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(67) A method of controlling illumination in a house-
hold appliance (40) including receiving ranging measure-
ment data from each of a plurality of distance sensors
(101, 102, 103) arranged at fixed positions relative to the
appliance. The ranging measurement data indicates a
distance reading taken by the respective distance sen-
sor. The position of an object relative to the appliance
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can be determined from the received ranging measure-
ment data, and at least one area (401-1, 401-2, 401-3)
of the appliance can be identified based on the deter-
mined position of the object. A control signal to adjust
the illumination of the identified area is then transmitted
to atleast one of a plurality of lighting devices (20-1, 20-2,
20-3) of the appliance.
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Description
Field of disclosure

[0001] The present invention relates to lighting sys-
tems for household appliances, and more particularly to
a lighting system to dynamically adjust illumination of the
household appliance depending on the position of a de-
tected object at an opening of the household appliance.

Background

[0002] Many modern homes include a number of ap-
pliances, such as refrigerators, freezers, ovens, dish-
washers, sanitizers, clothes-dryers etc., that comprise
an interior space where an object may be placed for stor-
age and/or processing. In some such appliances, such
as refrigerators and microwave ovens, a light turns on
when a door is opened to allow a user to see inside the
appliance. Manipulation of an object in the appliance by
the user is thereby simplified.

[0003] Typically, a light for the interior of a appliance
turns on when the door of the appliance opens. However,
it is more energy efficient to illuminate only a relevant
part of the interior of an apparatus. For example, the in-
terior of many refrigerators contains a number of shelves
that divide the interior of the refrigerator into compart-
ments, such that a first compartment may be defined by
the bottom of the interior of the refrigerator and the lowest
shelf, a second compartment may be defined by the low-
est shelf and the next lowest shelf and so forth. When a
user removes an item from the refrigerator, they will re-
quire light to only the compartment of the interior of the
refrigerator that the item is located. Accordingly, there is
no need to illuminate the remaining compartments of the
interior of the refrigerator.

[0004] JP2008-151359A relates to a refrigerator defin-
ing an interior storage room that illuminates a compart-
ment of that storage room. As with conventional refrig-
erators, a switch is provided to detect when the door is
opened. In addition, each shelf in the cold storage room
includes a proximity sensor to detect a hand that enters
the storage room. When the door is opened, therefore,
the lights in the storage room of the refrigerator turn on.
When a hand is subsequently detected in a particular
compartment of the storage room, lighting to the other
compartments of the storage room is turn off.

[0005] The arrangement of JP2008-151359A there-
fore requires a door switch in addition to at least one
proximity sensor for each shelf of the refrigerator in order
to provide complete coverage for the storage room.
[0006] There remains a need for a lighting system that
is readily adaptable to any household appliance and,
more particularly, for such a lighting system with im-
proved power efficiency.
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Means for solving the problem

[0007] Inaccordance with the present invention, there
is provided a method as set out in claim 1, a lighting
system as set out in claim 8, a household appliance as
set out in claim 11 and a computer readable medium as
set out in claim 15. Other aspects of the invention can
be found in the dependent claims.

[0008] A method of controlling illumination in a house-
hold appliance, the method comprising:

receiving ranging measurement data from each of a plu-
rality of distance sensors arranged at fixed positions rel-
ative to the appliance, wherein ranging measurement da-
ta indicates a distance reading taken by the respective
distance sensor; determining, from the received ranging
measurement data, the position of an object relative to
the appliance; identifying at least one area of the appli-
ance based on the determined position of the object; and
transmitting a control signal to adjust the illumination the
identified area.

[0009] Some arrangements comprise transmitting da-
ta acquisition control signals to a plurality of distance sen-
sors, wherein the data acquisition control signal controls
the distance sensors to acquire distance.

[0010] Some arrangements comprise setting a lighting
configuration in a system status in response to identifying
at least one area of the appliance based on the deter-
mined position of the object, the lighting configuration
indicating an illumination intensity for a plurality of lighting
devices. Control signals are transmitted to the plurality
of lighting devices in accordance with the lighting config-
uration.

[0011] In some arrangements, each of the plurality of
distance sensors has a respective first threshold. A con-
trol signal is transmitted to adjust the lighting devices to
turn off when the ranging measurement data associated
with at least one of the plurality of distance sensors indi-
cates a distance reading below the respective firstthresh-
old.

[0012] In some arrangements, each of the plurality of
distance sensors has a respective second threshold. A
control signal is transmitted to adjust all the lighting de-
vices to turn on when the ranging measurement data
associated with each of the plurality of distance sensors
indicates adistance reading above the respective second
threshold

[0013] Some arrangements comprise transmitting a
further data acquisition control signal to the plurality of
distance sensors after transmitting the lighting control
signal, the further data acquisition control signal for con-
trolling the plurality of distance sensors to acquire further
distance readings.

[0014] Insome arrangements, the position of an object
is determined by, for the ranging measurement data from
each of the plurality of distance sensors, determining
which of a number of pre-defined criteria are met, the
pre-defined criteria indicating distance ranges in relation
to each of plurality of distance sensors; and determining
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which one of a plurality of pre-defined conditions are sat-
isfied based on the met criteria. The satisfied pre-defined
condition indicates the identified area.

