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SYSTEM AND METHOD FOR COMMISSIONING LIGHTING USING SOUND

Technical Field

[0001] The present invention is directed generally to an indoor network of electronic
devices. More particularly, various inventive methods and apparatus disclosed herein relate to

commissioning networked lighting fixtures according to a building plan.

Background

[0002] Digital lighting technologies, i.e. illumination based on semiconductor light
sources, such as light-emitting diodes (LEDs), offer aviable alternative to traditional

fluorescent, HID, and incandescent lamps. Functional advantages and benefits of LEDs include
high energy conversion and optical efficiency, durability, lower operating costs, and many
others. Recent advances in LED technology have provided efficient and robust full-spectrum
lighting sources that enable avariety of lighting effects in many applications.

[0003] With the advent of digital lighting technologies, it is becoming increasingly
popular to create lighting networks of LED-based lighting devices. These lighting systems are
generally controlled through a network, wherein a data stream containing packets of
information is communicated to the lighting devices. Each of the lighting devices may see all of
the packets of information, but only respond to packets that are addressed to the particular
device. Once a properly addressed packet of information arrives, the lighting device may read
and execute the commands. This arrangement demands that each of the lighting devices have
an address and these addresses need to be unique with respect to the other lighting devices on
the network.

[0004] Lighting control for large buildings is generally handled by a building management
system (BMS), which controls other aspects besides lighting (e.g. HVAC). Lighting is controlled
by a lighting control system (LCS), which is often a component of a BMS. A wire bus is usually
used to connect each lighting fixture in a daisy chain fashion back to the LCS. The Lcs monitors
the status of lighting fixtures within the building and allows remote control of these lighting
fixtures, for example, by appropriately placed motion sensors, switches and other switching

nodes. It collects statistics on light and power usage and can identify failing light sources, or
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light sources that are nearing the end of their working life. The LCS can be used to automatically
notify maintenance teams when service is required.

[0005] Lighting fixtures are typically installed by an electrician in a large building
according to a plan that specifies each light or device type, its position and its connection to the
wire control bus. However, the identity of each of the installed lighting fixtures is not initially
known to the LCS. Thus, the installation must be followed by a commissioning operation, i.e. a
set of processes for identifying every lighting fixtures, switch and sensor in a building with the
objective of setting up the appropriate control connections between them.

[0006] A controller may communicate with a lighting fixture, for example, over a
communications network, where the controller controls the light fixture by transmitting
commands containing information identifying the target lighting fixture. The controller must
know the identifying information of the target fixture in order to send commands to the target
fixture. Commissioning, then, may involve associating a physical fixture with a mapped fixture
location. For example, each fixture may have a network address associated with it, whereas a
building plan assigns a logical identifier to each fixture. The commissioning process associates a
network address, such as a numerical identifier code of a fixture, with the logical identifier for
that fixture onthe building plan.

[0007] Commissioning may be performed manually. During the installation, the
electrician may install a physical fixture and then manually record the identifier of the fixture on
the building plan. The fixtures may then be commissioned by entering the recorded identifier
into afixture database that associates each physical identifier with a fixture in the building plan.
Alternatively, atest signal may be used to cycle the power level of each light inturn. An installer
or a similar specialist then walks around the building until the light is identified and matched to
the plan. This is repeated until all lights are identified. It isthen possible to assign each lighting
unit to one or more relevant controllers.

[0008] Unfortunately, such manual commissioning is typically time consuming. Further,
manual provisioning of fixtures may lead to errors, for example, data input mistakes. During the
commissioning of a large building with many floors, there may be many commissioning errors.
Such commissioning errors may lead to a controller sending commands to the wrong fixture, or

commands that appear to have no effect. In such instances, the specialist may be required to
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debug the system to get it worki ng as intended by the lighti ng designer. This can involve
additional time and expense.

[ 0009] There have been attem pts to automate the com missioning process. For exam ple,
a method for com missioning installed building service devices uses wireless radio frequency
(RF) com munication between building service devices to determine spatial positions of each
device relative to three or more reference nodes by triangulation of the signal. The coordinates
of the determined spatial positions of each device are transmitted to a building services

com missioning system, which generates a spatial position map of the devices. This map may
then be com pared with a building services plan to obtain configuration data for each device.
Based onthe configu ration data, configuration com mands may be issued to each device to
com mission the system.

[0010] RF com missioning may be problematic because the ranging accuracy of
affordable mass production RF chips istoo large; typically greater than 2-5m (ZigBee/WiFi)
based on signal strength measu rements. RF chips with greater accuracy, onthe order of 50cm,
for example, ultra wide band (UWB) radios that may utilize time-of-flight measurements, are
available in very smallvolumes and are expensive. Further, there is currently poor
standardization of UWB radios, making interoperability problematic between different chip
suppliers. Further, lighting electronics are normal ly housed in the ballast of a metal lighting
enclosure that shield rr signals, thereby requiring an external anten na, adding further expense,
com plexity and logistical difficulties to the system.

[0011] And so, known techniques for com missioning lighting fixtures according to a
building plan are often expensive, error-p rone, and/or time-consu ming.

[0012] Thus, there is a need in the art to reliably com mission networked lighting fixtu res
with minimal expense and com plexity. Also, it is desirable to enable com missioning to be done
faster and more accurate than conventional com missioning methods. Further, it is desirable for
com missioning to be reliably performed by individua Is with less specialized skills tha n, for

example, an experienced electrician or a lighti ng designer.
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Summary

[0013] The present disclosure is directed to inventive methods and systems for
automatically commissioning electrical fixtures using sound. For example, electrical fixtures
fitted with microphones may detect sounds produced by a sound generator moving along a
prescribed path through installed electrical fixtures according to a building plan. Each
microphone records atimestamp for each detected sound. The microphone closest to the
sound generator will detect the sound first, followed by the second closest microphone, and so
forth. The relative timing of the detected sound by each microphone is compared and used to
determine the relative distance from each microphone from the source of the sound. Each
electrical fixture may then be associated with a mapped electrical fixture inthe building plan by
correlating the timestamp of each detected sound with the location of the sound generator
along the prescribed path according to the difference inthe arrival time of each sound at each

microphone.

[0014] Generally, in afirst aspect, the invention contemplates a method for
automatically commissioning afirst fixture having afirst microphone and a second fixture
having a second microphone according to a building plan having a first mapped location and a
second mapped location. The method includes the steps of generating afirst sound at a first
location, detecting the first sound by the first microphone and by the second microphone,
generating a second sound at a second location, detecting the second sound by the first
microphone and by the second microphone; and associating the first fixture with the first
mapped location.

[0015] Under afirst embodiment of the first aspect, the method includes a step of
associating the second fixture with the second mapped location. Versions of the first
embodiment include the steps of recording afirst time when the first microphone detects the
first sound, recording a second time when the second microphone detects the first sound,
recording athird time when the first microphone detects the second sound, and recording a
fourth time when the second microphone detects the second sound, wherein the associating
the first fixture with the first mapped location is based in part upon the first, second, third and

fourth time.
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[ 0016] Another variation includes the steps of determining afirst distance between the
first microphone and the first location, based upon the first time, determining athird distance
between the first microphone and the second location, based upon the third time, determining
a second distance between the second microphone and the first location, based upon the
second time, and determining afourth distance between the second microphone and the
second location, based upon the fourth time. The first location and the second location may be
along an arbitrary path, or along a predetermined path. The first sound may be a first footstep
and the second sound may be a second footstep. The first fixture may be afirst luminaire and
the second fixture may be a second luminaire. The first fixture further may include afirst clock,
and the second fixture further may include a second clock. A step may include synchronizing
the first clock with the second clock.

[0017] Under a second embodiment of the first aspect, the method includes a step of
acknowledging associating the first fixture with the first mapped location with avisible
response by the first luminaire. Further steps may include generating athird sound, wherein
the third sound is audibly distinct from the first sound and the second sound, and detecting the
third sound with the first microphone, wherein the first sound is substantially audibly
indistinguishable from the second sound. An optional step may be, in response to the detecting
the third sound, dis-associating the first fixture with the first mapped location, or, in response
to the detecting the third sound, ending the automatic commissioning method.

