I *I Innovation, Sciences et Innovation, Science and CA 3025602 C 2020/02/18

Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 3 025 602
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépot PCT/PCT Filing Date: 2017/01/12 (51) Cl.Int./Int.Cl. GO8B 13/24 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2017/12/14 HO04W 84/12 (2009.01), HO4W 99/00 (2009.01)
" . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2020/02/18 MANKU, TAJINDER, CA:
(85) Entrée phase nationale/National Entry: 2018/11/21 KRAVETS, OLEKSIY, CA
(86) N° demande PCT/PCT Application No.: CA 2017/050037 (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2017/210773 COGNITIVE SYSTEMS CORP., CA
(30) Priorité/Priority: 2016/06/08 (US15/176,489) (74) Agent: GOODMANS LLP

(54) Titre : COMMANDE D'UN CANAL DE DETECTION DE MOUVEMENT DANS UN RESEAU DE COMMUNICATION SANS FIL
(54) Title: OPERATING A MOTION DETECTION CHANNEL IN A WIRELESS COMMUNICATION NETWORK

0

IDENTIFY CHANNELS INAWIRELESS | _~702
COMMUNICATION NETWORK

y

DESIGNATE SUBSET OF CHANNELS | _~704

FORMOTION SENSING
USE DESIGNATED SUBSET OF CHANNELS | 706
FORMOTION SENSING
PROCESS MOTION DATA 708

USE OTHER CHANNELS FOR 0
WIRELESS NETWORK TRAFFIC -

(57) Abrégé/Abstract:

In a general aspect, a motion detection channel is operated in a wireless communication network. In some aspects, a first wireless
network device communicates wireless network traffic on a first subset of wireless communication channels in a wireless
communication network. The first wireless network device receives motion detection signals transmitted through a space by a
second wireless network device. The motion detection signals are received on a second subset of wireless communication
channels. The motion detection signals are processed to detect motion of an object in the space.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l

50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca ( Eal lada



wo 20177210773 A1 I 00000 0 R0

CA 03025602 2018-11-21

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 December 2017 (14.12.2017)

(10) International Publication Number

WO 2017/210773 Al

WIPO I PCT

(51) International Patent Classification:
GO8B 13/24 (2006.01) HO4W 99/00 (2009.01)
HO4W 84/12 (2009.01)

(21) International Application Number:
PCT/CA2017/050037

(22) International Filing Date:
12 January 2017 (12.01.2017)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

15/176,489 08 June 2016 (08.06.2016) US

(71) Applicant: COGNITIVE SYSTEMS CORP. [CA/CA];
560 Westmount Road North, Waterloo, Ontario N2I 0A9

(CA).

Inventors: MANKU, Tajinder; 263 Lion's Court, Wa-
terloo, Ontario N2L 6M7 (CA). KRAVETS, Oleksiy; 11
Milne Drive, Petersburg, Ontario NOB 2HO (CA).

a2

(74) Agent: GOODMANS LLP et al.; 333 Bay Street, Suite

3400, Toronto, Ontario M5H 287 (CA).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN, KP, KR,
KW,KZ, LA,LC,LK,LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM,KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

(54) Title: OPERATING A MOTION DETECTION CHANNEL IN A WIRELESS COMMUNICATION NETWORK

700

IDENTIFY CHANNELS IN AWIRELESS
COMMUNICATION NETWORK

|—702

DESIGNATE SUBSET OF CHANNELS
FOR MOTION SENSING

l

USE DESIGNATED SUBSET OF CHANNELS
FORMOTION SENSING

!

PROCESS MOTION DATA

| 104

|16

|10

USE OTHER CHANNELS FOR

WIRELESS NETWORKTRAFFIC |70

FIG. 7

(57) Abstract: In a general aspect, a motion detection channel is
operated in a wireless communication network. In some aspects,
a first wireless network device communicates wireless network
traffic on a first subset of wireless communication channels in a
wireless communication network. The first wireless network de-
vice receives motion detection signals transmitted through a space
by a second wireless network device. The motion detection sig-
nals are received on a second subset of wireless communication
channels. The motion detection signals are processed to detect
motion of an object in the space.

[Continued on next page]



CA 03025602 2018-11-21

WO 20177210773 A1 {0000 0 T A

Published:
—  with international search report (Art. 21(3))



Operating a Motion Detection Channel in a Wireless Communication Network

[0001]

BACKGROUND
[0002] The following description relates to operating a motion detection channel in a

wireless communication network.

[0003] Motion detection systems have been used to detect movement, for example, of
objects in a room or an outdoor area. In some example motion detection systems, infrared
or optical sensors are used to detect movement of objects in the sensor’s field of view.
Motion detection systems have been used in security systems, automated control systems

and other types of systems.

DESCRIPTION OF DRAWINGS

[0004] FIG. 1A is a diagram showing an example wireless network system,
[0005] FIG. 1B is a diagram showing an example modem.
[0006] FIG. 2 is a diagram showing an example motion channel packet.

[0007] FIGS. 3A and 3B are diagrams showing example signals communicated between

wireless network devices.

[0008] FIG. 4 is a diagram showing an environment that includes example wireless

network devices.

[0009] FIG. 5 is a diagram showing an example space that includes multiple wireless

network devices.
[0010] FIG. 6 is a block diagram showing an example system architecture.
[0011] FIG. 7 is a flow chart showing an example process for operating a wireless

communication network.

DETAILED DESCRIPTION
[0012] Insome aspects of what is described, a wireless communication network

includes a motion detection channel. For example, a motion detection channel can be

CA 3025602 2019-05-24
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embedded in a wireless communication network to perform motion detection operations
alongside other wireless communication network operations. In some implementations, a
motion detection channel can be operated in parallel with other wireless communication
channels that execute wireless signaling protocols. In some implementations, a chipsetina
wireless network device uses a motion detection channel to detection motion in a space,
and the same chipset uses another wireless communication channel to communicate

wireless network traffic, for example, with other wireless devices.

[0013] Insome implementations, the motion detection channel is used to transmit
motion detection signals that are used to determine motion. The motion detection signal
may be used in a manner that is analogous to a radar signal. For example, there can be a
transmitted signal (e.g., sent from a first wireless network device) on the motion detection
channel and a reflected signal (e.g., received at a second wireless network device) on the
motion detection channel. In some cases, the reflected signal may contain motion
information (velocity, location, etc) based on interactions with objects in a target
environment, for instance, in a space that is accessed by the transmitted signal. The

reflected signal may be analyzed, for example, to detect motion of such objects.

