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(54) Title: TWO-PASS DETECTION TECHNIQUE FOR NON-ECHO PULSED RANGING
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(57) Abstract: A technique for non-echo pulsed ranging of a mobile device within an environment includes a plurality of emitters
within the environment transmitting signal pulses of a predefined frequency to a mobile device that can receive a signal pulse, con-
vert the signal pulse into a digital waveform, store the digital waveform into a buffer having a predetermined length of time, and ana-
lyze the digital waveform to detect a signal pulse at the predefined frequency. If a signal pulse is detected, the mobile device can re-
analyze the digital waveform that was stored in the buffer to see it another signal pulse can be detected within the waveform, indicat-
ing the existence of a reflected signal. If another signal pulse is detected, the mobile device can select the signal pulse that was re-
ceived first in time, i.e. the direct signal, for use in ranging of the mobile device.
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TWO-PASS DETRECTION TECHNIQUE FOR NON-ECHO PULSED RANGING

BACKGROUND
[0601] A pulsed ranging svstem can be used to deternine the position of a device
with respect to pulse sources at known locations. The system can time the arrival of
two or more (sound or RF) pulses through some medium, and then knowing the speed
1 the medium, the range of the device can be calculated. With multiple range
measurements (i.¢. linear distances), triangulation can be used to determine the
position of the device. When the transmit time trom the pulse source is not known in
relation to the arrival time, an inferred reference clock can be used, or time difference
of armival (TDOA) measurements can be used to determine the position of the device,
Ranging can be echo-based where the transmitter and receiver use the same time
reference, or non~echo-based where some synchronization is needed {e.g. TDOA or
an inferred reference clock).
{0602} A receiver can be used 1o determine its focation with reference to one or more
pulse emitters, such as {ocating a mobite device having a receiver and being present
within a retail, factory, warchouse, or other indoor environment, for example. For
example, ultrasonic emitters can transmit ultrasonic energy in a short pulse which can
be received by an ulirasonic transducer (audio microphone) in the ultrasonic receiver.
Timing measurements of the pulses can then establish the location of the device
within the environment. In particular, the use of several ultrasonic emitters
distributed within the environment can be ased to provide a specific location of a
particular device using techniques known in the art such as measuring time-of-flight
or signal strength of the emitter signals and using triangolation, trilateration,
hyperbolic positioning (1.e. multilateration}, and the Iike, as have been used i radio
frequency locationing systems.
{0603] However, ultrasonic emitters may not always be in the line-of-sight of the
mobile device, and typical emitter signals may not be strong enough to directly
penetrate through obstactes (herein reterved to as attenuators) very well, such that

reflected signals may reach the mobile device stronger than a direct signal from the
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emitter and strong enough to trip the detector circuits/processing when the direct
signal is 100 severely attenuated. Using timing measurements taken from retlected
signals as opposed to direct signals leads to inaccuorate ranging results.

{0004] Non-echo based ranging svstems typically consist of infrastructure with
reasonably high power and signal processing budget. The devices being ranged, on
the other hand, are often more restricted 1o thew capahiliies. These devices are often
Timmted in their abifity to apply advanced detection technigues due to limits related to
processing or power consumption. Often the cost of the mobile device precludes
advanced detection techniques being applied real time. Most mobile processing
systems tasked with signal processing functions are limited by the battery life and/or
processing time required to perform these functions. Often times we are forced to
accept a tower level of signal processing performance to meet our CPU utilization and
battery consumption constraints. In addition, false detection of noise is costly from a
battery'CPU utilization perspective but even more costly if the detecior is unable to
respond to valid signals while the rest of the system is processing the false event.
These problems arise since pulse detection is typically done by local
circuliry/processing as opposed to passing real time signal information to a more
capable sub-system over some radio hink.

{0805] Accordingly, there is a need for a technique for ranging of a mobile device
while eliminating the aforementioned issuss. Furthermore, other desirable features
and characteristics of the present invention will become apparent from the subsequent
detailed descruiption and the appended claims, taken in conjunction with the

accompanying drawings and the foregotng background.

BRIEF DESCRIPTION OF THE FIGURES

{0006] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, together with the detailed
description below, are incorporated in and form part of the specification, and serve to
further tlustrate embodiments of concepts that include the claimed invention, and

explain various principles and advantages of those embodiments.
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[0007] FIG. 1is a sumplified block diagram of a ranging system, in accordance with
some embodiments of the present invention.

