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(57) Abréegée/Abstract:

A system Includes radio frequency (RF) communication devices, for example, in luminaires, located Iin a service area offering a
location determination service, and a portable device used In commissioning the communication devices. The communication
devices transmit a primary location determination system's RF signals for receipt by the portable device. The portable device
determines its location using a secondary system. The RF communication devices' transmitted RF signals include an identifier. A
recelved signal strength indication (RSSI) of each signal received by the portable device Is measured, and stored with an estimate
of the portable device's corresponding location. The portable device is moved to another location to measure RSSI of RF signals.
VWhen the number of measurements or number of locations Is sufficient, the locations of each of the respective luminaires or
communication devices may be determined using the RSSI values and the portable device's estimated indiscriminate location.
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ABSTRACT

A system 1ncludes radio frequency (RF) communication devices, for example, in
luminaires, located in a service area offering a location determination service, and a portable
device used in commissioning the communication devices. The communication devices transmit
a primary location determination system’s RF signals for receipt by the portable device. The
portable device determines its location using a secondary system. The RF communication
devices’ transmitted RF signals include an identifier. A received signal strength indication
(RSSI) of each signal received by the portable device is measured, and stored with an estimate of
the portable device’s corresponding location. The portable device is moved to another location
to measure RSSI of RF signals. When the number of measurements or number of locations is
sutficient, the locations of each of the respective luminaires or communication devices may be

determined using the RSSI values and the portable device’s estimated indiscriminate location.
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COMMISSIONING OF AN INDOOR POSITIONING SYSTEM USING A SECONDARY
POSITIONING SYSTEM

Technical Field

[0001] The disclosed subject matter relates to improvements in commissioning of radio
frequency (RF) enabled indoor positioning-related communication devices, such as those at

ceiling level that may be incorporated into luminaires.
Background

[0002] Deployment of substantial numbers of RF devices with associated controllers
and/or sensors and networking thereof presents increasing challenges for set-up and management
of the system elements and network communication elements of a wireless communication
system. In at least some applications, system commissioning may involve accurate determination
of locations of installed RF devices.

[0003] For an RF location determination service, for example, it is desirable for the
system to know the location of RF devices, such as RF beacons, so that each RF device can
provide its location 1n an RF signal or an identification of the device in the RF signal for location
lookup, to enable estimation of location of a mobile device that receives the signal. The location
of each RF device in a venue is determined as a part of the commissioning operation that is
typically performed soon after the RF device is installed. Depending on the number of RF
devices and the size and configuration of the venue, the commissioning operation may be time

consuming.

[0004] There have been recent proposals to deploy intelligent luminaires that include RF
devices, such as a Bluetooth® or other wireless transceiver in each intelligent luminaire. The
intelligent luminaire may include the wireless communication capability to provide an RF
positioning service. Commissioning of such a Bluetooth-enabled luminaire often has involved a
localized communication process between each RF (e.g. Bluetooth) enabled luminaire and an RF
enabled user terminal 1in which each fixture 1s manually configured to be associated with a
relative position with respect to other RF enabled luminaires in the vicinity. However, this
commissioning process is costly, time consuming, and is not guaranteed to be accurate because

of the human interaction required for its execution.
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Summary

[0005] Hence, there 1s a need for improvement in commissioning of such a system, e.g.

to allow more rapid deployment in combination with accurate RF device location determination.

[0006] Disclosed are examples of a method, which includes a number of iterations
repeated at indiscriminate locations about a service area. An iteration includes moving a portable
processor-controlled, radio frequency (RF) receiver-equipped device to an indiscriminate
location within the service area for the iteration. At the indiscriminate location, the
indiscriminate location of the portable device within the service area is estimated using a
secondary location estimating system supported by the portable device. Each iteration of the
method produces a different estimated indiscriminate location at a different location within the
service area. The estimated indiscriminate location for the iteration is stored in a memory as a
ground truth position. The RF receiver of the portable device collects an RF communication
device 1dentifying signal transmitted by at least one RF communication device from among a
plurality of RF communication devices. The RF communication device is to be commissioned in
a primary system network including the plurality of RF communication devices. An RF
communication device identifier of the RF communication device is obtained from the collected
RF communication device identitying signal. A received signal strength indication (RSSI) value
1s determined of the collected, RF communication device identifying signal for the iteration. The
RF communication device identifier is stored in the memory in association with the respective
RSSI value and the estimated indiscriminate location for the iteration. After the number of
iterations, a primary location determination service calculates a location in the service area of the
RF communication device to be commissioned in the network based on, from each of the number
of iterations, the determined RSSI values and the estimated indiscriminate location of the
portable device for each respective iteration stored in the memory in association with the RF

communication device identifier of the one RF communication device.

[0007] Also disclosed 1s an example of a system that includes a portabie device, a

secondary location estimating system, and a primary location determination system. The
portable device includes a processor, a memory, a first wireless receiver and a second wireless

receiver. The secondary location estimating system includes a number of wireless transmitters
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configured to transmit secondary system signals receivable by the second wireless receiver of the
portable device, which are useable in the estimation of an indiscriminate location of the portable
device. The primary location determination system includes luminaires installed within a service
area. The luminaires are to be commissioned in the primary location determination system. Each
respective luminaire of the plurality of luminaires includes a light source configured to provide
general 1llumination to the service area. Each respective luminaire also includes a wireless
transceiver configured to transmit a primary system radio frequency signal containing an
1dentifier that uniquely identifies the respective luminaire as having transmitted the radio
frequency signal. The processor of the portable device is configured to estimate an
indiscriminate location of the portable device within the service area, using transmitted
secondary system signals received via the second wireless receiver. The processor stores the
estimated indiscriminate location in the memory, and collects by the first wireless receiver, a
primary system radio frequency signal from each respective luminaire of the number of
luminaires. The processor obtains from the collected, respective primary system radio frequency
signals a respective identifier of each luminaire that transmitted a respective primary system
radio frequency signal. The processor determines a respective received signal strength indication
(RSSI) value of each 'of the collected, respective primary system radio frequency signals. Each
respective luminaire identifier is stored in the memory in association with the respective RSSI
value and the estimated indiscriminate location. After a number of iterations are repeated, a
primary location determination service calculates a location in the service area of each respective
one of the luminaries to be commissioned in the network based on, the respective RSSI values
and the estimated indiscriminate location of the portable device stored in the memory in
association with the respective luminaire identifier of each respective luminaire of the plurality

of luminaires to be commissioned in the primary system network.

[0008] In another system example, a system includes a portable device, a secondary
location estimating system, and a primary location determination system. The portable device
includes a processor, a memory, a first wireless receiver and a second wireless receiver. The
secondary location estimating system includes a plurality of wireless transmitters configured to
transmit secondary system signals receivable by the second wireless receiver of the portable
device. The secondary system signals are usable in an estimation of an indiscriminate location of

the portable device. The primary location determination system includes a plurality of radio
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frequency communication devices to be commissioned in the primary location determination
system that are installed within a service area. Each respective radio frequency communication

device of the plurality of radio frequency communication devices includes a wireless transceiver.

The wireless transceiver is configured to transmit a primary system radio frequency signal
containing an identifier that uniquely identifies the respective radio frequency communication
device as having transmitted the radio frequency signal. For a number of iterations at
indiscriminate locations about a service area, the processor of the portable device is configured,
for an 1teration of the number of iterations, to estimate the indiscriminate location of the portable
device within the service area using a secondary location estimating system supported by the
portable device. Each iteration produces a different estimated indiscriminate location at a
different location within the service area. The estimated indiscriminate location for the iteration
i1s stored 1n a memory as a ground truth position. The RF receiver of the portable device collects
an RF communication device identifying signal transmitted by one RF communication device
from among a plurality of RF communication devices. The one RF communication device is to
be commissioned in a primary system network including the plurality of RF communication
devices. An RF communication device identifier of the one RF communication device is
obtained from the collected RF communication device identifying signal. A received signal
strength 1ndication (RSSI) value 1s determined of the collected, RF communication device
1dentitying signal for the iteration. The RF communication device identifier is stored in the
memory 1n assoclation with the respective RSSI value and the estimated indiscriminate location

for the iteration.

[0009] Additional objects, advantages and novel features of the examples will be set
forth in part in the description which follows, and in part will become apparent to those skilled in
the art upon examination of the following and the accompanying drawings or may be learned by
production or operation of the examples. The objects and advantages of the present subject
matter may be realized and attained by means of the methodologies, instrumentalities and

combinations particularly pointed out in the appended claims.
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Brief Description of the Drawings

(0010} The figures depict one or more implementations in accordance with the present

teachings by way of example only, not by way of limitation. In the figures, like reference

numbers refer to the same or similar elements.

