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(54) LUMINAIRE DETECTION

(67)  According to an example embodiment, a meth-
od for establishing a wireless connection between a mo-
bile device and a desired one of a plurality of luminaires
is provided, the method comprising repeatedly transmit-
ting, from each of the plurality of luminaires, respective
first device discovery messages, wherein a device dis-
covery message includes a device identifier of the re-
spective luminaire; receiving, in the mobile device from
the plurality of luminaires, respective at least one first
device discovery message; receiving, via a user interface
of the mobile device, a selection of a first luminaire of the
plurality of luminaires; transmitting, from the mobile de-
vice, at least one second device discovery message that
includes a device identifier of the first luminaire and a
first command; initiating, in the first luminaire, provision
of a selection indication in response to receiving at least
one second device discovery message including the de-
vice identifier assigned therefor and the first command;
and receiving, in the mobile device one of a selection of
a second luminaire of the plurality of luminaires or a con-
firmation of selection of the first luminaire: transmitting,
in response to receiving a selection of the second lumi-
naire, at least one further second device discovery mes-
sage that includes a device identifier of the second se-
lected luminaire and the first command, and establishing,
in response to receiving a confirmation of selection of the
first luminaire, a wireless connection with the first lumi-
naire for exchange of information between the mobile
device and the first luminaire.
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Description
TECHNICAL FIELD

[0001] The example and non-limiting embodiments of
the present invention relate to wirelessly connecting a
mobile device to a desired one of a plurality of luminaires
for exchanging information that enables monitoring
and/or adjusting operational parameters of the desired
luminaire via the mobile device.

BACKGROUND

[0002] Many modern luminaires enable monitoring
and/or adjustment of at least some of their operational
parameters e.g. during installation, during maintenance
and/or even during their normal operation. Monitoring
and/or adjustment may be carried out via a control unit
provided in the luminaire and these operational param-
eters may include settings related aspects such as light
intensity level, dimming behavior, response to sensor sig-
nals (such as light sensors and/or presence sensors),
color temperature, etc.

[0003] Access to the adjustable parameters of a lumi-
naire may be provided by a mobile device such as a mo-
bile phone that communicates with a control unit of the
luminaire over a wireless channel using a suitable short-
range wireless technology such as Bluetooth (BT). Such
solution may be referred to as remote monitoring and/or
adjustment and it involves both the luminaire and the
mobile device being provided with suitable transceiver
means and control software that enable establishing a
wireless connection between the luminaire and the mo-
bile device and making use of the wireless connection to
transfer information between the two devices.

[0004] In apractical scenario many spaces are provid-
ed with a high number of luminaires, which may impose
some challenges in remote monitoring and/or adjustment
of luminaire parameters over the wireless link. In partic-
ular, in a scenario where a plurality of luminaires are si-
multaneously within a communication range of the mobile
device, establishing the wireless connection with the de-
sired one of the plurality of luminaires is typically not a
straightforward task.

[0005] A known solution in this regard involves using
the wireless communication means in the mobile device
to search for luminaires equipped with respective wire-
less communication means in its vicinity and establishing
a wireless connection with one of the detected lumi-
naires. After having established the wireless connection,
the connected luminaire provides an indication in this re-
gard, e.g. by blinking the lights, which in turn enables the
user of the mobile device to identify the connected lumi-
naire in his/her vicinity. In case the connected luminaire
is the desired one, the user uses the established wireless
connection to read and/or adjust parameters of the con-
nected luminaire, whereas in case the connected lumi-
naire is not the desired one, the user disconnects the
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luminaire and proceeds into establishing a wireless con-
nection with another one of the detected luminaires. This
procedure is repeated in a trial-and-error manner until
the desired one of the luminaires has been encountered.
[0006] The approach outlined above enables finding
the desired one among a plurality of luminaires installed
in locations that difficult or to reach for visual inspection
and/or without need to inspect e.g. identification labels
affixed to luminaires. Moreover, this approach also quite
apparently enables a fast access to the operating param-
eters of a single luminaire in a space. On the other hand,
in a scenario where there is a plurality of luminaires in-
stalled in the space, the above-outlined approach may
involve a significant delay in identifying the desired one
of the plurality of luminaires using a trial-and-error pro-
cedure.

SUMMARY

[0007] Itis an object of the presentinvention to provide
atechnique that enables faster identification of a desired
one of a plurality of luminaires for remote monitoring
and/or adjustment over a wireless connection between
a mobile device and the desired luminaire also in a sce-
nario where there is a high number of luminaires within
a communication range from the mobile device.