[0018] Generally, in a second aspect, the invention relates to a method for automatically
commissioning afirst fixture having afirst microphone and a second fixture having a second
microphone according to a building plan having afirst mapped location and a second mapped
location, which includes the steps of generating a substantially fixed frequency tone with atone
generator at afirst location, detecting the tone by the first microphone and by the second
microphone, moving the tone generator to a second location, detecting a Doppler shift of the
tone by the first microphone, and associating the first fixture with the first mapped location.
[0019] Generally, in athird aspect, the invention relates to a system for automatically
commissioning fixtures according to a building plan having a first mapped location and a second
mapped location, which includes a lighting control system in communication with a data

network, afirst fixture comprising afirst microphone in communication with the data network,
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wherein the first fixture is configured to transmit detection notification of each of a plurality of
sounds to the lighting control system, and a second fixture comprising a second microphone in
communication with the data network, wherein the second fixture is configured to transmit
detection notification of each of the plurality of sounds to the lighting control system. The
lighting control system is configured to associate the first fixture with the first mapped location
and the second fixture with the second mapped location based upon receiving the detection of
the plurality of sounds from the first fixture and the second fixture.

[0020] In an embodiment of the third aspect, the data network may be awired network.
The wired network may communicate data over power lines providing power to the first

fixture, the second fixture, and the lighting control system. Alternatively, the data network may
be awireless network. According to the third aspect, the plurality of sounds may be footsteps.
[0021] Generally, in afourth aspect, computer readable media is configured to execute a
method for automatically commissioning afirst fixture having afirst microphone and a second
fixture having a second microphone according to a building plan having afirst mapped location
and a second mapped location. The method includes the steps of receiving notification of
detection by the first fixture of each of a plurality of sounds, receiving notification of detection
by the second fixture of each of the plurality of sounds, and associating the first fixture with the
first mapped location and the second fixture with the second location based upon receiving the

detection of the plurality of sounds from the first fixture and the second fixture.

[0022] The term "light source" should be understood to refer to any one or more of a
variety of radiation sources, including, but not limited to, LED-based sources, incandescent
sources (e.g., filament lamps, halogen lamps), fluorescent sources, phosphorescent sources,
high-intensity discharge sources (e.g., sodium vapor, mercury vapor, and metal halide lamps),
lasers, other types of electroluminescent sources, pyro-luminescent sources (e.g., flames),
candle-luminescent sources (e.g., gas mantles, carbon arc radiation sources), photo-
luminescent sources (e.g., gaseous discharge sources), cathode luminescent sources using
electronic satiation, galvano-luminescent sources, crystallo-luminescent sources, kine-
luminescent sources, thermo-luminescent sources, triboluminescent sources, sonoluminescent

sources, radioluminescent sources, and luminescent polymers.
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[0023] The terms "lighting fixture" and "luminaire" are used interchangeably herein to
refer to an implementation or arrangement of one or more lighting units in a particular form
factor, assembly, or package. The term "lighting unit" is used herein to refer to an apparatus
including one or more light sources of same or different types. A given lighting unit may have
any one of avariety of mounting arrangements for the light source(s), enclosure/housing
arrangements and shapes, and/or electrical and mechanical connection configurations.
Additionally, agiven lighting unit optionally may be associated with (e.g., include, be coupled to
and/or packaged together with) various other components (e.g., control circuitry) relating to
the operation of the light source(s). An "LED-based lighting unit* refers to a lighting unit that
includes one or more LED-based light sources as discussed above, alone or in combination with

other non LED-based light sources.

[0024] The term "controller" is used herein generally to describe various apparatus
relating to the operation of one or more light sources. A controller can be implemented in
numerous ways (e.g., such as with dedicated hardware) to perform various functions discussed
herein. A "processor" is one example of a controller which employs one or more
microprocessors that may be programmed using software (e.g., microcode) to perform various
functions discussed herein. A controller may be implemented with or without employing a
processor, and also may be implemented as a combination of dedicated hardware to perform
some functions and a processor (e.g., one or more programmed microprocessors and
associated circuitry) to perform other functions. Examples of controller components that may
be employed in various embodiments of the present disclosure include, but are not limited to,
conventional microprocessors, application specific integrated circuits (ASICs), and field-

programmable gate arrays (FPGAS).

[0025] In various implementations, a processor or controller may be associated with one
or more storage media (generically referred to herein as "memory," e.g., volatile and non-
volatile computer memory such as RAM, PROM, EPROM, and EEPROM, floppy disks, compact
disks, optical disks, magnetic tape, etc.). In some implementations, the storage media may be
encoded with one or more programs that, when executed on one or more processors and/or
controllers, perform at least some of the functions discussed herein. Various storage media

may be fixed within a processor or controller or may be transportable, such that the one or
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more programs stored thereon can be loaded into a processor or controller so asto implement
various aspects of the present invention discussed herein. The terms "program" or "computer
program" are used herein in a generic sense to refer to any type of computer code (e.g.,
software or microcode) that can be employed to program one or more processors or

controllers.

[0026] The term "addressable" is used herein to refer to a device (e.g., a light source in
general, a lighting unit or fixture, acontroller or processor associated with one or more light
sources or lighting units, other non-lighting related devices, etc.) that is configured to receive
information (e.g., data) intended for multiple devices, including itself, and to selectively
respond to particular information intended for it. The term "addressable" often is used in
connection with a networked environment (or a "network," discussed further below), in which

multiple devices are coupled together via some communications medium or media.

[0027] In one network implementation, one or more devices coupled to a network may
serve as a controller for one or more other devices coupled to the network (e.g., ina
master/slave relationship). In another implementation, a networked environment may include
one or more dedicated controllers that are configured to control one or more of the devices
coupled to the network. Generally, multiple devices coupled to the network each may have
access to data that is present on the communications medium or media; however, agiven
device may be "addressable" inthat it is configured to selectively exchange data with (i.e.,
receive data from and/or transmit data to) the network, based, for example, on one or more

particular identifiers (e.g., "addresses") assigned to it.

[0028] The term "network" as used herein refers to any interconnection of two or more
devices (including controllers or processors) that facilitates the transport of information (e.g.
for device control, data storage, data exchange, etc.) between any two or more devices and/or
among multiple devices coupled to the network. As should be readily appreciated, various
implementations of networks suitable for interconnecting multiple devices may include any of a
variety of network topologies and employ any of avariety of communication protocols.
Additionally, in various networks according to the present disclosure, any one connection

between two devices may represent a dedicated connection between the two systems, or
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alternatively a non-dedicated connection. In addition to carrying information intended for the
two devices, such a non-dedicated connection may carry information not necessarily intended
for either of the two devices (e.g., an open network connection). Furthermore, it should be
readily appreciated that various networks of devices as discussed herein may employ one or
more wireless, wire/cable, and/or fiber optic links to facilitate information transport

throughout the network.

[0029] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not mutually
inconsistent) are contemplated as being part of the inventive subject matter disclosed herein.
In particular, all combinations of claimed subject matter appearing at the end of this disclosure
are contemplated as being part of the inventive subject matter disclosed herein. It should also
be appreciated that terminology explicity employed herein that also may appear in any
disclosure incorporated by reference should be accorded a meaning most consistent with the

particular concepts disclosed herein.

Brief Description of the Drawings

[0030] In the drawings, like reference characters generally refer to the same parts
throughout the different views. Also, the drawings are not necessarily to scale, emphasis

instead generally being placed upon illustrating the principles of the invention.

[0031] FIG. 1is a schematic diagram of a simplified building plan mapping electrical

fixtures for atwo room building.

[0032] FIG. 2 is a schematic diagram illustrating the spatial relation between a

commissioning specialist and luminaires

[0033] FIG. 3 illustrates an exemplary embodiment of a prescribed commissioning path

superimposed onthe simplified building plan.

[0034] FIGS. 4A-4C are timing diagrams illustrating the time of flight from a sound source

to multiple fixtures.