[0014] In some implementations, a motion detection channel can be included ina
wireless communication standard. For instance, a wireless communication network can
define a set of wireless communication channels according to a wireless communication
standard, and one or more of the wireless communication channels can be allocated for
motion detection. As an example, one or more motion standard wireless communication
channels in a Wideband Code Division Multiple Access (WCDMA) standard, a Long-Term
Evolution (LTE) standard, one or more of the 802.11 family of standards developed by
IEEE, a BLUETOOTH® standard, a ZigBee standard or another wireless communication
standard can be allocated as a motion detection channel for motion detection. In some
wireless communication standards, the wireless communication channels are assigned
names {e.g, “channel 1,” “channel 2,” etc.) or other types of identifiers. The wireless
communication channels can be defined in frequency (e.g, where each wireless
communication channel occupies a given bandwidth in a frequency range), in code (e.g.,

where each wireless communication channel has a channel code) or otherwise.,

[0015] Insome example implementations, a motion detection signal is repeatedly
transmitted on a motion detection channel to probe for motion in a space. The motion

detection signal can include, for example, a reference signal (e.g., a pseudorandom code or
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another reference) generated for motion detection, a beacon signal (e.g., Bluetooth
Beacons, Wi-Fi Beacons, other wireless beacon signals) or another standard signal
generated for other purposes according to a wireless communication standard or another
type of repeated signal. In some examples, motion detection signals propagate through an
object (e.g., a wall) before or after interacting with a moving object, which may allow the
object’s movement to be detected without an optical line-of-sight between the moving
object and the transmission or receiving hardware. Motion detector systems may be used
in larger systems, such as a security system, that may include a control center for

monitoring movement within a space, such as a room, building, outdoor area, etc.

[0016] FIG. 1A is a diagram showing aspects of an example wireless network system
100. The example wireless network system 100 includes three wireless network devices
101A, 101B, 101C. The example wireless network system 100 may include additional
wireless network devices and other components (e.g., one or more wireless network
servers, wireless network routers, wireless network switches, cables or other

communication links, etc.).

[0017] The example wireless network system 100 can operate as a wireless
communication network, for example, according to a wireless communication standard or
another type of wireless communication protocol. For example, the wireless network
system 100 may be configured to operate as a Wireless Local Area Networks (WLAN), a
cellular network, a Personal Area Network (PAN), a metropolitan area network (MAN), or
another type of wireless communication network. Examples of cellular networks include
networks configured according to 2G standards such as Global System for Mobile (GSM)
and Enhanced Data rates for GSM Evolution (EDGE) or EGPRS; 3G standards such as Code
Division Multiple Access (CDMA), Wideband Code Division Multiple Access (WCDMA),
Universal Mobile Telecommunications System (UMTS), and Time Division Synchronous
Code Division Multiple Access (TD-SCDMA); 4G standards such as Long-Term Evolution
(LTE) and LTE-Advanced [LTE-A); and others. Examples of WLANs include networks
configured to operate according to one or more of the 802.11 family of standards
developed by IEEE (e.g., Wi-Fi networks), and others. Examples of PANs include networks
that operate according to short-range communication standards (e.g.,, BLUETOOTH®, Near

Field Communication (NFC), ZigBee), millimeter wave communications, and others.

[0018] In the example shown in FIG. 14, each of the wireless network devices 1014,

101B, 101C includes a respective processor, power supply, memory and modem. The
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wireless network devices 1014, 101B, 101C may include additional or different
components, and they may be configured to operate as shown in FIG. 1A or in another
manner. In some implementations, all of the wireless network devices 1014, 101B, 101C
are the same type of device. In some implementations, one or more of the wireless

network devices 1014, 101B, 101C is different from the others.

[0019] The example wireless network device 101A includes the processor 1024, the
power supply 1034, the modem 104A and the memory 105A. In some implementations,
the processor 1024, the power supply 103A, the modem 104A and the memory 105A are
housed together in a common housing or other assembly. In some implementations, one or
more of the components can be housed separately, for example, in a separate housing or

other assembly.

[0020] The example modem 104A can communicate (receive, transmit, or both)
wireless signals. For example, the modem 104A may be configured to communicate radio
frequency signals formatted according tc a wireless communication standard. The modem
104A may be implemented as the example wireless network modem 104 shown in FIG. 1B,
or the modem 104A may be implemented in another manner, for example, with other

types of components or subsystems.

[0021] In the example shown, the modem 104A can communicate on multiple wireless
communication channels. For example, the wireless communication channels may be
defined by a wireless communication standard or other wireless communication protocol.
The wireless communication channels are used in the example wireless network system
100 to transfer data between wireless devices. As shown in FIG. 1A, the wireless network
system 100 supports communication on N+1 distinct wireless communication channels,
which include N distinct network traffic channels 108 for transferring wireless traffic {e.g.,
data packets) between wireless devices, and one motion detection channel 110 for
transferring motion detection signals between wireless devices. In some cases, a wireless
network system or an individual wireless network device may support other types of
wireless communication channels, or additional wireless communication channels of the
same type (e.g, multiple motion detection channels). In some cases, two or more adjacent
wireless communication channels can be combined to form one motion detection channe],

which may increase the frequency bandwidth of the motion detection channel.

[0022] In someimplementations, the wireless communication channels {including the

network traffic channels 108 and motion detection channel 110) are frequency channels.
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For example, each of the wireless communication channels may occupy or otherwise
correspond to a distinct frequency bandwidth within a licensed or unlicensed band of
wireless spectrum. The frequency channels may include overlapping bandwidths or non-
overlapping bandwidths. In some Wi-Fi standards, each frequency channel corresponds to
a distinct center frequency and has a frequency bandwidth. In an example, the center
frequencies are separated by 5 MHz (e.g,, 2.412 GHz, 2.417 GHz, 2.422 GHz, etc.) and each
channel has a bandwidth of 20 MHz. The modem 104A of the wireless network device
101A may be configured to communicate on other types of frequency channels, for

example, that have other frequency spacings or frequency bandwidths.

[0023] Insome implementations, the wireless communication channels (including the
network traffic channels 108 and motion detection channel 110) are coded channels. For
example, each of the wireless communication channels may correspond to a distinct
spreading code and operate within a common frequency range in a licensed or unlicensed
band of wireless spectrum. In some cases, spreading codes are used to generate spread
spectrum transmissions on each respective coded channel, for example, to avoid
interference between coded channels in the same frequency range. In some types of code
division multiple access (CDMA) standards, each coded channel corresponds to a distinct
channel code that is combined with a data signal to generate the channel-coded signal. In
an example, each channel code is a pseudorandom binary code. In some cases, multiple
(e.g., some or all} of the coded channels share the same frequency bandwidth. The modem
104A of the wireless network device 101A may be configured to communicate on other

types of coded channels.

[0024] Insome implementations, the wireless communication channels (including the
network traffic channels 108 and motion detection channel 110) include frequency
channels and coded channels. For example, some or all the network traffic channels 108
can be frequency channels, and the motion detection channel 110 can be a coded channel.
As another example, some or all the network traffic channels 108 can be coded channels,

and the motion detection channel 110 can be a frequency channel.

[0025] In some implementations, the example modem 104A includes a radio subsystem
and a baseband subsystem. In some cases, the baseband subsystem and radio subsystem
can be implemented on a common chip or chipset, or they may be implemented in a card
or another type of assembled device. The baseband subsystem can be coupled to the radio

subsystem, for example, by leads, pins, wires or other types of connections.
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[0026] [nsome cases, a radio subsystem in the modem 104A can include one or more
antennas and radio frequency circuitry. The radio frequency circuitry can include, for
example, circuitry that filters, amplifies or otherwise conditions analog signals, circuitry
that up-converts baseband signals to RF signals, circuitry that down-converts RF signals to
baseband signals, etc. Such circuitry may include, for example, filters, amplifiers, mixers, a
local oscillator, etc. The radio subsystem can be configured to communicate radio
frequency wireless signals on the wireless communication channels. As an example, the
radio subsystem may include the radio chip 112 and the RF front end 113 shown in FIG.
1B. A radio subsystem may include additional or different components. In some
implementations, the radio subsystem can be or include the radio electronics (e.g, RF front
end, radio chip, or analogous components) from a conventional modem, for example, from

a Wi-Fi modem, pico base station modem, etc.