[0608] F1G. 2 i3 a side view of an indoor environment with emitters and associated
direct and reflected signals therefrom, in accordance with some embodiments of the
present invention.

[0009] FIG. 3 is a flow diagram illustrating a method, in accordance with some
embodiments of the present invention.

[0610] Skilled artisans will appreciate that elements in the figures arve Hlostrated for
simplicity and clarity and have not necessartly been drawn to scale. For example, the
dimensions of some of the clements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present
invention.

0011} The apparatus and method compovents have been represented where
appropriate by conventional symbeols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill 1n the art having the benefit of the description herein.

DETAILED DESCRIPTION
[0 12] According to some embodiments of the present invention, an improved
technique is deseribed to pulse range a mobile device in an indoor environment while
reducing probiems associated with non-line-of-sight issues and reflected signalg, as
will be detaited below
0013} The device 1o be ranged can include a wide variety of business and consumer
electronic platforms such as cellular radio telephones, mobile stations, mobile umts,
mobile nodes, user equipment, subscrber equipment, subscriber stations, mobile
computers, access termunals, remote terminals, terminal equipment, cordless handsets,
gaming devices, smart phones, personal computers, and personal digital assistants,
and the hike, all referred to herein as a mobile device. Each device comprises a

processor that can be further coupled to a keypad, a speaker, a microphone, audio
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circuitry, a display, signal processors, and other features, as are known in the art and
therefore not shown or described in detail tor the sake of brevity,

{0014] Various entities are adapted {o support the inventive concepts of the
embodiments of the present invention. Those skilled i the art will recognize that the
drawings herein do not depict all of the equipment necessary for system 1o operate but
only those system components and logical entities particuiarly relevant to the
description of embodiments herein. For example, routers, controtlers, servers,
switches, access points/ports, and wireless clients can all includes separate
communication interfaces, transceivers, memories, and the like, all under control of a
processor. In general, components such as processors, transcetvers, memories, and
interfaces are well-known, For example, processing units are known to comprise
basic components such as, but not himited to, mucroprocessors, microcontrotlers,
memory cache, application-specific integrated circuits, and/or logic circuitry. Such
components are typically adapted to implement algorithms andfor protocols that have
been expressed using high-level design languages or descriptions, expressed using
computer instructions, and/or expressed using messaging logic flow diagrams.

f0015] Thus, given an algorithm, a logic flow, a messaging/signaling flow, andfor a
protocol specification, those skilled in the art are aware of the many design and
development techmques available to implenient one or more processors that perform
the given logic. Therefore, the entities shown represent a system that has been
adapted, in accordance with the description herein, to implement various
embodiments of the present invention. Futhermore, those skilled in the art wall
recognize that aspects of the present invention may be implemented in and across
various phystcal components and nooe are necessarily limited to single platform
implementations. For example, the memory and control aspects of the present
imvention may be implemented in any of the devices listed above or distributed across
such components.

[0016] FIG. 1is a block diagram of a non-echo pulse ranging system, in accordance
with some embodiments of the present invention. Although an ultrasonic system is
demonstrated herein, 1t should be recognized that the present invention as also

applicable to RF systems. In the example shown, a plurality of altrasonic
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transponders such as a piezoelectric speaker or emitter 116 can be disposed af fixed,
known locations within the environment.  Each emitter can send a signal pulse as a
short burst of ultrasonic sound (e.g 140, 141} within the environment. The mobile
device 100 can include a digital signal processor 182 to process the ultrasonic signal
pulses 140, 141 received by a transponder such as an existing audio microphone 106
of the mobile device, and specifically the frequency components of the signals pulse
140, 141 from the ultrasonic emitters 116, in accordance with the present invention.
[0017] The microphone 106 provides electrical signals 108 to receiver circuitry
including a signal processor 102, 1t is envisioned that the mobile device can use
existing audio circuitry having typical sampling frequencies of 44.1 kHz, which is a
very common sampling frequency for commercial audio devices, which relates to a
22.05 kHz usable upper frequency himit for processing audio signals. 1t is envisioned
that the mobile device recetver circuitry 1s implemented in the digital domain, where a
microphone signal 108 can be converted to a digital waveform by an analog-to-digital
converter 181 to be supplied to the digital signal processor 102, to be processed in
accordance with the present invention. Hf should be recognized that other components,
including amplifiers, digital filters, and the like, are not shown for the sake of