[0011] FIG. 1 shows an example of a system layout that implements a process for
determining a location of individual RF communication devices in a network of RF

communication devices utilizing a secondary location estimating system.

[0012] FIG. 2 shows a flowchart example of a process for determining a location of
individual RF communication devices in a network of RF communication devices utilizing a

secondary location estimating system, used in a ground truth process for commissioning.

[0013] FI1G. 3 1llustrates a functional block diagram of an example of a commissioning
system including a primary indoor positioning system and a secondary location estimating

system, and portable device that uses the commissioning system in a commissioning process.

[0014] FIG. 4A shows a system diagram of a RF-enabled luminaire which may

participate in the commissioning process utilizing the secondary location estimating system

examples described herein.

[00135] FIG. 4B shows a system diagram of a RF-enabled communication device which
may participate in the commissioning process utilizing the secondary location estimating system

examples described herein.

[0016] FIG. 5 1s a simplified functional block diagram of a computer configured as a

server, for example, to function as a location server in the illustrated examples.

[0017] FI1G. 6 1s a simplitfied functional block diagram of a computer device having input

output capabilities.

Detailed Description

[0018] In the following detailed description, numerous specific details are set forth by
way of examples in order to provide a thorough understanding of the relevant teachings.
However, it should be apparent that the present teachings may be practiced without such details.

In other instances, well-known methods, procedures, and/or components have been described at
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a relatively high level, without detailed comment in order to avoid unnecessarily obscuring

aspects of the present teachings.

[0019] The term "luminaire” as used herein 1s intended to encompass essentially any type
of device that processes power to generate light, for example, for illumination of a space
intended for use of or occupancy or observation. Luminaires, such as light fixtures, floor or table
lamps, or other types of lighting devices for artificial general illumination are widely used in
various residential, commercial and industrial settings for providing illumination in both interior
and exterior spaces. For example, a retail store may install multiple luminaires in the ceiling for
illuminating products and walking area throughout an indoor area, such as a store.

[0020] The examples of a primary indoor positioning system (or, “primary system’) use
Bluetooth® Low Energy (BLE) or other radio-frequency (RF) communication devices. The
ground truth process utilizing a secondary positioning system (or, “secondary system), however,
may utilize other types of RF communication technologies, such as Wi-Fi, Zigbee, local area
network (LAN), or ultra wide band (UWB) when applied during commissioning of primary
indoor positioning systems. Alternatively, the secondary system may use optical systems, such as
visible-light location determination systems or optical spatial mapping. A system of devices,
such as RF communication device or luminaires equipped with RF communication devices to be
commissioned 1s herein called a “primary” system.

[0021] Commissioning such a primary system includes, for example, estimating the
physical locations of the RF communication devices (which may be located in or collocated with
ceiling-mounted luminaires) of the primary system. Results of these location estimations during

commissioning can be used by a positioning service included in or coupled to the primary system

to derive locations for other devices (e.g., locations of cell phones, RF tags) by receiving from or
exchanging signals with the RF communication devices. Commissioning is useful for enabling a
system to know where the RF communication devices are located. Without knowledge of the
locations of the RF communication devices, the primary system may be unable to provide

accurate location assistance to other devices within the space.

[0022] Additionally, 1n prior systems, commissioning is often a time-consuming, labor-
Intensive, error-prone process that entails RF communication device-by-RF communication

device manual determination of RF communication device locations.
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[0023] In order to accurately determine a location of the RF communication device
within an indoor space and with reference to other RF communication devices installed within
the indoor space, a point of reference or a “ground truth” location with respect to the indoor
space may be determined. Using this accurately determined point of reference or ground truth, a
location determination service may use various techniques to determine the locations of the RF
communication devices that are associated in a data structure with an identifier of RF
communication device. The association of the accurately determined position of the RF
communication device with its respective RF communication device identifier is called
“commissioning.” For example, the location of each respective RF communication device to be
commissioned 1s determined with reference to the “ground truth,” or point of reference. In some
examples, the RF communication devices may be incorporated in luminaires located within the

indoor space, and 1n such cases the RF communication devices may be generally referred to as

“luminaires.”

[0024] The method and system examples described herein provide for an improved
commaissioning process and commissioning system for executing the disclosed processes that
reduces the amount of time needed for commissioning, eliminates errors related to input and/or
use of incorrect location information, and/or improves accuracy due to the collection of multiple
measurements.

[0025] FIG. 1 shows an example of a system layout in which a secondary system 130
provides a ground truth determination that enables a network of RF communication devices 121-
126 of a primary location determination system 120 to be commissioned. The RF

communication devices 121-126 may each be equipped with an RF receiver, transmitter or

transceiver, a processor and other components. Examples the RF communication devices 121-
126 described in more detail with reference to the example of FIG. 4B. Depending upon the type

of location in which the RF communication devices 121-126 are installed, the RF

communication devices 121-126 may be configured as luminaires as described with reference to

the example shown in FIG. 4A.

[0026] The RF communication devices 121-126 of the primary system 120 may be
coupled to, incorporated 1in, or collocated with luminaires with associated processors and
wireless transceivers (shown in other examples). Deployment involves provisioning the RF

communication devices/luminaires 121-126 for communication and configuration or
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commuissioning of the RF communication devices/luminaires 121-126 for appropriate operation
in the service area 105. For position estimation and/or location based service applications,
system commissioning involves accurate determination of locations of installed RF
communication devices/luminaires 121-126. One example in which a commissioning process
may be significant relates a radio frequency-based location determination service. In such an
example, 1t may be desirable for customers’ or workers’ mobile devices to be in communication
with the lighting system to know the location of the luminaires, which may be used to indicate
the location of the customers’ or workers’ mobile device. When using the location determination
service, a mobile device or the like may receive or look up an accurate RF communication
device/luminaire location that the mobile device uses to obtain an estimate of its own location or
position. Examples of position determination for commissioning using the RF communication
capabilities of the luminaires are described 1n more detail below.

0027} In the example of FIG. 1, the location determination service area 105 includes RF
communication devices of a primary system 120 (shown as pentagons) and nodes of a secondary
system 130 (shown as triangles). The number of secondary system nodes may be N secondary
system nodes (here, N=4; triangles), M RF communication devices (here, M=6; pentagons), and
a portable device 110. The portable device 110 may follow a path, such as 115, that eventually
brings the portable device 110 within range of all RF communication devices serving the space.
The process 200 of FIG. 2 may be summarized as RF measurements are made at some number of
indiscriminate locations, in this case, at points K (i.e., X, XX and XXX) along the portable
device path 115. At each (kth) point, the portable device 110 communicates with the nodes 131-

135 of the secondary system 130 for a ground truth estimation of location of the kth point. At

each point, the portable device 110 also communicates with a subset of the total number of
primary system RF communication devices 121-126, e.g. receives RF signals from the subset of
RF communication devices. For example, only signals from a subset of the total number of RF
communication devices may be collected due to signals broadcast by some of the RF
communication devices 121-126 being undetectable by the portable device 110 due to inference
from, for example, the layout of service area 105 or other structural elements (e.g., shelving
units, walls or the like). The signals transmitted by the respective RF communication devices
includes a RF communication device identifier (ID) that uniquely identifies the RF

communication device within the primary system 120. From the collected signals, at least two
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data items (such as RF communication device ID and a signal attribute such as received signal
strength indication (RSSI) value) may be recorded for each RF communication device detectable
at each indiscriminate location (e.g., X, XX and XXX). Wireless communication paths for the
RF communication devices of the primary system 120 with the mobile device at the
indiscriminate locations X, XX and XXX are indicated by the bold dashed line, and the wireless
communication paths for the secondary system 130 with the mobile device at the indiscriminate
locations X, XX and XXX are indicated by the dash-dot-dot lines. In the example of FIG. 1,
there are three single measurement points (i.e. Mk=3) along the path 115. A total of K locations
(each either an x,y pair or x,y,z triplet) and Y k Mk RF communication device ID+RSSI pairs are
recorded during traversal of the path 115.