[0027] In some cases, a baseband subsystem in the modem 104A can include, for
example, digital electronics configured to process digital baseband data. As an example, the
baseband subsystem may include the baseband chip 111 shown in FIG. 1B. A baseband
subsystem may include additional or different components. In some cases, the baseband
subsystem may include a digital signal processor (DSP) device or another type of
processor device. In some cases, the baseband system includes digital processing logic to
operate the radio subsystem, to communicate wireless network traffic through the radio
subsystem, to detect motion based on motion detection signals received through the radio
subsystem or to perform other types of processes. For instance, the baseband subsystem
may include one or more chips, chipsets, or other types of devices that are configured to
encode signals and deliver the encoded signals to the radio subsystem for transmission, or
to identify and analyze data encoded in signals from the radio subsystem (e.g., by decoding
the signals according to a wireless communication standard, by processing the signals

according to a motion detection process, or otherwise).

[0028B] In some instances, the radio subsystem in the example modem 104A receives
baseband signals from the baseband subsystem, up-converts the baseband signals to radio
frequency signals, and wirclessly transmits the radio frequency signals (e.g., through an
antenna). In some instances, the radio subsystem in the example modem 104A wirelessly
receives radio frequency signals {e.g., through an antenna), down-converts the radio
frequency signals to baseband signals, and sends the baseband signals to the baseband
subsystem. The signals exchanged between the radioc subsystem and the baseband

subsystem may be digital or analog signals. In some examples, the baseband subsystem
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includes conversion circuitry (e.g., a digital-to-analog converter, an analog-to-digital
converter) and exchanges analog signals with the radio subsystem. In some examples, the
radio subsystem includes conversion circuitry (e.g. a digital-to-analog converter, an

analog-to-digital converter) and exchanges digital signals with the baseband subsystem.

[0029] In some cases, the baseband subsystem of the example modem 104A can
communicate wireless network traffic (e.g.,, data packets) in the wireless communication
network through the radio subsystem on one or more of the network traffic channels 108.
The baseband subsystem of the modem 104A may also transmit or receive (or both)
motion detection signals (e.g., motion detection packets) through the radio subsystem on
the motion detection channel 110. In some instances, the baseband subsystem generates
the motion detection signals for transmission, for example, in order to probe a space for
motion. In some instances, the baseband subsystem processes received motion detection

signals, for example, to detect motion of an object in a space.

[0030] The example processor 102A can execute instructions, for example, to generate
output data based on data inputs. The instructions can include programs, codes, scripts or
other types of data stored in memory. Additionally or alternatively, the instructions can be
encoded as pre-programmed or re-programmable logic circuits, logic gates, or other types
of hardware or firmware components. The processor 102A may be or include a general
purpose microprocessor, as a specialized co-processor or another type of data processing
apparatus. In some cases, the processor 102A performs high level operation of the wireless
network device 101A. For example, the processor 102A may be configured to execute or
interpret software, scripts, programs, functions, executables, or other modules stored in
the memory 105A. In some implementations, the processor 102A may be included in the
modem 104A.

[0031] The example memory 105A can include computer-readable media, for example,
a volatile memory device, a non-volatile memory device, or both. The memory 105A can
include one or more read-only memory devices, random-access memory devices, buffer
memory devices, or a combination of these and other types of memory devices. In some
instances, one or more components of the memory can be integrated or otherwise

associated with another component of the wireless network device 101A.

[0032] The example power supply 103A provides power to the other components of
the wireless network device 101A. For example, the processor 1024, the memory 105A

and the modem 104A may operate based on electrical power provided by the power
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supply 103A through a voltage bus or other connection. In some implementations, the
power supply 103A includes a battery or a battery system, for example, a rechargeable
battery. In some implementations, the power supply 103A includes an adapter (e.g., and
AC adapter) that receives an external power signal (from an external source) and coverts
the external power signal to an internal power signal conditioned for a component of the
wireless network device 101A. The power supply 103A may include other components or

operate in another manner.

[0033] The wireless network device 101B includes the processor 102B, the power
supply 103B, the modem 104B and the memory 105B; and the wireless network device
101C includes the processor 102C, the power supply 103C, the modem 104C and the
memory 105C. The components of the wireless network devices 101B, 101C can be
implemented as the components of the wireless network device 101A described above or

in another manner.

[0034] Inthe example shown in FIG. 1A, the wireless network devices 1014, 101B,
101C use the wireless communication channels (including the network traffic channels
108 and motion detection channel 110) to communicate wireless signals. In the example
shown, the wireless network device 101A transmits wireless signals, and the wireless
network devices 101B, 101C receive the wireless signals transmitted by the wireless
network device 101A. The wireless network device 101A may send wireless signals to
other devices (e.g. a user equipment, a client device, a server, etc.), and similarly the

wireless network devices 101B, 101C may receive wireless signals from other devices.

[0035] Insome instances, the wireless network device 101A uses one or more of the
network traffic channels 108 to communicate (send or receive) wireless network traffic.
For example, the wireless network device 101A may use one or more of the network traffic
channels 108 to communicate wireless data packets between a server system and a client
system. As another example, the wireless network device 101A may use one or more of the
network traffic channels 108 to communicate wireless data packets between nodes in a
peer-to-peer or mesh network topology. As another example, the wireless network device
101A may use one or more of the network traffic channels 108 to broadcast beacon
signals, power signals or other types of wireless network traffic. In some instances, the
wireless signals are transmitted from the wireless network device 1014, for example, to a

client device or another node in the wireless communication network. In some instances,
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the wireless signals are received at the wireless network device 101A, for example, from a

client device or another node in the wireless communication network.

[0036] Insome instances, the wireless network device 101A uses the motion detection
channel 110 to communicate motion detection signals. For example, the wireless network
device 101A may use the motion detection channel 110 to communicate motion detection
signals formatted according to the example motion channel packet 202 shown in FIG. 2 or
motion detection signals of another type. In some cases, the motion detection signals
communicated on the motion detection channel 110 include reference signals (e.g. a
pseudorandom code or another type of reference signal) generated for motion detection.
In some cases, the motion detection signals communicated on the motion detection
channel 110 include wireless network signals (e.g., beacon signals, status signals) that are
repeated periodically, for example, according to a wireless communication standard. The
motion detection signals can be sent on the motion detection channel 110 at scheduled
times, at periodic or random intervals or in other time steps. In some cases, the wireless

signal is transmitted multiple times per second, per minute, per hour, etc.

