

6. The device as defined in claim 5, wherein said power 
function is selected from an incrementing function R(X) X, 
and a decrementing function R(x)=N-X. 

7. The device as defined in claim 5, wherein said power 
function defines an interleaved pattern. 

8. The device as defined in claim 1, wherein the series of 
pulses comprises a series of body pulses, and wherein the 
transmitter is operable to transmit a train of pulses including 
a series of preamble pulses having a relatively constant pulse 
strength, and the series of body pulses. 

9. The device as defined in claim 8, wherein the preamble 
pulses define at least one of a unique transmitter identifier and 
a synchronization code. 

10. The device as defined in claim 8, wherein the train of 
pulses forms a data stream representing a message including 
the series of preamble pulses having a common carrier fre 
quency, the series of preamble pulses having a pattern corre 
sponding to a predetermined preamble segment of the mes 
sage, the data stream further including the series of body 
pulses representative of a body segment of the message, the 
body pulses including a common carrier frequency with the 
preamble pulses. 

11. The device as defined in claim 1, wherein the device is 
incorporated into a computer interface selected from the 
group comprising a mouse, a tilt-joystick, a pointer control 
ler, a six-degree-of-freedom interface, and a gesture interface. 

12. A system comprising: 
a transmitter operable to transmit a signal formed at least in 

part by a series of pulses having a pulse strength that 
varies across said series in accordance with a designated 
pulse strength profile; 

a receiver, and 
a signal processor operatively coupled to said receiver, said 

signal processor processing received pulses as a function 
of a received pulse strength profile thereof to output a 
range value representative of a distance travelled by said 
series of pulses between said transmitter and said 
receiver. 

13. The system as defined in claim 12, wherein the signal 
processor processes said received pulse strength profile to (i) 
identify received pulses having a pulse strength above a des 
ignated threshold value and (ii) output said range value as a 
function thereof. 

14. The system as defined in claim 12, wherein said series 
of pulses is reflected off an object, the range value represen 
tative of a distance travelled by said series between the trans 
mitter, the object, and the receiver. 

15. The system as defined in claim 12, further comprising 
two or more emitters each operable to transmit a respective 
series of said pulses and an identifier associated therewith, 
said signal processor identifying a source of the received 
pulses from each said associated identifier to output a respec 
tive range value for each of said emitters. 

16. The system as defined in claim 15, wherein each of said 
emitters operates from a common transmitting device, a con 
figuration of said emitters on said transmitting device acces 
sible to said signal processor, the signal processor thereby 
operable to track, at least in part, at least one of a position and 
an orientation of the transmitting device from each said 
respective range value. 

17. The system as defined in claim 12, further comprising 
two or more receivers, said signal processor operatively 
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coupled to each of said receivers and operable to synchronize 
processing of said received pulses from each of said receivers 
as a function of a respective received pulse strength profile 
thereof to output a respective range value representative of a 
respective distance travelled by said series of pulses between 
said transmitter and each of said receivers. 

18. A signal processor for operative coupling to one or 
more receivers for processing a transmitted signal received 
thereby to identify a distance travelled by the transmitted 
signal, the transmitted signal comprising a series of pulses 
having a transmitted pulse strength that varies across the 
series in accordance with a designated pulse strength profile, 
the signal processor operable to: 

access a received pulse strength profile of received pulses 
in said series; 

identify those of said received pulses having a received 
pulse strength above a designated threshold; and 

correlate said identified pulses with a value representative 
of the distance, said value pre-calibrated as a function of 
a relative change between said received pulse strength 
profile and said designated pulse strength profile over 
distance. 

19. The signal processor as defined in claim 18, wherein the 
signal processor is further operable to count said identified 
pulses above said designated threshold, said range value des 
ignated as a function of said count. 

20. The signal processor as defined in claim 18, wherein the 
signal processor is further operable to: 

access a source identifier received in association with the 
transmitted signal; 

associate a respective range value for each of a plurality of 
Source transmitters; and 

calculate, at least in part, at least one of a relative position 
and orientation of said source transmitters from each 
said respective range value. 

21. The signal processor as defined in claim 18, wherein the 
transmitted signal is emitted by a transmitter and received 
concurrently by two or more receivers, the signal processor 
being further operable to: 

access a synchronization code received in association with 
the transmitted signal by each of the two or more receiv 
ers; 

synchronize processing of the concurrently received sig 
nals via said synchronization code to output respective 
range values representative of a distance travelled by the 
signal to each of said two or more receivers; and 

calculate, at least in part, at least one of a position and an 
orientation of the transmitter as a function of said 
respective range values. 

22. The signal processor as defined in claim 18, the dis 
tance travelled comprising a distance travelled by the signal 
from a designated Source transmitter to a reflective object and 
from the reflective object to the one or more receivers, the 
signal processor operable to: 

access a designated location of the one or more receivers 
relative to the designated Source transmitter, and 
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calculate, at least in part, at least one of a position and an 
orientation of the reflective object relative to the one or 
more receivers and designated source transmitter based 
on said range value and said designated location. 

23. A method for identifying a distance travelled by a signal 
between an emitter and a receiver, comprising: 

generating a signal formed at least in part by a series of 
pulses having a pulse strength that varies across said 
series in accordance with a designated transmission 
pulse strength profile; 

transmitting said signal via the emitter, 
receiving at least a Subset of said series of pulses at the 

receiver; 
detecting a received pulse strength profile of said received 

pulses; and 
correlating said detected pulse strength profile with a dis 

tance travelled by the signal between the emitter and the 
receiver. 

24. The method as defined in claim 23, wherein said detect 
ing comprises counting received pulses having a received 
pulse strength above a designated threshold, and wherein said 
correlating comprising associating a pre-calibrated range 
value with said count representative of said distance. 

25. The method as defined in claim 23, wherein said trans 
mitted pulse strength profile comprises a patterned pulse 
strength profile selected from a progressively increasing pat 
tern and a progressively decreasing pattern. 

26. The method as defined in claim 23, wherein a distance 
travelled by the signal to two or more receivers is identified, 
the method further comprising: 

receiving a respective Subset of said series of pulses at each 
of the receivers; 

synchronizing detection of said received pulse strength 
profile for each of said receivers; and 

correlating each said detected pulse strength profile with a 
respective distance. 

27. The method as defined in claim 23, for identifying a 
distance travelled by the signal from two or more emitters, the 
method further comprising: 

transmitting said signal from each of the emitters along 
with an respective identification code: 

receiving each said respective identification code and a 
corresponding Subset of said series of pulses at the 
receiver from each of the emitters; 

detecting a respective received pulse strength profile for 
each of said emitters; and 

correlating each said detected pulse strength profile with a 
respective distance. 

28. The method as defined in claim 23, wherein the trans 
mitted signal travels from the emitter to the receiver via a 
reflective object, the method further comprising determining, 
at least in part, at least one of a position and an orientation of 
the reflective object as a function of said distance. 
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