[0028] An indoor space may include a location determination service area 105, which is
an area serviced by a primary system having RF communication devices or other devices that
enable a server or a user/client device (not shown in this examples) to determine location of the
user/client device in the indoor space. A user/client device may be a mobile phone, a tablet
device, a laptop computer, an inventory control device, or the like. The primary system 120 is
used to determine the position of location of the user/client device relative to locations of the RF
communication devices as determined during the commissioning process. The secondary system
130 1s used to determine the position of RF communication devices 121-126 in a network of RF
communication devices with respect to the portable device 110 in the service area 105.

[0029] The secondary system 130 is configured to provide a ground truth reference

indication usable in the commissioning of the RF communication devices 121-126. The ground

truth reference indication may be, for example, grid coordinates (e.g., X, Y, Z) related to the

specific indoor space, latitude and longitude coordinates, retail store section indicators (e.g.,
center of Home Goods, East end of Aisle 21), or the like. A “ground truth” is a position within
the service area 105 that is considered a known position that serves as a reference position that
when combined with the primary system measurements made by the portable device 110 enables

the relative positions of one or more of the RF communication devices 121-126 to be

determined.

[0030] In an example, the primary system 120 may include a plurality of luminaires
contigured as RF communication devices to provide radio frequency-based location

determination services in the service area 105. Each luminaire, such as RF communication
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device 121-126, includes a light source, a processor and radio frequency (RF) transceiver (all of
which are described in more detail with reference to the example of FIG. 4). The RF
communication devices of the primary system 120 are typically installed in the indoor space
service area 105 with reference to a lighting map, e.g., a paper blueprint or electronic blueprint of
the service area 105. A service area 105 may be an indoor area that is provided indoor
positioning service (i.e., position determination and/or indoor navigation) by an indoor
positioning system.

[0031] The RF communication devices 121-126 may be incorporated in luminaires,
which provide general illumination to the space within the service area 105. For example, when
configured as a luminaire, RF communication device 123 may provide general illumination to,
for example, a space portion 188 of the space in service area 105. In examples, in which the
respective RF communication devices 121-126 are incorporated in luminaires in the service area
105, a lighting map may be used to show the relative locations of the respective luminaires
incorporating a respective one of the RF communication devices 121-126 incorporated in
luminaires in the service area 105. However, the lighting map does not necessarily guarantee
that the luminaire/RF communication devices 121-126 are installed in the precise locations
shown on the lighting map. In addition, the number of RF communication devices that have to
be manually installed in a typical big-box retailer store may be upwards of 1000, so placement
mistakes during installation are likely to occur. As a result, the lighting map is not relied upon as
providing the absolute position for the respective luminaire and/or RF communication device.
An accurate position of the RF communication device is relevant because in, for example, a big-

box retail installation, the RF communication devices, such as 121-126, may be used to provide

location determination services to a consumer’s mobile device within the service area 105. For
example, a consumer or worker may wish to know where a specific item is located within the
retail installation. The consumer or worker may interact with a retail store computer application
that utilizes the location determination service available in the retail store location. In response

to the consumer or worker interaction, a location of the specific item may be provided to the

consumer’s or a worker’s mobile device.

[0032] As shown 1n FIG. 1, the secondary system 130 is made up of a relatively small
number of devices 131, 133, 135 and 137 the precise positions of which are either known apriori

or determined using various techniques and/or measurement devices, such as manual entry, RF

10
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positioning devices, visible light communication devices, or the like. The secondary system
devices 131, 133, 135 and 137 facilitate the quick and accurate “ground truth” determination of a
portabie device 110 within the service area 105. For example, the devices 131, 133, 135 and 137
of the secondary system 130 may operate on physical principles that are the same as or different
from those of the primary system 120. In a specific example, the secondary system 130 may rely
on visual data for location determination, and not RF data. In another example, the secondary
system 130 may be used to determine a position using a different RF frequency, RF system, or
RF protocols as compared to the RF frequency, system or protocols used by the primary system
120. In an example, a secondary system, such as 130, may be unsuitable as a positioning system
for the devices that the primary system 120 is intended serve; thus, in such an example, the
primary system 120 cannot simply be substituted for the secondary system 130. Examples of
secondary system 130 RF configuration details may be ultra wideband, Wi-Fi, Zigbee, X-10, Z-
wave, Bluetooth®, 900 MHz or the like. Alternatively or in addition, the secondary system 130
may use visible light to communicate with a portable device to provide the location
determination services to the portable device 110. In another example, the secondary system 130
may be configured with a spatial mapping optical system that generates a map of the service area
105 which 1s used by location determination services to provide the location of the portable
device 110.

[0033] In an example, nodes of the secondary system 130 may be ultra wideband
(UWB)-equipped nodes 131, 133, 135 and 137 that together enable the determination of the
precise location of the portable device 110. The RF communication devices 121-126 of the
primary system 120, in this example, are configured to operate according to the Bluetooth Low
Energy (BLE) specification. The RF communication devices 121-126 of the primary system 120
may be mobile phones and/or BLE-enabled asset tracking tags. The secondary system 130 need
not be integrated with luminaires or even be ceiling-mounted. The secondary system 130 may be
deployed either temporarily or permanently in the service area 105.

[0034] The secondary location estimating system 130 may be configured to be quickly
and easily set-up as compared to a typical primary system 130. For example, a UWB-equipped
secondary system 130 may have only a few nodes (e.g., four) to provide an accurate ground truth
indication for a portable device, such as 110, within the service area 105. A precise location is

associated with each node 131, 133, 135, 137 of the UWB secondary system 130. Identifying

11
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the precise location might require manual entry of its node locations, but only a few nodes may
be needed; techniques exist for calibrating a system with only a few nodes in minutes, without

need for using elaborate surveying equipment at the node locations. Location determination

techniques may include manual determination using a surveyor’s plot made of the indoor space
during construction, use of an imaging device, a radio frequency system, optical signals from a
visible light communication positioning system, or the like. Once precise locations are
determined and associated with each UWB node, the UWB-enabled secondary system 130 may
be used to estimate an accurate indiscriminate location of the portable device 110 within the
service area 105. Once the accurate indiscriminate location of the portable device 110 is
estimated, the portable device 110, as described in more detail with reference to the examples of
FIGs. 2 and 3, facilitates the rapid commissioning of a primary system having a large number of
nodes.

[0035] It may now be appropriate to provide an example so the operation of and the
interaction between the secondary system and the primary system may be better understood.
FIG. 2 shows a tflowchart of an example process for determining a location of individual RF
communication devices in a network of RF communication devices utilizing nodes in a
secondary system, such as 130 of FIG. 1, to provide a ground truth determination for the location
determination service. FIG. 1 illustrates relationships at indiscriminate locations within a service
area during a commissioning process using a UWB ground truth secondary system for a BLE
primary positioning system.

[0036] As an 1nitial step 1n the example, the locations of the secondary system nodes 131

2

133, 135 and 137 within the service area 105 are determined. As mentioned above, the precise

location determination of the secondary system nodes 131-137 may be performed using accurate,
rapid and precise location determination techniques as mentioned previously. For example, the

secondary system 130 may be a temporary system a purpose of which may be to provide the
ground truth indication to a portable device 110, so a subsequent commission process may be
performed on RF communication device 121-126 of the primary system 120. Alternatively, the

secondary system 130 may be a permanent system installed in the service area 105.
[0037] Once the positions of the secondary system nodes 131, 133, 135 and 137 are
known and stored 1n a data storage (described in a later example), the process 200 illustrated in

FI1G. 2 may be implemented. In the specific example of FIG. 1, the secondary system 130 may

12
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use a UWB frequency for communication with the portable device, and may communicate
according to a communication protocol appropriate for the UWB frequency being used. In some
examples, the primary system 120 in the example of FIG. 2 may operate according to the BLE
specification.