[0037] Insome cases, the motion detection signals are communicated from the wireless
network device 101A through a target environment. The target environment can include,
for example, air, solid materials, liquids or another medium through which the wireless
electromagnetic signal may propagate. The target environment can include multiple paths
for a transmitted wireless electromagnetic signal, and the transmitted signal can be
reflected off or scattered by a surface in the target environment. Reflection or scattering
may occur as a result of the transmitted signal being incident upon an impedance
discontinuity, which may occur at a boundary between distinct materials, such as a
boundary between air and a wall, a boundary between air and a person, or other
boundaries. In some instances, when a transmitted signal becomes incident upon a
boundary between a first material (e.g., air) and a second material (e.g., a wall), a portion
of the transmitted signal can be reflected or scattered at the boundary between the air and
the wall. Additionally, another portion of the transmitted signal may continue to propagate
through the wall, it may be refracted or affected in another manner. Further, the other
portion that propagates through the wall may be incident upon another boundary, and a
further portion may be reflected or scattered at that boundary and another portion may

continue to propagate through the boundary.
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[6038] Insome instances, a motion detection signal from the wireless network device
101A traverses one or more paths through a space and forms a received signal at one or
both of the wireless network devices 101B, 101C. Interactions along the signal path can
resultin an attenuation and a phase offset relative to the transmitted signal due to the path
length, reflectance or scattering of the signal, or other factors. Hence, the received signal at
the wireless network devices 101B, 101C can have different components that have
different attenuations and phase offsets relative to the transmitted sighal. When an object
that reflects, scatters or otherwise interacts with a signal in a path moves, a component of
the received signal at the wireless network devices 101B, 101C can change. For example, a
path length can change resulting in a smaller or greater phase offset, or resulting in more
or less attenuation of the signal. Hence, changes caused by the movement of the object can

be detected in the received signal in some cases.

[0039] Insome aspects of operation, the modems 1044, 104B, 104C of the respective
wireless network devices 1014, 101B, 101C communicate wireless network traffic in the
wireless communication network on one or more of the network traffic channels 108. In
some instances, the modem 104A transmits motion detection signals on the motion
detection channel 110, and the modems 104B, 104C receive the motion detection signals
on the motion detection channel 110. The modems 104B, 104C may then process the
motion detection signals to detect motion of an object in a space accessed by the motion
detection signals. For example, the motion detection signals may each include control data
and a motion probe, and the modems 104B, 104C may each compare the motion probes
from the respective motion detection signals to detect motion in the space. In some cases,
changes in the motion probe over time indicates motion in the space, and an indication of
motion can be generated in response to detecting such changes. The space accessed by the
motion detection signals can be an indoor or outdoor space, which may include, for
example, one or more fully or partially enclosed areas, an open areas without enclosure,

efc.

[0040] FIG. 1B is a diagram showing an example wireless network modem 104. In some
examples, the wireless network modem 104 can be implemented as a card, a chip, a
chipset or another type of device. A modem may generally include a radio subsystem and a
baseband subsystem, along with software or firmware for one or more wireless
communication standards or other protocols. In some cases, a modem includes hardware,
software or firmware (or combinations thereof) to support multiple wireless

communication standards (e.g., 3G and LTE).



CA 03025602 2018-11-21

WO 2017/210773 11 PCT/CA2017/050037
[0041] The example wireless network modem 104 shown in FIG. 1B may be operated
as the example modems 1044, 104B, 104C in the respective wireless network devices
101A, 101B, 101C shown in FIG. 1A. For example, the wireless network modem 104 may
communicate on the wireless communication channels (e.g, the network traffic channels
108 and motion detection channel 110) as described with respect to FIG. 1A, and detect
motion of object, for example, by processing motion detection signals. In some instances,

the example wireless network modem 104 may operate in another manner.

[0042] The example wireless network modem 104 shown in FIG. 1B includesa
baseband chip 111, a radio chip 112 and a radio frequency (RF) frontend 113. The
wireless network modem 104 may include additional or different features, and the
components may be arranged as shown or in another manner. In some implementations,
the baseband chip 111 includes the components and performs the operations of the
baseband subsystem described with respect to the example modem 104A shown in FIG.
1A. In some implementations, the baseband chip 111 can process in-phase and quadrature
signals (I and Q signals) from the radio chip 112 to extract data from received wireless
signals. The baseband chip 111 may control the radio chip 112 or perform other
operations. In some cases, the baseband chip 111 can be implemented as a digitél signal

processor (DSP) or another type of data processing apparatus.

[0043] Insomeimplementations, the radio chip 112 and the RF front end 113 include
the components and perform the operations of the radio subsystem described with respect
to the example modem 104A shown in FIG. 1A. In some implementations, the radio chip
112 can produce in-phase and quadrature signals (I and Q signals), for example, in digital
or analog format, based on received wireless signals. In some implementations, the RF
front end 113 can include one or more antennas, filters, RF switches, couplers, RF gain
chips or other components that condition radio frequency signals for transmission or

processing.

[0044] FIG. 2 is a diagram showing an example motion channel packet 202. The
example motion channel packet 202 can be transmitted, for example, in a wireless network
system in order to monitor for motion in a space. In some examples, the motion channel
packet 202 is transmitted in the form of a motion detection signal on a motion detection
channel in a wireless communication network. For instance, the motion channel packet
202 can include binary data that is converted to an analog signal, up-converted to radio

frequency, and wirelessly transmitted by an antenna.
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[0045] The example motion channel packet 202 shown in FIG. 2 includes control data
204 and a motion probe 206. A motion channel packet 202 may include additional or
different features, and may be formatted in another manner. In the example shown, the
control data 204 may include the type of control data that would be included in a
conventional data packet. For instance, the control data 204 may include a preamble
indicating the type of information contained in the motion channel packet 202, an
identifier of a wireless device transmitting the motion channel packet 202, a MAC address
of a wireless device transmitting the motion channel packet 202, a transmission power,
etc. The motion probe 206 is the payload of the example motion channel packet 202. In
some implementations, the motion probe 206 can be or include, for example, a
pseudorandom code or another type of reference signal. In some implementations, the
motion probe 206 can be or include, for example, a beacon signal broadcast by a wireless

network system.

[0046] Inan example, the motion channel packet 202 is wirelessly transmitted multiple
times from the wireless network device 101A shown in FIG. 14, and each transmission of
the motion channel packet 202 is wirelessly received by the other wireless network device
101B. In some cases, the control data 204 changes with each transmission, for example, to
indicate the time of transmission or updated parameters. The motion probe 206 can
remain unchanged in each transmission of the motion channel packet 202 from the
wireless network device 101A. The other wireless network device 101B can process the
received signals based on each transmission of the motion channel packet 202, and analyze
the motion probe 206 for changes. For instance, changes in the motion probe 206 may
indicate movement of an object in a space accessed by the wireless transmission of the
motion channel packet 202. In some cases, the other wireless network device 101B detects
changes in the motion probe 206 over time (e.g., based on a sequence of transmissions)
and generate motion data. The motion data can then be processed, for example, to

generate a response to the detected motion.

[0047] FIGS. 3A and 3B are diagrams showing example motion detection signals
communicated between wireless network devices 3044, 304B, 304C. The wireless
network devices 3044, 304B, 304C can be, for example, the wireless network devices
101A, 101B, 101C shown in FIG. 1A or another type of wireless network device. The
example wireless network devices 3044, 304B, 304C transmit wireless signals in a space
300. The example space 300 can be completely or partially enclosed or open at one or

more boundaries of the space. The space 300 can be or can include an interior of a room,
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multiple rooms, a building, an indoor area, outdoor area, or the like. A first wall 3024, a
second wall 302B, and a third wall 302C at least partially enclose the space 300 in the

example shown.