[0008] According to an example embodiment, a meth-
od for establishing a wireless connection between a mo-
bile device and a desired one of a plurality of luminaires
is provided, the method comprising repeatedly transmit-
ting, from each of the plurality of luminaires, respective
first device discovery messages, wherein a device dis-
covery message includes a device identifier of the re-
spective luminaire; receiving, in the mobile device from
the plurality of luminaires, respective at least one first
device discovery message; receiving, via a userinterface
of the mobile device, a selection of a first luminaire of the
plurality of luminaires; transmitting, from the mobile de-
vice, at least one second device discovery message that
includes a device identifier of the first luminaire and a
first command; initiating, in the first luminaire, provision
of a selection indication in response to receiving at least
one second device discovery message including the de-
vice identifier assigned therefor and the first command;
and receiving, in the mobile device one of a selection of
a second luminaire of the plurality of luminaires or a con-
firmation of selection of the first luminaire: transmitting,
in response to receiving a selection of the second lumi-
naire, at least one further second device discovery mes-
sage that includes a device identifier of the second se-
lected luminaire and the first command, and establishing,
in response to receiving a confirmation of selection of the
first luminaire, a wireless connection with the first lumi-
naire for exchange of information between the mobile
device and the first luminaire.

[0009] According to another example embodiment, a
lighting system comprising amobile device and a plurality
of luminaires is provided, the lighting system comprising
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means for repeatedly transmitting, from each of the plu-
rality of luminaires (110), respective first device discovery
messages, wherein a device discovery message in-
cludes a device identifier of the respective luminaire;
means for receiving, in the mobile device (130) from the
plurality of luminaires (110), respective at least one first
device discovery message; means for receiving, via a
user interface of the mobile device, a selection of a first
luminaire of the plurality of luminaires; means for trans-
mitting, from the mobile device, at least one second de-
vice discovery message that includes a device identifier
of the first luminaire and a first command; means for in-
itiating, in the first luminaire, provision of a selection in-
dication in response to receiving at least one second de-
vice discovery message including the device identifier
assigned therefor and the first command; means for re-
ceiving, in the mobile device one of a selection of a sec-
ond luminaire of the plurality of luminaires or a confirma-
tion of selection of the first luminaire; means for trans-
mitting, from the mobile device, in response to receiving
a selection of the second luminaire, at least one further
second device discovery message thatincludes a device
identifier of the second selected luminaire and the first
command; and means for establishing, by the mobile de-
vice, in response to receiving a confirmation of selection
of the first luminaire, a wireless connection with the first
luminaire for exchange ofinformation between the mobile
device and the first luminaire.

BRIEF DESCRIPTION OF FIGURES

[0010] The embodiments of the invention are illustrat-
ed by way of example, and not by way of limitation, in
the figures of the accompanying drawings, where

Figure 1 illustrates a block diagram of some compo-
nents of a lighting arrangement according to an ex-
ample;

Figure 2A illustrates a flow chart depicting a method
according to an example;

Figure 2B illustrates a flow chart depicting a method
according to an example;

Figure 3A illustrates an aspect of a user interface
according to an example;

Figure 3B illustrates an aspect of a user interface
according to an example;

Figure 3C illustrates an aspect of a user interface
according to an example; and

Figure 3D illustrates an aspect of a user interface
according to an example;
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DESCRIPTION OF SOME EMBODIMENTS

[0011] Figure 1 illustrates a block diagram of some
components of a lighting arrangement 100 according to
an example. In this regard, Figure 1 depicts luminaires
110-1, 110-2 and 110-N and a mobile device 130. The
example of Figure 1 suggests N luminaires, whereas in
general the lighting arrangement 100 involves two or
more luminaires 110. In the following, an individual lumi-
naire of the one or more luminaires 110 may be referred
to as a luminaire 110-n, whereas the two or more lumi-
naires 110 may be collectively referred to as a plurality
of luminaires 110 or just as luminaires 110.

[0012] Eachluminaire 110-n comprisesrespective one
or more light sources for providing the light output from
the luminaire 110-n (i.e. illumination) and a respective
control means for managing provision of the operating
power to the one or more light sources, for controlling
provision of the light output from the luminaire 110-n and
for otherwise controlling operation of the luminaire 110-
n. The control means may operate on basis of one or
more operating parameters that define respective as-
pects of luminaire operation, which operating parameters
are typically set to respective desired values e.g. upon
manufacturing the luminaire 110-n or upon installing the
luminaire 110-n in its operating environment. The control
means may constitute or it may comprise a driver device
for operating the one or more light sources of the lumi-
naire 110-n. The light sources and the driver devices are
customary components of luminaires known in the art
and their operation for control of lighting is well known.
Therefore, these aspects of the luminaires 110 are not
described herein in detail apart from the aspects of the
control means that relate to enabling fast identification
of a desired one of the luminaires 110.

[0013] The control means of a luminaire 110-n may
comprise or it may be coupled to a wireless communica-
tion means 111-n that enables wireless communication
with the mobile device 130 using suitable short-range
wireless communication technology. The control means
of the luminaire 110-n is arranged to control operation of
the wireless communication means 111-n to transfer in-
formation to and from the mobile device 130. The mobile
device 130 includes a wireless communication means
131 that enables wireless communication with the one
or more luminaires 110 using the same short-range wire-
less communication technology. A control means in the
mobile device 130 is arranged to control operation of the
wireless communication means 131 to transfer informa-
tion to and from the one or more luminaires 110. Exam-
ples of some components of the respective control
means in the luminaire 110-n and in the mobile device
130 are provided later in this disclosure.

