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(54) LIGHTING DEVICE WITH VOICE CONTROL

(67)  Thepresentinvention relates to a lighting device
comprising a receiver (6) for receiving a voice input, a
voice recognition circuit (13) configured to recognize at
least one predetermined voice command in the voice in-
put and to output a command code assigned to the pre-
determined voice command in response to the recog-
nized predetermined voice command and a control circuit
(11) configured to control the lighting device based on
the command code.
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Description

[0001] The invention is in the field of lighting equip-
ment. In particular, the invention relates to a lighting de-
vice and a method for controlling the lighting device.
[0002] In lighting systems, a person usually controls
luminaires by operating a switch. Alternatively, or for ac-
tivating special functions that cannot be easily set with a
single switch, luminaires can be controlled by voice com-
mands.

[0003] However, this often requires additional devices,
such as a smartphone, for voice input and an Internet
connection or central components that are connected to
a network. This connection may be local for controlling
lighting devices connected in the same network, but in
most cases the component for voice command recogni-
tion is also connected to the internet.

[0004] Itis an object of the presentinvention to provide
an apparatus and a method, which reduce the above
problems. In particular, an object of the present invention
is to provide a lighting device and a method, with which
voice control can be provided with low effort and cost.
[0005] This object is achieved by a lighting device and
a method for controlling a lighting device according to
the enclosed independent claims. Advantageous fea-
tures of the present invention are defined in the corre-
sponding dependent claims.

[0006] According to the present invention, the lighting
device comprising a receiver for receiving a voice input,
a voice recognition circuit configured to recognize atleast
one predetermined voice command in the voice inputand
to output a command code assigned to the predeter-
mined voice command in response to the recognized pre-
determined voice command and a control circuit config-
ured to control the lighting device based on the command
code.

[0007] The voice recognition circuit and the receiver
for receiving the voice input are part of the lighting device,
eliminating the need for an external voice input device or
Internet connection. Since voice inputis processed within
the lighting device, no special data protection measures
or measures to prevent unauthorized access from out-
side are necessary. Further, such integration has the ad-
vantage that spoken voice command does not need to
reach a central component to execute command recog-
nition and a spatial limitation can be achieved. In a sce-
nario where a plurality of devices are in a close spatial
relation, this avoids misinterpretation of voice command.
An example is an office with a plurality of voice controlled
luminaires, for which the invention enables control from
a limited area around the position of the luminaire.
[0008] The voice recognition circuitry and the control
circuitry can be separate modules, interconnected via a
Universal Serial Bus (USB) or universal asynchronous
receiver-transmitter (UART) interface. Preferably, the
control circuit acts as USB host and the voice recognition
circuit acts as USB device preferably as USB Human
Interface Device. In addition, the voice recognition cir-
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cuitry can be powered via the USB interface.

[0009] According to a preferred embodiment, the con-
trol circuit is DALI-2 application controller, wherein the
lighting device comprises at least one converter circuit
configured to provide a supply voltage and/or current to
a light source of the lighting device and a DALI-2 bus
configured to interconnect the at least one converter de-
vice and the control circuit.

[0010] The voice command and thus the command
code can contain a command for configuration (setting
parameters, such as dimming speed, color temperature)
and/or for control (switching on/off, dimming) of the light-
ing device. Only a single voice command, such as "light",
could be used/stored to control the lighting device, with
the voice command turning the lighting device on or off
depending on the current operating state of the lighting
device. In addition, the voice recognition circuitry can be
configured to recognize the command even ifitis spoken
in different languages.

[0011] The voice command can include one or more
words. To increase the accuracy of voice recognition, the
number of words/commands to be recognized can be
reduced by language selection and/or adaptation to the
current state of the lighting device in which only certain
commands can be processed/executed. For this, the
voice recognition circuit can be configured to recognize
each of a plurality of predetermined voice commands,
wherein a part of the plurality of predetermined voice
commands is assigned to a predetermined state of the
lighting device and the control circuit is configured to de-
tect the predetermined state and to control the voice rec-
ognition circuit to restrict the recognition of the voice com-
mands to the part when the predetermined state is de-
tected. The state can be an operating state of the lighting
device (e.g., light on or off, configuration mode, emer-
gency mode) or a user/device-activated menu (e.g., lan-
guage selection menu, menu for selecting color temper-
ature and/or intensity) in which only certain settings can
be made by predetermined voice commands.