[0038] The details of the primary and secondary positioning system will be described in

. more detail with reference to the examples of FIGs. 3-7. An example of a process utilizing the
primary location determination system and secondary positioning system to enable

commissioning of a number of RF communication devices is described in more detail with
reterence to FIG. 2

[0039] The UWB secondary system 130 set up 1n the service area 105 is anticipated to
have a range that extends throughout the service area 105, and provide high-accuracy position
readings (e.g., accuracy 1n decimeter range) for a specialized UWB-enabled mobile device, such
as portable device 110 1n this example. The portable device 110 may be conveyed by a human
operator, robot, airborne drone, pushcart, or other conveyance within the service area 105.
10040] An example of a signal collection process is described with reference to FIG. 2.
The signal collection process 200 may be an iterative process. In FIG. 2, the process 200 is
1nitiated at 205 on a portable processor-controlled, radio frequency (RF) receiver-equipped
device, such as the portable device 110. The portable device 110 may be moved to an
indiscriminate location within the service area for an iteration. From a starting point, such as 108,
an 1ndiscriminate location within a service area, such as 105, may be selected for collection of
RF communication device identifying signals (210). The selected indiscriminate location may
be the same as the ground truth reference indication described above with reference to FIG. 1.
Similar to the ground truth reference indication, the selected indiscriminate location may be
represented, for example, by grid coordinates (e.g., such as Cartesian X, Y, Z, polar coordinates
or the like) related to the service area, latitude and longitude coordinates, retail store section
indicators (e.g., center of Home Goods, East end of Aisle 21), or the like. At the selected
indiscriminate location, such as indiscriminate location X within service area 105, the portable
device 110 estimates its position as the selected indiscriminate location (212) within the service

area 105 by using the signals of the secondary system 130. The selected estimated

indiscriminate location is the same as the estimated position of the portable device. For example,

the first indiscriminate location X may be selected as the indiscriminate location, and, at step
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212, a position of the portable device 110 at the first indiscriminate location X in the service area
105 1s estimated based on signals (e.g., optical or RF, such as UWB) received from the
secondary system nodes 131, 133, 135 and 137. Upon determining the estimated indiscriminate
location, the portable device 110 has also determined its own estimated position. The portable
device 110 may store coordinates of the estimated indiscriminate location in a memory.

[0041] A network of RF communication devices 121-126 of primary system 120 that are
to be commissioned 1nto a location determination system are installed in service area 105. Each
RF communication device 121-126 in the primary system 120 transmits an RF communication
device identifying signal including a respective RF communication device identifier. For
example, the RF communication device 121 1s assigned an RF communication device identifier
that uniquely i1dentifies the RF communication device 121, the RF communication device 122 is
assigned an RF communication device identifier that uniquely identifies the RF communication
device 122, and so on for the RF communication devices in the primary system 120.

[0042] While at the selected indiscriminate location, such as the first indiscriminate
location X, an RF receiver (described in more detail with reference to the example of FIG. 3) of
the portable device 110 collects RF communication device identifying signals transmitted from
each of the respective RF communication devices 121-126 that are within range of the portable
device 110 (215). For example, also at 215, an RF receiver of the portable device 110 collects an
RF communication device identifying signal transmitted by another RF communication device
from among the plurality of RF communication devices. The other RF communication device is
to be commaissioned 1n the primary system network including the plurality of RF communication

devices. The RF communication device identifying signals may, for example, be Bluetooth

specification compliant signals, such as Bluetooth Low Energy (BLE) or the like.

[0043] The RF communication device identifying signal transmitted by each of the
respective RF communication devices 121-126 may include, for example, the unique identifier
that 1dentifies the respective RF communication device in the primary system 120. At 220, a
respective RF communication device identifier may be obtained, for example, from the collected
RF communication device identifying signals. The respective RF communication device
identifier being used by a processor of the portable device 110 to identify the respective RF
communication device that transmitted the collected respective RF communication device

identifying signal. From the collected RF communication device identifying signal transmitted
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by the other RF communication device, an RF communication device identifier of the other RF
communication device may be obtained.

[0044] For each RF communication device identifying signal collected at the selected
indiscriminate location, a respective received signal strength indication (RSSI) may be measured
(225). For example, an RF receiver/transceiver (shown in another example) in the portable
device 110 may be configured to measure the RSSI value for each RF communication device
identifying signal collected, and output the RSSI value for each RF communication device
1dentifying signal collected. For example, the RF receiver/transceiver may output the determined
RSSI to a processor of the portable device 110 for processing. Of course, other received signal
information may be measured or determined, such as time of arrival, time delay of arrival, or the
like, that may be used to estimate a location within the service area, such as 105, of the
respective RF communication devices of RF communication devices 121-126 from which RF
communication device signals were collected. Also at 225, an RSSI value of the collected RF
communication device identifying signal transmitted by the other RF communication device for
the iteration may be determined.

[0045] At 230, each respective RF 1dentifier may be stored in a memory in association
with the respective RSSI value and the position of the selected estimated indiscriminate location,
such as first indiscriminate location X. The RF communication device identifier of the other RF
communication device is stored in the memory, in association with the RSSI value, and the
estimated indiscriminate location at which the RF communication device identifying signal
transmitted by the other RF communication device is collected.

[0046] In response to the storing step 230, the process 200 inquires at 235 if another

indiscriminate location is to be selected. If the answer is YES, the process 200 returns to step

210 and steps 212, 215, 220, 225 230 and 235 are repeated.

[0047] There may be ditferent conditions that determine the answer to the inquiry at 235.

For example, the response to the inquiry at 235 may be NO when it is determined by the mobile
device 110 processor or other computing device that a large enough set of collected signals (e.g.,

100, 1000, 2500 or the like) has been stored to determine the position of each RF communication
device with an acceptable accuracy. If the quantity of collected signals is insufficient, the

response at 235 may be YES. Inresponse to the YES determination, the process 200 returns to

step 210. Upon return to step 210, another indiscriminate location is selected for the collection
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of RF communication device identifying signals. In, for example, a next iteration of process
200, steps 210-235 may be repeated as the portable device 110 moves from the first

indiscriminate location X along an arbitrary portable device path 115 to a second indiscriminate
location XX within the service area 105 as shown in FIG. 1. In the next iteration of step 210, the
portable device 110 using the RF signals emitted by the nodes 131, 133, 135 and 137 of the
secondary system 130 estimates a position of the second indiscriminate location XX within the
service area 105.

[0048] The determination at 235 may be based on the number of RF communication
device identifying signals that are collected by the portable device. For example, it may be
anticipated that a predetermined number, such as 100, 250 or more, of collected RF
communication device identifying signals provides sufficient coverage to enable the accurate
calculation of the location of all of the RF communication devices. The collection of RF
communication device identifying signals may also occur, in some examples, at regularly timed
intervals after selection of the initial indiscriminate location. Regardless of the conditions used in
making the determination at 235, when the response to the inquiry at 235 is NO, the process 200
proceeds to 240.

[0049] For example, after the predetermined number of signals are collected and the NO
determination is made at 240, the portable device 110 may transmit (e.g., via a wireless network
such as a local area network or the Internet) the information for each of the indiscriminate
locations to another computing device (e.g., a server or network gateway) to be processed. The
other computing device may be coupled to a data storage device enabling storage of the

information in the data storage device. At 240, the server, network gateway, other computing

device, the portable device or a combination thereof coupled to or with access to a primary
location determination service, such as primary system 120, may calculate a location in the
service area of each respective one of the RF communication devices to be commissioned in the
network based on, from each of the number of iterations that corresponds to the number of
estimated indiscriminate locations, the respective RSSI values and the estimated indiscriminate

location of the portable device for the respective iteration in association with the RF
communication device identifier of the one RF communication device to be commissioned in the
primary system network. For example, the respective RSSI values and the estimated

indiscriminate location of the portable device may be stored in the memory in association with
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the respective RF communication device identifier of each respective one of the RF
communication devices to be commissioned in the primary system network.

[0050] The 1nformation for each of the indiscriminate locations may include data points
such as the estimated locations of the respective RF communication devices, the respective
communication device IDs, RSSIs of the RF identifying signals collected from the respective RF
communication device and the like. For example, with regard to the other RF communication
device, the primary location determination service may calculate a location in the service area of

the other RF communication device based on, from each of the number of iterations, the RSSI
value of the collected RF communication device identifying signal transmitted by the other RF

communication device and the estimated indiscriminate location of the portable device for the
respective iteration stored in the memory in association with the RF communication device
identifier of the other RF communication device to be commissioned in the primary system
network. In an example, the minimum information needed to generate a map of the locations of
the RF communication devices are the respective RSSI values of the collected RF
communication device identifying signals and the indiscriminate locations. To specifically
identity which RF communication device is at a particular map location in the map, the
communication device identifiers may also be used when generating the map of locations.
[0051] For example, the information enables the calculation of all RF communication
device locations using a suitable algorithm, such as, for example, a two-dimensional (2D)
Gaussian fit algorithm or the like. For example, the 2D Gaussian fit algorithm may be applied to
the RSSI values between each respective one of the RF communication devices and the selected

indiscriminate location the additional location determinations of each of the luminaires in the

plurality of luminaires. In other examples, the 2D Gaussian fit algorithm may be applied to data
representing the primary system radio frequency signals collected at each of the additional
indiscriminate locations and the estimated location of each of the additional indiscriminate
locations. In addition or alternatively, any of a number of well-known trilateration algorithms
may be used to calculate the locations of the RF communication devices within the service area

105. Calculations at 240 may be performed on the portable device 110, a back-end computer,
another calculating device or a distributed network of devices (examples of which are described

with reference to which the information acquired by the portable device 110 may be transmitted.
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[0052] With the RF communication device locations calculated and delivered to a
controller or server implementing the primary positioning system 120, a first aspect of the
commuissioning process 1s finished. As the portable device 110 explores the service area 105 as
described above, the portable device 110 is brought within range of all the RF communication
devices nodes. The identifier in the RF communication device identifying signal is intended to
be a unique code, however, 1n rare instances, errors occur and a code may be duplicated.
Another aspect of the final commissioning process may be for the primary system 120 to resolve
such RF communication device identifier assignment errors and others (e.g., non-communicative
communication devices) should they occur.

