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TITLE: DISPLAY MONITORING SYSTEM

PRIORITY CLAIM AND INCORPORATION BY REFERENCE

[001] This application claims the benefit of U.S. Prov. Pat. App. Nos. 62/191,179
filed 7/10/2015 and 62/091,512 filed 12/13/2014 which are incorporated herein by

reference in their entireties and for all purposes.

BACKGROUND OF THE INVENTION

Field of Invention

[002] This invention relates to product or informational displays and the electrical
arts. In particular, a display monitoring system exchanges information with
display sensors and responds to multiple display stakeholders based on conclusions

drawn from the information.

Discussion of the Related Art

[003] Commonplace product and informational displays may be found in public,
retail, trade show and commercial spaces. Such displays typically attempt to
present information and/or a product to passersby. For example, a marketing
campaign for a new product may utilize a multitude of product displays sited in
locations that are widely geographically distributed as in retail stores located

throughout the United States.

[004] Management of product and informational displays has long been a
substantially manual process for activities including set-up, monitoring,
maintenance, usage, evaluation of effectiveness, and reporting. Where a plurality
of displays are used as in a promotional campaign, the burdens of product display
management typically result in inadequate attention to details including the
quality of user experiences, display functionality and evaluation or continuous

evaluation of display effectiveness.

[005] While display stakeholders may appreciate the benefits of timely acquisition

of useful and accurate information relating to the display, there has been only little
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interest in developing an automated system that not only replaces, but improves

upon human observations typically involved in manual display management.

SUMMARY OF THE INVENTION

[006] Embodiments of the present invention provide a display monitoring system

such as a monitoring system for an informational, product, or other display.

[007] In an embodiment, a product display monitoring system comprises: a product
display for holding product and other assets; the product display for showcasing at
least one product asset; a plurality of wireless sensors, each sensor including a
respective radio for wireless communications; information available from each
sensor includes a sensor identifier different from that of the other sensors; a first
network including the plurality of sensors and a first transceiver for
communicating with the sensors; a second network including a second transceiver
and a server; and, the first transceiver connected to the second transceiver for
passing information received from the sensors to the server and for passing
information received from the server to the sensors; wherein when the server
receives data from a sensor S1 indicating that a sensor event has occurred, the
server records for sensor S1 an indication of the event and the time the event

occurred.

[008] In some embodiments the product display monitoring system may comprise:
the product display holding a product asset that can be engaged by passersby; and,
a motion sensor fixed to the product asset for sensing motion of the product asset
when it is engaged by a passerby; wherein when the server receives data from a
sensor S2 indicating the product asset has been moved, the server records for

sensor S2 an indication of the event and the time the event occurred.

[009] In some embodiments the product display monitoring system may comprise:
a customer engagement index report (‘CEI”) available from the server; the CEI
based at least in part on the number of times customers engage the product asset

during a particular time interval and the average duration of each engagement; the
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number of customer engagements and the average duration of each engagement

based at least in part on the recorded motion events.

[010] In some embodiments, the product display monitoring system may comprise:
wherein the number of customer engagements is based at least in part on the
number of non-overlapping time periods within the time interval during which

motion of the product asset is substantially continuous.

[011] And, in some embodiments, the product display monitoring system may
comprise: wherein the motion within a time period is not substantially continuous
when the time lapse between any two successive motion events within the time
period exceeds a selected time lapse. The selected time lapse may be
predetermined or automatically calculated. Predetermined time lapse values may
range from seconds to minutes, for example 15 seconds, 30 seconds, 45 seconds, 1
minute. Automatically calculated time lapse values may be determined as a
function of variables known to the product display monitoring system including one
or more of product display type, historical display use, store traffic, and duration of
the display presentation.

[012] In yet another embodiment, a product display monitoring system comprises:
a product display for holding product and other assets; the product display for
showcasing at least one product asset; a plurality of wireless sensors, each sensor
including a respective radio for wireless communications; information available
from each sensor includes a sensor identifier different from that of the other
sensors; a first network including the plurality of sensors and a first transceiver for
communicating with the sensors; a second network including a second transceiver
and a server; and, the first transceiver connected to the second transceiver for
passing information received from the sensors to the server and for passing
information received from the server to the sensors; wherein when the server
receives data from a sensor S1 indicating that a sensor event has occurred, the
server records for sensor S1 an indication of the event and the time the event
occurred; further including a first product display asset that is electrically powered,

a second product display asset that is movable by a product display user, an
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imaging sensor directed to view the product display, an electric power sensor of the
plurality of sensors for measuring the power supplied to the first product display
asset, and a motion sensor of the plurality of sensors affixed to the second product

display asset.

[013] In some embodiments, the display monitoring system wherein the server
determines the condition of the product display is not in use but is ready for use
when data communications between the sensors and the server indicate (1) power
consumption by the first product display asset shows this asset is not in use but is
ready for use, (i1) an image of the product display matches a product display image
stored in a server image library, and (ii1) the second product display asset has not

moved for a preselected period of time.

[014] In some embodiments, the product display monitoring system wherein the
server determines the product display is in compliant use when data
communications between the sensors and the server indicate (1) power consumption
by the first product display asset shows this asset is in use, (ii) an image of the
product display matches a product display image stored in a server image library,
and (ii1) the time interval between first and second movements of the second

product display asset is less than a preselected period of time.

[015] In some embodiments, the product display monitoring system wherein: a
product display user is recognized by matching an image acquired by the product
display with an image stored in a server image library; and, the server
communicates with the a product display computer to personalize the presentation

the product display presents to the matched user.

