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(54) Indoor positioning with radio frequency chirp signal propagation delay measurement

(57) A radio frequency locator system and method.
First, second and third reference devices are operable
to transmit a plurality of spread spectrum chirp signals
frequency offset from one another. An object device is
operable to receive the plurality of spread spectrum chirp
signals, the object device is further operable to evaluate
the received plurality of spread chirp signals for relative
phase shifts between the plurality of spread spectrum

chirp signals and derive a fine propagation time between
the reference devices and the object device using the
phase shifts between the spread spectrum chirp signals.
The reference devices determine their location inde-
pendent of the object device and determine the location
of the object device as a function of each of their locations
and of their range to the object device.
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Description

Background

[0001] It can be important to track people and devices
indoors, but an indoor environment introduces factors
that make such tracking difficult. A number of approaches
have been used in the past. Cell technology can use the
power from various towers to try and triangulate any po-
sition. Wifi access points have also been used. If the lo-
cation of the Wifi access point is known before hand, then
the received signal strength from each access point can
be used to triangulate and estimate the position.
[0002] Global Position System (GPS) has been used
in a number of different applications, from tracking con-
tainers to providing positioning for autonomous robotic
vehicles. One thing that GPS cannot do, however, is pro-
vide positioning indoors because the frequency and pow-
er of the GPS satellite signal is not strong enough to
penetrate the roof and walls of typical building construc-
tion materials. Various technologies have attempted to
combine GPS data (taken when a device was outside)
with other information, such as Cell triangulation, Wifi
and accelerometer data to try and estimate indoor posi-
tion with greater accuracy.
[0003] Another approach to determining indoor posi-
tioning is to use previously installed nodes to record sig-
nal strength- using the proximity to these sensors to es-
tablish approximate locations.
[0004] Each of these methods suffers from poor accu-
racy. In addition, there are some applications where it is
difficult to pre-position multiple pre-installed nodes inside
the building where positioning is desired. Systems that
require prior infrastructure indoors do not work in, for in-
stance, emergency or military situations; these types of
applications often do not use positioning for this reason
and instead try to use remote cameras for monitoring.
Remote cameras, however, can only work when visibility
is good.

Brief Description of the Figures

[0005]

Figure 1 shows an example radio frequency locator
system, consistent with an example embodiment of
the invention.
Figure 2 shows another example radio frequency lo-
cator system, consistent with an example embodi-
ment of the invention.
Figure 3 shows a spectrum of a transmitted signal,
consistent with an embodiment of the invention.
Figure 4 shows a multi-frequency chirp transmitter,
consistent with an embodiment of the invention.
Figure 5 shows an example of multipath or reflected
rays less than a chirp period from the prompt ray
interfering with prompt ray reception, consistent with
an example embodiment of the invention.

Figure 6 illustrates shifting the hamming window de-
spreading offset to minimize multipath interference
with the prompt ray, consistent with an example em-
bodiment of the invention.
Figure 7 shows calculation chirp phases, consistent
with an example embodiment of the invention.
Figure 8 shows a block diagram of a ranging receiver,
consistent with an example embodiment of the in-
vention.
Figure 9 shows a block diagram of an alternate rang-
ing receiver, consistent with an example embodi-
ment of the invention.