[0014] According to an example, the wireless commu-
nication means 111-n and the wireless communication
means 131 are arranged to employ Bluetooth Low En-
ergy (BLE) protocol to enable the short-range wireless
communication with each other. While the BLE protocol
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serves as a non-limiting example of an applicable short-
range wireless communication protocol, it is used in the
following as an example in this regard for clarity and brev-
ity of description.

[0015] The luminaires 110 may be provided as inde-
pendent luminaires that operate autonomously without
external control (apart from supply of operating power)
and they are typically not connected to each other or to
an external control entity e.g. via a lighting control net-
work. In such a scenario, a luminaire 110-n may be pro-
vided with one or more light sensors and/or one or more
proximity sensors that are arranged to provide respective
sensor signals to the control means of the luminaire 110-
n, which control means is arranged to adjust the light
output from the luminaire 110-n in dependence of the
received sensor signal(s) in accordance with (respective
values of) the one or more operating parameters of the
luminaire 110-n. For such an independent luminaire, the
wireless communication means 111-n may be the only
way to access the operating parameters of the luminaire
110-n.

[0016] In an example, the luminaire 110-n is provided
as a self-learning (or self-adapting) luminaire thatis able
to autonomously adjust at least one of its operating pa-
rameters in the course of its operation e.g. via observed
movement patterns in the space the luminaire 110-n is
installed. Moreover, such a self-learning luminaire may
employ the wireless communication means 111-nto con-
nect to one or more other luminaires in its vicinity (e.g.
by forming a mesh network with the one or more other
luminaires) e.g. to transmit sensor data to one or more
other luminaires and/or to receive corresponding sensor
data from the one or more other luminaires, where the
sensor data may comprise e.g. sensor signal(s) and/or
information extracted therefrom at the respective lumi-
naire. The control means 111-n of the self-learning lumi-
naire may employ the received sensor data as further
input for adjusting its operating parameter(s).

[0017] The control means in the luminaires 110 and in
control means in the mobile device 130 are arranged to
carry out a procedure for establishing a wireless connec-
tion between the mobile device and a desired one of the
plurality of luminaires 110 in the framework of the lighting
arrangement 100. In this regard, such connection estab-
lishment procedure considers the luminaires 110 that are
within the operating range of the wireless communication
means 131 of the mobile device 130. Such an arrange-
ment of luminaires 110 may include, for example, a plu-
rality of luminaires 110 installed in a single space (e.g. a
single room) or a plurality of luminaires 110 installed in
two or more separate spaces (e.g. two or more rooms
that are adjacent or otherwise close to each other).
[0018] Inthe following, operation of components of the
lighting arrangement 100 for providing the procedure for
wirelessly connecting the mobile device 130 to a desired
one of the plurality of luminaires 110 is described via a
number of non-limiting examples. The description in this
regard is provided with references to methods 200a and
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200b that are illustrated by respective flowcharts depict-
ed in Figures 2A and 2B. The method 200a may be car-
ried out in the user device 130 and the method 200b may
be carried out in each of the luminaires 110.

[0019] The method 200b proceeds from the luminaires
110 using the respective wireless communication means
111-n to repeatedly transmit first device discovery mes-
sages, as indicated in block 222. The method 200a com-
mences from the mobile device 130 receiving, via the
wireless communication means 131, respective at least
one first device discovery message from the plurality of
luminaires 110, as indicated in block 202.

[0020] The repeated transmission of the first discovery
messages may be provided by arranging a luminaire 110-
n to continually transmit the first device discovery mes-
sages according to a predefined pattern, e.g. at regular
or substantially regular predefined intervals. The lumi-
naire 110-m may be arranged to autonomously transmit
the first device discovery messages without an explicit
command in this regard, e.g. such that the first device
discovery messages are transmitted according to the
predefined pattern when the luminaire 110-nis in receipt
of operating power.

[0021] The first device discovery messages transmit-
ted from aluminaire 110-n carry atleasta device identifier
assigned for the luminaire 110-n. The device identifier
serves to uniquely identify the luminaire 110-n in the
framework of the lighting arrangement 100. In an exam-
ple, the device identifier comprises a (permanent) ad-
dress assigned for the luminaire 110-n. In other exam-
ples, the device identifier may comprise, for example, a
name assigned for the luminaire 110-n or a serial number
assigned for the luminaire 110-n. The first device discov-
ery messages may comprise a header part and a payload
part, and the device identifier may be carried in the head-
er part of the first device discovery message, in the pay-
load part of the first device discovery message, or both
in the header part and the payload part of the first device
discovery message.

[0022] The first device discovery messages from the
luminaire 110-n may include further identifiers assigned
for the luminaire 110-n, such as one or more of a device
type identifier, a service identifier, a vendoridentifier. The
further identifier(s), ifincluded in a device discovery mes-
sage, are carried in the payload part of the first device
discovery message. One or more such further identifiers
may enable the mobile device 130 that receives the first
device discovery messages to classify or ‘filter’ the dis-
covered devices. As an example in this regard, a certain
predefined value of a device type identifier may be ap-
plied to indicate that the source of the first device discov-
ery message is a luminaire (and not e.g. another mobile
device).