[016] In some embodiments, the product display monitoring system of claim 7
wherein the server determines the product display is in non-compliant use when
data communications between the sensors and the server indicate (1) power
consumption by the first product display asset shows this asset is in use, (i1) an
image of the product display fails to match a product display image stored in a

server image library, and (ii1) the time interval between first and second
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movements of the second product display asset is less than a preselected period of

time.

[017] In some embodiments, the product display monitoring system wherein if the
server determines the product display is in non-compliant use then the server

notifies product display maintenance personnel.

[018] In yet another embodiment, the product display monitoring system further
comprising: product display assets including a handheld controller, a video screen,
and a computer; the video screen and the computer interconnected by a data cable;
first and second electric power sensors of the plurality of sensors for easuring
respective power consumptions of the video screen and the computer; first and
second proximity switches of the plurality of sensors for indicating respective
engagements of data cable connectors with mating video screen and computer
connectors; and, a motion sensor of the plurality of sensors affixed to the handheld
controller; wherein the server determines the data cable is connected and operable
to exchange signals between the computer and the video screen when data
communications between the sensors and the server indicate (i) a first data cable
connector is engaged with a video screen connector, (i1) a second data cable
connector is engaged with a computer connector, (iii) power consumptions of the
video screen and the computer indicate the product display is in use, and (iv) the
time interval between first and second movements of the second product display

asset 1s less than a preselected period of time indicative of use.

BRIEF DESCRIPTION OF THE DRAWINGS

[019] The present invention is described with reference to the accompanying
figures. These figures, incorporated herein and forming part of the specification,
illustrate the present invention and, together with the description, further serve to
explain the principles of the invention and to enable a person skilled in the relevant

art to make and use the invention.

[020] FIG. 1A shows an exemplary schematic of a product display.
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[021] FIG. 1B shows a PlayStation® product display.
[022] FIG. 2A shows an exemplary product display with various assets.

[023] FIG. 2B shows a schematic view of the assets of the product display of FIG.
1B.

[024] FIG. 3A shows a first monitored product display of the present invention.

[025] FIG. 3B shows a more detailed block diagram of the monitored product
display of FIG. 3A.

[026] FIG. 4 shows block diagrams of exemplary sensors and/or sensor components

for use with the monitored product display of FIG. 3A.

[027] FIGS. 5A-B show block diagrams of first and second networks for use with
the monitored product display of FIG. 3A.

[028] FIG. 6 shows a schematic diagram of a second embodiment of the monitored

product display of FIG. 3A.

[029] FIG. 7 shows a third embodiment of the monitored product display of FIG.
3A that incorporates a plurality of displays.

[030] FIG. 8 shows a table of sensors for use with the monitored product display of
FIG. 3A.

[031] FIG. 9 shows a fourth embodiment of the monitored product display of FIG.
3A instrumented with each of the sensors of FIG. 8.

[032] FIGS. 10-11 show an analytics flow chart and an analytics table for
automated determination of use, state, and condition of the monitored product

display of FIG. 9.

[033] FIG. 12 shows a table of metrics based on variables known to the monitored

display of FIG. 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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[034] The disclosure provided in the following pages describes examples of some
embodiments of the invention. The designs, figures, and descriptions are non-
limiting examples of selected embodiments of the invention. For example, other
embodiments of the disclosed device may or may not include the features described
herein. Moreover, disclosed advantages and benefits may apply to only certain
embodiments of the invention and should not be used to limit the disclosed

inventions.

[035] As used herein, coupled means directly or indirectly connected by a suitable
means known to persons of ordinary skill in the art. Coupled items may include
interposed features such as, for example, A is coupled to C via B. Unless otherwise
stated, the type of coupling, whether it be mechanical, electrical, fluid, optical,
radiation, or other is indicated by the context in which the term is used. For ease of
reading, applicant may mention the number of a particular annotated item only
once in each paragraph. And, where a number is mentioned, it may refer to the

preceding noun phrase and not an interposed prepositional phrase.

[036] FIG. 1A shows an exemplary schematic of a product display 100A useful for
holding, displaying or presenting product, information and the like. As shown, the
product display includes a products section 102 and an other section 104. The
products section may hold, display or present products for viewing, handling, and
demonstration such as fixed, tethered, electrically tethered, and non-tethered
products. The other section may include product ancillaries such as a stand,
monitor or computer, packaged product, literature, samples, data acquisition
components such as a video camera, environmental components such as lighting,

and the like.

[037] FIG. 1B shows an exemplary display 100B presenting a PlayStation®
marketed by Sony®. Asin FIG. 1A above, the display includes product sections and
other sections. In particular, product sections include a processor 118, a tethered

hand-held controller 122, and a portable PlayStation tablet 116.

[038] Other sections include ancillary devices, boxed equipment product 124, boxed

software product 120, and a stand 112. Ancillary devices include a video screen
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114, interconnecting wiring (not shown), and a mains powered power supply (not

shown.).

[039] As will be appreciated by skilled artisans and lay persons alike, the
PlayStation display 100B offers passersby an opportunity to see and to use the
product. Colocated packaged product 120, 124 is available for buyers to remove
from the stand 112 before or after a product demonstration. One or multiple
product displays may be located in one or more venues such as stores, trade shows,

and the like.

[040] FIG. 2A shows an exemplary product display with assets 200A. Here, a
product display stand 206 provides a structure for mounting, holding or supporting
display assets 1-4. In an embodiment, asset 1is a demonstrable first product 201,
asset 2 is a demonstrable second product 202, asset 3 is an ancillary device 203
used in conjunction with asset 1, and asset 4 is a boxed product 204 ready for

purchase.