[0048] In the example shown in FIGS. 3A and 3B, the first wireless network device
304A is operable to transmit motion detection signals repeatedly (e.g., periodically,
intermittently, at random intervals, etc.). The second and third wireless network devices
304B, 304C are operable to receive the transmitted motion detection signals. The wireless
network devices 304B, 304C each have a modem thatis configured to detect motion of an
object in the space 300, for example, based on a comparison of the received motion

detection signals over time.

[0049] Asshown, an objectis in a first position 314A in FIG. 3A, and the object has
moved to a second position 314B in FIG. 3B. In FIGS. 3A and 3B, the moving object in the
space 300 isrepresented as a human, but the moving object can be another type of object.
For example, the moving object can be an animal, an inorganic object (e.g., a system,
device, apparatus or assembly), an object that defines all or part of the boundary of the

space 300 (e.g., a wall, door, window, etc.), or another type of object.

[0050] Asshown in FIGS. 3A and 3B, multiple example paths of the motion detection
signal transmitted from the first wireless network device 304A are illustrated by dashed
lines. Along a first signal path 316, the motion detection signal is transmitted from the first
wireless network device 304A and reflected off the first wall 302A toward the second
wireless network device 304B. Along a second signal path 318, the motion detection signal
is transmitted from the first wireless network device 304A and reflected off the second
wall 302B and the first wall 302A toward the third wireless network device 304C. Along a
third signal path 320, the motion detection signal is transmitted from the first wireless
network device 304A and reflected off the second wall 302B toward the third wireless
network device 304C. Along a fourth signal path 322, the motion detection signal is
transmitted from the first wireless network device 304A and reflected off the third wall

302C toward the second wireless network device 304B.

[0051] InFIG. 3A, alonga fifth signal path 3244, the motion detection signal is

transmitted from the first wireless network device 304A and reflected off the object at the
first position 314A toward the third wireless network device 304C. Between FIGS. 3A and
3B, a surface of the object moves from the first position 314A to a second position 314B in

the space 300 (e.g., some distance away from the first position 314A). In FIG. 3B, along a
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sixth signal path 324B, the motion detection signal is transmitted from the first wireless
network device 304A and reflected off the object at the second position 314B toward the
third wireless network device 304C. The sixth signal path 324B depicted in FIG. 3B is
longer than the fifth signal path 324A depicted in FIG. 3A due to the movement of the
object from the first position 314A to the second position 314B. In some examples, a signal
path can be added, removed or otherwise modified due to movement of an objectin a

space.

[0052] The example motion detection signals shown in FIGS. 3A and 3B may experience
attenuation, frequency shifts, phase shifts or other effects through their respective paths
and may have portions that propagate in another direction, for example, through the walls
3024, 302B, and 302C. In some examples, the motion detection signals are radio frequency

{RF) signals; or the motion detection signals may include other types of signals.

[0053] Inthe example shown in FIGS. 3A and 3B, the first wireless network device
304A repeatedly transmits a motion detection signal. In particular, FIG. 3A shows the
motion detection signal being transmitted from the first wireless network device 304A at a
first time, and FIG. 3B shows the same signal being transmitted from the first wireless
network device 304A at a second, later time. The transmitted signal can be transmitted
continuously, periodically, at random or intermittent times or the like, or a combination
thereof. The transmitted signal can have a number of frequency components in a frequency
bandwidth. The transmitted signal can be transmitted from the first wireless network
device 304A in an omnidirectional manner, in a directional manner or otherwise. In the
example shown, the motion detection signals traverse multiple respective paths in the
space 300, and the signal along each path may become attenuated due to path losses,

scattering, reflection, or the like and may have a phase or frequency offset.

[0054] Asshown in FIGS. 3A and 3B, the signals from various paths 316, 318, 320, 322,
324A, and 324B combine at the third wireless network device 304C and the second
wireless network device 304B to form received signals. Because of the effects of the
multiple paths in the space 300 on the transmitted signal, the space 300 may be
represented as a transfer function (e.g., a filter) in which the transmitted signal is input
and the received signal is cutput. When an object moves in the space 300, the attenuation
or phase offset affected upon a sighal in a signal path can change, and hence, the transfer
function of the space 300 can change. Assuming the same motion detection signal is

transmitted from the first wireless network device 3044, if the transfer function of the
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space 300 changes, the output of that transfer function—the received signal—will also

change. A change in the received signal can be used to detect movement of an object.

[0055] Mathematically, a transmitted signal f(t) transmitted from the first wireless
network device 304A may be described according to Equation (1}):

0

fEO= ) cueon (1)

n=-o
where w, represents the frequency of nt frequency component of the transmitted signal,
¢, represents the complex coefficient of the ntt frequency component, and t represents
time. With the transmitted signal f(t) being transmitted from the first wireless network
device 3044, an output signal 7, (t) from a path k may be described according to Equation
(2):

[oe]

. (t) = Z an'kcnej(wnt+¢n,k) (2)

n=-—oc

where a,, ; represents an attenuation factor (e.g. due to scattering, reflection, and path
losses) for the nt frequency component along path k, and ¢, , represents the phase of the
signal for nt frequency component along path k. Then, the received signal R at a wireless
network device can be described as the summation of all output signals 7, (t) from all paths

to the wireless network device, which is shown in Equation (3}:

R = Z e (0) 3)
k

Substituting Equation (2) into Equation (3) renders the following Equation (4):

o
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[0056] The received signal R at a wireless network device can then be analyzed. The
received signal R at a wireless network device can be transformed to the frequency
domain, for example, using a Fast Fourier Transform (FFT) or another type of algorithm.
The transformed signal can represent the received signal R as a series of n complex values,
one for each of the respective frequency components (at the n frequencies w,). Fora
frequency component at frequency w,, a complex number ¥;, may be represented as

follows in Equation (5):

(5)
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The complex value ¥, for a given frequency component w,, indicates a relative magnitude

and phase offset of the received signal at that frequency component w,.

[0057] With the first wireless network device 304A repeatedly (e.g,, at least twice)
transmitting the transmitted signal f(t) and a respective wireless network device 304B,
304C receiving and analyzing a respective received signal R, the respective wireless
network device 304B, 304C can determine when a change in a complex value ¥, (e.g, a
magnitude or phase) for a given frequency component w,, occurs that is indicative of
movement of an object within the space 300. For example, a change in a complex value ¥,
for a given frequency component w, may exceed a predefined threshold to indicate
movement. In some examples, small changes in one or more complex values Y,, may not be

statistically significant, but may only be indicative of noise or other effects.

[0058] Insome examples, transmitted and received signals are in an RF spectrum, and
signals are analyzed in a baseband bandwidth. For example, a transmitted signal may
include a baseband signal that has been up-converted to define a transmitted RF signal,
and a received signal may include a received RF signal that has been down-converted to a
baseband signal. Because the received baseband signal is embedded in the received RF
signal, effects of movement in the space (e.g, a change in a transfer function) may occur on
the received baseband signal, and the baseband signal may be the signal that is processed
(e.g. using a Fourier analysis or another type of analysis) to detect movement. [n other

examples, the processed signal may be an RF signal or another signal.