[0035] FIG. 5 is a schematic diagram of an exemplary embodiment of a lighting control

system.
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[0036] FIG. 6 is a flowchart of an exemplary method for commissioning lighting with

sounds along a prescribed commissioning path.

[0037] FIG. 7 is a diagram illustrating the geometry of the time of flight path asa

commissioning sound source passes beneath a luminaire.

[0038] FIG. 8Ais afrequency plot of a detected Doppler shift for a continuous signal

used for lighting commissioning.
[0039] FIG. 8Bis atiming diagram of a continuous signal used for lighting commissioning.

[0040] FIG. 9 illustrates an exemplary embodiment of an arbitrary path superimposed on

the simplified building plan.

[0041] FIG. 10 is aflowchart of an exemplary method for commissioning lighting with

sounds along an arbitrary path.

Detailed Description

[0042] Generally, Applicants have recognized and appreciated that it would be beneficial
to automatically commission a lighting system by detecting sounds generated by a person or

device traversing a region represented by a building plan.

[0043] In view of the foregoing, various embodiments and implementations of the
present invention are directed to commissioning elements of a lighting system using sound. In
general, an exemplary embodiment of a system for commissioning is described, followed by
descriptions of exemplary embodiments of methods for commissioning using sound, including
using limited duration sounds where the detecting elements are synchronized, using limited
duration sounds where the detecting elements may not be synchronized, using continuous
and/or semi continuous sounds, and methods where the path of the sound source may be

prescribed and/or where the path may be arbitrary.

[0044] Referring to FIG. 1, in afirst exemplary embodiment, a building plan 100 includes
a plurality of luminaires 140-149 and a controller 120 in afirst room 110, and a lighting control
system (LCS) 160 in a second room 150. The controller 120 controls the plurality of luminaires
140-149, and may be, for example, but not limited to, a switch or a dimmer. Each luminaire

140-149 includes a microphone. The microphone may be, but is not limited to, a dynamic



WO 2013/080082 PCT/IB2012/056471

-11 -

microphone, a condenser microphone, or acontact microphone. Of course, other microphone

types may be used. Similarly, the controller 120 may include a microphone.

[0045] The plurality of luminaires 140-149, the controller 120 and the lighting control
system 160 are connected by a data network 170, depicted in FIG. 1 by a dashed line. The data
network 170 may use hard-wired connections, or may be a wireless network. A hard-wired data
network 170 may use dedicated data lines, or may communicate data over power lines, for
example, power lines used to provide power to the plurality of luminaires 140-149. A wireless
data network 170 may use, for example, RF, BlueTooth, ZigBee, WiFi, etc. Each luminaire 140-
149 is configured to communicate data over the data network 170 using, for example, a data
network interface or controller, as isfamiliar to persons having ordinary skill in the art. The data
communicated over the data network 170 may include, but is not limited to, commands,

signals, status information, and digital and/or analog sound.

[0046] Devices that communicate over the data network 170, such as luminaires 140-
149 and the controller 120, may be referred to as network elements. Network elements may
communicate over the data network 170 using a network protocol, for example, TCP/IP.The
network elements inthe first embodiment include the plurality of luminaires 140-149, the
controller 120, and the Lcs 160. In order for the network elements onthe data network 170 to
communicate over the data network 170, a network address may be assigned to each network
element. Each network element may have a hardware identifier. The hardware identifier may
be, for example, a mac address. The hardware identifier may also include information fields,
such as a device type. Commissioning, then, may involve associating a network address with
each hardware identifier, and further associating each hardware identifier with a network
element onthe building plan 100. It should be noted that while the embodiments herein
generally refer to the commissioning of luminaires, there is no objection to commissioning
other elements depicted in a lighting plan, for example, controllers and/or sensors, using similar

techniques.

[0047] The first exemplary embodiment of the building plan 100 shown in FIG. 1is a

simplified building plan. While the building plan 100 includes ten luminaires 140-149 and one
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controller 120, there is no objection to more or fewer luminaires and controllers. Similarly,

there is no objection to additional elements inthe building plan, such as sensors (not shown).

[0048] The plurality of luminaires 140-149 may be commissioned using sound. Under the
first embodiment, a person commissioning the building plan, hereinafter the "commissioner,"
traverses the first room 110 generating a series of short duration sounds, for example, but not
limited to impulse sounds, hereinafter, the "commissioning sound." Asshown in FIG. 2, the
commissioning sound under the first embodiment is the sound of afootstep of the
commissioner 200 on the floor 210 of the first room 110. A first luminaire 140 and a second
luminaire 141 are positioned so that their respective microphones are 3 meters above the

ground. The first luminaire and the second luminaire are spaced 3 meters apart.

[0049] In the example shown by FIG. 2, the commissioner 200 generates a footstep
sound directly beneath the first luminaire 140. The distance the sound travels from the source
of the footstep sound to the first luminaire 140 is 3 meters, while the distance the sound travels
from the source of the footstep sound to the second luminaire 141 is approximately 4.25
meters. Therefore, the sound of the footstep arrives at the first luminaire 140 before it arrives

at the second luminaire 141.

[0050] As shown by FIG. 3, the commissioner 200 (FIG. 2) travels through the first room
110 according to a prescribed commission path 300. While the first embodiment describes

commissioning when the commissioner 200 (FIG. 2) follows a prescribed commission path 300,
the commissioner 200 (FIG. 2) may also travel through the first room 110 via an arbitrary path,

as is described hereinafter.

[0051] Referring to FIG. 3, a microphone in each luminaire 140-149 may detect the
commissioning sound. Hereinafter, a description of a luminaire 140-149 detecting a sound shall
refer to a microphone inthe luminaire 140-149 detecting the sound. Similarly, a description of a
luminaire 140-149 communicating data shall refer to a network interface within the luminaire

140-149 communicating data over the data network 170 (FIG. 1).

[0052] Each luminaire 140-149 may be configured with a sound threshold, such that
sounds having an amplitude below the sound threshold are ignored, while sounds having an

amplitude at or above the sound threshold are processed. Further, each luminaire 140-149 may
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be configured to filter the detected sound so that only sounds within a specified frequency
range are processed. For example, dynamic filtering may be used to boost a region of the sound
frequency spectrum that is relevant for the commissioning sound. Under the first embodiment,

the frequency spectrum may be filtered to enhance the detection of footsteps.

[0053] Detection of each commissioning sound by each luminaire 140-149 generally
causes the luminaire 140-149 to send a signal over the data network 170 (FIG. 1), for example,
to the lighting control system 160. The signal may be, for example, a detection notification
message that includes, for example, atimestamp, adevice ID that indicates the device type,
such as a luminaire 140-149, an opcode indicating detection of a sound, a sound level, and a

sound duration, among other data.

[0054] The commissioner 200 (FIG. 2) may walk substantially along the prescribed
commission path 300 according to the building plan 100. Each step the commissioner 200 (FIG.
2) takes along the prescribed commission path 300 generates afootstep sound. The sounds of
footsteps are identified by the local luminaires 140-149, so that the nearest luminaire 140-149
can be identified, for example, by comparing the arrival times of the detected sound at each
luminaire 140-149. The location of each luminaire 140-149 may be matched to a corresponding
luminaire 140-149 according to the building plan 100 to enable the correct control connections
to be commissioned, enabling the commissioned luminaire to be controlled via the data
network 170 (FIG. 1).

[0055] The sound of afootstep depends on several factors, for example, the material of
the floor and the footwear worn by the commissioner 200 (FIG. 2). In typical applications the
commissioner 200 (FIG. 2) is wearing shoes and the floor material is hard, for example wood,
vinyl, stone, or tiles, which is common at work places and public spaces. The processing of
microphone signals may involve noise reduction, for example, noise reduction based on a
model of the background noise and dynamic filtering to boost the spectrum region that is
relevant for the step sounds. The actual sound detection method may be based on one of
several alternative techniques known by persons having ordinary skill inthe art of

environmental sound recognition.
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[0056] Reliable recognition of footstep sounds and walking is possible even from
luminaires a large distance away. The distance may vary based on, for example, differences in
the type of shoes, individual walking style of the commissioner 200 (FIG. 2), and sounds
produced by other clothing, for example, legs of trousers.