[041] Notably, product display stakeholders such as store owners, store personnel,
display owners, display maintenance personnel, stocking warehouses, and the like
will have interest in product display condition. For example, (i) whether a display
is compliant and working as intended will be of interest to, among others, those
who maintain the display and (i1) whether a display is properly stocked with
product will be of interest to, among others, those with responsibility for restocking
the display. Notably, information about the condition of a particular asset or asset
type can be used to select the appropriate stakeholder to be notified of asset
condition, for example as on an exceptional basis that might be likened to a

“trouble” alarm.

[042] FIG. 2B shows a schematic view 200B of assets of FIG. 1B. The schematic
shows principal components of two displayed products. In particular, a first
gaming desktop product 201 includes two assets, a processor 202 and a controller
204 and a second gaming portable product includes a portable device 206. A video

screen asset 208 is used in conjunction with the first product.
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[043] In various embodiments, sensors may be used to assess the condition of any
of one or more of the assets of the figures described above. Information from these
sensors may in turn be used to assess asset use and condition. Notifications and
actions based on these assessments may be sent to stakeholders advising the
condition of any of the assets. In some embodiments notifications present selected
stakeholders with asset and/or display use and condition information graphically
and in the context of a schematic presenting an asset arrangement similar to the

subject installed product display.

[044] FIGS. 3A-B show a monitored product display. FIG. 3A shows an exemplary
block diagram 300A of a monitored product display including a product display 302
and a metrology, communications, and analysis (‘MCA”) package 306. The
monitoring package provides metrology for acquiring asset use and condition data,
communications for transporting the data, and analytics for analyzing the data. In
various embodiments, analytics may perform or result in stakeholder notifications

and automated actions affecting the display.

[045] FIG. 3B shows a more detailed block diagram 300B of the monitored product
display of FIG. 3A. Here, the product display 302 may include four assets, a video
screen 322, a game controller, processor or system 324, a first game input device

326, and a second game input device 328.

[046] The MCA 304 may include a display metrology package 352, a data processor
or processing system 354, and a reporting and action module 356. The display
metrology package 352 acquires information from the product display 302 which is
analyzed in the data processing system 354. Responding to analyzed data, where
appropriate a reporting and action module 356 reports to stakeholders and/or takes

automated actions to affect the display and/or the stakeholders.

[047] In an embodiment, information from a point of sales system (“POSS”) 350 is
provided to the MCA 304 enabling calculations, reporting, and acting upon metrics
and statistics that are a function of data including display sensor data and POSS
data. For example, display condition data such as use may be related to sales of a

displayed product.
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[048] The display metrology package 352 may include one or a plurality of devices
or indicating devices for acquiring information about the display, its users, and its

environment. For example, a suitably equipped product display sited in a gaming

or game systems store may acquire data about the display itself, about users of the
display, about passersby, and about the general area in which the display 1s

located.

[049] FIG. 4 shows block diagrams of exemplary sensors and/or sensor components
for use in a metrology package 400A. As shown, each sensor includes an indicating

device in conjunction with a radio.

[050] Sensor 401 includes a current and/or power sensor such as a Hall effect,
transformer, current clamp, resistor, fiber optic/interferometer, coil, Rogowski coil
or other current/power sensor 402 and an associated radio 404 for transmitting
sensor data and in some embodiments for receiving data such as sensor set-up

instructions.

[051] Sensor 411 includes a motion sensor such as an infrared, vibration, optic,
magnetic or other motion sensor 412 and an associated radio 414 for transmitting
sensor data and in some embodiments for receiving data such as sensor set-up

instructions.

[052] Sensor 421 includes a proximity switch such as a magnetic, field effect,
contact or other switch 422 and an associated radio 424 for transmitting sensor
data and in some embodiments for receiving data such as sensor set-up

instructions.

[053] Sensor 431 includes a sound sensor such as a magnetic, capacitive,
piezoelectric or other sound sensor 432 and an associated radio 434 for transmitting
sensor data and in some embodiments for receiving data such as sensor set-up

instructions.

[054] Sensor 441 includes a still image camera such as a camera using a pixelated

sensor array or other still camera 442 and an associated radio 444 for transmitting

10
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sensor data and in some embodiments for receiving data such as sensor set-up

instructions.

[055] Sensor 451 includes a video camera such as a video camera using a pixelated
sensor array or other video camera 452 and an associated radio 454 for
transmitting sensor data and in some embodiments for receiving data such as

sensor set-up instructions.

[056] Sensor 461 includes a signal strength indicating device 462 which may be
integral with or separated from an associated radio 464. Among other things, the
signal strength device provides an indication of the distance between the sensor
radio and a transceiver for communicating with the sensor. In various
embodiments, one or more of the other sensors 401, 411, 421, 431, 441, 451 includes

a signal strength indicating device such as that of sensor 461.

[057] As will be understood by persons of ordinary skill in the art, multiple
indicating devices such as any two or more of current, power, proximity, sound, still
image camera, video camera, signal strength, temperature, light level, and the like
may be associated with or packaged with a single radio, for example as a
combination sensor. Notably, there is no requirement that an indicating device be

packaged with a radio with which it communicates.

[058] FIGS. 5A-B show block diagrams of first and second networks associated
with an exemplary product display monitoring system 500A-B. FIG. 5A shows a
first network 510 and a second network 550. The first network is typically located
on or near a monitored product display while the second network may include
components located in geographically disparate locations such as the display site
and a geographically distant data center such as a data center including one or
more servers where analytics are performed. Notably, in some embodiments the
first and second networks are substantially colocated as in colocation at a

particular site or a particular product display site.