enals 108 can be

i

simplicity of the drawings. For example, the microphone s
amplified in an audio amplifier after the microphone 106,
{0018] The processor 182 can also be coupled to a controlier 103 and wireless local
area network interface 104 for wareless commumication with other devices and
controliers 130 in the communication network 126, Each emitter 110 can be coupled
to its own controller 112 and wireless local area network interface 114 for wireless
communication with the server or backend controfler 130 in the communication
network 1200 Aliernatively, either or both of the mobile device 100 and emitters 110
could be connected to the communication network 120 through a wireless local area
network connection {as shown) or a wired interface connection {not represented), such
as an Ethernet interface connection. The wireless communication network 120 can
mnchude local and wide-area wireless networks, wired networks, or other IEEE 802 .1
wireless communication systems, including virtoal and extended virfual networks.

However, it should be recognized that the present invention can also be applied to
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ather wireless communication systems. For example, the description that follows can
apply 10 one or more communication networks that are TEEE 802.xx-based,
employing wireless technologies such as IEEE’s 802 11, 802.16, or 802.20, modified
to implement embodiments of the present invention. The protocols and messaging
needed to establish such networks are known (1 the art and will not be presented here
for the sake of brevity.

{0019] The controlier 112 of each ultrasonic emitter 110 provides the speaker 116
with a frequency tone to emit in an ultrasonic burst ar a specified time as a signal
pulse 140, 141, The speaker will typically broadeast this signal pulse with a duration
of about two milliseconds. The particular frequency and timing between subsequent
bursts to be used by each emitter 110 can be divected by the backend controller 130
via the network 128, The emitters are configured to have usable output across a 19-22
kHz frequency range.

{0620] The processor 102 of the mobile device 100 is operable to discem the
frequency and timing of the signal pulse received in tis microphone signal 108, The
pulse is broadcast at a frequency within the frequency range of about 19-22 kHz 10
enable the existing mobile device processor 12 to analyze the signal in the frequency
domain in order to detect the pulse. The 19-22 kHz range has been chosen such that
the existing audio circuitry of the mobile device will be able to detect ulirasonic
pulses without any users within the environment hearing the pulses. In addition, it is
envisioned that there 15 ittle andio noise in the range of 19-22 kHz to mterfere with
the ultrasonic pulses.

{0021} In practice, the mobile communication device is operable to receive at least
one signal pulse 140, 141 from the emitters 116, An analog-to-digital converter 101
will convert a microphone signal 108 of at least one signal palse nto g digital
waveform, which is then stored {the digital waveform) into a look back bufter 107 for
later analysis. The length of the buffer must be long encugh to hold the tongest defay
time between the mobile device receiving a direct signal and a reflected signal. For

ge of the environment niay receive a direct signal

s

example, a mobile device on one ed
immediately and a reflected signal in the time that the ultrasomc polse can practically

travel 1o a farthest wall of and be reflected back to the mobile device. Theretore, the
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butter is provided with a predetermined length of time that is the potential time
difference between recetving the direct signal and an amounnt of time needed for a
reflected signal to fravel a maximum distance within the environment. The
predetermined buffer length can be reduced considering pulses traveling long
distances may be attenuated below the first pass detection threshold.

[0022] A digital signal processor 102 can then analvze the digital waveform to detect
a signal pulse at the predefined frequency. In accordance with the present invention,
the processor 102 performs a first and a second analysis of the same data in the bufer,
where the first analysis uses g less selective technigue than the second analysis. In
particular, the first analvsis can continuously process signals 108 using minimal
processing techuiques to detect the particular signal of interest. For a hardware based
ranging system, such a first analysis could use a simple band pass amplifier. Fora
software based system, the first analvsis could be a simple DSP process, such as a
Goertzel algorithm to detect energy at a certain frequency, as there are two few
frequencies of interest to warrant a Fast Fourter Transtorm. The Goertzel algorithm
atlows the detection of the timing of the receipt of the signal pulse, to be used for
ranging measurements. In this fust analysis, selectivity is poor but CPU unlization
and battery power consumption are low, while allowing the algorithm to run on real
time samples.