[0059] FIG. 4 is a diagram showing an environment 400 that includes example wireless
network devices 404A, 404B, 404C. The example wireless network devices 4044, 404B,
404C can be implemented according to the example wireless network devices 1014, 101B,
101C or otherwise. In the example shown in FIG. 4, the wireless network devices 404A,
404B, 404C are Wireless Access Point (WAP) devices, for example, in a wireless local area
network (WLAN), in a wireless mesh network (WMN) or another type of wireless
communication network. For instance, the wireless network devices 4044, 404B, 404C can

form all or part of a mesh of Wi-Fi routers.

[0060] Accordingly, the example wireless network devices 4044, 404B, 404C are
configured to communicate wireless network traffic in a Wi-Fi network. For example, the

wireless network devices 4044, 404B, 404C may transmit or receive (or both) wireless
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network traffic on one or more Wi-Fi channels. In some cases, the wireless network
devices 404A, 404B, 404C provide wireless network access to wireless devices in the
environment 400. For example, smartphones, laptops, computer equipment, printers,
smart devices (e.g., thermostats, light fixtures, door locksets, etc.) or other devices may
access and communicate in the wireless local area network (WLAN) or wireless mesh

network (WMN) through the wireless network devices 4044, 404B, 404C.

[0061] The example wireless network devices 4044, 404B, 404C are also configured to
detect motion of an object in a space in the environment 400. For example, the wireless
network devices 4044, 404B, 404C may transmit or receive (or both) motion detection
signals on one or more Wi-Fi channels. The motion detection signals can include repeated
Wi-Fi signals (e.g., a Wi-Fi beacon signal), reference signals generated for motion detection,
or other types of signals. The motion detection signals can be transmitted through a space
to be monitored for motion. In the example shown, the space includes two hallways
defined by sidewalls 4024, 402B, and the moving object is a person walking through one of
the hallways. For instance, the hallways can be corridors of an office building or industrial

facility, hallways inside a home or another type of hallway.

[0062] In the example shown in FIG. 4, each of the wireless network devices 404A,
404B, 404C is associated with a location identifier. The location identifier can be, for
example, a descriptive label, a GPS coordinate or another type of location identifier. For
example, wireless network device 404A may be associated with “hallway 1,” wireless
network device 404B may be associated with “hallway intersection” and wireless network

device 404C may be associated with “hallway 2.”

[0063] Asshown in FIG. 4, a person is walking {e.g, in “hallway 1"} between two of the
wireless network devices 404A and 404B, and either of the wireless network devices
404A, 404B may detect the person’s movement. In some cases, the third wireless network
device 404C also detects the motion of the person in “hallway 1.” In some cases, the third
wireless network device 404C does not detect the motion in “hallway 1.” For example, each
wireless network device may be configured to detect motion within a certain range, in a

certain direction, etc.

[0064] In some aspects of operation, the wireless network devices 4044, 404B, 404C
operate as wireless access points in a Wi-Fi network. In some instances, one or more of the
wireless network devices 4044, 404B, 404C may detect motion in the environment 400

and generate motion data to be processed, for example, in the wireless network system or
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another system. For example, the wireless network device that detects motion may send a
motion detection report to a server system. The motion detection report may indicate, for
example, a time and location of the detected motion or other information. In the example
shown in FIG. 4, the wireless network device 404A may send a motion detection report
that indicates motion has been detected in “hallway 1.” In response to the motion detection
report, a server or another type of computer system may activate a programmed response.
For example, the server (or other type of computing device} may activate a security alert
(e.g. to alert security personnel)}, activate lighting or HVAC in the location where motion
was detected (e.g. in “hallway 1” or bath hallways) or perform a combination of these or

other types of programmed responses.

[0065] FIG. 5 is a diagram showing an example space 500 that includes multiple
wireless network devices 510. The wireless network devices 510 shown in FIG. 5 may be
implemented according to the example wireless network devices 1014, 101B, 101C shown
in FIG. 1A or otherwise. The example space 500 in FIG. 5 is defined, at least in part by four
walls 502. In some implementations, the space 500 can be a room, multiple rooms, a
building, or the like. As shown in FIG. 5, each wireless network devices 510 has a spatial
location (x;, v;, z;) and can monitor and analyze received signals at its respective spatial

location (x;, y;, z;).

[0066] Additionally, in some example implementations, each wireless network device
510 can transmit information (e.g, characteristics of a received signal, an indication of
detected motion, an identification of the detected motion, a time of the detected motion, an
identifier or location of the wireless network devices, or the like} to a data aggregation
system (e.g., as discussed below in FIG. 6). For example, the location and time information
can include spatial coordinates of the wireless network device (e.g., (x;, ¥, z;) or in other
coordinates) and temporal coordinates (e.g., a time of day) at which motion is detected.
FIG. 5 shows example spatial coordinates of the wireless network devices 510 in the space
500.

[0067] FIG. 6 is a block diagram showing an example system architecture 600. The
example system architecture 600 includes the wireless network devices 510 shown in FIG.
5, which may be implemented according to the example wireless network devices 101A4,
101B, 101C shown in FIG. 1A or otherwise. The example system architecture 600 also
includes a network 620 and a main controller 630. The system architecture 600 can

include additional or different components. In some implementations, a wireless network
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system that includes motion detection capabilities can be arranged as shown in FIG. 6 or in

another manner.

[0068] Inthe example shown in FIG. 6, each wireless network device 510 resides at a
respective physical location having spatial coordinates (x;, y;, z;), where i varies from 1 to
n + 1 (n + 1 being the number of the wireless network devices 510). In some
implementations, each wireless network device 510 can include a Global Positioning
System (GPS) or another location identification system that identifies the location
coordinates of the wireless network device 510, or the location coordinates can be
identified in another manner. In some implementations, each wireless network device 510
has a unique identifier, and the identifier can be associated with a location identifier or

location coordinates.

[0069] The example wireless network devices 510 can receive motion detection signals
from other wireless network devices. The motion detection signals may be transmitted on
a motion detection channel, in some cases, while one or more of the wireless network
devices 510 also communicate wireless network traffic on one or more network traffic
channels. The wireless network devices 510 can process the received motion detection
signals to detect motion of objects, for example, by analyzing the received motion detection
signals for changes. Some changes, e.g, statistically significant changes, in a received signal

can indicate movementin a space.

[0070] Inthe example shown in FIG. 6, data from the wireless network devices (e.g,
motion indications, location information, etc.) are received by a data aggregation or central
control system (e.g., the main controller 630). In some implementations, data from the
wireless network devices are aggregated by the main controller 630 by receiving the
messages transmitted from the wireless network devices, for example, through the
network 620. The network 620 can be, for example, an IP network, an enterprise network,

a virtual private network, a local area network or another type of network.