[059] The first network 510 includes a metrology package 512 and a first
transceiver 520. Within the metrology package are one or more sensors such a first

sensor 514 having an indicating device S1 associated with a radio SR1, a second

11
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sensor 516 having an indicating device S2 associated with a radio SR2, and a third
sensor 518 having an indicating device S3 associated with a radio SR3. As shown,
the sensors are in wireless communications with the first transceiver. In some
embodiments, one or more of the sensors, for example a video camera, interconnects
physically as by wiring with a mating port on the first transceiver or a related

transceiver.

[060] The first transceiver 520 of the first network 510 is in communication with a
second transceiver 552 of the second network 550. A communications link 525

between the transceivers may be a wired or wireless link.

[061] The second network 550 includes the second transceiver 552,
communications link(s) 554, and a server computer or computer system 556. The
first transceiver 520 is in data communications with the metrology package 512
and the second transceiver 552 is in data communications with first transceiver.
Communications between the server 556 and the second transceiver 552 are via the

communications link(s) 554.

[062] FIG. 5B shows another embodiment 500B with networks similar to those of
FIG. 5A. In particular, the network metrology package 512 is in data
communications with a server 584 via interconnected networks such as first and

second networks 511, 551 interconnected by a gateway device 576.

[063] The gateway device 576 may provide for unidirectional or bidirectional
communications. In the embodiment shown, bidirectional communications between
the metrology package 512 and the gateway are provided by a first transceiver 572
and bidirectional communications between an internet onramp 580 and the

gateway are provided by a second transceiver 574.

[064] Communications in the interconnected network may be provided one or more
of wired, wireless, and/or optical signal transfer media. Protocols/data formats
include serial, non-serial, packet, non-packet, and the like. Standards/technologies
include wifi, bluetooth, ethernet, cellular, and the like. Media types include
10baseT, coaxial cable, twisted pair, optical fiber and the like.

12
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[065] In an embodiment, communications means include (1) wireless
communications 570 such as 802.11 wireless between the metrology package 512
and the gateway 576, (i1) cellular communications 578 between the gateway and an
internet onramp 580, and (ii1) internet communications 582 between the onramp
and the server 584. As skilled artisans will appreciate intermediate
communications and/or communications network(s) such as LAN communications

supporting the server may be included in various embodiments.

[066] Data received by the server 584 from the metrology package 512 may include
sensor 514, 516, 518 data such as messageid, sensorid, sensor name, indicating
device data, date, a binary value of indicating device data, a formatted value of
indicating device data (e.g., “open”), battery state, sensor state, gatewayid, alarm
sent, and signal strength. Any of these data may be time stamped by the sensor or

by another device in the product display monitoring system.

[067] Data originated by or transferred by the gateway 576 may include
messageid, messagetype, power reading from gateway, battery, receiveddate,
messagecount, gatewayid, gatewayname, csnetid (network id of the sensor array
the gateway is associated with), firmwareversion, and currentsignalstrength. Any
of these data may be time stamped by the gateway or by another device in the

product display monitoring system.

[068] Data originated by or handled by the server 584 may include messageid,
messagetype, power reading from gateway, battery state, receiveddata,
messagecount, gatewayid, gatewayname, csnetid, firmwareversion (of gateway),
and currentsignalstrength of the gateway. Any of these data may be time stamped

by the server or by another device in the product display monitoring system.

[069] FIG. 6 shows a schematic diagram of a display monitoring system 600. Here,
a product display 608 1s located in a commercial environment such as a retail
electronics store 601, a BestBuy store for example. Data exchanges between the
product display and a remote server 684 provide for monitoring and in some

embodiments for controlling the display.

13
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[070] As shown, three asset packages 610, 620, 630 provide for monitoring and/or
controlling multiple assets, Asset 1 (612), Asset 2 (622), and Asset 3 (632). Each of
these assets 1s associated with a respective sensor S1 (614), S2 (624) and S3 (634)
that 1s interconnected with a respective radio SR1 (616), SR2 (626), and SR3 (636).
It should be noted that sensors and/or radios may be attached in whole or in part to
the asset. For example, where customers will lift an asset from the display 608 (as
with a hand held game controller), it may be monitored by a sensor attached to the

asset and a sensor radio may be packaged with the sensor.

[071] A gateway device 602 includes a first wireless communications device 604 for
wireless communications 660 with the asset package radios 616, 626, 636. A
second gateway wireless communications device 606 is for communications 670
with an internet onramp 680. A server 684 is interconnected with the onramp via

an internet connection 682.

[072] The sensor radios 616, 626, 636 and/or the gateway device 602 may be
configured to recognize movement of an asset beyond a selected perimeter 650
about or around the display 608. For example, asset 2 is shown outside the
perimeter and recognition of this “out-of-bounds” state may be based on signal
strength or loss of signal. In some embodiments the gateway device and/or the first
wireless communications device 604 may be about centrally located on the display
608 to provide a perimeter around the display. And, in some embodiments, the

perimeter may be about circular with a radius R or an average radius R.

[073] FIG. 7 shows a distributed display monitoring system 700. In particular, a
first store 710 is the site of multiple monitored displays 712, 713, 714 and a second
store 730 is the site of multiple monitored displays 732, 733, 734. The monitored

displays are similar to those described above.

[074] Communications between each of the displays 712-714, 732-734 and one or
more interconnected servers 750 (such as servers on a local area network) includes
a wireless communications link 722 with an internet onramp 720 and internet
communications 740 between the onramp and the server. In some embodiments,

cellular communications from the displays may reach a local or remote server via

14
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cellular communication alone, by internet communications alone, or by a
combination of the two. And, some embodiments may substitute wired

communications for wireless communications.