Detailed Description

[0006] In the following detailed description of example
embodiments of the invention, reference is made to spe-
cific examples by way of drawings and illustrations.
These examples are described in sufficient detail to en-
able those skilled in the art to practice the invention, and
serve to illustrate how the invention may be applied to
various purposes or embodiments. Other embodiments
of the invention exist and are within the scope of the in-
vention, and logical, mechanical, electrical, and other
changes may be made without departing from the subject
or scope of the present invention. Features or limitations
of various embodiments of the invention described here-
in, however essential to the example embodiments in
which they are incorporated, do not limit the invention as
a whole, and any reference to the invention, its elements,
operation, and application do not limit the invention as a
whole but serve only to define these example embodi-
ments. The following detailed description does not, there-
fore, limit the scope of the invention, which is defined
only by the appended claims.
[0007] By using radios that are capable of determining
distance, it is possible to provide positioning of an object
or person inside of a building. This can be used to track
emergency personnel such as firemen, equipment such
as medical infusion pumps in hospitals, or military robotic
vehicles exploring indoor spaces to determine safety.
[0008] When GPS is not available, or is unreliable, one
can turn to triangulation based on nodes in known loca-
tions. Triangulation in a structure such as a building or
within a dense urban area is difficult due to the interaction
of RF signals with objects in and around the structures.
In a typical RF environment the signal may reflect off
objects in the vicinity, and the direct path to the receiver
may be obstructed by walls or other objects. This multi-
path at the receiver will result in large inaccuracies in the
phase measurement. Multipath can cause the tones to
fade in amplitude and shift in phase independently from
one another.
[0009] The use of a simple signal such as a sine wave
for ranging in such an environment can lead to uncer-
tainty as to the timing or phase of the sine wave signal
being received; superimposition of a multipath or reflect-
ed sinusoid onto a prompt ray sinusoid can lead to diffi-
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culty in distinguishing the prompt ray from the multipath
ray.
[0010] Fig. 1 illustrates a locator system 100 that can
be used to locate an object or a person inside a structure
such as a building. In system 100 of Fig. 1, three radio
frequency (RF) nodes 102.1-102.3 are placed external
to a building. In one example embodiment each of the
nodes 102 has the ability to determine range based on
radio transmissions. Between them, they triangulate the
position of object 104 using chirp spread spectrum sig-
nals in the manner detailed below. Nodes 102 and 104
cooperate to establish the distance between each node
102 and node 104. To establish this distance, in some
example embodiments, each node 102 determines
range to node 104 via a round-trip transmission of the
chirp-based signal from node 102 to node 104, or from
node 104 to node 102. In other example embodiments,
node 104 determines range to each node 102 via a round-
trip transmission of the chirp-based signal from node 104
to node 102.
[0011] By using chirp spread spectrum signals, we can
achieve more accurate radio frequency ranging in the
presence of multipath signals. This is achieved in various
embodiments by using chirp spreading at multiple fre-
quency offsets, using relative phase measurements of
the despread chirp symbols to provide fine timing infor-
mation, and using a window positioned to minimize the
influence of near multipath signals.
[0012] In some embodiments, nodes 102 transmit a
wider bandwidth spread spectrum signal instead of the
discrete tones to reduce the effects of multipath, Since
delayed shifts of a spread spectrum signal are uncorre-
lated with one another, the effect of multipath upon the
phase measurements will be greatly reduced.
[0013] In one example embodiment, each node 102 is
a reference node used to triangulate object 104 (the po-
sition node). Accurate ranging measurement using a
chirp sequence spread spectrum signal means that
nodes 102 can be placed in a position outside the struc-
ture where an object is to be located and can still locate
the position node very accurately. If we know the position
of each of the reference nodes accurately, we can deter-
mine an absolute location of the object as a function of
the position of the reference nodes.
[0014] The reference nodes’ positions can be estab-
lished via GPS, via differential GPS or from known coor-
dinates based on, for instance, a previous survey, known
map coordinates or known indoor building coordinates.
In one embodiment, each reference node includes a glo-
bal positioning system sensor, wherein the reference
nodes determine their location based on data from the
global positioning system sensor.
[0015] In one embodiment, each reference node in-
cludes an interface for receiving location data. In some
embodiments, location data is loaded by a user based
on a previous survey, known map coordinates or known
indoor building coordinates. In another embodiment, sim-
ilar data is downloaded to each reference node via a net-