[0012] Language can be setin the language selection
menu activated by a voice command and/or can be set
automatically by the lighting device by analyzing/deter-
mining the language of the voice commands received by
the receiver (microphone).

[0013] In addition or alternatively, an error signal can
be issued to the user if a voice command is received that
cannot be executed in the current/detected state or if the
voice input cannot be recognized (unknown command,
wrong language). For this, the control circuit is configured
to output an error signal if the predetermined state is de-
tected and the voice recognition circuit recognizes a
voice command that does not belong to the part of the
plurality of predetermined voice commands or if the voice
recognition circuit does not recognize a voice command
in the voice input.

[0014] The error signal can be output by an indicator
light of the lighting device and/or a loudspeaker of the
lighting device. In addition or alternatively, the voice com-
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mands expected/accepted in the current state can be
output by the loudspeaker to inform the user, wherein
the control circuit is configured to control the loudspeaker
to output the voice commands of the part of the plurality
of predetermined voice commands one by one, when the
predetermined state is detected and/or instead of the er-
ror signal.

[0015] The control circuit can be configured to classify
a plurality of states of the lighting device, such as different
operating states (on, off, xX%<dim level>y%) but also dif-
ferent menu stages, and to determine the expected/ac-
cepted commands assigned to each class (stage). In par-
ticular, the control circuit can be configured to detect at
least afirstand second state of the lighting device, where-
in the first state corresponds to a main menu and the
second state corresponds to a sub menu of the main
menu and a first part of the plurality of voice commands
is assigned to the main menu and a second part of the
plurality of voice commands is assigned to the sub menu.
In this way, the voice recognition circuit can be controlled
to restrict/focus recognition on the voice commands ex-
pected/accepted for the respective menu.

[0016] If there are several persons and/or lighting de-
vices in the same room, lighting device may be controlled
unintentionally. To prevent such malfunction, the lighting
device can comprise a detecting means configured to
detected a person in an area, wherein the control circuit
is configured to control the lighting device based on the
command code only when the person is detected. The
detecting means can comprise a directional microphone,
a camera and/or a motion detector directed to the area
and/or a microphone array configured to locate the per-
son in the area.

[0017] The receiver can comprise the directional mi-
crophone orthe microphone array toreceive the person’s
voice input when the person is in the area.

[0018] The lighting device can be a pendant luminaire,
a wall luminaire or ceiling luminaire. According to a pre-
ferred embodiment, the lighting device is a free-standing
luminaire having a head, wherein the head comprises an
optical element configured to direct, by refraction and/or
reflection, light of a light source to at least a part of the
area and the detecting means is located in or on the lu-
minaire head.

[0019] Alternatively or in addition, the person can ad-
dress the desired lighting device to prevent control of
another lighting device. For this, the voice recognition
circuit is configured to recognize the at least one prede-
termined voice command including a name assigned to
the lighting device and the control circuit is configured to
control the lighting device based on the command code
only when the name is included in the at least one pre-
determined voice command.

[0020] If several parameters of the lighting device are
controllable, the voice command can name a parameter
and specify how to change/set the parameter, wherein
the voice recognition circuit is configured to recognize a
voice command including the name of a parameter to be
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set and an indication of how to set/change the parameter
and the control circuit is configured to set/change the
parameter.

[0021] The lighting device can comprise a housing, in
which at least one of the receiver, the voice recognition
circuit, the control circuit and the detecting means is ar-
ranged.

[0022] According to the present invention, a method
for controlling a lighting device comprises the steps of:

- receiving a voice input;

- recognizing at least one predetermined voice com-
mand in the voice input to output a command code
assigned to the predetermined voice command in
response to the recognized predetermined voice
command; and

- controlling the lighting device based on the com-
mand code.

[0023] Embodiments of the invention are discussed in
detail with reference to the enclosed figures, in which

FIG. 1 shows a lighting device according to an em-
bodiment of the present invention in side view,

FIG. 2 shows a simplified block diagram of parts of
the lighting device shown in FIG. 1,

FIG. 3 shows a table of parameters to be set for the
USB Human Interface Device communication,

FIG. 4 shows a table of instruction groups and the
corresponding first byte of the HID report data pack-
et,

FIG. 5 shows a table of instructions to be recognized,

FIG. 6 shows a table of voice recognition results and
the respective feedback to the user,

FIG. 7 shows a table of menu options and the cor-
responding command, and

FIG. 8 shows a flowchart of a menu selection oper-
ation.