{0023] If a signal pulse 15 detected in the first analysis, the DSP 102 is further
operable to re~analvze the digital waveform that was stored in the buffer 187 with
increased selectivity to see if another signal pulse can be detected within the
wavetorm. In other words, 1t two or more signal pulses can be found in the waveform
then we can conclude that there is a high likelihood that the first pulse in time may be
a direct signal and the later pulses are due to reflections. In particular, the DSP 102
takes from the buffer a fixed number of samples before the signal pulse found in the
first analysis and performs additional processing on these samples to discern the
timing of signal pulses having the frequency of interest. The additional processing
can take the form of any of the following: a higher order filtering operations {e.g.
finite impulse response (FIR) or infintte 1mpulse response (HR)), cross-corvelation

operations using & mask of what was originally transmitted (if available), Fast Fourter
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Transtorm {FET), and the like. The reason to perform this second re-analysis of the
waveform is because it 1s possible that a heavily attenwated direct path signal pulse
was missed by the first analysis, with only a strong reflection of the original signal
getting detected in the first analysis. After a second post processing operation, it 1s
then possible to detect the direct signal pulse that was missed in the first analysis
{0024] Therefore, if at least ane other signal pulse is detected in the second re-
analysts, the signal pulse that was received first in time 18 used in the ranging of the
mobile device. However, if another signal pulse is not detected in the second re-
analysis, the signal pulse originally found in the first analysis is used in the ranging of
the mobile device.

f0023] In practice, the mobile device can simply measure the time when it receives
direct signal pulses for two or more different emutters, and use this timing to
determine its range from the emitters, using trilateration technigues, for example.
Alternatively, this timing imformation can be supplied to the backend controller. In
this way, the backend controller 130 can receive the timing information from the
mobile device, and subtract the time that the emitter was directed to emit the pulse, in
order to determine the flight time of each pulse to the mobile device. Given the flight
time of different emitter signals 1o the mobile device along with the known positions
of the fixed emitters, the back end controller can determine a range of the mobile
device using known trilateration techniques, for example. Alternatively, the mobile
device can receive information from the backend controller about that the transmit
time that the pulse was broadcast from the emitter, and subtract that from the time that
the mobile device received the pulse, in order to determine the flight time of each
burst to the mobile device. Given the flight time of different emitter signals to the
mobile device along with the known positions of the fixed emitiers, the mobile device
can determine its own location. In these examples, 1t is assumed that the tinving of the
backend controller and mobile devices is synchronized.

{0026] In an optional embodiment, for a low end mobile communication device {e.g.
tag) case for example, the present invention also provides for the output of the first
analysis to provide a wakeup signal to bring any necessary cireutiry to a state that

allows for the second re-analysis processing, such as circuitry and a processor
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dedicated for advanced processing of the buffer. In other words, a detection of the
signal pulse at the first analysis directs the controller 103 to wakeup circuitry needed
to perform the second re-analysis. This s intended to further reduce average power
consumption, which is critical in low end devices.

{0827] In one embodiment, the present invention operates within a limited ultrasonic
frequency range of 19-22.05 kHz. Given that the pulse duration needs to be very
short for accuracy, and due to limited smart phone capabilities, only one or two
different frequencies can be used before they overlap within this frequency range.
Also, due to Doppler shufts that can occur with a mobile device, guard bands between
specific frequencies must be used, and therefore the amount of discernible frequency
tones that can be accurately recognized within this range s limited. In the ultrasonic
band of interest {19 kHz {0 22,05 kHz), 1t 18 only possible to distinguish four or five
distinet tones while still leaving room for as much as +/-125 Hz of Doppler shift
{enough margin to accommodate that which would be present from a very fast
walking speed).

{6028} Each emitter is configured to broadcast the signal pulse over a limited
coverage area or region. For unobfrusiveness and clear signaling, the emitters can be
affixed to a ceiling of the environment, where the position and coverage area of each
emitter is known and fixed, with the emutter oriented to emit a downward barst
towards a Hoor of the environment, such that the burst from an emitter is focused to
cover only a limited, defined floor space or region of the environment.

[0029] In practice, it has been determined that one emitter in a typical retail
environment can provide a coverage area of about fifty feet square. Theretore, a
plurality of emitters 110 is provided to completely cover an indoor epvironnent, and
these emitters are spaced 1 a grid about fifty feet apart. A mobile device that enters
the environment and associates to the wireless local area network (WLAN) of the
backend controller, and is provided a software application to implement the ranging
techniques described herein, 1 accordance with the present invention.