[075] FIG. 8 shows a table of sensors and some states that may be suggested by or
consistent with sensor data 800. Sensors include current/power, image, motion,
proximity, signal strength and sound sensors. The states are (i) in use, (i1)
compliant, (i11) not compliant but operative, (iv) inoperative, (v) missing component,

and (vi) site trouble.

[076] In Use: Motion and other sensed parameters may suggest use. For example,
a game display may be considered in use when a motion, image(s), or proximity
sensor suggests an associated hand-held game controller is moved or moving.
Other indicators of use may include sensed power/current supplied to one or more
components of the game display or sensed sound. Sensed sounds may also be
matched, for example using with FFT (Fast Fourier Transform) comparison and
analysis techniques, with a library of sounds indicating display use such as the
sound of hand-held controller switches being manipulated. See e.g., the exemplary
sound matching techniques disclosed in US20150011912 filed 1/25/2013 which is

incorporated herein by reference.

[077] Compliant: Current/power use and other sensed parameters may suggest
the display is compliant with utility and/or quality standards, the most basic of
which is operability. For example, a current/power sensor may suggest the display
is consuming an amount of energy consistent with a normal display operation such

as use or stand-by.

[078] Missing Component: Sensed image(s) may also be matched with a library of
images to determine if a predetermined group of display components such as
components required for operations are present. See e.g., the exemplary image
matching techniques disclosed in US 6,381,355 filed 8/19/1997 which is

incorporated herein by reference.

[079] Not Compliant But Operative: Not compliant but operative states may be

suggested by several different sensors. For example, missing components not
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critical to operation may be suggested by low current/power, live imaging that does
not match library image(s), an open (or closed) proximity switch, or low
sensor/gateway signal strength. It will be appreciated that other inferences may be
drawn from these sensors such as low signal strength indicating an out of range
component and high current/power indicating a pending electrical component

failure.

[080] Inoperative: Inoperative states may be suggested by several different
sensors. For example a display may be inoperative because of missing components
that are detected by one or more of current/power, image, proximity, and signal
strength sensors as described above. Inoperative states may also be determined

based on low current/power and low signal strength.

[081] Site Trouble: Site trouble states may be suggested by a current/power sensor
where there is a loss of site electric power and by an image sensor when the site

experiences vandalism, earthquake and fire.

[082] FIG. 9 shows a product display monitoring system 900 instrumented with
each of the sensors of FIG. 8. Located at a particular site 950, the system includes
a product display 910, a power block 920, a power source 930, various wireless
sensors, and a transceiver 940. A communications block 944 may interconnect the
transceiver 940 and a server 946 for performing analytics, making notifications,

and taking actions such as those described herein.

[083] The power source 930 supplies electric power to the instrumented product
display 910, for example via the instrumented power block 920. Sensors include
devices for sensing current/power 921, 923, 924, 925, motion 912, 913, image 930,
and sound 952. Sensor signals are wirelessly exchanged with the transceiver 940
such as a transceiver portion of a gateway or a local area network. Sensor(s), the
transceiver, and/or the gateway may include a sensor for indicating a
sensor/gateway signal strength. For example, the figure shows a signal strength

sensor 942 located in the transceiver 940.
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[084] As shown, the product display 910 holds four assets 901-904. Notably, a
moveable asset 902 is instrumented with one or both of an attached motion sensor

912 and a proximity sensor 913.

[085] Three of the assets 901, 903, 904 are powered from a power distribution
device such as a power strip 926 which is powered from the power source 930 such
as a mains power source. Three current/power sensors 921, 923, 924 are for
sensing current/power supplied by the power strip to respective assets 901, 903, 904
while a fourth current/power sensor 925 is for sensing current/power flowing to the

power strip from the power source.

[086] FIG. 10 shows a flow chart of display monitoring analytics 1000 from a
product display system such as that of FIG. 9. Here, display state 1004 may be
indicated by data from one or more sensors 1002 while display condition and type of
use 1006 may be indicated by sensor data and/or display state. In various
embodiments, display condition and type of use may be used in the preparation of

metrics 1008 such as display related use and sales effectiveness metrics.

[087] FIG. 11 shows a table of display monitoring analytics 1100. Here, display
states (in use, compliant, operable, missing, site trouble) may be inferred from
sensor data (current/power, image(s), motion, proximity, signal strength, sound)
while display condition (ready for use, inoperable, shut down) and type of use
(compliant use, non-compliant use) may be inferred from sensor data and/or from
display state. Display state and/or condition may be used to trigger automated
display monitoring system actions such as record data, recognize user, authorize

user, personalize for a particular user, notify stakeholders, and shut down.

[088] As seen in the table, various sensor data sets are acquired over different time
periods 1, 2, 3, 4, 5. As is further described below, for each sensor data set there is

a corresponding set of possible states and a corresponding condition or type of use.

[089] Time Period 1, ready for use. In the first time period the sensor data set is

Sensor Sensor data Description of data

(i) current/power | normal power is normal for a stand-by state
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(i) image(s) match image of arranged display components
matches library image

(iii) motion no motion sensor present, but no motion

(iv) proximity yes movable item is in place on display

(v) signal strength | normal all display sensors have adequate sensor
to gateway signal strength

(vi) sound no no sounds indicative of use as determined
by sound library matching or otherwise

[090] Here, sensor data shows (i) the current/power supplied to the display
components is normal for a stand-by state, (i1) one or more images of display
components match those in a library image, (ii1) no motion of an instrumented
asset normally in motion during use of the display, (iv) proximity of a moveable
item normally not proximate during use of the display, (v) sensor signal strengths
between sensors and a gateway that are normal, and (vi) no sound indicative of use

of the display.