[0053] Location information recorded by the portable device 110 may be used to
calculate positions of the luminaire/RF communication devices 121-126 in either two dimensions
(2-D) or three dimensions (3-D) in various examples. Although not necessary, multiple
secondary system 130 devices may be used simultaneously thereby further reducing the time
necessary for commissioning the primary system RF communication devices 121-126.

[0054] A suitable algorithm may determine in real time, as the portable device 110
explores the service area 105, when enough information has been collected to enable solution for
nodes of a BLE system of known extent. It is thus possible for another algorithm to spatially
direct the explorations of a mobile UWB device (e.g., on a drone) so as to quickly obtain
sufficient information, and to command the mobile device to end its exploration when sufficient
information has been obtained. This approach may reduce the amount of time needed to make
accurate RF communication device location determinations, thereby making additional
explorations unnecessary.

[0055] In addition or alternatively, RF signal characteristics other than RSSI such as
angle of arrival and/or angle of departure, may be measured and used in calculations of RF
communication device locations at 240. Data from other sources, such as visible light
communications, may also be incorporated in such calculations to enable the position

determination of the luminaires/RF communication devices 121-126 of the primary system 120.

[0056} FIG. 3 1llustrates a functional block diagram of an example of a commissioning
system 1ncluding a primary system and a secondary system installed within a service area. The
system 300 includes a secondary system 330, a number of luminaires/RF communication devices

L1-LN of a primary system 320, a portable device 390 and a backend server 380.
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[0057] As discussed with reference to FIG. 1, the secondary system 330 is used to
provide a “ground truth” or precise location to the portable device 390 within the service area
305. In more detail, the secondary system 330 may, for example, be an alternate positioning
system located within the service area in which a primary position determination system 120 is
located. The secondary system transmitters 330 may incorporate UWB technology, such as

IEEE 802.15.44a, that allows for position determination of the secondary system devices without

interfering with communications of the primary system 320.

[0058] The secondary system 330 may use Wi-Fi1 frequencies, Bluetooth, visible light
communication signals, manual positioning methods (e.g., measuring devices surveying
equipment or the like), or other position determining systems and/or methods. In some
examples, the secondary system 330 may include, as shown in FIG. 1, several transmitting
devices positioned at known locations in an area serviced by the primary position determination
system 120. The several transmitting devices of the secondary system 330 may be temporarily

installed in the service area 305.

[0059] The portable device 390 may, for example, include a processor 391, a memory
395, a first wireless radio frequency (RF) receiver/transceiver 393 usable with the primary
system (also referred to as “primary system receiver/transceiver’), a communication interface
392, and a second wireless receiver/detector 394 usable with the secondary system (also referred
to as “secondary system receiver/transmitter/detector”). The processor 391 is coupled to the
memory 393, the RF receiver/transceiver 393, communication interface 392, and the secondary
system receiver/detector 394. In some examples, the RF receiver/transceiver 393 may be

considered a first wireless receiver, and the secondary system receiver/detector 394 may be

considered a second wireless receiver. For example, the memory 395 may store programming
code executable by the processor 391. Upon execution of the programming code, the processor
391 may be configured to control operation of the various components and perform functions as
part of the primary system commissioning process. Examples of such functions include received
secondary system signals, obtaining measurement information related to the received secondary

system signals and determining the position of the portable device based on the obtained

measurement 1nformation, as well as other functions examples of which are described herein.
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[0060] Depending upon the implementation of the secondary system 330, the portable
device 390 may have a sensor 398 to detect optical signals, for example, from a visible light

communication implementation of the secondary system 330, an antenna 397 to receive radio
frequency signals, for example, from an RF implementation of the secondary system 330, or
both. For example, the optical sensor 398 may be configured with a photodiode, a camera and/or
other optical sensor that enables detection of optical signals. A radio frequency receiver may be
coupled to the antenna 397 to receive RF signals. In some examples, the secondary system
receiver/detector 394 may be a dual optical sensor arrangement allows the portable device 390,
for example, to be used 1n nearly any service area regardless of the configuration and/or
capabilities of the secondary system transmitters 330. Alternatively, the secondary system
receiver/detector may be a camera that collects images of the service area 305, and delivers the
collected 1mages to the processor 390, the processor 383 of the backend server 380 or both.
Either the processor 390 or the processor 383 of the backend server 380 may utilize image
processing techniques on the collected images to generate a mapping of the service area 305.
The mapping may indicate the relative spatial dimensions and orientation of objects within the
service area 305. Using the mapping, the location of the portable device within the service area

305 may be estimated.

[0061] The system 300 may perform operations such as those described with reference to
FIG. 2 above. In a further example of the system 300 operation, the portable device 390 may
estimate additional indiscriminate locations of the portable device 390 as the portable device
moves within the service area 305. The processor 391 may use secondary system signals

received via the second wireless receiver 394 to perform the estimates of the additional

indiscriminate locations, such as X, XX and XXX of FIG. 1. The portable device 390 may
collect primary system radio frequency signals via the first wireless receiver 393 from each
respective luminaire of the plurality of luminaires L1-LN when the portable device 390 is at each
of the additional indiscriminate locations. The portable device 390 may determine location
determinations of each of the plurality of luminaires L1-LN in the primary system 320 by using
the primary system radio frequency signals collected at each of the additional indiscriminate
locations and the estimated location of each of the additional indiscriminate locations. The
processor 390 may also be coupled to input/output devices (I/O) 399 and a display 379. The 1/0
399 may be a keypad, keyboard, tactile device, a speaker or the like. The display 379 may be a

20

CA 3025232 2018-11-26



device for presentation the location determination of the luminaires or RF communication

devices L1-LN. Alternatively, the I/O 399 and the display 399 may be combined as a
touchscreen. Using the display and input/outputs (I/0O), the processor 391 may present the
location determinations to a user during or after the process example described above with

respect to FIG. 2.

[0062] The RF transceiver 393 is coupled to antenna 396 that enables wireless RF
communication with the luminaires/RF communication devices LL1-LN of the primary system
120. The communication interface 392 of the portable device 390 may be coupled to a backend
server 380. The backend server 380 may serve as a location server that determines the positions
of the luminaires/RF communication devices L1-LN of the primary system 120. The backend
server 380 may also have a processor 380 and a communication interface 382 that is coupled via
either a wireless connection or wired connection to the communication interface 392 of the
portable device 390. The wireless connection of the communication interface 392 may different
from the communication protocol used by the RF transceiver 393. For example, the RF
transceiver 393 may be configured to receive and transmit signals via a BLE communication
protocol, while the communication interface 392 may communicate via one or more of the
family of IEEE 802.11xx protocols or the like. Alternatively or in addition, the wired connection
between the communication interface 392 of the portable device 390 and the communication
interface 382 of the backend server 380 may be a universal serial bus (USB), an Ethernet, or

other type of wired connection.

[0063] When the luminaires/RF communication devices L1-LN of the primary system

320 are configured as RF communication devices, each of the luminaires/RF communication

devices L1-LN includes a radio frequency transceiver RF, in which case the light source LS for
general 1llumination may be optional.

[0064] The tollowing discussion of FIG. 4A describes an example of a luminaire
implementation of a luminaire/RF communication device in more detail. For example, a
luminaire 420 may be one of the luminaires/RF communication devices L1-LN of the primary

system 320. When the luminaire/RF communication devices L1-LN of FIG. 3 are configured as
luminaires, each luminaire 420 may include a light source 422, a processor 400, a power
management unit 404, a communication port 406 and an RF transceiver 402. The light source

422 of the respective luminaire 420 may provide general illumination to the space within a
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service area, such as 305. The RF transceiver 402 of the respective luminaire 420 may receive
radio frequency signals from and transmit radio frequency signals to a portable device, such as
the portable device 390 of FIG. 3. The RF transceiver 402 may be coupled to the processor 400
via a system packet interface (SPI) or the like. The RF transceiver 420 may communicate with
the portable device 390 utilizing BLE specification compliant signals.