work from, for instance, a local or cloud-based server.
[0016] In some example embodiments, reference
nodes 102 operate with position node 104 to establish
its position. In one such example embodiment, each ref-
erence node 102 determines range to the position node
104. The range information for each reference node 102
is then sent with the node’s known coordinates to the
position node 104 as a data packet and the position node
determines its position based on the range information
and the known coordinates of each reference node 102.
[0017] In another example embodiment, position node
104 transmits a chirp spread spectrum signal to each
reference node 102 and determines range to each node
102 as a function of the return signal from each reference
node 102. The reference ranging information accumulat-
ed for each reference node 102 at the position node 104
is sent to one of the reference nodes (the aggregator
reference node) and, in one embodiment, is used to lo-
cate the position node in reference to the aggregator ref-
erence node 102.
[0018] In some example embodiments, reference
nodes 102 operate with position node 104 to establish
the position of position node 102 for an outside person
or device. An example locator system 200 is shown in
Fig. 2. In the example embodiment shown in Fig. 2, three
radio frequency (RF) nodes 102.1-102.3 are placed ex-
ternal to a building. In one example embodiment, each
of the nodes 102 has the ability to determine range based
on radio transmissions. Between them, they triangulate
the position of object 104 using chirp spread spectrum
signals in the manner detailed below. One or more of the
nodes 102 and 104 are connected via a network to a
server such as cloud server 202.
[0019] Nodes 102 and 104 cooperate to establish the
distance between each node 102 and node 104. To es-
tablish this distance, in some example embodiments,
each node 102 determines range to node 104 via a round-
trip transmission of the chirp-based signal from node 102
to node 104, or from node 104 to node 102.
[0020] In some such embodiments, position node 104
transmits a chirp spread spectrum signal to each refer-
ence node 102 and determines range to each node 102
as a function of the return signal from each reference
node 102. The reference ranging information accumulat-
ed for each reference node 102 at the position node 104
is sent to server 202 either directly from positioning node
104 or through one of the reference nodes 102. In other
example embodiments, one or more reference nodes de-
termine ranging information and transfer the information
to server 202.
[0021] In one example embodiment, raw range data
from position node 104 is sent to the cloud either from
position node 104, or the range information is sent to
each reference node 102 and they individually send the
information on to the cloud. In another embodiment, one
of the RN nodes acts as a range data aggregator and
sends the accumulated data to server 202 at appropriate
intervals.
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[0022] In one example embodiment, raw range data is
sent to server 202 the cloud either by each individual
node or through one of the nodes acting as a gateway.
The location of position node 104 can then be computed
via the raw data by the gateway prior to sending the data
to the cloud, by cloud server 202 itself, or by an applica-
tion running on a PC 204 or a smart phone 206 that re-
trieves the raw data from the cloud and computes the
position.
[0023] A chirp spread spectrum ranging transmit signal
that can be used in systems 100 and 200 will be dis-
cussed next.
[0024] Figure 4 shows an example multi-frequency
chirp transmitter 400 which can be used in node 102 to
provide a chirp-based ranging signal. Transmitter 400
produces a transmit signal with a spectrum 300 such as
is shown in Fig. 3. In the example shown, three un-mod-
ulated, length 512 chirp sequences are transmitted as
the ranging signal. The chirps are centered at frequen-
cies of -Fr, 0, and +Fr. The first chirp sweeps from -2Fr
to 0, the second sweeps from -Fr to +Fr, and the third
sweeps from 0 to +2Fr as shown at 300. The chirp se-
quences in this example are transmitted simultaneously
but they may also be transmitted individually at separate
times. To create the transmit signal, a length 512 complex
chirp sequence is generated and then multiplied by a
real-valued length 512 windowing function. When trans-
mitting the range reply signal, the fine timing of the trans-
mission may be set by either introducing phase offsets
on the chirp waveforms (at 408) or by adjusting the time
delay using an interpolation/decimation filter (at 406).
These are shown as optional functions on the block dia-
gram.
[0025] The windowed chirp sequence is replicated
three times and fed to a length 1024 inverse FFT at 402
to convert the signal to the time domain. Note that a chirp
sequence in the frequency domain is equivalent to the
complex conjugate of the chirp sequence in the time do-
main. Therefore, transforming a chirp sequence in the
frequency domain to the time domain simply creates a
chirp sequence that sweeps in the opposite direction.
The composite signal is then filtered with an up-sampling
low pass filter at 404 and optionally delayed with a fine
timing interpolation filter at 406.
[0026] To measure the propagation delay, the arrival
of the prompt ray is estimated with a high degree of ac-
curacy. A spreading code with a 20MHz bandwidth pro-
vides a resolution of only 50 nanoseconds; this is roughly
fifty feet in terms of distance. In order to achieve sub-
chirp timing accuracies three half-bandwidth chirps are
transmitted offset in frequency by 0, +Fr, and -Fr, where
Fr is equal to one-fourth the transmission bandwidth, BW.
[0027] When the transmitting station at a node 102
sends the range request signal, the three chirps are sent
with the same phase. At the receiver in object 104, if the
chirps are de-spread with perfect alignment to the re-
ceived signal, the three phases will be identical. If the
receive signal is offset in time, the three phases will shift