[091] These sensor data may enable the following conclusions about the product

display state to be drawn.

State Conclusion from
sensor data

a) In use no

b) Compliant yes

¢) Operable yes

d) Missing no

e) Site trouble no

[092] The above sensor data and conclusions drawn from the sensor data may
indicate the product display is not in use but that it is compliant and operable with

no missing components and no site trouble.

[093] Time period 2, compliant and in use. In the second time period the sensor

data set is

Sensor Sensor data Description of data
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(i) current/power | normal power is normal for an in use state
(i) image(s) a) match image of fixed display components
b) changing matches library image and/or

image of display and/or user changing
indicating display is in use

(iii) motion yes motion sensor present and in motion

(iv) proximity no movable item is not in place on display

(v) signal strength | normal all display sensors have adequate sensor
to gateway signal strength

(vi) sound yes sound level or library match indicates

display is in use

[094] Here, sensor data shows (i) the current/power supplied to the display
components or consumed by the display components is normal for a use state, (i1) a)
match indicates one or more images of display components match a library image
and b) changing image indicates display is in use, (ii1) motion of an instrumented
asset normally in motion during use of the display, (iv) no proximity of a moveable
item normally not proximate during use of the display, (v) normal sensor signal
strengths between sensors and a gateway, and (vi) sound indicative of use of the

display.

[095] These sensor data may enable the following conclusions about the product

display state to be drawn.

State Conclusion from
sensor data

a) In use yes

b) Compliant yes

¢) Operable yes

d) Missing no

e) Site trouble no

[096] The above sensor data and conclusions drawn from the sensor data may

indicate the product display is compliant and is in use.

[097] Time period 3, non-compliant, but nevertheless in use. In the third time

period the sensor data set is
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Sensor Sensor data Description of data

(i) current/power | may be abnormal power may be abnormal for an in use
state

(i) image(s) changing image of display components may not
match a library image and/or
image of display and/or user changing
indicating display is in use

(iii) motion yes motion sensor present and in motion

(iv) proximity no movable item is not in place on display

(v) signal strength

may be abnormal

some display sensor(s) may not have
adequate sensor to gateway signal
strength

(vi) sound

yes

sound level or library match indicates
display is in use

display state to be drawn.

[098] Here, sensor data shows (i) the current/power supplied to the display
components or consumed by the display components may be abnormal, (i1) one or
more images of display components may not match those in a library image, (iii)
motion of an instrumented asset normally in motion during use of the display, (iv)
no proximity of a moveable item normally not proximate during use of the display,
(v) sensor signal strengths between sensors and a gateway may be abnormal, and

(vi) sound indicative of use of the display.

[099] These sensor data may enable the following conclusions about the product

State Conclusion from
sensor data

a) In use yes

b) Compliant no

¢) Operable yes

d) Missing ?

e) Site trouble ?

Note: Here, below, and as shown in the drawings, a question mark (“?”) indicates,
unless otherwise explained or shown by context, that the conclusion may be
indeterminate without more data.
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[0100] The above sensor data and conclusions drawn from the sensor data may

indicate the product display is not compliant, but that it is nevertheless in use.

[0101] Time period 4, inoperable. In the fourth time period, the sensor data set is

Sensor Sensor data Description of data

(i) current/power | may be abnormal power may be abnormal, for example
inadequate to operate one or more
display components

(i) image(s) not changing image of display components may not
match a library image showing, for
example, a component necessary for
operation is missing

(iii) motion no motion sensor present but no sensor data
indicating motion

(iv) proximity yes movable item is not in place on display

(v) signal strength | may be abnormal some display sensor(s) may not have
adequate sensor to gateway signal
strength

(vi) sound no sound level or library match indicates

display is not in use

[0102]Here, sensor data shows (i) the current/power supplied to the display
components or consumed by the display components may be abnormal, (i1) one or
more images of display components may not match those in a library image, (iii) no
motion of an instrumented asset normally in motion during use of the display, (iv)
proximity of a moveable item normally not proximate during use of the display, (v)
sensor signal strengths between sensors and a gateway may be abnormal, and (vi)

no sound indicative of use of the display.

[0103] These sensor data may enable the following conclusions about the product

display state to be drawn.

State Conclusion from
sensor data

a) In use no

b) Compliant no

¢) Operable no

d) Missing ?
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e) Site trouble ?

[0104] The above sensor data and conclusions drawn from the sensor data may

indicate the product display is not operable.

[0105] Time period 5, shut down. In the fourth time period, the sensor data set is

Sensor Sensor data Description of data

(i) current/power | abnormal power is abnormal, for example no power
is available or no/deminimus power is
being consumed

(i) image(s) not changing image of display components may not
match a library image showing, for
example, a component necessary for
operation is missing

(iii) motion no motion sensor present but no sensor data
indicating motion

(iv) proximity yes movable item is in place on display

(v) signal strength | normal display sensors have adequate sensor to
gateway signal strength

(vi) sound no sound level or library match indicates
display is in not in use

[0106]Here, sensor data shows (i) the current/power supplied to the display
components or consumed by the display components may be abnormal, (i1) one or
more images of display components may not match those in a library image, (iii) no
motion of an instrumented asset normally in motion during use of the display, (iv)
proximity of a moveable item normally not proximate during use of the display, (v)
sensor signal strengths between sensors and a gateway are normal, and (vi) no

sound indicative of use of the display.