[0065] As mentioned above, each luminaire includes a light source 422. The actual light
source 1n each luminaire may be any type of light emitting unit. Examples of light sources
include light emitting diodes (LEDs), incandescent or fluorescent lamps, halogen or halide
lamps, neon tubes, etc.

[0066] Although shown as one combined unit, the elements of the luminaire may be
implemented somewhat separately, e.g. with the light source of a luminaire separated from but
controlled by an associated processor of the luminaire. Alternatively, one processor may control
some number of light sources and RF transceiver(s) at diverse locations about a service area.
The power management unit 404 is connected to an electrical power supply (not shown) and
provides the appropriate electrical power to the respective components of the luminaire 420.
[0067] In the examples of FIG. 4A, the luminaire 420 is shown as having one processor
400, for convenience. In some instances, such a lighting device may have multiple processors.
For example, a particular device configuration may utilize a multi-core processor architecture.
Also, some of the other components, such as the communications interfaces, may themselves
Include processors. Alternatively, the processor 400 and associated memory in the luminaire may
be components of a Micro-Control Unit (MCU), which is a microchip device that incorporates a

processor 400 serving as a programmable central processing unit (CPU) as well as one or more
of memories. The MCU 400 may be thought of as a small computer or computer-like device

formed on a single chip.

[0068] A location server 414 has a communication link/session for data communication
with circuitry and/or programming of the luminaire 420. A data link from the location server

414 1s shown going through the communication interface 406.

[0069] The RF transceiver 402 may be implemented using a variety of wireless radio
frequency transceiver technologies. Examples of RF wireless transceivers include Bluetooth
transceivers, Wi-Fi transceivers, 900 MHz (sub-GHz) wireless transceivers, ultra-wideband

(UWB) transceivers, or the like. An example of relevant luminaire related data (e.g. referenced in
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FIG. 2) uses BLE transceivers and may conform to the Bluetooth® wireless communication
specification.

[0070] In general, processor 400 of luminaire 420 controls the other components of the
luminaire. For example, processor 400 controls RF transceiver 402 to communicate with other
RF-equipped luminaires, other RF devices, such as the portable device 390, mobile phones and
the like. The processor 400 controls other aspects of operation of the light source 422, such as
light output intensity level, associated color characteristic(s) of the light output, focus and/or
aiming of the light output, etc. Of note for purposes of discussion of several operational
examples, the processor controls communications RF-based ranging operations via the
transcerver 402 and associated communications relating to location estimations and the like with
the location server 414.

[0071] The example of FIG. 4A illustrates an example of the location server 414
implemented as a server that includes a data communication interface for packet data
communication (e.g. with one or more of the luminaires and other assets) via the particular type
of available network (not separately shown) with other devices. The data communication
interface may be wired or wireless. For communication with luminaires, like 420, the
communication interface of the server will be similar to or otherwise compatible with the RF
wireless communication capabilities of the transceiver 402 of the luminaire(s).

[0072] The location server 414 may be a physical server compufer on the network that
the system 18 connected to via wireless or wired medium. It could also be implemented as a

server mstance running in the cloud. Alternatively, the server for the server 414 could be a

processor on a luminaire (either 400 in FIG. 4A or a separate processor). Perhaps, the location
server 414 could be a form of distributed processing system, e.g. a server program that runs on

the processors of some number of luminaires.
[0073] FIG. 4B shows a system diagram of a RF-enabled communication device which

may participate in the commissioning process utilizing the secondary location estimating system
examples described herein. The implementation of a RF communication device as shown in FIG.

4B 1s substantially similar to the RF-enabled luminaire of FIG. 4A, therefore a detailed
discussion of the functions and details of the similar elements will be omitted. For example, the
RF communication device 429 includes a processor 499, a power management unit 494, a

communication interface 496 and a RF receiver/transmitter/transceiver 492.
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[0074] T'he RF transceiver 492 may receive radio frequency signals from and transmit
radio frequency signals to a portable device, such as the portable device 390 of FIG. 3. The RF
transceiver 492 may be coupled to the processor 499 via a system packet interface (SPI) or the
like. The RF transceiver 492 may communicate with the portable device 390 utilizing BLE
specification compliant signals. Similar to power management unit 404 of FIG. 4A, the power
management unit 494 1s connected to an electrical power supply (not shown) and provides the
appropriate electrical power to the respective components of the RF communication device 429.
[0075] The processor 499 is configured in a similar as processor 400 of FIG. 4A so a
detailed discussion is omitted.

[0076] The communication interface 496 includes a data link that couples to a location
server 494. The location server 494 has a communication link/session for data communication
with circuitry and/or programming of the RF communication device 429.

[0077] The RF transceiver 492 may be implemented using a variety of wireless radio
frequency transceiver technologies utilizing one or more antennas, such as antenna 493.
Examples of RF wireless transceivers include Bluetooth transceivers, Wi-Fi transceivers, 900
MHz (sub-GHz) wireless transceivers, ultra-wideband (UWB) transceivers, or the like. An
example of relevant related data (e.g. referenced in FIG. 2) uses BLE transceivers and may
conform to the Bluetooth® wireless communication specification.

[0078] In general, processor 499 of RF communication device 429 controls the other
components of the RF communication device. For example, processor 499 controls RF
transceiver 492 to communicate with other RF communication devices, portable devices, such as

390 of F1G. 3, mobile phones, computing devices and the like. The processor 499 controls

communications RF-based ranging operations via the transceiver 492 and associated
communications relating to location estimations, location determinations, and the like with the

location server 494.

[0079] As shown by the above discussion, functions relating to the mobile device
indiscriminate location determinations, the determination of the locations of the luminaire/RF

communication devices and related location based services may be implemented on computers
connected for data communication via the components of a packet data network, operating as a
server computer, user terminal and/or as mobile device. Although special purpose devices may

be used, such devices also may be implemented using one or more hardware platforms intended
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to represent a general class of data processing device commonly used to run “server”
programming, for example, to perform functions attributed to the configuration server discussed

above, albeit with an appropriate network connection for data communication.

[0080] As known 1n the data processing and communications arts, a general-purpose
computer typically includes a central processor or other processing device, an internal
communication bus, various types of memory or storage media (RAM, ROM, EEPROM, cache
memory, disk drives etc.) for code and data storage, and one or more network interface cards or
ports for communication purposes. The software functionalities involve programming, including
executable code as well as associated stored data, e.g. files for the communication device ID
codes and associated communication device positions obtained during commissioning. The
software code is executable by the general-purpose computer that functions as the configuration
server and/or that functions as a mobile device. In operation, the code may be stored within the
server, such as 380. At other times, however, the software may be stored at other locations and/or
transported for loading into the appropriate general-purpose computer system. Execution of such
code by a processor of the computer platform enables the platform to implement appropriate
aspects of the communication device commissioning methodology for a positioning system, in
essentially the manner performed in the implementations discussed and illustrated herein.

[0081] For purposes of further discussion, FIG. 5 shows a computer platform as an
example of an implementation of the hardware for a server configured/programmed as an
appropriate backend server, such as 380 of FIG. 3 or location server, 414 of FIG. 4A or 494 of
F1G. 4B. The server computer includes a CPU for executing program instructions, such as the
appropriate server application program(s). The computer server platform typically includes an
internal communication bus, program storage, such as memories (ROM and RAM) and/or data
storage DS, for various data files to be processed and/or communicated by the server, although
the server often receives programming and data via network communications. Of course, the
server functions may be implemented in a distributed fashion on a number of similar hardware
platforms, to distribute the processing load. Also, a computer configured as a server with respect

to one layer or function may be configured as a client of a server in a different layer and/or for a

different function. It is believed that those skilled in the art are adequately familiar with the

structure, programming and general operation of computer equipment, such as that shown in

FIG. 5, and as a result, the drawing should be self-explanatory.
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[0082] Hardware of a server computer (FIG. 5), for example (backend server 380 of FIG.