[0023] The first device discovery messages transmit-
ted from the luminaire 110-n serve as an indication that
the luminaire 110-n is connectable by other devices, in
other words they indicate that the luminaire 110-n ac-
cepts connection requests from other devices. In this re-
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gard, the header part of the first device discovery mes-
sages may include an indication regarding the connect-
able status of the luminaire 110-n.

[0024] Asanexample ofthe firstdevice discovery mes-
sages transmitted from the luminaire 110-n by the wire-
less communication means 111-n, the first device dis-
covery messages may comprise BLE advertising mes-
sages. In thisregard, the BLE advertising messages may
be provided e.g. as ADV_IND protocol data units (PDUs),
where the AdvA field or the AdvData field of the payload
is employed to carry atleast the device identifier assigned
to the luminaire 110-n.

[0025] The operations described with references to
blocks 222 and 202 that involve the mobile device 130
receiving respective first device discovery messages
from the plurality of luminaires 110 and thereby obtaining
respective device identifiers result in the mobile device
130 detecting the plurality of luminaires that are within
the operating range of the wireless communication
means 131 of the mobile device 130.

[0026] From block 202 the method 200a proceeds into
receiving a selection of one of the detected luminaires
110, as indicated block 204. The selection may be re-
ceived, for example, via a user interface of the mobile
device 130, in response to a user selecting one of the
luminaires 110 from a list of device identifiers displayed
to him/her via the user interface of the mobile device 130.
The selection aspect will be described via more detailed
examples later in this disclosure. In the following, the
selected luminaire is referred to as a first selected lumi-
naire 110-k.

[0027] Receiving the selection of one of the detected
luminaires 110 results in the method 200a proceeding
into the mobile device 130 using the wireless communi-
cation means 131 to transmit at least one second device
discovery message that comprises at least the device
identifier assigned to the first selected luminaire 110-k
and a first command, as indicated in block 206, thereby
addressing the first command to the first selected lumi-
naire 110-k. The method 200b proceeds into the first se-
lected luminaire 110-k receiving, by the wireless commu-
nication means 110-k, at least one second device dis-
covery message that comprises the device identifier as-
signed for the first selected luminaire 110-k and the first
command, as indicated in block 224.

[0028] The second device discovery messages trans-
mitted from the mobile device 130 may comprise a head-
er part and a payload part, and the device identifier of
the first selected luminaire 110-k and the first command
are carried in the payload part. The header part, the pay-
load part or both the header part and payload part of the
second device discovery messages may further carry a
device identifier assigned for the user device 130, which
device identifier may uniquely identify the user device
130 in the framework of the lighting arrangement 100. In
an example, the device identifier assigned for the user
device 130 comprises a (permanent) address assigned
for the user device 130. In other examples, the device
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identifier assigned for the user device 130 may comprise,
for example, a name assigned for the user device 130 or
a serial number assigned for the user device 130.
[0029] The second device discovery messages trans-
mitted from the user device 130 serve to convey the de-
vice identifier of the first selected luminaire 110-k and the
first command, while they may at the same time serve
as an indication that the user device 130 is not connect-
able by other devices. In other words, the second device
discovery messages may indicate that the user device
130 is non-connectable and hence it does not respond
to connection requests from other devices. In this regard,
the header part of the second device discovery messag-
es may include an indication regarding the non-connect-
able status of the user device 130.

[0030] As an example of the second device discovery
messages transmitted from the user device 130 by the
wireless communication means 131, the second device
discovery messages may comprise BLE advertising
messages. In this regard, the BLE advertising messages
may be provided e.g. as ADV_NONCONN_IND PDUs,
where the AdvData field of the payload is employed to
carry at least the device identifier assigned to the first
selected luminaire 110-k and the first command.

[0031] The first command may comprise a first prede-
fined bit pattern that, when received by a luminaire 110-
nidentified in the second device discovery message, trig-
gerstheluminaire 110-n to initiate provision of a selection
indication. Hence, the first selected luminaire 110-k ini-
tiates provision of a selection indication in response to
receiving the at least one second device discovery mes-
sage that comprises the device identifier assigned for the
first selected luminaire 110-k and the first command, as
indicated in block 226. The selection indication serves a
prompt to the user of the mobile device 130 for identifi-
cation of the first selected luminaire 110-k in his/her phys-
ical environment. The predefined indication is preferably
avisualindication. In an example, the selection indication
involves changing the light output of the first selected
luminaire 110-k in a predefined manner, e.g. by providing
the light at a predefined intensity level or changing the
light intensity level according to a predefined pattern (e.
g. to cause blinking of the light output).

[0032] Also other luminaires 110 may receive the sec-
ond device discovery message(s) transmitted from the
user device 130. However, only the first selected lumi-
naire 110-k whose device identifier is included in the sec-
ond device discovery message(s) reacts by initiating pro-
vision of the selection indication. In an example, the first
selected luminaire 110-k discontinues provision of the
selection inresponse to receiving a third device discovery
message that comprises the device identifier assigned
for the first selected luminaire 110-k and a second com-
mand (described later in this disclosure). In another ex-
ample, the first selected luminaire 110-k discontinues
provision of the selection indication in response to re-
ceiving a third device discovery message that comprises
adeviceidentifierthatis not assigned for the first selected
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luminaire 110-k (but is assigned, for example, to another
one of the luminaires 110) and the first command. In a
further example, the first selected luminaire 110-k termi-
nates provision of the selection indication after a prede-
fined period of time.