[0057] As the commissioner 200 (FIG. 2) walks along the prescribed path 300 through
the first room 110 under the luminaires 140-149, a series of discrete footstep sounds is made,
each footstep typically, for example, 0.8m apart. However, there is no objection to closer or
further footstep spacing, or irregular footstep spacing. A first footstep 310, a second footstep
320, and athird footstep, 330, are denoted along the prescribed path 300. The commissioner
200 (FIG. 2) may deliberately walk under the luminaires 140-149 along the prescribed path 300
at a steady speed. Each footstep provides a point source of sound that may be heard by one or
more luminaires 140-149. Atime reference is recorded for each luminaire 140-149 that detects
each footstep 310, 320, 330. The closer the footstep 310, 320, 330 is to each luminaire, the
shorter time it takes for the sound of the footstep to travel from the location of the footstep
310, 320, 330 to the luminaire 140-149.

[0058] Two or more measurements may enable the establishment of the position of
each luminaire 140-149. As described further below, the position of each luminaire 140-149
may be calculated using enables time-difference of arrival techniques.

[0059] The commissioning sound of footsteps produced by the commissioner 200 (FIG.
2) walking along the prescribed path 300 down a line of luminaires 140-149 may identify the
order in which the luminaires 140-149. Each location may be determined by comparing the
arrival time of each footstep. The closest luminaire 140-149 to the footstep detects the earliest
arrival time, with the detection by the other luminaires 140-149 occurring thereafter.

[0060] A typical office installation may have lights separated by 3m. This geometry is
illustrated in FIG. 2 with luminaires 140, 141 3m apart along a 3m high ceiling. The difference in
distance from the footstep position of the commissioner 200 to neighboring lights varies
between zero and 1.25m. The speed of sound travels at 340m/s, so a 1.25m difference in flight
time from foot to a luminaire 140, 141 results in 3.7ms difference in arrival time, which is easily

detectable.
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[0061] FIG. 3 shows a lighting plan 100 for an office to be commissioned. As noted
previously, each of the luminaires 140-149 indicated is equipped with a microphone. The height
of the ceiling is 3m above the floor. A commissioner 200 (FIG. 2) walks according to the
prescribed commission path 300 under the line of luminaires 140 to 144 until roughly beneath
an end luminaire 144, then turns to walk to luminaire 145 and turns to walk back through the
office towards luminaire 149. In this example, the lights are arranged in a grid of 3m separation.
Asthe commissioner 200 (FIG. 2) walks along the prescribed path 300, the sound of footsteps is
audibly distinguishable over a range of 7m from the sound source.

[0062] A first footstep 310, a second footstep 320, and athird footstep 330 are indicated
along the commission path 300. It should be noted that the first footstep 310 and the second
footstep 320 may not be consecutive. In other words, there may be one or more intervening
footsteps between the first footstep 310 and the second footstep 320, but any such intervening
footsteps are omitted from this analysis to simplify the description. Similarly, there may be
intervening footsteps between the second footstep 320 and the third footstep 330.

[0063] Under the first embodiment, the commissioning path 300 is known in advance.
Therefore, the arrival times of the footstep 310, 320, 330 sounds can be used to identify the
luminaires 140-149 inturn asthe commissioner 200 (FIG. 2) walks under each luminaire 140-
149 and it clearly becomes distinguishable which luminaire 140-149 the closest to each
detected footstep.

[0064] Preferably, each luminaire 140-149 to be commissioned may indicate to the
commissioner 200 (FIG. 2) that it has been identified. For example, a luminaire 140-149 may be
dimmed or switched off to indicate to the commissioner 200 (FIG. 2)that it has been identified.
This may also indicate which luminaires 140-149 have been commissioned and which have still
to be identified. In this way each luminaire 140-149 onthe building plan 100 may be
commissioned.

[0065] FIGS. 4A-4C show three instances that illustrate the timing of detecting sounds of
the first footstep 310, the second footstep 320, and the third footstep 330 at nearby luminaires
140-149 (FIG. 3). On the right of each drawing is an image that shows the position of the
commissioner 200 (FIG. 2) walking under the line of luminaires 140-149 (FIG. 3). On the left of

each drawing is a plot of the timing of the sound of each footstep 310, 320, 330 as received by
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luminaire 140-149, where T, represents the time for the sound of afootstep 310, 320, 330 to
reach luminaire 140, Ti represents the time for the sound of a footstep 310, 320, 330 to reach
luminaire 141, and T, represents the time for the sound of afootstep 310, 320, 330 to reach
luminaire 142. Similarly, T4 represents the time for the sound of afootstep 310, 320, 330 to
reach luminaire 148 (FIG. 3), and Tg represents the time for the sound of afootstep 310, 320,
330 to reach luminaire 149 (FIG.3), although luminaire positions 148 (FIG. 3) and 149 (FIG. 3)
are not depicted in FIGS. 4A-4C.

[0066] As shown by FIG. 4A, the first footstep 310 is detected by luminaires 140, 141 and
also luminaire 149 (FIG. 3). Luminaire 140 is clearly the closest luminaire based on the arrival
time of the sound, as shown by time T, being detected before time Ti and time Tg. Note that
the remaining luminaires 142-148 may not detect the first footstep 310, orthe sound level of
the first footstep 310 may not meet a sound threshold for luminaires 142-148.

[0067] As shown by FIG. 4B, the second footstep 320 is detected by luminaires 140, 141,
142, and also luminaires 148 (FIG. 3), 149 (FIG. 3). Luminaire 140 is the closest to the second
footstep 320, based on the arrival time of the sound, as shown by time Tobeing detected
shortly before time T, The sound of the second footstep 320 is also detected at later times Tg,
Tg, and T2, which correspond to luminaires 149, 148 and 142 being located at relatively greater
distances from the second footstep 320 than luminaires 140 and 141. The remaining luminaires
143-147 do not detect the second footstep 320. The timing in FIG. 4B indicates that the second
footstep 320 is located just before the midpoint distance between two luminaires 140, 141
along the commission path 300 (FIG. 3).

[0068] As shown by FIG. 4C, the third footstep 330 is detected by luminaires 140, 141,
142, and also luminaires 148 (FIG. 3), 149 (FIG. 3). Luminaire 141 is now the closest to the third
footstep 330, based onthe arrival time of the sound, as shown by time Ti being detected
before time To.The sound of the third footstep 330 is detected at later times Tg, Tg, and T,,
which correspond to luminaires 148, 149 and 142 located at relatively greater distances from
the third footstep 320. The remaining luminaires 143-147 do not detect the third footstep 330.
The timing in FIG. 4C indicates that the third footstep 330 is located beyond the midpoint

distance between two luminaires 140, 141 along the commission path 300 (FIG. 3).
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[0069] Returning to FIG. 3, by comparing the relative times each footstep along the
commissioning path 300 is received by the luminaires 140-149, the location of the luminaire
140-149 may be correlated with positions onthe building plan 100.

[0070] FIG. 4 shows that multiple measurements may be used to develop an
understanding of the commissioner 200 (FIG. 2) approaching each luminaire 140-149, walking
underneath each luminaire (where the assignment can be made) and then the commissioner
200 (FIG. 2) receding as other luminaires 140-149 become closer to the sound source.
Therefore, a single measurement may not be sufficient to make a commissioning assignment,
but each successive measurement may incrementally support an understanding of the
movement of the commissioner 200 (FIG. 2).