3 and location server 414 of FIG. 4), includes a data communication interface or input/output
(1/O) for packet data communication. The server computer also includes a central processing unit
(CPU), in the form of circuitry forming one or more processors, for executing program
instructions. The server platform hardware typically includes an internal communication bus,
program and/or data storage for various programs and data files to be processed and/or
communicated by the server computer, although the server computer often receives
programming and data via network communications.

[0083] Alternatively, some smartphone type mobile devices may be configured, for
example, as shown in FIG. 5 may include similar but smaller input and output elements. For
example, portable devices, such as tablets and other types of smartphone type mobile devices
utilize touch sensitive display screens, instead of separate keyboard and cursor control elements.
The hardware elements, operating systems and programming languages of such user terminal
devices also are conventional in nature, and it is presumed that those skilled in the art are
adequately familiar therewith. For example, the wireless communication components may enable
a portable processor controlled, RF receiver-equipped device to communicate with a secondary
system node, as described above to estimate an indiscriminate location of the RF receiver-
equipped device. In addition, the RF receiver-equipped device may also be configured to
communicate with RF communication devices that are to be commissioned into a primary
system, such as that described in the examples of FIGs. 1-4B. The wireless components of FIG. 5
may include a RF receiver, transmitter or transceiver and/or related circuitry to facilitate any
contiguration of the RF receiver-equipped device.

[0084] FIG. 6 depicts a computer with user interface elements, as may be used to
implement a portable device or other type of work station or terminal device, although the
computer of FIG. 6 may also act as a server if appropriately programmed. It is believed that
those skilled in the art are familiar with the structure, programming and general operation of such
computer equipment and as a result the drawings should be self-explanatory.

[0085] Hardware of a computer type user terminal device, such as a PC or tablet
computer, may include a data communication interface, CPU, main memory and one or more
mass storage devices for storing user data and the various executable programs (see FIG. 6). The

various types of user terminal devices will also include various user input and output elements.
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A computer, for example, may include a keyboard and a cursor control/selection device such as a
mouse, trackball, joystick or touchpad; and a display for visual outputs, or a touchscreen display
for input and output. A microphone and speaker enable audio input and output.

[0086] Hence, aspects of the methods collecting signals, determining locations and
generating data for commissioning luminaires or RF communication devices in an indoor
positioning system outlined above may be embodied in programming. Program aspects of the
technology may be thought of as “products™ or “articles of manufacture” typically in the form of
executable code and/or associated data that is carried on or embodied in a type of machine
readable medium. “Storage” type media include any or all of the tangible memory of the
computers, processors or the like, or associated modules thereof, such as various semiconductor
memories, tape drives, disk drives and the like, which may provide non-transitory storage at any
time for the software programming and/or the relevant data. All or portions of the software
and/or the relevant data may at times be communicated through the Internet, telecommunication

networks, or various other data networks. Such communications, for example, may enable
loading of the programming and the database from one computer or processor into another, for
example, from a management server or host computer of an enterprise location, or more
generally, the location determination or estimation service provider into the computer platform
and on-line to perform the relevant server functions in an actual working environment. Thus,
another type of media that may bear the software elements and data includes optical, electrical
and electromagnetic waves, such as used across physical interfaces between local devices,
through wired and optical landline networks and over various air-links. The physical elements

that carry such waves, such as wired or wireless links, optical links or the like, also may be

considered as media bearing the software. As used herein, unless restricted to non-transitorys,
tangible “storage” media, terms such as computer or machine “readable medium® refer to any
medium that participates in providing instructions to a processor for execution.

[0087] It will be understood that the terms and expressions used herein have the ordinary
meaning as is accorded to such terms and expressions with respect to their corresponding
respective areas of inquiry and study except where specific meanings have otherwise been set
forth herein. Relational terms such as first and second and the like may be used solely to
distinguish one entity or action from another without necessarily requiring or implying any

actual such relationship or order between such entities or actions. The terms “comprises,”
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b B 7% <6,

“comprising,” “includes,” “including,” or any other variation thereof, are intended to cover a
non-exclusive inclusion, such that a process, method, article, or apparatus that includes a list of
elements does not include only those elements but may include other elements not expressly
listed or inherent to such process, method, article, or apparatus. An element preceded by “a” or
“an” does not, without further constraints, preclude the existence of additional identical elements

in the process, method, article, or apparatus that includes the element.

[0088] While the foregoing has described examples in some detail, it is understood that
various modifications may be made therein and that the subject matter disclosed herein may be
implemented in various forms and examples, and that the teachings may be applied in numerous
applications, only some of which have been described herein. It is intended by the following
claims to claim any and all applications, modifications and variations that fall within the true

scope of the present teachings.
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What 1s Claimed is:

1. A method, comprising:
repeating for a number of iterations at indiscriminate locations about a service area, an
iteration of the number of iterations, comprising:
moving a portable processor-controlled, radio frequency (RF) receiver-
equipped device to an indiscriminate location within the service area for the
1teration;
estimating the indiscriminate location of the portable device within the
service area using a secondary location estimating system supported by the
portable device, wherein each iteration produces a different estimated
indiscriminate location at a different location within the service area;
storing the estimated indiscriminate location for the iteration in a memory
as a ground truth position;
collecting, by the RF receiver of the portable device, an RF
communication device 1dentifying signal transmitted by one RF communication
device from among a plurality of RF communication devices, wherein the one RF
communication device 1s to be commissioned in a primary system network
including the plurality of RF communication devices;
obtaining from the collected RF communication device identifying signal
an RF communication device 1dentifier of the one RF communication device; and
determining a received signal strength indication (RSSI) value of the
collected, RF communication device identifying signal for the iteration; and
storing the RF communication device identifier, in the memory, in
association with the respective RSSI value and the estimated indiscriminate
location for the iteration; and
atter the number of iterations:
calculating, by a primary location determination service, a location in the service
area of the one RF communication device to be commissioned in the network based on,
from each of the number of iterations, the determined RSSI values and the estimated

indiscriminate location of the portable device for the respective iteration stored in the
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memory 1n association with the RF communication device identifier of the one RF

communication device to be commissioned in the primary system network.

2. 'The method of claim 1, further comprising:
during each of the number of iterations:
collecting, by the RF receiver of the portable device, an RF
communication device identitying signal transmitted by another RF
communication device from among the plurality of RF communication devices,

wherein the other RF communication device is to be commissioned in the primary

system network including the plurality of RF communication devices;
obtaining, from the collected RF communication device identifying signal
transmitted by the other RF communication device, an RF communication device
identifier of the other RF communication device;
determining an RSSI value of the collected RF communication device
identifying signal transmitted by the other RF communication device for the
1teration; and
storing the RF communication device identifier of the other RF
communication device, in the memory, 1n association with the RSSI value, the
estimated indiscriminate location at which the RF communication device
1dentifying signal transmitted by the other RF communication device is collected;
and
atter the number of iterations:
calculating, by the primary location determination service, a location in the
service area of the other RF communication device based on, from each of the number of
iterations, the RSSI value of the collected RF communication device identifying signal
transmitted by the other RF communication device and the estimated indiscriminate
location of the portable device for the respective iteration stored in the memory in
association with the RF communication device identifier of the other RF communication

device to be commissioned in the primary system network.

3. 'The method of claim 1, wherein determining the RSSI value of the collected, respective

REF communication device identifying signals, comprises:
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measuring, by the RF receiver, the received signal strength indication value of the

collected RF communication device identifying signal.

4. The method of claim 1, further comprising:
transmitting, by the RF communication device, the RF communication device

identitying signal as Bluetooth specification compliant signal.

5. The method of claim 1, wherein calculating, by the primary location determination
service, a location in the service area of each respective one of the RF communication
devices to be commissioned in the network, comprises:

computing, by a location server, the location in the service area of each respective

one of the RF communication devices using trilateration.

6. The method of claim 1, wherein calculating, by the primary location determination
service, a location in the service area of the one RF communication device to be
commissioned in the network, comprises:

obtaining the respective RSSI values corresponding to the one RF communication
device using the one RF communication device’s stored identifier; and

determining, by a processor of a location server, a location of the one RF
communication device based on the obtained respective RSSI values corresponding to the
one RF communication device and the respective estimated indiscriminate locations at

which the obtained respective RSSI values were measured.