{0030] The present invention addresses the problem of reflected or attenuated signals
resulting in tnaccurate thght time measurements that fail to provide an accurate

ranging of the device. In accordance with the present invention, each ultrasonic burst
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should fast on the order of two milliseconds in duration and optionally can have 8
higher, typically 10-15 dB higher, sound pressure level than normal 1n order to
penetrate objects or shelving {i.e altenuators) in the environment to provide a more
accurate direct signal pulse in a line-of-sight measurement instead of attenuated or
reflected signals (1.e. multipath) which would give inaccurate Jight tme
measurements, and therefore an inaccurate ranging of the device.

{0031] Reterring to FIG, 2, in practice, a typical retail enviromment includes shelving
26, racks 24 and other objects that make accurate ranging difficult due to reflections
and attenuation as described above. Due to obstructions 24, 26 i the environment
and the nature of ultrasonic signals, the mobile device can receive multiple (reflected
multipathy copies of the ultrasonic pulse, including a direct path signal 20 and one or
more reflected signal pulses 22, Inasmuch as the ultrasonte burst is very shott, the
mobile device typically will detect these direct and reflected signals at discrete
moments 1 time, 1.e the timing of the direct signal does not overlap the reflecied
signals. If only a reflected signal 22 is detected during signal analysis and used in
ranging calculations, an improper range 28 of the mobile device can result. The
present invention improves performance for this non-line-of-sight (non-L.OX)
reflected condition, where a mobile device 198 is not within the LOS of the emitter
118, In the example shown, the mobile device 180 is in a non~LOS condition with
respect to emitter 2, where the direct signal from that emitier passes through a shelf 24
{attenuator) making the amplitude of that direct signal 24 less than if the mobile
device was in a LOS condition, such as is the case with emitter 1. Further, the
reflected signals 22 may have a bigher amplitude than the attenvated direct signal 20
which can result in an inaccurate ranging 28 of the device 106 if the reflected signal
22 is used in ranging caleulations instead of the direct signal 200 Where the direct
signal 20 has a lower amplitude than reflected signals 22, the present invention can ve-
analvze the received waveform with higher selectivity in order to find the earlier
direct signal, which can then be properly used in ranging caleulations.

{0032] The technigues described herein are specific to a time-of-flight based
ultrasonic ranging system but may apply to RF systems as well. It shouold be

recognized that there is a subtle difference how reflections or multipath affects

38
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performance between ultrasonic flight time focationing and other systems. Typically,
multipath deals with the difficalties caused by construction/destruction of signals,
whereas for ultrasonic flight time systems, detection of the direct path signal 20 is
critical 1o ime the flight of the signal pulse. Typically pulse widths are short enough
such that the reflected signals 22 arrive after the divect path signal is detected by the
moebile device, and a conglomeration of constructed/destructed reflected signals 22
occurs atter reception of the direct path signal. The present invention provides
techniques to distinguish direct path signals from reflections, in order to discern and
accommodate multipath and non-LOS conditions, Accuracy increases if divect path
signals can be distinguished over reflected signals received from individual emitters.
{0033] For ranging, the mobile device ideally attempts 10 measure the armival time of
each direct signal from each detectable emitter. A known or inferred emit time is
subtracted from the arrival time to determine flight time for that ultrasonic pulse.
This information from two or more different emitiers is then used to determine
ranging of the device. However, this does not account for the case when the mobile
device ts confused about which signal is actually the direct signal, which the present
invention attempts to solve by re-analyzing the received signal for each pulse, as
described herein.

{0034] FIG. 3 13 a flowchart ilustrating a method FOR non-echo pulsed ranging of a
mobile device within an environment, according to some embodiments of the present
mvention.

[O035] A first step 300 includes providing a plurality of emitters at fixed locations
within the environment. The emitters can be affixed to a cetling of the environment
and ortented towards a floor of the environment to provide a limited region for mobile
devices to receive the ulirasonic signal pulse.

[0036] A next step 302 includes transmitting signal pulses of a predefined frequency
by the emitters 1o a mobile device located within the environment. In the example
herein, the signal pulses are ulirasonic bursts having a frequency between 19 kHz and

22.05 kHz. However, the signals could be RF signals

b
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[0037] A next step 304 includes receiving at least one signal pulse from the emitters
by a mobile device using existing, unmodified audio circuitry of the mobile device,
which can process 19 kHz and 22.05 kHz signals.