[0071] The commissioning sound, for example, afootstep, may be referred to asa
primary commissioning sound. The primary commissioning sound may be created, for example,
using specific shoes that produce characteristic sounds during walking. Returning to FIG. 3, in
the event that a luminaire 140-149 does not signal it has been identified asthe commissioner
200 (FIG.2) passes the luminaire 140-149, the commissioner 200 (FIG. 2) may create a
secondary commissioning sound. For example, the commissioner 200 (FIG. 2) may stop under
the luminaire 140-149 and stamp onthe floor orwalk onthe spot. Similarly, if an error occurs
and the wrong luminaire 140-149 is assigned, the commissioner 200 (FIG. 2) may make the
secondary commissioning sound, or alternatively, make atertiary commissioning sound to stop
the process or undo the last assignment. For example, the commissioner 200 (FIG. 2) may clap
his hands afirst time to undo the assignment, reposition himself and clap hands a second time
to restart the commissioning process at the appropriate position, thereby correcting
unanticipated or erroneous commissioning assignments. A person having ordinary skill in the
art will recognize that different distinguishable sounds may be used to signal various events or
conditions that may occur during the commissioning process.

[0072] Variations of the first embodiment may use different commissioning sounds. For
example, while the first embodiment is described using footsteps asthe commissioning sound,
there is no objection to using other commissioning sound generators, for example, awhistle, a
small handheld speaker or cellular telephone or smart phone. For a smart phone, the playback

of a commissioning sound may be continuous or repetitive sound, a sound triggered by user
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interaction, or sound triggered by some measurement, for example, accelerometer reading that
would synchronize the sound emission with the movements of the person during walking.
[0073] There may be geometric advantages to using a sound source elevated above the
floor closer to the speakers, so that the lateral displacement of the sound generator from the
microphones is proportionally larger from the vertical displacement. Further geometric
advantages may be realized by positioning the commissioning sound generator at an elevation
closer to the luminaires, for example, carrying the commissioning sound generator on a pole.
There may be advantages to using footsteps as a commissioning sound. For example, footsteps
are not a moving sound source, so the Doppler Effect may be disregarded inthe detection
process. In particular, the frequency of the commissioning sound will be substantially similar as
detected by all luminaires, regardless of whether the commissioner 200 (FIG. 2) is moving or
not, or the direction the commissioner 200 (FIG. 2) is moving in relation to each luminaire 140-
149. Also, footsteps always emanate from afixed elevation, the floor, which may simplify the
geometry involved in comparing the distance traveled by sound waves from footsteps in
different locations. It should be noted that atime interval between commissioning sound does
not have to be regular, or known.

[0074] There is no objection to producing a commissioning sound other parts of the
body than the feet, for example the hands. The commissioner 200 (FIG. 2) may also carry a
sound generator, in particular mounted on orinone of his shoes, so that the texture of the
floor is not of importance to creating a specific commissioning sound. Also specially designed
shoes could be made such that the act of walking causes the shoes to make mechanical sounds,
for example, chirps, which are consistent in tone and amplitude and easier to detect than
footsteps.

System

[0075] A system for executing the functionality described herein may be a computer, an
example of which is shown inthe schematic diagram of FIG. 5. The system 500 may be included
in the lighting control system 160 (FIG. 3), or may be separate from the lighting control system
160 (FIG. 3). The system 500 contains a processor 502, a storage device 504, a memory 506
having software 508 stored therein that defines the abovementioned functionality, input and

output (I/O) devices 510 (or peripherals), and a local bus, or local interface 512 allowing for
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communication within the system 500. The local interface 512 can be, for example but not
limited to, one or more buses or other wired or wireless connections, as is known in the art.
The local interface 512 may have additional elements, which are omitted for simplicity, such as
controllers, buffers (caches), drivers, repeaters, and receivers, to enable com munications.
Further, the local interface 512 may include address, control, and/or data connections to
enable appropriate com munications among the aforementioned com ponents.

[0076] The processor 502 is a hardware device for executi ng software, particu larly that
stored in the memory 506. The processor 502 can be any custom made or com mercial ly
available single core or multi-core processor, a central processing unit (CPU), an auxiliary
processor among several processors associated with the present system 500, a semiconductor
based microprocessor (in the form of a microchip or chip set), a macroprocessor, or generally

any device for executi ng software instructions.

[0077] The memory 506 can include any one or com bination of volati le memory
elements (e.g., random access memory (RAM, such as DRAM, SRAM, SDRAM, etc.)) and
nonvolatile memory elements (e.g., ROM, hard drive, tape, CDROM, etc.). Moreover, the
memory 506 may incorporate electronic, magnetic, optical, and/or other types of storage
media. Note that the memory 506 can have a distributed architecture, where various
components are situated remotely from one another, but can be accessed by the processor
502.

[0078] The software 508 defines functionality performed by the system 500, in
accordance with the present invention . The software 508 inthe memory 506 may include one
or more separate programs, each of which contains an ordered listing of executable
instructions for implementing logical functions of the system 500, as described below. The
memory 506 may contain an operati ng system (O/S) 520. The operating system essentially
controls the execution of programs within the system 500 and provides schedu ling, input-
output control, file and data management, memory management, and com munication control
and related services.

[0079] The I/0O devices 510 may include input devices, for example but not limited to, a
keyboard, mouse, scanner, microphone, etc. Furthermore, the I/O devices 510 may also include

output devices, for example but not limited to, a printer, display, etc. Finally, the I/O devices
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510 may further include devices that communicate via both inputs and outputs, for instance
but not limited to, a modulator/demodulator  (modem; for accessing another device, system, or
network), a radio frequency (RF) or other transceiver, atelephonic interface, a bridge, a router,
or other device.

[0080] When the system 500 is in operation, the processor 502 is configured to execute
the software 508 stored within the memory 506, to communicate data to and from the

memory 506, and to generally control operations of the system 500 pursuant to the software

508, as explained above.

[0081] A data network interface 530 is in communication with the local bus 512. The
data network interface 530 may be in communication with, for example, the lighting control
system 160 (FIG. 1), and communicate data that is accumulated by the lighting control system
from luminaires 140-149 (FIG. 1) and controllers 120 (FIG. 1) as communicated over the data
network 170 (FIG. 1). Alternatively, the data network interface 530 may be in communication
with the data network 170 (FIG. 1), and therefore communicate directly with any devices in
communication with the data network 170 (FIG. 1), for example, the luminaires 140-149 (FIG. 1)

and the controller 120 (FIG. 1).

[0082] The luminaire location calculations may be performed by a centralized processor
502, or may be performed bytwo or more processors 502 that may be local to one another or

distributed along a network, in communication using the data network interface 530.

[0083] Since the time between commissioning sounds is typically very long (on the order
of seconds) compared to the detection time of the commissioning sound at each luminaire 140-
149 (FIG. 3) (on the order of milliseconds), it is relatively simple to differentiate distinct impulse
sound events. The relative distance of each luminaire 140-149 (FIG. 3) from the location of the
commissioning sound may be calculated. In the first embodiment, where the commissioning
path 300 (FIG. 3) is prescribed, each successive sound event occurs essentially along the
commissioning path 300 (FIG. 3). When the processor determines the location of a luminaire
140-149 (FIG. 3) relative to the building plan 100 (FIG. 3), all future sounds detected by the
located luminaire 140-149 (FIG. 3) may be used as a known point of reference, further

simplifying the location calculation for the asyet un-located luminaires.
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Commissioning method with synchronized luminaires detecting limited duration
commissioning sounds along a prescribed path

[0084] A first embodiment of an exemplary method for commissioning luminaires with
sound according to a building plan assumes that a commissioner is generating a series of
limited duration commissioning sounds, for example, footsteps, while traveling along a
prescribed path corresponding to the building plan. The location of each luminaire is
determined based on calculating the time of flight of each commissioning sound to the
luminaire, where the luminaire closest to each commissioning sound is assumed to detect the

commissioning sound first.

[0085] Returning to FIG. 1, the first embodiment assumes the luminaires 140-149 are
synchronized to a common time source. The luminaires 140-149 may each have a local
processor, where the local processor is synchronized with other processors inthe data network
170, so that time stamps assigned to detected sounds are synchronized relative to one another.
Alternatively, the timestamp may not be added by a local processor. Instead, each luminaire
140-149 may generate a message to a centralized processor, for example, in the lighting control
system 160, indicating that the luminaire 140-149 has detected a commissioning sound, and the
centralized processor then attaches atimestamp to the received message. The message
identifies the sending luminaire, for example, the physical address of the luminaire. In this case,
the relative latency between the luminaire detecting a sound and the time the luminaire sends
the message to the centralized processor may be very small, or may be very consistent across

all microphones to preserve the relative timing from each fixture.