[0071] Insome implementations, the wireless network devices are connected to the
network 620 via a local connection (e.g, local connection 602 or 604). For instance, the
wireless network devices can be connected to the network 620 by a wireline connection
614 or wireless connection 612. The wireline connection 614 can include, for example,
Ethernet connections, xDSL (x-digital subscriber line) connections, optical connections or
other types of wireline connections. The wireless connections 612 can include, for example,

Wi-Fi, Bluetooth, near field communication (NFC), or other types of local wireless
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connections. In some implementations, some of the wireless network devices are
connected to the network 620 through one or more wide area connections 606. The wide

area connection 606 can include, for example, a virtual private network or other types of

connections.

[0072] The main controller 630 can be a computing system that includes one or more
computing devices. The main controller 630 or any of its components can be located ata
data processing center, a computing facility, or another location. In the example shown, the
main controller 630 can control and monitor operation of the wireless network devicés
510. Example functions of the main controller 630 can include aggregating the information
from some or all of the wireless network devices, upgrading the wireless network device
software, monitoring states of the wireless network devices, etc. For example, the main

controller 630 may send software updates to some or all wireless network devices.

[0073] Insomeimplementations, the main controller 630 receives information related
to movement detection (e.g, indication of movement detection, movement signature,
detected changes in complex values representing magnitudes and phases of frequency
components, spatial and temporal coordinates for each of the wireless network devices,
etc.) transmitted from the wireless network devices. The main controller 630 can include
or be coupled to a data analysis system 636 that can aggregate (e.g, assemble, compile or
otherwise manage) the information related to movement detection from the multiple
wireless network devices and generate an incident report, e.g, when motion is detected. In
some cases, the information related to motion detection from the multiple wireless
network devices is used to determine whether lights, HVAC, security systems (e.g., door

locks) or other systems should be activated or deactivated.

[0074] Insome instances, the incident report can be presented on a data interface 638
to present users the indication of movement or other information from the wireless
network devices relative to the various locations of the wireless network devices. For
example, the incident report can indicate detected movements based on time and location
or other information, which may be helpful to determine a source of movement. In some
implementations, the data analysis system 636 can analyze real-time data, historical data,
or a combination of both, and determine when movement occurs at a location. Accordingly,
the main controller 630 may be used as a control center of a security system, where
personnel are able to be alerted to detected movement and to dispatch security or police in

response to the alert.
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[0075] FIG. 7 is a flow chart showing an example process 700 for operating a wireless
communication network. The example process 700 can be performed, for example, by a
wireless network system that includes wireless network devices. For instance, operations
in the process 700 may be performed by the wireless network system 100 shown in FIG.
1A or another type of system. In some cases, one or more operations in the example
process 700 can be performed or utilized in a network installation or configuration

process, in a network operation process, or in another type of process.

[0076] The example process 700 may include additional or different operations, and
the operations may be performed in the order shown or in another order. In some cases,
one or more of the operations shown in FIG. 7 are implemented as processes that include
multiple operations, sub-processes for other types of routines. In some cases, operations
can be combined, performed in another order, performed in parallel, iterated or otherwise

repeated or performed another manner.

[0077] At 702, channels in a wireless communication network are identified. The
channels can be, for example, the type of wireless communication channels shown in FIG.
1A. At 704, a subset of the channels are designated for motion sensing. The subset of
channels can be a single channel or multiple channels designated, for example, by a setting
in a wireless network server, by a setting on a wireless network device or otherwise. In
some cases, the subset of channels is designated upon installation or configuration of the
wireless network system. In some cases, the subset of channels is designated during

operation of the wireless network system.

[0078] At 706, the designated subset of channels is used for motion sensing. For
example, the designated subset of channels can be used to detect motion of objects as
shown and described with respect to FIGS. 34, 3B and 4, or the designated subset of
channels can be used to detect motion in another manner. In some implementations, the
wireless network devices use the designated subset of channels for motion sensing by
receiving and processing radio frequency signals. For example, motion detection signals

can be processed to detect motion of objects in an indoor or outdoor space.

[0079] At 708, motion data are processed. For example, the motion data may be
processed by a wireless network device that performs the motion sensing (at 706) or by a
wireless network server that receives motion data from wireless network devices. The
motion data may include, for instance, an indication that motion has been detected by a

wireless network device. The motion data may indicate a time when motion was detected,
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an identity of a device that detected motion, a location of the detected motion, etc. In some
cases, the motion data are processed as part of a security protocol, for example, to
determine whether security has been breached. In some cases, the motion data are
processed as part of a power management protocol, for example, to determine whether
lights, HVAC, security systems (e.g., door locks) or other systems should be activated or

deactivated.

[0080] At 710, other channels (channels other than the subset designated for motion
sensing) are used for communicating wireless network traffic, For example, the wireless
network devices may use the other channels for wireless communication with other
devices (e.g. user equipment, client devices, etc.} that have wireless access to the wireless
communication network, with a wireless network server, etc. In some cases, the other
channels are used for wireless network traffic while the designated subset of channels is
uscd for motion sensing. In other words, motion sensing operations can operate in parailel
with communication of wireless network traffic. In some cases, a wireless network device
uses the same chipset for both motion sensing and communication of wireless network
traffic, for instance, by alternating between using the motion sensing channels and

network traffic channels.

[0081] Ina general aspect of some of the examples described, a wireless device

aperates a motion detection channel and other wireless communication channels.

[0082] Ina first example, a modem of a first wireless network device communicates
wireless network traffic on a first subset of wireless communication channels in a wireless
communication network. The modem of the first wireless network device receives motion
detection signals transmitted through a space by a second wireless network device. The
motion detection signals are received on a second subset of wireless communication
channels. The motion detection signals are processed to detect motion of an object in the

space.

[0083] Implementations of the {irst example may, in some cases, include one or more of
the following features. The wireless communication network can be a wireless local area
network (WLAN), and the first wireless netwark device can be a wireless access point
(WAP) device. The wireless communication network can be a wireless mesh network

(WMN), and the first wireless network device can be a wireless access point (WAP) device.

[0084] Implementations of the first example may, in some cases, include one or more of

the following features. The motion detection signals transmitted by the second wireless
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network device can each include control data and a motion probe. The modem of the first
wireless network device can detect motion of an object in the space by comparing the
motion probes from the respective motion detection signals. An indication of motion

detection can be generated in response to detecting motion.

[0085] Implementations of the first example may, in some cases, include one or more of
the following features. The wireless network traffic can be communicated and the motion
detection signals are received in parallel. The wireless communication channels can
include frequency channels, coded channels or a combination of these and other types of

channels.

[0086] Ina second example, a wireless network modem includes a radio subsystem and
a baseband subsystem. The radio subsystem is configured to communicate wireless signals
on multiple wireless communication channels. The baseband subsystem is coupled to the
radio subsystem and configured to: communicate wireless network traffic in a wireless
communication network, the wireless network traffic communicated through the radio
subsystem on a first subset of the wireless communication channels; receive motion
detection signals transmitted through a space by another wireless network device, the
motion detection signals received through the radio subsystem on a second subset of the
wireless communication channels; and process the motion detection signals to detect

motion of an object in the space.

[0087] Implementations of the second example may, in some cases, include one or
more of the following features. The radio subsystem can include a radio frequency (RF)

front end and a radio chip. The baseband subsystem can include a digital baseband chip.