[0038] A next step 306 includes converting the at least one signal pulse into a digital
waveform.

{0639] A next step 308 includes storing the digital waveform into a butfer having a
predetermined length of ime.

[0840] A next step 310 includes analyzing the digital waveform to detect a signal
pulse at the predefined frequency.

{00411 If a signal pulse is not detected 312, returning to the receiving step 304
However, if a signal pulse 15 detected 312, re-analyzing 314 the digital wavetorm that
was stored 1n the buffer to see if another signal pulse can be detected within the
waveform, indicating the existence of a reflected signal pulse. It should be noted that
the another signal pulse could be either the reflected pulse or the direct pulse. Tt
should also be noted that the analvsis step uses a less selective technique than the re-
analysis step.

{0842} It another signal pulse is detected 316, selecting 320 signal pulse that was
recetved first in time for use in ranging of the mobile device. If another signal pulse
is not detected 316, selecting 318 the originally found signal pulse for use in ranging
of the mobile device.,

[0043] Optionally, afler the analysis step 310, the metheod further comprising the step
311 of waking up circuitry needed to perform the re-analysis step 314,

j0044] Advantageously, the present invention provides a means to optimize signal
processing performance in pulsed systems without sacrificing processor utilization
and battery life. The present invention also uses a receiver rugmng an existing audio
codec running at a sample rate of 44.1 kHz, and audio microphone, and a digital
signal processor, all of which are present in nearly every smart phone that is
manufactured today. The present invention can be unplemented using this existing
hardware and a software app which could be downleaded and installed to use the

existing hardware 11 the novel way described herein.
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[0043] In the foregoing specification, specific embodiments bave been described.
However, one of ordinary skill in the art appreciates that vartous modifications and
changes can be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded in an
iusirative rather than a restrictive sense, and all such modifications are intended o be
mcinded within the scope of present teachings.

{0046] The benefits, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all
the claims. The invention is defined solely by the appended claims including any
amendments made during the pendency of this application and all equivalents of those
claims as tssued.

[0047] Moreover in this document, relational terms such as first and second, top and
bottom, and the like may be used solely to distinguish one entity or action from
another entity or action without necessarily requiring or implying any actual such
refationship or order between such entities or actions. The terms "comprises,”
"comprising.” “has”, “having,” “includes”, “including,” “contains”, “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contams a st of
elements does not include only those elements but may include other elements not
expressiy histed or mherent to such process, method, article, or apparatus. An element
proceseded by “comprises . .a”, “has ...a", “includes .. a7, “contains ... &" does not,
without more constraints, preclude the existence of additional identical elements i
the process, method, article, or apparatus that comprises, has, includes, contains the

bl

element. The terms “a” and “an™ are defived as one or more unless explicitly stated
otherwise herein. The terms “substantially”™, “essentially”, “approximately”™, “about”
or anv other version thereof, are defined as being close to as understoad by one of
ordivary skill in the art, and in one non-himiting embodiment the term is defined to be
within 10%, In another embodiment within 5%, in another embodiment within 1%

and in another embodiment within 0.5%. The term “coupled”™ as used herein is

defined as connected, although not necessarily directly and not necessarily



WO 2016/018626 PCT/US2015/040555

mechanically. A device or structure that is “configured” in a certain way {8
configured in at least that way, but may also be configured in ways that are not listed.
j0048] It wall be appreciated that some embodiments may be comprised of one or
more generic or specialized processors or processing devices such as miCroprocessors,
digital signal processors, customized processors and field programmable gate arrays
and unique stored program instructions {including both software and firmware) that
control the one or more processors to implement, th conjunction with certain non-
processor circuits, some, most, or all of the functions of the method and/or apparatus
described herein, Alternatively, some or all functions could be implemented by a state
machine that has no stored program instructions, or in one or more application
spectfic integrated circuits, 1 which each function or some combinations of certain of
the functions are implemented as custom logic. Of course, a combination of the two
approaches could be used.