[0033] Referring back to the method 200a, the selec-
tion of one of the detected luminaires 110 in the mobile
device 130 further results in the mobile device 130 initi-
ating connection establishment with the selected lumi-
naire 110-k, as indicated in block 208. The initiation of
connection establishment may involve, for example, the
user device 130 using the wireless communication
means 131 to respond to the first device discovery mes-
sages received from the first selected luminaire 110-k by
transmitting one or more device discovery response mes-
sages and/or connection request messages addressed
to the first selected luminaire 110-k. In parallel, in the
course of the method 200b, the first selected luminaire
110-kinitiates the connection establishment with the mo-
bile device 130 in response to the device discovery re-
sponse messages and/or connection request messages
received from the user device, as indicated in block 228.
[0034] The user of the mobile device 130 observes
his/her environment and verifies whether the first select-
edluminaire 110-k thatis currently providing the selection
indication (e.g. via changing its light output in the prede-
fined manner, such as by blinking the lights) is the desired
one. This action by the user does not form a part of the
method 200a but rather serves as an event that may lead
to the user operating the user device 130 to control the
method 200a to proceed into one of the following:

- The method 200a may involve receiving a selection
of a second one of the detected luminaires 110, as
indicated in block 210a. The selection of the second
one of the detected luminaires 110 may be received
via the user interface of the mobile device 130. In
the following, the luminaire selected via operations
of block 210a is referred to as a second selected
luminaire 110-m. The method 200a may proceed into
operations of block 210a in response to the user de-
termining that the first selected luminaire 110-k is
not the desired one and, consequently, entering se-
lection of the second selected luminaire 110-m via
the user interface of the mobile device 130.

- The method 200a may involve receiving a confirma-
tion of selection of the first selected luminaire 110-
k, as indicated in block 210b. The confirmation may
be received via the user interface of the mobile de-
vice 130. The method 200a may proceed into oper-
ations of block 210b in response to the user deter-
mining that the first selected luminaire 110-k is the
desired one and, consequently, entering confirma-
tion of selection of of the first selected luminaire 110-
k via the user interface of the mobile device 130.

[0035] Referring now to the method 200b, the process
may proceed from block 228 either to the first selected
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luminaire 110-k detecting the mobile device 130 having
selected another one of the luminaires 110, as indicated
in block 230, or the process may proceed into the first
selected luminaire 110-k completing the connection es-
tablishment with the mobile device 130 to enable transfer
of data therebetween.

[0036] In case of receiving a selection of another one
of the detected luminaires 110 (block 210a), the method
200a proceeds into terminating the connection to the first
selected luminaire 110-k, as indicated in block 212. In
case the connection establishment is not yet completed,
the operation of block 212 involves terminating the con-
nection establishment with the first selected luminaire
110-k. Moreover, the mobile device 130 may also pro-
ceed into using the wireless communication means 131
to transmit at least one third device discovery message
that comprises at least the device identifier assigned to
the first selected luminaire 110-k and the second com-
mand, as indicated in block 214. The second command
may comprise a second predefined bit pattern that, when
received by a luminaire 110-n identified in the second
device discovery message, triggers the luminaire 110-n
to terminate or discontinue provision of the selection in-
dication. From block 214, the operation of the method
200a returns to block 206 for transmission of at least one
further second device discovery message that now com-
prises atleast the device identifier assigned to the second
selected luminaire 110-m and the first command.
[0037] In the first selected luminaire 110-k, detection
of the mobile device 130 having selected another one of
the luminaires 110 (block 230) results in the first selected
luminaire 110-k terminating the provision of the selection
indication, as indicated in block 232. Moreover, the first
selected luminaire 110-k may terminate the connection
to the mobile device 130, as indicated in block 234, if the
connection has been already established and it is not yet
terminated by the mobile device 130 (cf. block 212).
[0038] As an example of the third device discovery
messages transmitted from the user device 130 by the
wireless communication means 131, the third device dis-
covery messages may comprise BLE advertising mes-
sages. Inthisregard, the BLE advertising messages may
be provided e.g. as ADV_NONCONN_IND PDUs, where
the AdvData field of the payload is employed to carry at
least the device identifier assigned to the first selected
luminaire 110-k and the second command.

[0039] In a variation of operation of the methods 200a
and 200b, transmission of the at least one third device
discovery message that comprises at least the device
identifier assigned to the first selected luminaire 110-k
and the second command (cf. block 214) may be omitted
and the method 200a may directly proceed into trans-
mission of the at least one further second device discov-
ery message that comprises at least the device identifier
assigned to the second selected luminaire 110-m and
the first command (block 206). In such a variation, the
first selected luminaire 110-k may consider termination
of the connection or termination of the connection estab-
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lishment by the mobile device 130 (cf. block 212) as an
indication of the mobile device 130 having selected an-
other one of the luminaires 110 (cf. block 230), which
results in termination of provision of the selection indica-
tion (cf. block 232). Alternatively, since also the first se-
lected luminaire 110-k typically receives the further sec-
ond device discovery message(s) addressing the first
command to the second selected luminaire 110-m, it may
consider the first command addressed to the second se-
lected luminaire 110-m as an indication of the mobile
device 130 having selected another one of the luminaires
110 (cf. block 230), which results in termination of provi-
sion of the selection indication (cf. block 232).