due to the frequency offset of each chirp signal. Using a
combination of the chirp offset and the chirp phases, the
propagation delay of the RF signal can be very accurately
estimated.
[0028] Chirp spreading reduces the influence ofmulti-
path on the measurement; note, however, that multipath
with delays less than a chirp period from the prompt ray
may still interfere with the measurement.
[0029] Figure 5 shows an example of multipath or re-
flected rays less than a chirp period from the prompt ray
interfering with prompt ray reception, consistent with an
example embodiment of the invention. The magnitude
response of the hamming window is shown at 501, cen-
tered around the prompt ray 502. Any multipath 503 with-
in this window will combine with the prompt ray and po-
tentially interfere with the measurement.
[0030] Figure 6 illustrates shifting the hamming win-
dow despreading offset to minimize multipath interfer-
ence with the prompt ray, consistent with an example
embodiment of the invention. In order to minimize the
effects of the nearby multipath seen in Figure 5, the de-
spread offset is advanced as much as is practical while
still maintaining an accurate phase measurement. The
offset in a more detailed example is advanced until the
de-spread energy drops to a pre-determined threshold
level. At this offset, the phase measurement takes place.
This results in the hamming window capturing the prompt
ray 602, while greatly attenuating or excluding the mul-
tipath signals 603.
[0031] The phase measurement is important for pro-
viding an accurate measurement. The relative phases of
the frequency chirps reflect the de-spread timing offset
with respect to the received ray. This is a direct conse-
quence of the two chirp signals having a non-zero center
frequency. The chirp centered at -BW/4 will experience
a phase shift of -πk/2 radians, where k is the time differ-
ence between the ray and the de-spread offset in units
of Ts. Likewise, the chirp centered at +BW/4 will experi-
ence a phase shift of +πk/2 radians. The third chirp signal
located at 0 Hz is used as a phase reference and does
not experience a phase shift when the de-spread offset
changes.
[0032] Figure 7 shows calculation of chirp phases, con-
sistent with an example embodiment of the invention.
Here, the reference phase, Ø0 is calculated at 701, and
the delta phases for the negative frequency centered
chirp at 702 and positive frequency centered chirp at 703.
In the equations, C° is the complex despread value for
the zero frequency centered or DC chirp, C- is the com-
plex despread value for the negative frequency centered
chirp and C+ is the complex despread value for the pos-
itive frequency centered chirp. The fine timing offset, k,
can then be calculated as shown at 704.
[0033] To extend the phase measurement range in a
further example, a third chirp symbol is added at DC, and
a reference phase is calculated from the DC chirp as
shown at 705.
[0034] The raw timing measurement is then the coarse
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timing offset corresponding to the point of the delay
measurement minus this fine timing value. In order to
calculate the over-the-air propagation delay, the internal
path delays of both radios is also subtracted. In addition,
the delay is adjusted based on the estimate of the relative
oscillator inaccuracies between the two radios.
[0035] The effect of multipath on the de-spread prompt
ray at the receiver is minimized by selecting a timing off-
set near the estimated location of the prompt ray. The
location is based upon the estimated channel impulse
response. One method for determining the approximate
prompt ray offset is to select the earliest arriving offset
whose energy is above a threshold. The threshold can
then be calculated relative to the maximum energy offset
or relative to the composite signal energy.
[0036] At this timing offset, a block of data is buffered
and transformed into the frequency domain. The data
from the FFT is separated into the proper frequency band
for each chirp, and then the data is de-spread in the fre-
quency domain. Note that frequency domain de-spread-
ing is almost identical to time domain de-spreading be-
cause a chirp signal in the frequency domain is simply
the complex conjugate of the signal in the time domain.
The signal is de-spread by correlating the data with a
chirp sequence.
[0037] It is desirable to attenuate any multipath follow-
ing the prompt ray in order to obtain a reliable phase
measurement of the prompt ray signal. This is accom-
plished by advancing the time offset as illustrated previ-
ously in Figure 6. However, each time the time offset is
adjusted, a computation-intensive FFT is performed. In
order to avoid this complexity, some embodiments of the
invention employ a method in which the FFT window is
effectively moved but the timing offset remains station-
ary. This is accomplished by multiplying each band of
FFT output data by a near-DC complex sinusoid. The
frequency of the complex sinusoid is adjusted to position
the window such that the prompt ray’s phase can be
measured with little influence from any nearby multipath.
The frequency is adjusted until the de-spread energy of
the chirp symbols are within a given range. At this point,
the phase of the de-spread chirp symbols is measured.
The phases reflect the fine timing offset of the prompt
ray relative to the coarse data buffer timing.
[0038] The station receiving the range request signal
responds with a range reply transmission at a known de-
lay following the request. The timing of the transmission
is precise, so that the round trip delay estimate is accu-
rate. The transmit timing can be conveyed in different
manners, including:

1. The transmission time of the range reply signal is
precisely set using a high rate interpolation/decima-
tion filter

2. The transmission time of the range reply signal is
set coarsely (e.g., a Nyquist sample period or half
sample period) and the fine transmission time offset

is conveyed by shifting the phase of the chirp sym-
bols.

3. The transmission time of the range reply signal is
set coarsely (e.g., a Nyquist sample period or half
sample period) and the fine transmission time offset
is conveyed in a data message.

[0039] In the example presented here, the third option
is used, sending the fine timing offset information in a
data portion of the range reply frame.
[0040] Figure 8 shows a block diagram of a ranging
receiver, consistent with an example embodiment of the
invention. Here, a transceiver 801 down converts the RF
signal to a 0 Hz IF signal (baseband signal). An ADC 802
converts the analog baseband signal to a digital signal.
Any frequency offset error is corrected by multiplying the
baseband signal with a complex sinusoid generated by
a numerically-controlled oscillator (NCO) at 803. The da-
ta is then low-pass filtered at 804 and buffered at 805 to
create a block of data (length of 1024 in this example).
[0041] The block of data feeds a 1024 point FFT at
806, which converts the time domain data into the fre-
quency domain. The FFT output is separated into three
bands: the upper band centered at +Fc which uses FFT
output bins 0 through 511, the middle band centered at
DC (0 Hz) which uses FFT output bins 0 through 255 and
768 through 1023, and the lower band centered a -Fc
which uses FFT output bins 512 through 1023.
[0042] The data for each of the three frequency bands
is multiplied by a windowing function and the chirp se-
quence. The data is then multiplied a third time by a com-
plex sinusoid fed by an NCO. Finally, the 512 data sam-
ples for each frequency band are accumulated to provide
the de-spread chirp values. The frequency of the NCO
is adjusted based upon the energy of the de-spread chirp
symbols. Once the desired energy level is achieved, the
phases of the three de-spread chirp values are meas-
ured. The phase values provide the fine timing offset of
the prompt ray relative to the coarse offset. Note that the
chirp phase and NCO phase are combined to eliminate
one of the complex multiply operations in a further ex-
ample.
[0043] Figure 9 is a block diagram of an alternate im-
plementation of a ranging receiver, consistent with an
example embodiment of the invention. In this example,
the signal is despread in the time domain eliminating the
need for a fast fourier transform. The block of data at the
output of buffer 905 is multiplied by the windowing func-
tion by multiplier 906. This data is then multiplied by the
complex conjugate of the expected data sequences. The
data sequence chirp0 is the chirp signal generated at the
sampling rate of the received block of data. The data
sequence, chirp+, is the chirp0 sequence multiplied by
a positive frequency offset of +Fc; likewise, chirp- is the
chirp0 sequence multiplied by a negative frequency off-
set of -Fc. Similar to the frequency domain implementa-
tion shown in Figure 8, the three signals are multiplied