[0086] FIG. 6 is aflowchart 600 of the first exemplary commissioning method. It should
be noted that any process descriptions or blocks in flow charts should be understood as
representing modules, segments, portions of code, or steps that include one or more
instructions for implementing specific logical functions inthe process, and alternative
implementations are included within the scope of the present invention in which functions may
be executed out of order from that shown or discussed, including substantially concurrently or
in reverse order, depending onthe functionality involved, aswould be understood by those

reasonably skilled in the art of the present invention.



WO 2013/080082 PCT/IB2012/056471

-22 -

[0087] The commissioner 200 (FIG. 2) walks along a prescribed path, as shown by block
610. The prescribed path preferably guides the commissioner 200 (FIG. 2) within close
proximity of the fixtures to be commissioned. As noted previously, afixture may be, for
example, but not limited to, a luminaire, a light control, and/or a sensor. The commissioner 200
(FIG. 2) periodically generates a commissioning sound, for example, afootstep. As shown by
block 620, each fixture detects commissioning sounds in the vicinity of the fixture, and a
timestamp corresponding the time of detection is assigned to the commissioning sound. The
earliest two timestamps corresponding to a particular commissioning sound are identified and
compared, as shown by block 630. If the difference between the earliest two times exceeds a
time threshold, the commissioning sound may be considered to have occurred closest to the
first fixture inthe building plan along the prescribed path, as shown by decision block 640. If, in
contrast, the difference intime between the first two timestamps is below the time threshold,
it may be unclear which fixture the commissioning sound was closest to, and the data
corresponding to the commissioning sound may be disregarded in favor of a subsequent

commissioning sound.

[0088] The fixture inthe building plan corresponding to the next unassigned fixture
along the commissioning path is associated with the fixture that detected the commissioning
sound having the earliest timestamp, as shown by block 650. This fixture isthereby considered
to have been commissioned, and the fixture then visually indicates the assignment, for
example, by dimming orturning off, as shown by block 660. If all the fixtures have been
assigned, as shown by decision block 670, the process ends. If one or more fixtures have not
been assigned, the commissioner 200 (FIG. 2) proceeds along the commissioning path, as

shown by block 610.

Commissioning method with unsynchronized luminaires detecting limited duration
commissioning sounds along a prescribed path

[0089] The first exemplary method assumes time synchronization between fixtures
detecting commissioning sounds. The synchronization is used so that the time-of-arrival of each
received sound can be reported to acentral processor, which can then directly process the
measured timestamps to figure out the physical relationship of the lighting fixtures. Asis

familiar to persons having ordinary skill in the art, synchronization may be accomplished by
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several means, for example, using a master clock, or using independent clocks. However, if an
independent clock in each fixture is not synchronized with those in every other fixture, it may
not be possible to achieve sufficient timing precision to accurately compare events measured at
different fixtu res.

[0090] A second exemplary method embodiment for commissioning fixtures with sounds
according to a prescribed path does not assume that the fixtures are synchronized. The second
embodiment makes use of the fact that any timestamps for other events measured at that
same fixture are comparable, even though events measured by a neighboring fixture are not.
This assumes that the drift of a clock for each fixture is negligible over the period of the
commissioning process. In other words, no particular clock is ticking significantly faster or
slower than others, even though they are expected to be showing different times. By analogy,
clocks showing the local time in Washington and Tokyo would be expected to show a different
time to a similar clock in Greenwich, however presumably all three clocks nevertheless tick at
the same rate.

[0091] Since, under the second embodiment, clocks for each fixture generally run at
substantially the same speed relative to one another, the interval between received
commissioning sounds at each separate fixture may be measured and compared to the
intervals measured by neighboring fixtures with independent clocks.

[0092] When the commissioner 200 (FIG. 2) moves towards a particular fixture, at a
distance from the fixture, where the distance is significantly greater than the height of the
fixture above the floor, the time interval between successive footsteps sounds arriving at the
fixture is less than the interval at which the sounds are produced by footsteps. This is because
the distance the sound travels reduces with each successive footstep asthe commissioner 200
(FIG. 2) approaches the fixture.

[0093] Conversely, when the commissioner moves away from the fixture beyond a
distance significantly greater than the height of the fixture above the floor, the interval
between sounds arriving at the fixture becomes somewhat greater than the interval at which

the sounds are produced.
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[0094] When the commissioner passes by underneath a particular fixture (see Fig. 7), the
intervals transition from being smaller than the generation intervals to greater than the
generation intervals.

[0095] The relative position of the fixtures can be established by comparing each
fixture's measurement of the interval between successive sounds. This comparison may be
made, for example, by a central controller or by the fixtures themselves operating in pairs or
groups. For example, if afirst fixture measures afirst interval that is less than a second interval
measured by a second fixture, it may be determined that the commissioner is moving towards
the first fixture and away from the second fixture.

[0096] As the commissioner moves around the room, these comparison results change
according to where the commissioner goes. If the commissioner passes under a sequence of
lights, each light will inturn transition between walking towards and walking away conditions,
allowing the sequence to be determined. This allows the lighting layout to be established, even
if the commissioner follows an arbitrary path that is not previously known by the processor.
[0097] If the intervals for each footstep are listed in order from smallest to largest, those
fixtures near one end of the list may be assumed to be located apart from those at the other
end of the list. Asthe commissioner proceeds, some fixtures will transition from, for example,
the small end of the list to the large end, or from the large end of the list to the small end of the
list, indicating that afixture moving from one end of the list to the other isin close proximity
with other fixtures that made similar recent transitions.

[0098] Fixtures that are in the middle of the sorted list of intervals may in some
instances be devices that are undergoing atransition asthe commissioner passes underneath,
or nearby, to the fixture. More commonly, such afixture isto one side or the other of current
path of the commissioner, such the relative motion is tangential.

[0099] For example, for direct motion away from ortowards afixture at a distance of
around ten times the height of the ceiling, the interval between footstep sound arrivals varies
by approximately 15 ms. This is well within the measurement ability of practical, cheap

processing devices.
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Commissioning method detecting continuous sounds along a prescribed path

[00100] The first and second embodiments describe using time of flight calculations to
locate a commissioning sound that may be generally described as a limited duration sound. As
such, the fixtures are located under the first and second embodiments by comparing the time
of flight of the commissioning sound from the source of the sound to the fixture. Under athird
exemplary method embodiment, a sound generator is employed that generates a substantially
continuous tone of a known frequency. The sound generator is moved along a prescribed path
through the fixtures according to a building plan. It should be noted that while the sound
generator under the third embodiment is generally described as generating a continuous tone,
there is no objection to the sound generator creating tones that are not continuous, for
example, a periodic tone, providing the frequency of the tone is fixed.

[00101] The third embodiment uses a constant tone oscillator to leverage the Doppler
Effect. According to the Doppler Effect, a perceived pitch (frequency) of atone is higher if the
source of the sound approaches the receiver, and lower if the sound source moves away from
the receiver. Under the third embodiment, fixtures detect changes in frequency of a constant

tone rather than time of arrival of a limited duration sound, as under the first and second

embodiment.
[00102] A general equation for the perceived frequency of atone is given by Eg. 3,
ctv,
S = Lc ty, }/0
(Ea. 3)
where:

fo=emitted frequency from source

f = Observed frequency at receiver

V, = velocity of receiver relative to medium
vs =Vvelocity of source relative to medium

C = propagation velocity of sound
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[ 00103] Assuming the receiver is stationary results in a sim plified equation .
c
(Eq.4) [ = 0
Cxv,
[ 00104] From Eq.4, it wil | be apparent to a person having ordinary skill inthe art that

choosi ng a high frequency for f, results is a larger Doppler effect than a low frequency.
Therefore, it may be preferable to choose afrequency near to the upper frequency response of
the receiving microphone. A high frequency might also be prefera ble interms of minimizing

disturbance for the human ear.