[0040] In case of receiving a confirmation of selection
of the first selected luminaire (block 210b), if the connec-
tion establishment with the first selected luminaire 110-
k is not yet completed, the method 200a proceeds into
completing the connection establishment with the first
selected luminaire 110-k, as indicated in block 216. Fur-
thermore, the mobile device 130 also proceeds into ex-
changing information with the first selected luminaire
110-k via the established connection. The exchange of
information may involve, for example, reading values of
operating parameters from the first selected luminaire
110-k and/or adjusting values of operating parameters
in the first selected luminaire 110-k. When the exchange
of information with the first selected luminaire 110-k is
completed, the mobile device 130 may terminate the con-
nection to the first selected luminaire 110-k.

[0041] Inthe method 200b, the first selected luminaire
110-k completes the connection establishment with the
mobile device 130 (if not yet completed), as indicated in
block 236, and proceeds into exchanging information
with the mobile device 130, as indicated in block 238. In
an example, the fist selected luminaire 110-m terminates
provision of the selection indication in response to the
mobile device 130 terminating the connection thereto. In
another example, the mobile device 130 may further
transmit at least one third device discovery message that
comprises at least the device identifier assigned to the
first selected luminaire 110-k and the second command,
reception of which results in the first selected luminaire
110-k terminating provision of the selection indication.
[0042] In an exemplifying variation of the method 200a
and 200b, the initiation of the connection establishment
between the mobile device 130 and the first selected lu-
minaire 110-k described with references to blocks 208
and 228 is omitted and the wireless connection between
the mobile device 130 and the first selected luminaire
110-k is initiated and carried out after having received
the confirmation of selection of the first selected luminaire
110-k (cf. block 210b), for example in context of opera-
tions pertaining to blocks 216 and 236 of the methods
200a and 200b, respectively. While this variation may
introduce an additional delay in the user device 130 es-
tablishing the wireless connection with the desired one
ofthe luminaires 110, especially in a scenario where mul-
tiple luminaires are tried before encountering the desired
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one, it has the benefit of conserving operating power by
avoiding connection establishment operations before
having confirmed the selection of the desired one of the
luminaires 110.

[0043] Referring backto block 204 in the method 200a,
the mobile device 130 may arrange the device identifiers
received from the detected luminaires 110 into a list of
device identifiers and display the list of device identifiers
for the user via the user interface of the mobile device
130. The user interface may further provide the user with
a possibility to select, on basis of the list displayed to
him/her, a desired one of the detected luminaires 110.
Consequently, the user-selection results in the mobile
device 130 receiving the selection of one of the detected
luminaires in accordance with block 204.

[0044] In an example, the device identifiers are ar-
ranged in the list in a decreasing order of received signal
strength indication (RSSI) computed therefor. In this re-
gard, the mobile device 130 may compute a RSSI value
for a luminaire 110-n on basis of respective radio signal
carrying one or more first device discovery messages
received from the luminaire 110-n. Hence, the RSSI for
the luminaire 110-n may be computed, for example, as
the average RSSI of the piece of radio signal carrying a
single first device discovery message originating from
the luminaire 110-n or as the average RSSI of the re-
spective pieces of radio signal that carry two or more
device discovery messages originating from the lumi-
naire 110-n. Since luminaires 110 that have their wireless
communication means 111 closest to the mobile device
110 are likely to yield the highest RSSI values, such or-
dering of the device identifiers in the list typically places
the luminaires 110 that are closest to the mobile device
among the first ones on the list. Consequently, the user
may be able to make use of the ordering of the luminaires
110 in the list as a hint towards promptly finding the de-
sired one of the luminaires 110.

[0045] Figure 3A schematically illustrates an example
of the user interface (Ul) that enables the user selecting
a luminaire among the detected luminaires 110. The list
of device identifiers is shown as the bottom part of the
Ul, comprising respective device identifiers of five detect-
ed luminaires 110 ("8C57", "8B96", "8B9B", "8COF",
"8C6D"). The device identifier in the top of the list ("8C57")
is shown in bold text, indicating that the user has provi-
sionally selected this luminaire 110 from the list. The top
part of the Ul shows a status indication ("> Connecting
to 8C57 <") that serves as an indication that the user has
also entered selection of the first selected luminaire 110-
k via operating the button in the middle part of the Ul (with
the label "Connect") and that the mobile device has ini-
tiated the operations described in blocks 206 and 208, i.
e. transmitted the at least one device discovery message
that includes the device identifier of the first selected lu-
minaire 110-k (in this example "8C57") and the first com-
mand and initiated connection establishment with the first
selected luminaire 110-k.