[0024] In the figures, same reference numbers denote
same or equivalent structures. The explanation of struc-
tures with same reference numbers in different figures is
avoided where deemed possible for sake of conciseness.
[0025] FIG. 1 shows a lighting device 1 according to
an embodiment of the present invention in a side view.
The lighting device 1 is a free-standing luminaire (floor
lamp) formed by a head 2, a base 3 and a stand 4 which
is mounted on the base 3 and to which head 2 is attached.
The head 2 comprises an optical element 5 configured
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to direct light from a light source (not shown) to an area
below the head 2 and a microphone 6 to receive voice
commands. A switch 7 to turn the light on and off and a
loudspeaker 8 is attached to the stand 4. It is to be noted
that the switch is optional and the lighting device may be
controlled by voice control only. The height of the lighting
device 1 is about two meters.

[0026] As shown in FIG. 2 the lighting device 1 com-
prises a light source 9, a converter circuit 10 configured
to provide a supply voltage and/or current to the light
source 9, a control circuit 11 configured to control the
converter circuit 10 based on a signal received from the
switch 7 and based on a voice command received by the
microphone 6, a DALI bus 12, to which the converter
circuit 10, the switch 7 and the control circuit 11 are con-
nected, a voice recognition circuit 13 connected to the
microphone 6 and the control circuit 11, a power supply
14 for the voice recognition circuit 13 and a power supply
15 for the control circuit 11.

[0027] The control circuit 11 is a DALI application con-
troller that transmits and receives signals to/from the con-
verter circuit 10 and the switch 7 via the DALI bus 12 and
transmits and receives signals to/from the voice recog-
nition circuit 13 via a USB interface/connection 16. In
FIG. 2, the voice recognition circuit 13 is powered by the
power supply 14. Alternatively, the voice recognition cir-
cuit 13 can be powered by the USB interface (5V,
500mA).

[0028] The voice recognition circuit 13 actsas USB 2.0
device and the control circuit 11 acts as USB host. Table
1in FIG. 3 shows parameters to be set for the Human
Interface Device (HID) communication.

[0029] The voice recognition circuit 13 is programmed
by the manufacturer of the lighting device 1 or the voice
recognition circuit 13 to generally recognize a specific
set of voice commands in specific languages. The com-
mands (command codes) transmitted from the voice rec-
ognition circuit 13 to the control circuit 11 via the USB
interface 16 can be classified in different instruction
groups, wherein the respective instruction group is indi-
cated by the first byte of the possible 64 bytes in the HID
report data packet. Table 2 in FIG. 4 shows the first byte
assigned to different instruction groups.

[0030] The control circuit 11 controls the converter cir-
cuit 10 based on the command received from the voice
recognition circuit 13. The command can be an instruc-
tion to set the light intensity or the color temperature. In
addition, the command can be an instruction to acti-
vate/deactivate a settings menu or to select a menuitem.
To simplify speech recognition, numbers can be as-
signed to the menu items, wherein the control circuit 11
controls the loudspeaker 8 to list the menu items with the
corresponding number so that the user knows which
number to call to select the desired menu item. In addi-
tion, the control circuit 11 can be configured to provide
feedback to the user regarding the result of the voice
recognition and/or to list all commands/instructions if the
lighting device 1 is powered with for the firsttime, a certain
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switch is operated, or a corresponding voice command
is received.

[0031] Table 3in FIG. 5 shows a set of 16 instructions
that can be recognized by the voice recognition circuit
13 in English and German, wherein the instructions of
columns 12 to 16 are numbers for selecting menu items
in a menu activated by the instruction "Start Menu" and
"Starte Menu" of column 12. In this way, the instructions
of columns 11 to 16 can be executed only when the menu
is activated and the instructions of columns 1 to 10 can
be executed only when the menu is deactivated. To in-
crease the accuracy of voice recognition, the control cir-
cuit 10 can control the voice recognition circuit 13 to fo-
cus/restrict the voice recognition to the instructions of
columns 1 to 10 when the menu is deactivated and to
focus/restrict the voice recognition to the instructions of
columns 11 to 16 when the menu is activated. When the
instruction of column 9 is received, the control circuit 10
requests information about the weather from an external
server (not shown), for example, via Internet, and con-
trols the loudspeaker 8 to output the information using
Text-to-Speech software/module.