[ 00105] Plots showi ng the Doppler Effect of a 15 KHz tone moving at 1 m/s are shown in
FIGS. 8A and 8B. Assuming sound travels at 343m/s and people walk at Im/s, a 15KHz tone may
be perceived as a 14.956 kHz tone when the sound source moving toward the listener, or
15.044 kHz by a listener moving away from the sound source. As shown by FIG. 8B, the
perceived difference results from the sound waves being com pressed when movi ng toward the
listener, so that a com plete cycle of a pure sine wave tone arrives in less time, specifically, in

195 ns less time, when the sound source is movi ng toward the listener. More specifical ly,

/ :(54%5} 15kHz = 15kHz + 43MHz
- (Eq.5)
[ 00106] In a single cycle of generated 15 kHz tone, the time difference caused by a

walki ng sound source will be approximately 200ns. Assuming the tone is received by a
microphone and sampled at standard CD audio sampling rates (44.1 kHz), 250 cycles wou Id
need to be received before achange infrequency wou Id be detected . At 15 kHz, 250 cycles
represents approximately 17ms. The relatively fast detection time of afrequency change due to
the Doppler Effect com pared with the speed a com missioner 200 (FIG. 2) travels indicates the
suita bility of the third embodiment as a com missioning method . Like the second embodi ment,
the third method does not assume time synchronization of the fixtu res being commissioned, or

at most, a rough synchronization onthe order of seconds instead of milliseconds.
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[00107] Returning to FIG. 3, for example, under the third embodiment, a luminaire 140-
149 may send a message when it detects a change in received frequency. Therefore, the
location of the luminaire 140-149 relative to a building plan 100 may be determined by cross
referencing the time each luminaire 140-149 detects afrequency change with the
commissioning path 300 (FIG. 3) in the building plan 100.

Commissioning method with synchronized luminaires detecting limited duration
commissioning sounds along an arbitrary path

[00108] The first, second and third embodiments generally assume the commissioner 200
(FIG. 2) moves along a prescribed commissioning path 300 (FIG. 3) through building according
to the building plan 100 (FIG. 3). As shown by FIG. 9, afourth exemplary embodiment of a
method for commissioning lighting fixtures using sound does not assume a prescribed
commissioning path 300 (FIG. 3). Instead, under the fourth embodiment, the commissioner 200
(FIG. 2) may take an arbitrary path 900 through the first room 110, wherein the location of the
commissioner 200 (FIG. 2) may not be assumed in advance. Under the fourth embodiment, a
limited duration commissioning sound is used, and the luminaires 140-149 are time
synchronized to approximately one millisecond granularity.

[00109] The fourth embodiment is based upon detecting when the commissioner 200
(FIG. 2) walks under one of the luminaires 140-149, by subtracting the time difference of arrival
(TDOA) of an earliest commissioning sound detection from the TDOA of a second earliest
commissioning sound detection. If this difference is greater than a threshold time the
commissioning sound may be regarded as emanating from under a luminaire 140-149, and the
identity of neighboring luminaires may then be determined.

[00110] FIG. 10 is aflowchart demonstrating the fourth embodiment. The commissioner
200 (FIG. 2) walks along an arbitrary path 900 (FIG. 9) among the fixtures, as shown by block
1010. As noted previously, afixture may be, for example, but not limited to, a luminaire, a light
control, and/or a sensor. The commissioner 200 (FIG. 2) periodically generates a commissioning
sound, for example, afootstep. As shown by block 1020, each fixture detects each
commissioning sound in the vicinity of the fixture, and atimestamp corresponding the time of
detection of the commissioning sound is assigned. The earliest two timestamps corresponding

to a particular commissioning sound are identified and compared, as shown by block 1030. If
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the difference between the earliest two times exceeds atime threshold, the com missioning
sound may be considered to have occu rred closest to the fixtu re associated with the first
timestam p. If, in contrast, the difference intime between the first two timestam psis below the
time threshold, it may be unclea r which fixtu re the com missioning sound was closest to, and
the data corresponding tothe com missioning sound may be disregarded infavor of a
subsequent com missioning sound.

[00111] The com missioning sou nd has been associated with a fixture closest to it, but that
fixtu re is not yet mapped to the building plan.The range to each neigh boring fixtu re is

calculated, as shown by block 1050.

[00112] The range to each neigh boring fixture from that current closest fixture to the
com missioner 200 (FIG. 2), Rangedevice, may be calcu lated using Eq. 6,

Rangedevice = height of ceiling + (TDOAdevice — TDOA ., jiestevice)y ~ Csound  (EQ . 6)
where C  drepresents the speed of sound.
[00113] If there is enough data to establish the ranges, as shown by block 1070, the range
from each fixtu re to every other fixtu re detecti ng the com missioning sound is calcu lated, as
shown by block 1080. A decision tree is created to place each fixtu re onthe building plan, as
shown by block 1090.
[00114] If, during the time the com missioner 200 (FIG. 2) is traversing the arbitrary
com missioning path 900 (FIG.9), the threshold conditions are met again for the same fixtu re, a
data set from a num ber of alternative sets of range measu rements can be collected . Some
statistical analysis can be performed on this data set to resolve allthe range measu rements into
atable of more accurate range measu rements between each fixture and its near neighbors.
Once sufficient range measu rements are made, the decision tree may be used to resolve the
identity of every fixture inthe building plan.
[00115] As described above, under the fou rth embodiment, a limited duration
com mission ing sound is used, and the luminai res 140-149 are time synch ronized to
approximately one millisecond granu larity. However, the above com missioning method is
simi larly applicable for com missioning according to a com missioner 200 (FIG. 2) travelling along
an arbitra ry path 900 using a conti nuous com missioning sound, where the lumi naires 140-149

may only be rough ly synch ronized .
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[00116] While several inventive embodiments have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other means and/or structures
for performing the function and/or obtaining the results and/or one or more of the advantages
described herein, and each of such variations and/or modifications is deemed to be within the
scope of the inventive embodiments described herein. More generally, those skilled in the art
will readily appreciate that all parameters, dimensions, materials, and configurations described
herein are meant to be exemplary and that the actual parameters, dimensions, materials,
and/or configurations will depend upon the specific application or applications for which the
inventive teachings is/are used. Those skilled in the art will recognize, or be able to ascertain
using no more than routine experimentation, many equivalents to the specific inventive
embodiments described herein. It is, therefore, to be understood that the foregoing
embodiments are presented by way of example only and that, within the scope of the
appended claims and equivalents thereto; inventive embodiments may be practiced otherwise
than as specifically described and claimed. Inventive embodiments of the present disclosure are
directed to each individual feature, system, article, material, kit, and/or method described
herein. In addition, any combination of two or more such features, systems, articles, materials,
kits, and/or methods, if such features, systems, articles, materials, kits, and/or methods are not

mutually inconsistent, is included within the inventive scope of the present disclosure.

[00117] All definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary

meanings of the defined terms.

[00118] The indefinite articles "a" and "an," as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean "at least one."

[00119] The phrase "and/or," as used herein in the specification and inthe claims, should
be understood to mean "either or both" of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple elements
listed with "and/or" should be construed inthe same fashion, i.e., "one or more" of the
elements so conjoined. Other elements may optionally be present other than the elements

specifically identified by the "and/or" clause, whether related or unrelated to those elements
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specifically identified. Thus, as a non-limiting example, a reference to "A and/or B", when used
in conjunction with open-ended language such as "comprising" can refer, in one embodiment,
to A only (optionally including elements other than B); in another embodiment, to Bonly
(optionally including elements other than A); in yet another embodiment, to both Aand B

(optionally including other elements); etc.