7 8 



EP 2 778 710 A2

6

5

10

15

20

25

30

35

40

45

50

55

by a complex sinusoid and then accumulated to produce
the despread symbols.
[0044] With the time domain implementation of Figure
9, there may be some degradation in accuracy. The tim-
ing offset of the buffered data may not align precisely
with the received symbols resulting in a misalignment of
the windowing function. However, when using long chirp
sequences this degradation is fairly insignificant. In either
implementation it may also be desirable to compensate
for any non-linear phase or magnitude variations in the
response of the radio’s signal path. This may be accom-
plished by multiplying the received block of data by a
complex data sequence derived from measuring the
channel response of the radio.
[0045] These examples illustrate how distance be-
tween two radio frequency devices can be estimated by
receiving a plurality of spread spectrum chirp signals fre-
quency offset from one another, and evaluating the re-
ceived plurality of spread spectrum chirp signals for rel-
ative phase shifts between the plurality of spread spec-
trum chirp signals. A fine propagation time is derived us-
ing the phase shifts between the spread spectrum chirp
signals. In a further example, a frequency domain de-
spreading window is shifted to reduce the influence of
time-delayed near multipath signals in receiving the plu-
rality of spread spectrum chirp signals.
[0046] The main advantages of this approach is that
the reference nodes can be either inside or outside of
the building, and with only three nodes it could be pos-
sible to get better accuracy than current methods. Also,
while only three reference nodes are required for accu-
rate positioning, a fourth reference node located at a dif-
ferent height is all that would be required to determine
the floor of a multi-story building. With the reference
nodes 102 external to the building, their position can be
accurately determined without the need for any pre-map-
ping of internal structures. With the nodes indoors, min-
imal mapping may be required, or the units could be lo-
cated near windows and get a reference position via
GPS. Additional reference nodes do not have to be added
to improve accuracy as with other methods. Additional
nodes only need to be added if the indoor structure is
sufficiently large as to limit the radio range to a minimum
of three devices.
[0047] The present approach uses a chirp sequence
radio frequency transmission to determine range, and
does so with fewer reference nodes and with greater po-
sitional accuracy. Position data can be accumulated on
the cloud and provided for computation of positional data
and for consumption by various devices
[0048] Although specific embodiments have been il-
lustrated and described herein, it will be appreciated by
those of ordinary skill in the art that any arrangement
which is calculated to achieve the same purpose may be
substituted for the specific embodiments shown. The in-
vention may be implemented in various modules and in
hardware, software, and various combinations thereof,
and any combination of the features described in the ex-

amples presented herein is explicitly contemplated as an
additional example embodiment. This application is in-
tended to cover any adaptations or variations of the ex-
ample embodiments of the invention described herein. It
is intended that this invention be limited only by the
claims, and the full scope of equivalents thereof.

Claims

1. A method of determining the location of a device ca-
pable of receiving and transmitting a chirp spread
spectrum signal, the method comprising:

determining a first position;
transmitting a chirp spread spectrum signal from
the first position and receiving a chirp spread
spectrum range reply signal at the first position
from the device;
determining range between the first position and
the device;
determining a second position;
transmitting a chirp spread spectrum signal from
the second position and receiving a chirp spread
spectrum range reply signal at the second posi-
tion from the device;
determining range between the second position
and the device;
determining a third position;
transmitting a chirp spread spectrum signal from
the third position and receiving a chirp spread
spectrum range reply signal at the third position
from the device;
determining range between the third position
and the device; and
determining the location of the device based on
the locations determined for the first, second and
third positions and the range between the first
position and the device, the range between the
second position and the device, and the range
between the third position and the device.

2. The method of claim 1, wherein receiving a chirp
spread spectrum range reply signal at the first posi-
tion includes:

receiving, at the first position, a plurality of
spread spectrum chirp signals frequency offset
from one another;
evaluating the received plurality of spread spec-
trum chirp signals for relative phase shifts be-
tween the plurality of spread spectrum chirp sig-
nals; and
deriving a fine propagation time between the de-
vice and the first position using the relative
phase shifts.