[0107] These sensor data may enable the following conclusions about the product

display state to be drawn.

State Conclusion from
sensor data

a) In use no

b) Compliant ?

¢) Operable ?

d) Missing ?
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e) Site trouble ?

[0108] The above sensor data and conclusions drawn from the sensor data may

indicate the product display is shut down.

[0109] As mentioned above, embodiments of the product display monitoring system
provide for automated actions as shown in FIG. 11. These automated actions may
be the result of instructions and/or analytics implemented on a processing device
such as a server 556, 584, 684, 750. For example, the server may isolate faces from
sensor images to determine who is using the product display and manipulate
product display settings for the benefit of a user matched with a face in a server
library of user faces. See e.g. facial recognition described in US 2006/0190419 filed

2/22/2005 which is included herein by reference in its entirety and for all purposes.

[0110] As shown, automated actions include record data, recognize user, authorize
user, personalize the product display to the user, notify a stakeholder of a state,

conclusion, or event, and shut down.

[0111]Record data actions may include recording and maintaining history of sensor
data, point of sales data and conclusions drawn from these data along with times or

time stamps associated with corresponding events.

[0112] Recognize user and authorization actions may be used to identify who is
using the product display and to authorize use of the display according to use
parameters associated with a recognized user. For example, a server user face
database may include or be linked to parameters associated with each face. And,
for example, recognition of a known vandal might result in a product display shut

down or presentation of an appropriate message on a product display screen.

[0113] Personalization actions for manipulating product display content, settings,
and features may be used to provide a particular experience to a particular user
such as a recognized and/or an authorized user. For example, where a product
display is a gaming display, a user recognized to be an expert user might be

presented with an expert level game or a game with expert level game settings.
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[0114] Notification actions may be associated with any of the sensor data, point of
sales data, and conclusions drawn from the data. For example, appropriate
stakeholders such as store personnel and maintenance personnel may be notified
when a non-compliant state is determined or when there is site trouble, or when
there 1s a missing product display component. For example, appropriate
stakeholders such as those interested in the effectiveness of the display may be
notified of relationships between display use and sales of products presented by the

display.

[0115] Shut down actions may be associated with any of the sensor data and
conclusions drawn from the data. For example, a server instruction may require
that the product display be shut down when the display is found to be
noncompliant. And, for example, the product display may be shut down when the

server recognizes a user who is not authorized to use the display.

[0116]FIG. 12 presents a table of metrics based on variables known to a product
display monitoring system 1200. It is believed that knowing these metrics will be
of considerable value to stakeholders in a product display. As mentioned above,
automated server notifications may distribute and/or selectively distribute product

display metrics for any of the product displays mentioned above.
[0117]Each of the metrics of FIG. 12 is considered below.

[0118] Number of Interactions: This metric refers to distinguishable occasions of

use of the product display. For example, where the display is used multiple times
on a particular day, but no person used the display multiple times, the number of

interactions indicates the number of people that used the display on that day.

[0119] As described above, product display use can be inferred from sensor data
such as motion, proximity, image, and sound sensor data. For example, when a
processor such as server 946 receives data from a sensor such as a motion sensor
912 indicating product asset motion, the server may record for the sensor an
indication of the motion event, the time the event occurred, and the duration of the

event.
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[0120] The number of interactions with a product display during a particular time
interval and the average duration of each engagement may be determined or
inferred from sensor data indicating use. For example, the number of interactions
may be based at least in part on the number of non-overlapping time periods within
the time interval during which motion of the product asset is substantially
continuous. In similar fashion, any of proximity switch, image, and current/power

sensor events might be used to determine the number of interactions.

[0121] Average Interactions Metric: Average interactions is (number of interactions

+ total number of displays). For a particular time interval, for example a day, this
metric refers to average distinguishable occasions of use where plural displays are
available for use. For example, if in the month of March a particular marketing
campaign utilizes ten displays and those displays experience 800 interactions
during the month, then there are on average 80 interactions per display during

March.

[0122] Number of Engagements: In some embodiments, this metric may equal the

Number of Interactions described above. And, in some embodiments this metric
may require that periods of continuous use exceed a threshold value before they are
counted as an engagement. The threshold value may be predetermined or
automatically calculated. Predetermined values may be selected in accordance
with expected times of engagement with a particular product display (e.g., 15
seconds, 30 seconds, 45 seconds, 1 minute). Automatically calculated values may be
determined as a function of one or more of user identification, user skill, the
product display presented to the user, and the complexity of a user chosen product

display presentation.

[0123] Engagement Time: This metric refers to the duration of an engagement and

equals (engagement time end — engagement time begin). These times may be
provided by sensor data time stamps. For example, when a non-overlapping time
period is equated with an engagement, sensor time stamp data provides begin and

end times and the difference provides an engagement time.
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[0124] Average Engagement Time: This metric assumes a number of engagements
occurring over a particular time interval such that there is an average time of
engagement equal to (total time of all engagements in the time interval + number

of engagements in the time interval).

[0125] Product Sales: This metric is a sales figure and it may represent, for

example, units sold and/or payments received for units sold. In various
embodiments, this metric may be available from any of manual inputs and
automated inputs. Automated inputs may include any of those available from
invoicing systems, cash payment receipt systems, credit card payment receipt
systems, point of sales systems (“POSS”) typical of retail stores (e.g. FIG. 3B item

350), and security tag systems identifying particular products leaving a retail store.

[0126] Sales Per Engagement: This metric equals (Product Sales + Number of

Engagements).

[0127] Engagements to Sales: This metric is the inverse of Sales Per Engagement.