[00120] As used herein in the specification and in the claims, the phrase "at least one," in
reference to a list of one or more elements, should be understood to mean at least one
element selected from any one or more of the elements in the list of elements, but not
necessarily including at least one of each and every element specifically listed within the list of
elements and not excluding any combinations of elements in the list of elements. This
definition also allows that elements may optionally be present other than the elements
specifically identified within the list of elements to which the phrase "at least one" refers,
whether related or unrelated to those elements specifically identified. Thus, as a non-limiting
example, "at least one of A and B" (or, equivalently, "at least one of A or B," or, equivalently "at
least one of A and/or B") can refer, in one embodiment, to at least one, optionally including
more than one, A, with no B present (and optionally including elements other than B); in
another embodiment, to at least one, optionally including more than one, B, with no A present
(and optionally including elements other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one, optionally including more than one, B

(and optionally including other elements); etc.

[00121] It should also be understood that, unless clearly indicated to the contrary, in any
methods claimed herein that include more than one step or act, the order of the steps or acts
of the method is not necessarily limited to the order in which the steps or acts of the method

are recited. Also, reference numerals appearing between parentheses inthe claims, if any, are

provided merely for convenience and should not be construed as limiting the claims in any way.

What is claimed is:
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CLAIMS

1. A method for automatica Ily com missioning afirst fixtu re (140) having a first microphone
and a second fixtu re (141) having a second microphone according to a building plan (100)
having afirst mapped location and a second mapped location, the method com prising the steps
of:

generating afirst sound at afirst location (310);

detecting said first sound by said first microphone and by said second microphone;

generating a second sound at a second location (320);

detecti ng said second sound by said first microphone and by said second microphone;

and

associating said first fixtu re with said first mapped location .

2. The method of claim 1, further com prising the step of associating said second fixtu re

with said second mapped location .

3. The method of claim 1, further com prising the steps of:
recording afirst time when said first microphone detects said first sound;
recording a second time when said second microphone detects said first sound;
recording athird time when said first microphone detects said second sound; and
recording afou rth time when said second microphone detects said second sou nd;
wherein said associating said first fixtu re with said first mapped location is based in part

upon said first, second, third and fou rth time.

4. The method of claim 3, further com prising the steps of:
determi ning afirst distance between said first microphone and said first location, based
upon said first time;
determining asecond distance between said second microphone and said first location,

based upon said second time;
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determining athird distance between said first microphone and said second location,
based upon said third time; and
determining afourth distance between said second microphone and said second

location, based upon said fourth time.

5. The method of claim 4, wherein said first location and said second location are along an

arbitrary path.

6. The method of claim 4, further comprising the step of determining afifth distance
between said first microphone and said second microphone based in part upon said first,

second, third and fourth time.

7. The method of claim 1, wherein said first location and said second location are

substantially along a predetermined path.

8. The method of claim 1, wherein said first sound is afirst footstep and said second sound

is a second footstep.

9. The method of claim 1, wherein said first fixture comprises afirst luminaire and said

second fixture comprises a second luminaire.

10. The method of claim 8, further comprising the step of acknowledging said associating said

first fixture with said first mapped location with avisible response by said first luminaire.

11. The method of claim 3, wherein said first fixture further comprises afirst clock, and said

second fixture further comprises a second clock.
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12. The method of claim 11, further comprising the step of synchronizing said first clock
with said second clock.
13. The method of claim 1, further comprising the steps of:

generating athird sound, wherein said third sound is audibly distinct from said first sound and
said second sound; and
detecting said third sound with said first microphone;

wherein said first sound is substantially audibly indistinguishable from said second sound.

14, The method of claim 13, further comprising the step of:
in response to said detecting said third sound, dis-associating said first fixture with said first

mapped location and/or ending said automatic commissioning method.

15. A method for automatically commissioning afirst fixture (140) having afirst microphone
and a second fixture (141) having a second microphone according to a building plan (100)
having a first mapped location and a second mapped location, the method comprising the steps
of:

generating a substantially fixed frequency tone with atone generator at afirst location (310);
detecting said tone by said first microphone and by said second microphone;

moving said tone generator to a second location (320);

detecting a Doppler shift of said tone by said first microphone; and

associating said first fixture with said first mapped location.

16. A system for automatically commissioning fixtures (140-149) according to a building

plan (100) having afirst mapped location and a second mapped location, comprising:
a lighting control system (160) in communication with a data network (170);

afirst fixture (140) comprising afirst microphone in communication with said data
network, wherein said first fixture is configured to transmit detection notification of

each of a plurality of sounds (310, 320, 330) to said lighting control system; and
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a second fixture (141) comprising a second microphone in communication with said data
network, wherein said second fixture is configured to transmit detection notification of

each of said plurality of sounds to said lighting control system;

wherein said lighting control system is configured to associate said first fixture with said
first mapped location and said second fixture with said second mapped location based
upon receiving said detection of said plurality of sounds from said first fixture and said

second fixture.

17. The system of claim 16, wherein said data network is awired network configured for
communicating data over power lines providing power to said first fixture, said second fixture,

and said lighting control system.

18. The system of claim 16, wherein said data network is a wireless network.
19. The system of claim 16, wherein said plurality of sounds are footsteps.
20. Computer readable media configured to execute a method for automatically

commissioning afirst fixture (140) having a first microphone and a second fixture (141) having a
second microphone according to a building plan (100) having a first mapped location and a
second mapped location comprising the steps of:

receiving notification of detection by said first fixture of each of a plurality of sounds;

receiving notification of detection by said second fixture of each of said plurality of sounds; and
associating said first fixture with said first mapped location and said second fixture with said
second location based upon receiving said detection of said plurality of sounds from said first

fixture and said second fixture.



PCT/IB2012/056471

WO 2013/080082

1/10

100

141

148

143

147

146

145

FIG. 1



WO 2013/080082 PCT/IB2012/056471

2/10

110

IR

140 o 141

FIG. 2



WO 2013/080082 PCT/IB2012/056471

3/10
@l
149 140
120
4 320~
330~
148 141 160
[ 1]
300"
147 142
146 143
145 144
110




PCT/IB2012/056471

Jb 'Ol

4/10

0€€ oy o
7 T\ ) Ay
et | |2oT| |ToT| [OBT
dv "OId
V43 s
4l 1 \og ) NPM.Q ﬁnnok
T | [2oT| |ToT| [OpT
vV "DId
01€ s
< ) oo o

WO 2013/080082

94! 44! 34! 04!




PCT/IB2012/056471

WO 2013/080082

0€S
2oeLIRU]
}IOMIaN ereq

§ 'Ol

018
SDIAX(
IncinQ / indug

C1S sng |ed0T]

5/10

90S
AIOWR

0z
S/0

305
21em)yos

708
10SS920.d

¥0S
201N
abelols




WO 2013/080082

600

6/10

( Start )

PCT/IB2012/056471

Ll
-

Y

Commissioner walks along prescribed path
610

Y

Detect and assign timestamp to footstep at
each fixture
620

Y

Calculate difference between first two timestamps
630

No

Difference > threshold?

Associate next unassingned fixture on building
plan to fixture reporting earliest timestamp
650

Y

Visually indicate assignment of fixture
660

All fixtures No

assigned?
670

Yes

( End )
FIG. 6




WO 2013/080082 PCT/IB2012/056471

7/10

FIG. 7



WO 2013/080082 PCT/IB2012/056471

8/10
A Microphone frequency response
Approach freq Recede freq
(15.044kHz) AdA (14.956kHz)
B
L
L
L
L
L
, : : \ » Freq
[ 11
66.472 45 B
>

66.667 115 A t=195ns

» Time

>
- >




WO 2013/080082 PCT/IB2012/056471

9/10
ml
150
149 140
120
148 141 160
—
900
147 142
146 143
145 144
110

FIG. 9



WO 2013/080082

1000

R

10/10

( Start )

4

A

Commissioner walks along an arbitrary path
1010

Y

Detect and assign timestamp to footstep at
each fixture
1020

Y

Calculate difference between first two timestamps
1030

No

Difference > threshold?

Calculate range to each neighboring fixture
1050

No

Sufficient ranges?
1070

Yes

Calculate range to each from each fixture to
all other fixtures based on all available data
1080

Y

Create decision tree to place each fixture
on building plan

1090

Y

(& ) FIG. 10

PCT/IB2012/056471



	abstract
	description
	claims
	drawings