3. The method of claim 2, wherein receiving a chirp
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spread spectrum range reply signal at the first posi-
tion further includes determining a coarse propaga-
tion time established by propagation delay of at least
one of the plurality of chirp signals plus known
processing delays, and combining the coarse prop-
agation delay and the fine propagation time to es-
tablish an accurate propagation time.

4. A method of determining the location of a device ca-
pable of receiving and transmitting a chirp spread
spectrum signal, the method comprising:

determining a first position;
transmitting a chirp spread spectrum signal from
the device and receiving a chirp spread spec-
trum range reply signal from a radio at the first
position;
determining range between the first position and
the device;
determining a second position;
transmitting a chirp spread spectrum signal from
the device and receiving a chirp spread spec-
trum range reply signal from a radio at the sec-
ond position;
determining range between the second position
and the device;
determining a third position;
transmitting a chirp spread spectrum signal from
the device and receiving a chirp spread spec-
trum range reply signal from a radio at the third
position;
determining range between the third position
and the device; and
determining the location of the device based on
the locations determined for the first, second and
third positions and the range between the first
position and the device, the range between the
second position and the device, and the range
between the third position and the device.

5. The method of claim 4, wherein receiving a chirp
spread spectrum range reply signal at the first posi-
tion includes:

receiving, at the first position, a plurality of
spread spectrum chirp signals frequency offset
from one another;
evaluating the received plurality of spread spec-
trum chirp signals for relative phase shifts be-
tween the plurality of spread spectrum chirp sig-
nals; and
deriving a fine propagation time between the de-
vice and the first position using the relative
phase shifts.

6. The method of claim 5, wherein receiving a chirp
spread spectrum range reply signal at the first posi-
tion further includes determining a coarse propaga-

tion time established by propagation delay of at least
one of the plurality of chirp signals plus known
processing delays, and combining the coarse prop-
agation delay and the fine propagation time to es-
tablish an accurate propagation time.

7. The method of any preceding claim, further compris-
ing shifting a frequency domain despreading window
within a receiver at the first position to reduce the
influence of time-delayed near multipath signals.

8. The method of any preceding claim, wherein the
chirp spread spectrum signal is a function of chirp
sequences centered at -Fr, 0 and +Fr, respectively.

9. The method of any preceding claim, wherein the
range reply signal is offset via a phase shift.

10. The method of any preceding claim, wherein the
range reply signal is delayed via an interpola-
tion/decimation filter.

11. The method of any preceding claim, further compris-
ing transmitting the determined location of the device
to a server.

12. The method of any preceding claim, wherein deter-
mining the location of the device includes transmit-
ting the locations determined for the first, second and
third positions and the ranges between the first po-
sition and the device, the second position and the
device, and the third position and the device to a
server in the cloud.

13. A radio frequency locator system, comprising:

first, second and third reference devices, where-
in the reference devices are operable to transmit
a plurality of spread spectrum chirp signals fre-
quency offset from one another;
an object device operable to receive the plurality
of spread spectrum chirp signals, the object de-
vice further operable to evaluate the received
plurality of spread spectrum chirp signals for rel-
ative phase shifts between the plurality of spread
spectrum chirp signals and derive a fine propa-
gation time between each reference device and
the object device using the phase shifts between
the spread spectrum chirp signals;
wherein the reference devices determine their
location independent of the object device and
determine the location of the object device as a
function of each of their locations and of their
range to the object device.

14. The radio frequency locator system of claim 13, the
receiver further operable to determine a coarse prop-
agation time established by propagation delay of at
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least one of the plurality of chirp signals plus known
processing delays, and combine the coarse propa-
gation delay and the fine propagation time to estab-
lish an accurate propagation time.

15. The radio frequency locator system of claim 13 or
claim 14, wherein at least one of the following ap-
plies:

a) the receiver is further operable to shift a fre-
quency domain despreading window in the re-
ceiver to reduce the influence of time-delayed
near multipath signals in receiving the plurality
of spread spectrum chirp signals,
b) the reference devices include a global posi-
tioning system sensor, wherein the reference
devices determine their location based on data
from the global positioning system sensor, and
c) the reference devices include an interface,
wherein location data is loaded into each device
via the interface.
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