{0849] Moreover, an embodiment can be implemented as a computer-readable storage
medium baving computer readable code stored thergon for programuming a computer
{e.g., comprising a processor) to perform a method as described and claimed herein.
Examples of such computer-readable storage mediums include, but are not linnted to,
a hard disk, a compact disc Read Only Memory, an optical storage device, a magnetic
storage device, a Read Only Memory, a Programmable Read Only Memory, an
Erasable Programmable Read Only Memory, an Electrically Erasable Programmable
Read Only Memory, and a Flash memory. Further, 1t is expected that one of ordinary
skill, notwithstanding possibly significant effort and many design choices motivated
by, for example, available time, current technology, and economic considerations,
when guided by the concepts and principles disclosed herein will be readily capable
of generating such software instructions and programs and integrated circuits with
minimal experimentation.

[0050] The Abstract is provided to allow the reader to quickly ascertain the nature of
the technical disclosure. It is submitted with the understanding that it will not be nsed
to tnterpret or limit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, it can be seen that vanous features are grouped together in

various embodiments for the purpose of streamlining the disclosure. This method of
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disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments reguire more features than are expressly recited in each claim. Rather,
as the following claims reflect, inventive subject matter lies in less than all features of
a single disclosed embodiment. Thus the following clains are hereby incorporated
into the Detaled Deseription, with each clainy standing on its own as a separately

claimed subject matter.
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CLAIMS

What s claimed 1s:

1. A system for non-echo pulsed ranging of a mobile device within an

environment, the system comprising:

a plurality of emitters at fixed locations within the environment, the emitters
operable 10 transmit signal pulses of a predefined frequency to a maobile device
focated within the environment;

a mobile device operable to receive at least one signal pulse from the emitters,
convert the at feast one signal pulse into a digital waveform, store the digital
waveform into a buffer having a predetermined length of time, and analyze the
digital waveform to detect a signal pulse at the predefined frequency; and

wherein if a signal pulse 13 detected, the mobile device s further operable to re-
analyze the digital wavetorm that was stored in the buffer to see if another
stgnal pulse can be detected within the waveform, indicating the existence of a
reflected signal pulse,

wherein if another signal pulse is detected, the mobile device 18 further operable to
select the signal pulse that was received first in time for use in ranging of the

mobile device.

2. The system of claim 1, wherein the predetermined length of time 15 an amount
of time needed for a reflected signal to travel a maximum distance within the

enviromment,
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-

3. The system of claim 1, wherein the mobile device uses a less selective
technique for the first analysis and a more selective techmaque for the second re-

analysis,

4. The system of claim 3, wherein the first analysis uses a band pass amplifier.

S. The system of claim 3, wherein the first analysis uses a Goertzel algorithm.

6. The system of claim 3, wherein the second re-analysis uses a higher order

filtering operation than the first analysis.

7. The system of claim 3, wherein the second re-analysis uses a cross-correlation

using a transmit mask.

8. The system of claim 3, wherein the second re-analysis uses a Fast Fourier

Transtorm operation.

9. The system of claim 1, wherein a detection of the signal pulse at the first
analysis directs the mobile device to wakeup circuitry needed to perform the second

re-analysis.
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10, The system of claum 1, wherein the emitters transmit yltrasonic bursts having &
frequency between 19kHz and 22 .05kHz and the mobile device utilizes existing,

unmodified audio circuitry {o receive the ulirasonic bursts.,

11. A method for nop-~echo pulsed ranging of a mobile device within an
environmeit, the method comprising:

providing a plurality of emitters at fixed locations within the environment;

transmitting signal pulses of a predefined frequency by the emitters to a mobile
device located within the environment;

recetving at least one signal pulse from the emitters;

converting the at least one signal pulse into a digital waveform;

storing the digital wavetorm info a buffer having a predetermined length of time,
and

analyzing the digital wavetorm to detect a signal pulse at the predefined frequency,

593

wherein if g signal pulse s detected:
re-analyzing the digital wavetorm that was stored in the boffer to see it
another signal pulse can be detected within the waveform, indicating
the existence of a reflected signal pulse, wherein if another signal pulse
is detected,
selecting the signal pulse that was received first in time for use in ranging

of the mobile device.
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12, The method of claim 11, wherein the analysis step uses a less selective

technique than the re-analysis step.

13. The method of claim 11, wherein after the analysis step, further comprising

the step of waking up circuitry needed to performs the re-analysis step.

14, The method of claim 11, wherein the transmitting step includes transmitting

signal pulses that are ultrasonic bursts.

15, The method of claim 11, wherein ranging utilizes one of time-~difference-of-
arrival information of the signal pulses and time-of-flight information of the signal

pulses.

7
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