[0128] Total Days of Display: For a particular product display, this metric is the

difference in days between a date of interest such as a current date and a product
display installation date such as the date of installation of the product display, e.g.,
(current date — install date).

[0129] Total Days of Compliance: For a particular product display, this metric

equals (Total Days of Display — Inoperative Days of Display).

[0130] Total Usage Time: For a particular product display, this metric equals ( ),

Engagement Times).

[0131]Total Idle Time: For a particular product display, this metric denominated

in minutes equals ((Total Days of Display * 1440 min/day) — Total Usage Time.)

[0132] As skilled artisans will appreciate, the above metrics may utilize various
conversion factors to maintain consistency of units. Further, where there are
groups of product displays as in a particular marketing campaign, campaign or

fleet averages of metrics of groups of product displays may be calculated as needed.
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[0133] While various embodiments of the present invention have been described
above, it should be understood that they have been presented by way of example
only, and not limitation. It will be apparent to those skilled in the art that various
changes in the form and details can be made without departing from the spirit and
scope of the invention. As such, the breadth and scope of the present invention
should not be limited by the above-described exemplary embodiments, but should

be defined only in accordance with the following claims and equivalents thereof.

27



WO 2016/094447 PCT/US2015/064557

CLAIMS

1. A product display monitoring system comprising:

a product display for holding product and other assets;

the product display for showcasing at least one product asset;

a plurality of sensors;

information available from each sensor includes a sensor identifier different
from that of the other sensors;

a first network including the plurality of sensors and a first transceiver for
communicating with the sensors;

a second network including a second transceiver and a server; and,

the first transceiver connected to the second transceiver for passing
information received from the sensors to the server and for passing information
received from the server to the sensors;

wherein when the server receives sensor data indicating that a sensor event
has occurred, the server records for the sensor sending the data an indication of the

event and the time the event occurred.

2. The product display monitoring system of claim 1 wherein each sensor

is a wireless sensor including a respective radio for wireless communications.

3. The product display monitoring system of claim 2 further comprising:

the product display holding a product asset that can be engaged and moved
by passersby; and,

a motion sensor S fixed to the product asset for sensing motion of the
product asset;

wherein when the server receives data from sensor S; indicating the product
asset has been moved, the server records for sensor S; an indication of the motion

event and the time the event occurred.

4. The product display monitoring system of claim 3 further comprising:
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a customer engagement index report (‘CEI”) available from the server;

the CEI based at least in part on the number of times customers engage the
product asset during a particular time interval and the average duration of each
engagement;

the number of customer engagements and the average duration of each

engagement based at least in part on the recorded motion events.

5. The product display monitoring system of claim 3 wherein the number
of customer engagements is based at least in part on the number of non-
overlapping time periods within the time interval during which motion of the

product asset is substantially continuous.

6. The product display monitoring system of claim 4 wherein the motion
within a time period is not substantially continuous when the time lapse between

any two successive motion events within the time period exceeds 15 seconds.

7. The product display monitoring system of claim 2 further comprising:

a first product display asset that is electrically powered;

a second product display asset that is movable by a product display user;

an imaging sensor directed to view the product display;

an electric power sensor of the plurality of sensors for measuring the power
supplied to the first product display asset; and,

a motion sensor of the plurality of sensors affixed to the second product

display asset.

8. The product display monitoring system of claim 7 wherein the server
determines the condition of the product display is not in use but is ready for use
when data communications between the sensors and the server indicate (1) power
consumption by the first product display asset shows this asset is not in use but is

ready for use, (i1) an image of the product display matches a product display image
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stored in a server image library, and (ii1) the second product display asset has not

moved for a preselected period of time.

9. The product display monitoring system of claim 7 wherein the server
determines the product display is in compliant use when data communications
between the sensors and the server indicate (1) power consumption by the first
product display asset shows this asset is in use, (i1) an image of the product display
matches a product display image stored in a server image library, and (ii1) the time
interval between first and second movements of the second product display asset is

less than a preselected period of time.

10.  The product display monitoring system of claim 7 wherein:

a product display user is recognized by matching an image acquired by the
product display with an image stored in a server image library; and,

the server communicates with the a product display computer to personalize

the presentation the product display presents to the matched user.

11.  The product display monitoring system of claim 7 wherein the server
determines the product display is in non-compliant use when data communications
between the sensors and the server indicate (1) power consumption by the first
product display asset shows this asset is in use, (i1) an image of the product display
fails to match a product display image stored in a server image library, and (iii) the
time interval between first and second movements of the second product display

asset is less than a preselected period of time.
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12.  The product display monitoring system of claim 11 wherein if the
server determines the product display is in non-compliant use then the server

notifies product display maintenance personnel.

13.  The product display monitoring system of claim 2 further comprising:

product display assets including a handheld controller, a video screen, and a

computer;
the video screen and the computer interconnected by a data cable;

first and second electric power sensors of the plurality of sensors for

measuring respective power consumptions of the video screen and the computer;

first and second proximity switches of the plurality of sensors for indicating
respective engagements of data cable connectors with mating video screen and

computer connectors; and,
a motion sensor of the plurality of sensors affixed to the handheld controller;

wherein the server determines the data cable is connected and operable to
exchange signals between the computer and the video screen when data
communications between the sensors and the server indicate (i) a first data cable
connector is engaged with a video screen connector, (i1) a second data cable
connector is engaged with a computer connector, (iii) power consumptions of the
video screen and the computer indicate the product display is in use, and (iv) the
time interval between first and second movements of the second product display

asset 1s less than a preselected period of time indicative of use.
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FIG. 10
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FIG. 12
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