[0088] Implementations of the second example may, in some cases, include one or
more of the following features. The motion detection signals transmitted by the other
wireless network device can each include control data and a motion detection probe. The
baseband subsystem can be configured to detect motion of an object based on comparing

the motion detection probes in the respective motion detection signals transmitted.

[0089] Implementations of the second example may, in some cases, include one or
more of the following features. The baseband subsystem can be configured to generate an
indication of motion detection in response to detecting motion. The baseband subsystem
can be configured to send the indication of motion detection to another device through the
wireless communication network. The radio subsystem can be configured to communicate

the wireless network traffic and receive the motion detection signals in parallel. The
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wireless communication channels can include frequency channels, coded channels or a

combination of these and other types of channels.

[0090] Ina third example, a system includes a first wireless network device and a
second wireless network device. The first wireless network device includes a first modem
configured to: communicate wireless network traffic in a wireless communication network
on a first subset of wireless communication channels; and transmit motion detection
signals on a second subset of wireless communication channels. The second wireless
network device comprising a second modem configured to: receive the motion detection
signals on the second subset of wireless communication channels; and process the motion
detection signals to detect motion of an object in a space accessed by the motion detection

signals.

[0091] Implementations of the third example may, in some cases, include one or more
of the following features. The wireless communication network can be a wireless local area
network (WLAN), and the first or second wireless network device (or both) can be a
wireless access point (WAP) device. The wireless communication network can be a
wireless mesh network (WMN}), and the first or second wireless network device (or both)

can be a wireless access point {(WAP) device.

[0092] Implementations of the third example may, in some cases, include one or more
of the following features. The first modem can include a first radio subsystem and a first
baseband subsystem. The first baseband subsystem can be configured to: communicate the
wireless network traffic through the first radio subsystem on the first subset of wireless
communication channels; and transmit the motion detection signals through the first radio
subsystem on the second subset of wireless communication channels. The second modem
can include: a second radio subsystem configured to receive the motion detection signals
on the second subset of wireless communication channels; and a second baseband
subsystem configured to process the motion detection signals to detect the motion of the

object.

[0093] While this specification contains many details, these should not be construed as
limitations on the scope of what may be claimed, but rather as descriptions of features
specific to particular examples. Certain features that are described in this specification in
the context of separate implementations can also be combined. Conversely, various
features that are described in the context of a single implementation can also be

implemented in multiple embodiments separately or in any suitable subcombination.
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[0094] Anumber of embodiments have been described. Nevertheless, it will be
understood that various modifications can be made. Accordingly, other embodiments are

within the scope of the following claims.
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What is claimed is:

1. A wireless network method comprising:

by operation of a modem of a first wireless network device, communicating wireless
network traffic on a first subset of wireless communication channels in a

wireless communication network;

by operation of the modem of the first wireless network device, receiving motion
detection signals transmitted through a space by a second wireless network
device, the motion detection signals received on a second subset of wireless
communication channels, the motion detection signals transmitted by the
second wireless network device each comprising control data and a motion

probe, each motion probe comprising a reference signal or a beacon signal;

communicating the wireless network traffic and receiving the motion detection

signals in parallel;

processing the motion detection signals to detect motion of an object in the space;

and

by operation of the madem of the first wireless network device, detecting motion of
the object in the space by comparing the motion probes from the respective

motion detection signals.

2. The wireless network method of claim 1, wherein the wireless communication
network comprises a wireless local area network (WLAN), and the first wireless network

device comprises a wireless access point (WAP) device.

3. The wireless network method of claim 1, wherein the wireless communication
network comprises a wireless mesh network (WMN), and the first wireless network device

comprises a wireless access point (WAP) device.

4. The wireless network method of any one of claims 1-3, comprising generating an

indication of motion detection in response to detecting motion.
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5. The wireless network method of any one of claims 1-4, wherein the wireless

communication channels comprise frequency channels.

6. The wireless network method of any one of claims 1-4, wherein the wireless

communication channels comprise coded channels.

7. The wireless network method of any one of claims 1-6, wherein the second wireless

network device is a motion detection device,
8. A wireless network modem comprising:

a radio subsystem configured to communicate wireless signals on a plurality of

wireless communication channels; and
a baseband subsystem coupled to the radio subsystem and configured to:

communicate wireless network traffic in a wireless communication network, the
wireless network traffic communicated to another wireless network device
through the radio subsystem on a first subset of the wireless communication

channels;

receive motion detection signals transmitted through a space by the other
wireless network device, the motion detection signals received through the
radio subsystem on a second subset of the wireless communication channels,
the motion detection signals transmitted by the other wireless network
device each comprising control data and a motion detection probe, each

motion detection probe comprising a reference signal or a beacon signal;

communicate the wireless network traffic and receive the motion detection

signals in parallel;

process the motion detection signals to detect motion of an object in the space;

and

detect motion of the object based on comparing the motion detection probes in

the respective motion detection signals transmitted.

9. The wireless network modem of claim 8, wherein the radio subsystem comprises a

radio frequency (RF) front end and a radio chip.
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10. The wireless network modem of claim 8 or claim 9, wherein the baseband

subsystem comprises a digital baseband chip.

11.  The wireless network modem of any one of claims 8-10, wherein the baseband
subsystem is configured to generate an indication of motion detection in response to

detecting motion.

12.  The wireless network modem of claim 11, wherein the baseband subsystem is
configured to send the indication of motion detection to another device through the

wireless communication network.

13. The wireless network modem of any one of claims 8-12, wherein the wireless

communication channels comprise frequency channels.

14. The wireless network modem of any one of claims 8-12, wherein the wireless

communication channels comprise coded channels.
15. A wireless communication system comprising:
a first wireless network device comprising a first modem configured to:

communicate wireless network traffic in a wireless communication network on
a first subset of wireless communication channels;

transmit motion detection signals through a space on a second subset of wireless
communication channels, the motion detection signals each comprising
control data and a motion probe, each motion probe comprising a reference
signal or a beacon signal;

communicate the wireless network traffic and transmit the motion detection

signals in parallel; and

a second wireless network device comprising a second modem configured to:

receive the motion detection signals on the second subset of wireless

communication channels;

process the motion detection signals to detect motion of an object in the space;

and

CA 3025602 2019-05-24
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detect motion of the object based on comparing the motion detection probes in

the respective motion detection signals transmitted.
16. The wireless communication system of claim 15, wherein the wireless
communication network comprises a wireless local area network (WLAN), and the first

wireless network device comprises a wireless access point (WAP) device.

17. The wireless communication system of claim 15, wherein the wireless
communication network comprises a wireless mesh network (WMN), and the first wireless

network device comprises a wireless access point (WAP) device.

18.  The wireless communication system of any one of claims 15-17, wherein the first
modem comprises a first radio subsystem and a first baseband subsystem, the first

baseband subsystem is configured to:

communicate the wireless network traffic through the first radio subsystem on the

first subset of wireless communication channels; and

transmit the motion detection signals through the first radio subsystem on the

second subset of wireless communication channels.

19. The wireless communication system of any one of claims 15-18, wherein the second

modem comprises:

a second radio subsystem configured to receive the motion detection signals on the

second subset of wireless communication channels; and

a second baseband subsystem configured to process the motion detection signals to

detect the motion of the object.

CA 3025602 2019-05-24
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