[0032] Table4inFIG. 6 shows results of the voice rec-
ognition and the respective feedback output by the loud-
speaker 8. The language of the feedback can be adapted
to the language of the instruction.

[0033] FIG. 7 shows in table 5 the selection options
with the corresponding instruction for the menu and sub-
menus (different menu stages), and FIG. 8 shows a flow-
chart of the menu selection operation. As shown in FIG.
7 and 8, when the menu is activated by the command
"Start Menu" or "Starte Men(", the control circuit 11 con-
trols the loudspeaker 8 to list the menu items "Language

speaker output", "Low light level",..., "Speaker volume"
with  the corresponding number "One"/"Eins",
"Two"/"Zwei", ..., "Five"/"Finf" and list the sub menu

items "Deutsch" and "English" with the corresponding
number "Eins" and "Two" whenthe menuitem "Language
speaker output" is activated by the instruction "One" or
"Eins".

Claims
1. Lighting device comprising

a receiver (6) for receiving a voice input;

a voice recognition circuit (13) configured to rec-
ognize at least one predetermined voice com-
mand in the voice inputand to outputa command
code assigned to the predetermined voice com-
mand in response to the recognized predeter-
mined voice command; and

a control circuit (11) configured to control the
lighting device based on the command code.

2. Thelighting device according to claim 1, further com-
prising
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a serial interface, preferably USB or UART interface
(16), configured to connect the voice recognition cir-
cuit (13) to the control circuit (11).

The lighting device according to claim 2, wherein
the control circuit (11) acts as USB host and the voice
recognition circuit (13) acts as USB device oras USB
Human Interface Device.

The lighting device according to any one of the pre-
ceding claims, further comprising

at least one converter circuit (10) configured to
provide a supply voltage and/or currentto a light
source (9); and

a DALI-2 bus (12) configured to connect the at
least one converter device (109) to the control
circuit (11), wherein

the control circuit (11) is an application control-
ler.

The lighting device according to any one of the pre-
ceding claims, wherein

the voice recognition circuit (13) is configured to
recognize each of a plurality of predetermined
voice commands; and

a part of the plurality of predetermined voice
commands is assigned to a predetermined state
of the lighting device; and

the control circuit (11) is configured to detect the
predetermined state and is configured to control
the voice recognition circuit (13) to restrict the
recognition of the voice commands to the part
when the predetermined state is detected and/or
is configured to output an error signal when the
predetermined state is detected and a voice
command that does not belong to the partis rec-
ognized by the voice recognition circuit (13).

6. Thelighting device according to claim 5, further com-

prising

a loudspeaker (8); wherein

the control circuit (11) is configured to control
the loudspeaker to output the error signal and/or
is configured to control the loudspeaker to output
the voice commands of the partone by one when
the predetermined state is detected.

The lighting device according to claim 5 or 6, wherein

the control circuit (11) is configured to detect a
first state of the lighting device and a second
state of the lighting device;

the first state corresponds to a main menu and
the second state corresponds to a sub menu of
the main menu; and
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10.

1.

12.

13.

14.

a first part of the plurality of voice commands is
assigned to the main menu and a second part
of the plurality of voice commands is assigned
to the sub menu.

The lighting device according to any one of the pre-
ceding claims, further comprising

a detecting means configured to detected a per-
son in an area; wherein

the control circuit (11) is configured to control
the lighting device based on the command code
only when the person is detect.

The lighting device according to claim 8, wherein
the detecting means is a directional microphone, a
microphone array, a camera or a motion detector.

The lighting device according to claim 9, wherein
the receiver (6) comprises the directional micro-
phone or the microphone array.

The lighting device according to any one of claims 8
to 10, wherein

the lighting device is a free-standing luminaire
comprising a head (2);

the head (2) comprises an optical element (5)
configured to direct, by refraction and/or reflec-
tion, light of a light source (9) to at least a part
of the area; and

the detecting means is located in or on the lu-
minaire head (2).

The lighting device according to any one of the pre-
ceding claims, wherein

the voice recognition circuit (13) is configured to
recognize the at least one predetermined voice
command including a name assigned to the
lighting device; and

the control circuit (11) is configured to control
the lighting device based on the command code
only when the name is included in the at least
one predetermined voice command.