[0046] Figure 3B schematically illustrates an example
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of the user interface (Ul) that reflects a later stage in a
procedure according to the method 200a, where the user
has operated the button in the middle of the Ul (with the
label "Select") to confirm selection of the first selected
luminaire 110-k and the connection between the mobile
device 130 and the first selected luminaire 110-k has
been established (cf. block 236). Consequently, the pro-
cedure according to the method 200a may continue to
exchange of information between the two connected de-
vices in accordance with block 238.

[0047] Figures 3C and 3D schematically illustrate fur-
ther examples of the Ul aspect in the mobile device 130.
In the example of Figure 3C the procedure according to
the method 200a has proceeded to the user provisionally
selecting the second device identifier in the list ("8B96")
that is shown in bold text, with the top part of the Ul show-
ing a status indication ("> Connecting to 8B96 <") that
serves as an indication that the user has also entered
selection of the second selected luminaire 110-m via op-
erating the "Connect" button in the middle part of the Ul
and that the mobile device 130 has re-initiated the oper-
ations described in blocks 206 and 208, i.e. has trans-
mitted the atleast one second device discovery message
that includes the device identifier of the second selected
luminaire 110-m (in this example "8B96") and the first
command, and initiated connection establishment with
the second selected luminaire 110-m. In the example of
Figure 3D the procedure according to the method 200a
has proceeded to the user having confirmed selection of
the second selected luminaire 110-m, and the connection
between the mobile device 130 and the second selected
luminaire 110-m has been established (cf. block 236).
[0048] The approach described in the foregoing with a
number examples that refer to one or more components
ofalighting arrangement 100 and/or to the methods 200a
and/or 200b enable using the mobile device 130 for fast
identification of a desired one of the luminaires 110 to
enable exchange of information between the mobile de-
vice and the desired one of the luminaires 110 also in a
scenario where there is a relatively high number of lumi-
naires in relatively small space. Moreover, the approach
described in this disclosure also enables fast and con-
venient mapping of positions of the luminaires 110 on a
floorplan or other presentation of the space(s) in which
the luminaires 110 are installed via the device identifiers
received in the first device discovery messages transmit-
ting from each of the plurality of luminaires 110.

[0049] The controlmeansinthe mobiledevice 130 may
be provided, for example, by a processor and a program
code stored in a memory, where the program code is
arranged to cause the mobile device 130 to implement
operations described in the forgoing by various examples
that refer to the method 200a when the program code
executed by the processor. The mobile device 130 may
comprise, for example, a general purpose mobile device
such as a mobile phone, a tablet computer, a laptop com-
puter, etc. arranged to carry out the operations described
via examples provided in the foregoing. In another ex-
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ample, the mobile device 130 may comprise a special-
purpose device that serves as a remote controller’ for
monitoring and/or adjusting operating parameters of the
luminaires 110.

[0050] The control means in the luminaire 110-n may
be provided, for example, by a processor and a program
code stored in a memory, where the program code is
arranged to cause the luminaire 110-n to implement op-
erations described in the forgoing by various examples
that refer to the method 200b when the program code
executed by the processor. As an example, such control
means may be provided as part of the driver device of
the luminaire 110-n.

[0051] In the present disclosure, although functions
have been described with reference to certain features,
those functions may be performable by other features
whether described or not. Although features have been
described with reference to certain embodiments, those
features may also be present in other embodiments
whether described or not.

Claims

1. A method for establishing a wireless connection be-
tween a mobile device (130) and a desired one of a
plurality of luminaires (110), the method comprising
repeatedly transmitting, from each of the plurality of
luminaires (110), respective first device discovery
messages, wherein a device discovery message in-
cludes a device identifier of the respective luminaire
(110-n);
receiving, in the mobile device (130) from the plural-
ity of luminaires (110), respective at least one first
device discovery message;
receiving, via a user interface of the mobile device
(130), a selection of a first luminaire (110-k) of the
plurality of luminaires (110);
transmitting, from the mobile device (130), at least
one second device discovery message that includes
a device identifier of the first luminaire (110-k) and
a first command;
initiating, in the first luminaire (110-k), provision of a
selection indication in response to receiving at least
one second device discovery message including the
device identifier assigned therefor and the first com-
mand; and
receiving, via the user interface of the mobile device
(130) one of a selection of a second luminaire (110-
m) of the plurality of luminaires (110) or a confirma-
tion of selection of the first luminaire (110-k):

transmitting, in response to receiving a selection
of the second luminaire (110-m), at least one
further second device discovery message that
includes a device identifier of the second select-
edluminaire (110-m) and the firstcommand, and
establishing, in response to receiving a confir-
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mation of selection of the first luminaire (110-k),
a wireless connection with the first luminaire
(110-k) for exchange of information between the
mobile device (130) and the first luminaire (110-
k).

A method according to claim 1, further comprising
initiating, by the mobile device (130), establishment
of a wireless connection with the first luminaire (110-
k) in response to receiving the selection of a first
luminaire (110-k); and

terminating, by the mobile device (130), the estab-
lishment of a wireless connection with the first lumi-
naire (110-k) in response to receiving a selection of
the second luminaire (110-m).