7. The method of claim 6, wherein determining the location of the one RF communication

device, turther comprises:

applying a two-dimensional Gaussian fit algorithm to the obtained respective
RSSI values corresponding to the one RF communication device and the respective
estimated indiscriminate locations at which the obtained respective RSSI values were

measured.
8. The method of claim 1, wherein estimating an indiscriminate location of the portable

device within the service area using a secondary location estimating system, comprises:
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receiving by the portable device when at the indiscriminate location, at least three

ditfferent secondary system radio frequency signals, wherein each of the at least three
different secondary system radio frequency signals are transmitted from at least three
respective secondary system transmitters, and the secondary system radio frequency
signals are of a radio frequency different from the RF communication device identifying
signals transmitted by the primary system;

determining a received signal strength of each of the at least three different
secondary system radio frequency signals;

calculating a location of the portable device using the determined received signal
strength of each of the at least three different secondary system radio frequency signals
and a known location of each of the at least three different secondary system transmitters
that transmitted a respective one of the at least three different secondary system radio
frequency signals; and

using the calculated location of the portable device as the estimated indiscriminate

location.

9. The method of claim 1, wherein estimating the indiscriminate location of the portable
device within the service area using the secondary location estimating system,
COMPrises:

receiving by the portable device when at the indiscriminate location an optical
signal transmitted from a transmitter of the secondary system;
determining a location of the portable device based on the optical signal; and

using the determined location of the portable device as the estimated

indiscriminate location.

10. The method of claim 1 further comprising:
recerved secondary location estimation system signals;

obtaining measurement information related to the received secondary location

estimation system signals; and
storing the obtained measurement information for use in estimating the

indiscriminate location.
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11. The method of claim 10, wherein the secondary system signals are ultra-wideband

radio frequency signals.

12. The method of claim 10, wherein the secondary location estimating system signals

are Bluetooth specification compliant radio frequency signals.

13. A system, comprising:

a portable device, comprising a processor, a memory, a first wireless receiver and
a second wireless receiver;

a secondary location estimating system comprising a plurality of wireless
transmitters configured to transmit secondary system signals receivable by the second
wireless receiver of the portable device usable in an estimation of an indiscriminate
location of the portable device; and

a primary location determination system including a plurality of luminaires
installed within a service area, the plurality of luminaires to be commissioned in the
primary location determination system,

each respective luminaire of the plurality of luminaires including a light source
configured to provide general illumination to the service area, and a wireless transceiver
configured to transmit a primary system radio frequency signal containing an identifier
that uniquely identifies the respective luminaire as having transmitted the radio frequency
signal;

wherein the processor of the portable device is configured to:

In each of a number of iterations:
estiumate an indiscriminate location of the portable device within the
service area, using transmitted secondary system signals received via the second
wireless receiver:
store the estimated indiscriminate location in the memory;
collect, by the first wireless receiver, the primary system radio frequency
signal from each respective luminaire of a number of the luminaires;

obtain from the collected, respective collected primary system radio

frequency signals respective identifiers of the number luminaires; and
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determine a respective received signal strength indication (RSSI) value of
cach of the collected, respective primary system radio frequency signals; and
store each respective obtained luminaire identifier, in the memory, in
association with the respective RSSI value of the collected, respective primary
system radio frequency signal from which the respective luminaire identifier was
obtained, and the estimated indiscriminate location; and
a primary location determination service, configured to, after repeating for the number of
iterations:
calculate a location 1n the service area of each respective one of the luminaries to
be commaissioned in the network based on, respective RSSI values and estimated
indiscriminate locations of the portable device stored in the memory in association with
the respective luminaire identifiers of the each plurality of luminaires to be commissioned

in the primary system network.

14.  The system of claim 13, wherein the secondary system signals are ultra-wideband

radio frequency signals.

15. The system of claim 13, wherein the secondary system signals are Bluetooth

specification compliant radio frequency signals.

16.  The system of claim 13, wherein the secondary system signals are optical signals.
1'7. The system of claim 13, wherein the portable device processor is further configured
to:

estimate additional indiscriminate locations of the portable device as the portable

device moves within the service area, wherein the estimate uses secondary system signals

received via the second wireless receiver:

collect primary system radio frequency signals via the first wireless receiver from
each respective luminaire of the plurality of luminaires when the portable device is at each of
the additional indiscriminate locations; and

determine additional location determinations of each of the luminaires in the plurality

of luminaires by using the primary system radio frequency signals collected at each of the
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additional indiscriminate locations and the estimated location of each of the additional

indiscriminate locations.

18. The system of claim 17, wherein, when determining the additional location
determinations of each of the luminaires in the plurality of luminaires the processor is further
contigured to:

utilize a two-dimensional Gaussian fit algorithm that is applied to data representing
the primary system radio frequency signals collected at each of the additional indiscriminate

locations and the estimated location of each of the additional indiscriminate locations.

19. A system, comprising:

a portable device, comprising a processor, a memory, a first wireless receiver and
a second wireless receiver;

a secondary location estimating system comprising a plurality of wireless
transmitters configured to transmit secondary system signals receivable by the second
wireless receiver of the portable device usable in an estimation of an indiscriminate
location of the portable device; and

a primary location determination system including a plurality of radio frequency
communication devices installed within a service area, the plurality of radio frequency
communication devices to be commissioned in the primary location determination
system,

each respective radio frequency communication device of the plurality of radio
frequency communication devices including a wireless transceiver configured to transmit
a prumary system radio frequency signal containing an identifier that uniquely identifies
the respective radio frequency communication device as having transmitted the radio
frequency signal;

wherein, for a number of iterations at indiscriminate locations about a service
area, the processor of the portable device for an iteration of the number of iterations, is

configured to:
estimate the indiscriminate location of the portable device within the

service area using a secondary location estimating system supported by the
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portable device, wherein each iteration produces a different estimated
indiscriminate location at a different location within the service area;

store the estimated 1ndiscriminate location for the iteration in a memory as

a ground truth position;

collect, by the RF receiver of the portable device, an RF communication
device identifying signal transmitted by one RF communication device from
among a plurality of RF communication devices, wherein the one RF
communication device 1s to be commissioned in a primary system network
including the plurality of RF communication devices;

obtain from the collected RF communication device identifying signal an
RF communication device identifier of the one RF communication device; and

determine a received signal strength indication (RSSI) value of the
collected, RF communication device identifying signal for the iteration; and

store the RF communication device identifier, in the memory, in
association with the respective RSSI value and the estimated indiscriminate
location for the iteration; and

atter the number of iterations:

calculate, by a primary location determination service, a location in

the service area of the one RF communication device to be commissioned

in the network based on, from each of the number of iterations, the

determined RSSI values and the estimated indiscriminate location of the

portable device for the respective iteration stored in the memory in

association with the RF communication device identifier of the one RF
communication device to be commissioned in the primary system

network.

20. The system of claim 19, wherein the processor of the portable device is further

configured to:

during each of the number of iterations:

collect, by the RF receiver of the portable device, an RF communication device
identifying signal transmitted by another RF communication device from among the

plurality of RF communication devices, wherein the other RF communication device is to

36

CA 3025232 2018-11-26



be commissioned 1n the primary system network including the plurality of RF
communication devices;
obtain, from the collected RF communication device identifying signal
transmitted by the other RF communication device, an RF communication device
1identifier of the other RF communication device;:
determine an RSSI value of the collected RF communication device identifying
signal transmitted by the other RF communication device for the iteration; and
store the RF communication device identifier of the other RF communication
device, 1n the memory, in association with the RSSI value, the estimated indiscriminate
location at which the RF communication device identifying signal transmitted by the
other RF communication device 1s collected; and
after the number of iterations:
calculate, by the primary location determination service, a location in the service area
of the other RF communication device based on, from each of the number of iterations, the
RSSI value of the collected RF communication device identifying signal transmitted by the
other RF communication device and the estimated indiscriminate location of the portable
device for the respective iteration stored in the memory in association with the RF
communication device identifier of the other RF communication device to be commissioned

1n the primary system network.
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Collection

Select an indiscriminate location for collection of RF

: e . : 21
beacon identifying signals 0
estimate a position of the selected
indiscriminate location at which the 712
portable device is located
At the selected indiscriminate location, coliect RF
215

beacon identifying signals transmitted from RF beacons
detectable by the portable devcie

For each respective RF Beacon identifying signal collected,

obtain a respective RF beacon identifier of the RF beacon of that transmitted the | 220
respective RF beacon identifying signal

Determine a respective RSSI value of each of
the respective collected RF beacon 225
identifying signals

Storing each respective RF beacon identifier in a memory in association with
the respective RSSI value and the estimated position of the respective 230
indiscriminate location

240

Calculate final RF
Beacon location
N corresponding to
each respective RF
beacon Identifier

Another
indiscriminate
location?

YES
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