The lighting device according to any one of the pre-
ceding claims, wherein

the voice recognition circuit (13) is configured to rec-
ognize the at least one predetermined voice com-
mand including a name of a parameter to be set and
an indication of how to set the parameter.

The lighting device according to any one of the pre-
ceding claims, further comprising

a housing, in which at least one of the receiver (6),
the voice recognition circuit (13) and the control cir-
cuit (11) is arranged.
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15. A method for controlling a lighting device (1) com-
prising the steps of:

receiving a voice input;

recognizing at least one predetermined voice
command in the voice input to output a com-
mand code assigned to the predetermined voice
command in response to the recognized prede-
termined voice command; and

controlling the lighting device (1) based on the
command code.
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Parameter ' Value
Configuration Number 0x00
Interface Number . 0x00
_{Input Endpeint Number Ox81
Output Endpoint Number 0x02
Maximum Data Size - 64 Bytes

Table 1: HID Configuration Parameters

Fig. 3

Device to Host:

Instruction group First data byte
Voice command for configuration ' | 0x00 .. 0x0f
Voice command for light control 0x10 .. Ox1f
Voice command for other control | Ox20 .. Ox2f
Reserved for future use 0x30Q .. Oxff

Table 2: Instruction Groups
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# Instruction in English Instruﬁtion in German - Data of USB Possible
Packet (Device to | Feedback via
Host) Speaker
1 Intensity Low Helligkeit Niedrig Ox11 1,2
2 Intensity Medium ‘Helligkeit Mittel 0x12 1.2
3 Intensity High Helligkeit Hoch 0x13 1,2
4 Intensity Off Helligkeit Aus 0x10 1,2
5 Color Low Lichtfafbe Niedrig Gx14 1,2
8 | Color Medium Lichtfarbe Mittel 0x15 1.2
7 Color High Lichtfarbe Hoch 0x16 1,2
8 Bye ' Tschiiss 0x20 2,4
Weather Wetter ox21 1,2
10 | Start Menu Starte Menl Ox0a 1,2
11 | Exit Menu Exit Menll Ox0b 11,2
12 | one Eins 0x01 14,2
13 | Twe - Zwei 0x02 1,2
14 | Three Drei 0x03 1,2
15 | Four Vier 0x04 1.2
16 | Five Flnf 0x05 1,2
Table 3: Instruction Set Overview
Fig. 5

10
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Condition Speéker Feedback Speaker Feedback Feedback 1D
English German
Voice Recognition was “OK” “OK” 1
successful and an
instruction from Table 1
understood
As voice recognized but | “Unknown instruction. "Unbekannter Befehl, 2
no instruction from Table | Please repeat.” Bitte wiederholen.”
1 undarstood
Noise was recognized No feedback No feedback
Instruction #8 “Goodbye” "Auf Wiedersehen"
recognized :
Silence No feedback No feedback -
Table 4: Feedback
Fig. 6
. 4
Configuration Menu Instruction Sub. Instruction
Position English/German | Configuration
Call ‘ "Start - .
configuration Menu""Starte
ment Menit”
Language 1 “One""Eins" 1: Deutsch "One"f"Eins” for German
speaker output 2; English "Two"F'Zwel" for English
Low light level 2 “Two'l"Zwei™ . 1: 10% light leve! | “One™"Eins” for 10%
2: 20% light level | "Two"/"Zwel" for 20%
3: 30% light level | “Threa"FDrei” for 30%
Medium light 3 “Three""Drel” 1: 40% light leve! | “One’f"Eins” for 40%
level 2: 50% light level | “Two"l"Zwel” for 50%
3: 60% light level | “Three"/"Drei” for.GO%
High light fevel 4 “Four’/"Vier" 1: 70% light level | “One"/"Eins” for 70%
2: 80% light level | "Two"/"Zwei" for 80%
3: 90% light leve! | “Three"/"Dref" for 20%
4: 100% light level | “Four’/"Vier" for 100%
Speaker volume | 5 “Five"/"Funf" | 1: Low "One""Eins” for Low
2: Medium “Two"fZwel’ for Medium
3: High “Three"/"Drei” for High

Tablie§: Configuration Menu

1"
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