A method according to claim 1, further comprising
initiating, by the mobile device (130), establishment
of a wireless connection with the first luminaire (110-
k) in response toreceiving a confirmation of selection
of the first luminaire (110-k).

A method according to any of claims 1 to 3, further
comprising

terminating, in the first luminaire (110-k), provision
of the selection indication in response to receiving
at least one further second device discovery mes-
sage including the device identifier not assigned
therefor and the first command.

A method according to any of claims 1 to 3, further
comprising

transmitting, from the mobile device (130) in re-
sponse to receiving a selection of the second lumi-
naire (110-m), at least one third device discovery
message that includes the device identifier of the
first luminaire (110-k) and a second command; and
terminating, in the first luminaire (110-k), provision
of the selection indication in response to receiving
at least one third device discovery message includ-
ing the device identifier assigned therefor and the
second command.

A method according to any of claims 1 to 5, further
comprising,

exchanging, in response to receiving a confirmation
of selection of the first luminaire (110-k), information
between the mobile device (130) and the first lumi-
naire (110-k) via the established wireless connec-
tion.

A method according to any of claims 1 to 6, wherein
receiving a selection of a first luminaire (110-k) and
receiving a selection of a second luminaire compris-
es

computing, in the mobile device (130), for each of
the plurality of luminaires (110), a respective re-
ceived signal strength indicator (RSSI) on basis of
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10.

1.

12.

radio signals that carry at least one first device dis-
covery message received from the respective lumi-
naire (110-n);

displaying, via the user interface of the mobile device
(130), a list of device identifiers arranged in a de-
scending order of RSSIs computed for the respective
luminaires (110); and

receiving the selection of the first luminaire (110-k)
or the second luminaire (110-m) via the user inter-
face of the mobile device (130).

A method according to any of claims 1 to 7, wherein
the selection indication comprises changing the light
output from the first luminaire (110-k) in a predefined
manner.

A method according to any of claims 1 to 8, wherein
said first device discovery messages comprise de-
vice discovery messages that indicate connectable
status of the luminaire (110-n) transmitting said mes-
sage;

said second device discovery messages and further
second device discovery messages comprise re-
spective device discovery messages that indicate
non-connectable status of the mobile device (130).

A method according to any of claims 1 to 9, wherein
said device discovery messages comprise Bluetooth
Low Energy (BLE) advertising messages, wherein
said first device discovery messages comprise BLE
ADV_IND protocol data units (PDU); and

said second device discovery messages and further
second device discovery messages comprise BLE
ADV_NONCONN_IND PDUs.

A method according to any of claims 1 to 10, wherein
said device discovery messages comprise a header
partand a payload part, and wherein the device iden-
tification and the first and/or second command is in-
cluded in the payload part.

A system comprising a mobile device (130) and a
plurality of luminaires (110), the system comprising
means for repeatedly transmitting, from each of the
plurality of luminaires (110), respective first device
discovery messages, wherein a device discovery
message includes a device identifier of the respec-
tive luminaire (110-n);

means for receiving, in the mobile device (130) from
the plurality of luminaires (110), respective at least
one first device discovery message;

means forreceiving, via a user interface of the mobile
device (130), a selection of a first luminaire (110-k)
of the plurality of luminaires (110);

means for transmitting, from the mobile device (130),
at least one second device discovery message that
includes a device identifier of the first luminaire (110-
k) and a first command;
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means for initiating, in the first luminaire (110-k), pro-
vision of a selection indication in response to receiv-
ing at least one second device discovery message
including the device identifier assigned therefor and
the first command;

means for receiving, via the user interface of the mo-
bile device (130) one of a selection of a second lu-
minaire (110-m) of the plurality of luminaires (110)
or a confirmation of selection of the first luminaire
(110-k);

means for transmitting, from the mobile device (130),
in response to receiving a selection of the second
luminaire (110-m), atleast one further second device
discovery message that includes a device identifier
of the second selected luminaire (110-m) and the
first command; and

means for establishing, by the mobile device (130),
in response to receiving a confirmation of selection
of the first luminaire (110-k), a wireless connection
with the first luminaire (110-k) for exchange of infor-
mation between the mobile device (130) and the first
luminaire (110-k).

A system according to claim 12, further comprising
means for initiating, by the mobile device (130), es-
tablishment of a wireless connection with the first
luminaire (110-k) in response to receiving the selec-
tion of a first luminaire (110-k); and

means for terminating, by the mobile device (130),
the establishment of a wireless connection with the
first luminaire (110-k) in response to receiving a se-
lection of the second luminaire (110-m).

A system according to claim 12, further comprising
means for initiating, by the mobile device (130), es-
tablishment of a wireless connection with the first
luminaire (110-k) in response to receiving a confir-
mation of selection of the first luminaire (110-k).

Asystemaccording to any of claims 12to 14, wherein
said device discovery messages comprise Bluetooth
Low Energy (BLE) advertising messages, wherein
said first device discovery messages comprise BLE
ADV_IND protocol data units (PDU); and

said second device discovery messages and further
second device discovery messages comprise BLE
ADV_NONCONN_IND PDUs.
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