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FIG. 1

(57) Abstract: Systems and methods for using distributed processing in conjunction with blind source separation techniques for sig-
nal processing and acquisition in sensor network environments are provided. In the distributed blind source separation framework,
sensors perform processing of sensor signals rather than transmit such signals over long distances, and/or outside of the sensor net -
work, for processing at a central location. Sensors attempt to own a source signal, and a source signal can only be owned by one act -
ive sensor. Sensors owning a source signal broadcast the signal directly or indirectly so that it is perceived by users. Sensors receive
information from other sensors in their sensor neighborhood, including observed signals of the other sensors and estimated source
signals of sources owned by the other sensors. Owning sensors extract the respective source signals associated with the sources they
own and redundant sensors can check for any non-owned source signals present.



WO 2012/161884 PCT/US2012/033410

AMENDED CLAIMS
received by the International Bureau on 21 June 2013 (21.06.2013).

I A method for processing signals in g sensor petwork, the sensor network including a
plurality of sensors each s¢usor being in a state of an owning sensor or no-owning sensor,
the method comprising:

establishing, by a nor-owning sensor in the network, a neighborhood of owning
sensors, cach of the Owning sensors owning a specific source signal from amongst a pharality
of source signals gencrated from sources;

obtaining, by the non-owning sensor, signal information from the owning sensors in
the neighborhond of owning sensors;

comparing, by the non-owning sensor, based on the signal information, a signal
recepiion strength of an owning sensor over 4 specific source signal owed by the downing
sensor with a signal reception strength of the non-owning sensor over the speeific source
signal; and

based on the comparison of the signal reception stiengths, the non-owning sensor

taking ownership of the specific soures signal,

2. The method of claim 1, wherein the signal information from the owning sensors
include extracted source signals and sensor signals from each of the owning sensors in the

neighborhood.

3. The method of ¢laim 2, wherein the exteacted source signals are estimates of the

source signals generated from the sources,

4, The method of claim 1, wherein each of the owning sensors broadcasts the specific

source signal fo 3 plurality of sensors in the network,

34
AMENDED SHEET (ARTICLE 19)



WO 2012/161884 PCT/US2012/033410

A, The method of clain 1, wherein each of the owning sensors broadeasts the specific
source signal directly or via a relay hode over a radio network 1o a user.
5. The method of claim 5, wherein the plurality of sensors are local to the sources, and

wherein the user is remote from the plurality of sensors,

7. The method of claim 3, wherein the plurality of sensors are local to the sowrces, and

wherein both the plurality of sensors and the sources are local to the user.

8. The method of claim 1, further comprising:

determining by the non-owning sensor, based on the signal information, that alt
source signals of & plurality of source signals generated from the sources are owned; and

in response to determining alb of the source signals are owned, the non-owning sensor

deactivating.

9. The method of clainy 1, further comprising:
determining, by the nen-owning scisor, based on the signad information, that a source
signal of a plurality of source signals generated from the sourees is unowned; and

the non-owning sensor taking ownership of the snowned source signal,

10, A method for processing signals in a sensor netwark, the sensor network including a
plarality of sensors cach sensor being in a state of an owning seNSOF OF DOR-OWNRINYG SEASCY,

the method comprising:
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updating, by an owaing sensor, & sensor neighborhood of the owning sensor, the
sensor neighborhood including nther owning sensors each owning a specific source signal
from amongst a plurality of source signals generated from sousces;

acquiring, by the owning sensor, extracted source signals and sensor signals
communicated by the other owning sensors in the updated sensor neighborhood;

exiracting, by the owning sensos, the specific sowrce signal owaned by the owning
sensor; and

trausmitiing by the owning sensor, a copununication to the updated sensor
neighborhood, the communication including the extracted source signal owned by the owning

senaor and a sensor signal of the oOwning sensor,

1. The method of claim 10, wherein extracting the specific souree signal tncludes

gstimating the specific source signal owned by the owning sensor,

i2. The method of claim 11, wherein estimating the specific source signal includes:
analyzing, by the owning sensor, sequentially overlapping windowed muiti-channet

signal segments for a plurality of signals in the updated sensor neighborhood; and
identifying, from scparated source signal sets computed for the sequentially

overlapping signal segments, corresponding source signals 1o obtain an estimate of the

specific source signal owned by the owaing sensor across sequential signal segments.

13, The method of claim 10, wherein ¢ach of the extracted source signals is an estimate of

a specific source signal of the plurality generated by the sources.
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14, The method of claim 10, wherein each of the sensor signals includes a measure of

reception strength of the specific svurce signal owned by the other owning sensor.

15, The method of claim 10, further comprising the owning sensor fransitioning to the
non-owning state in response to determining a strength of ownership over the specific source

signal owned by the owning sensor is below a threshold level.

16, The method of claim 10, farther comprising:

determining a signal reception strength of the owning sensor for the specific source
signal owned by the owning senson

comparing the signal reception strength of the owning sensor with a signal reception
strength of a non-owning sensor for the specific source signal; and

deactivating the owning sensor based on the comparison of the sigaal reception

strengths.

17, The method of claim 10, further comprising the owning sensor broadeasting the
extracied source signal owned by the owning sensor dirgetly or via a relay node over a radio

network toa user.

I8, The method of clamm 17, wherein the sources are local to the owning sensor, and

wherein the user is remote from the owning sensor.

19, The method of claim 17, whergin the sources are localio the owsing sensor, and

wherein both the sources and the owning sensor are local to the user.

37
AMENDED SHEET (ARTICLE 19)



WO 2012/161884 PCT/US2012/033410

20, A distributed blind source separation system comprising:
a plurality of sensors (120} in communication over a first network (130), each of'the

plurality of sensors configured to:

determine a set of active sensors of the plurality, each of the active sensors
observing signals at a location of the pluvality of sensors;

acquire signal information from the set of active sensors, the signal
information including sstimated source signals and sensor signals from cach of the active
SERSOIS;

use the siznal information to estimate a source signal generated by a source at
the location,

transmit a communication indicating the estimated source signal and a sensor
signal to oue or more other sensors of the plurality, the sensor signal being particufar to the
transmitting sensor, and

broadeast the estimated source signal over a second network (155} to g user.

21, The distributed blind source separation system of clgim 20, wherein each of the
plurality of sensors includes:

& sensor observation trapsmission wnit (325) configured to {ransmit a conmunication
indicating an estimated source signal and a sensor signal to the ene or more other sensors of
the plurality,

a neighborhood communication acquisition unit (330) coufigured to acquire
transmitted communications from other sensors of the plurality; and

a sensor observation acquisition unit (320) configured to scquire signal information at

the location of the phirality of sensors.
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22, Asystem of conununicating sensors for extracting a plurality of source signals froma
phirality of seasor observations, the system comprising:
a plurality of sensors having compidational ability for processing, wherein

at least one sensor of the plurality is configured to compute seasor-processed
information using observation information and previous sensor-processed information, the
previous sensor-processed information being communicated by at least one other sensot of
the plurality,

at least one sensor of the plurality is configured to compunicate at least one
extracted source signal to g aser node, and

the computed sensor-processed information for at least one sensor of the
plurality includes separated source signal sets compnted for sequentialiy overlapping signal

segments of a plurality of signaly communicated by the plurality of sensors.
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