[0015] Alighting system for a household appliance, the
lighting system comprising: a plurality of distance sen-
sors attachable at fixed positions relative to the house-
hold appliance, wherein a distance sensor has a field of
view in which it is able to obtain distance readings; a
plurality of lighting devices; and a control device operable
to receive ranging measurement data indicating distance
readings from each of the plurality of distance sensors
and to send a lighting control signal to the lighting devices
based on the received ranging measurement data.
[0016] In some arrangements, the plurality of distance
sensors consists of three distance sensors.

[0017] In some arrangements, the distance sensors
are time of flight detectors.

[0018] A household appliance comprising a lighting
system as disclosed herein, and having an interior vol-
ume and an opening to access the interior volume. The
identified area is a target area of the interior volume.
[0019] In some arrangements, the household appli-
ance comprises a door operable to cover the opening
and wherein the door is at least partially within the field
of view of each of the plurality of distance sensors when
covering the opening.

[0020] In some arrangements, the interior volume is
comprises a plurality of target areas, wherein atleast one
of the plurality of lighting devices is associated with two
or more of the target areas.

[0021] In some arrangements, the interior volume is
comprises a plurality of target areas, wherein atleast one
of the target areas is associated with two or more lighting
devices.

[0022] A computer readable medium having stored
thereon instructions which, when executed by a suitable
processor, cause a lighting system to perform a method
as set out herein.

[0023] Various embodiments and aspects of the
present invention are described without limitation below,
with reference to the accompanying figures.

Brief description of the drawings
[0024]

Figure 1 shows a system block diagram of a lighting
system.

Figures 2A-B front and side views of a household
appliance with a lighting system attached.

Figures 3A-B show a front view of a container with
the interior split into target areas in various configu-
rations.

Figure 4 shows block diagram of a method for using
a lighting system.
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Figure 5 shows a block diagram of a method of de-
termining the position of an object.

Figure 6 shows a state diagram for a lighting system.

Figure 7 shows block diagram of a method of initiat-
ing a sensor array.

Figure 8 shows a block diagram of a method of ac-
quiring ranging measurement data.

Figures 9A-C show combinations of distance sen-
sors detecting an object in various locations.

Figures 10A-B show views from the front of a con-
tainer with distance sensors attached to the frame
of a portal of the container.

Figures 11A-E show side views of a container with
sensors attached in various arrangements.

Detailed description of a preferred embodiment

[0025] The present invention relates to a lighting sys-
tem for selectively illuminating the interior of a household
appliance, a household appliance incorporating a lighting
system and a method of dynamically illuminating the in-
terior of a household appliance. A household appliances
comprise refrigerators, freezers, ovens, dishwashers,
sanitizers, and clothes-dryers, for example.

[0026] The sensors of the lighting system can be ar-
ranged around an opening of the household appliance,
such that an object breaking the plane of the opening
can be detected by the sensors. A processor of the light-
ing system can then determine the position of the object
and control lighting devices accordingly.

[0027] As showninFig. 1, alighting system 1 compris-
es a plurality of depth sensors 10 (also termed ’distance
sensors’ herein) and a plurality of lighting devices 20 in
communication with a control device 30. The control de-
vice 30 includes one or more input/output interface 301,
aprocessor 302, amemory 303, an object detection mod-
ule 304 and a lighting control module 305. The object
detection module 304 may be implemented as code in
the memory 303 to cause the lighting system 1 to obtain
distance measurements and determine the location of
an object. The lighting control module 305 may be im-
plemented as code in the memory 303 to cause the light-
ing system 1 to adjust the illumination of a household
appliance according to the determined location of the ob-
ject.

[0028] Distance measurements from the distance sen-
sors 10 can be transmitted to the control device 30, which
controls the lighting devices 20 accordingly. Forexample,
if the interior of the household appliance 40, such as a
refrigerator, is separated into three areas (or compart-
ments) by two shelves, a user may wish to pick up an
item from the middle area (i.e. an item on the lower shelf).
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As the user moves their hand toward the item, sensors
10 detect a distance to the hand or arm as the user moves
to pick up the item. The control device 30 determines that
the user’s hand s in a position associated with the middle
area and transmits a lighting control signal to increase
the illumination of lighting devices 20 associated with the
middle area and to decrease illumination of lighting de-
vices 20 not associated with the middle area.

[0029] The distance sensors 10 can be any sensor ca-
pable of determining a distance to an object. In a pre-
ferred embodiment, the sensors 10 are time-of-flight
(ToF) detectors. In some embodiments, the sensors 10
are infrared sensors, and may be ToF sensors. An ex-
ample of a suitable infrared, ToF sensor is a VL53L1
sensor by STMicroelectronics, although it will be appar-
ent to a skilled reader that other distance sensors can be
used within the scope of the present invention.

[0030] Time of flight detection uses a known propaga-
tion speed and a measured time to determine a distance.
More particularly, particles or waves, with a known prop-
agation speed in a given medium, are emitted from the
emitter over a field of view, FoV. When a particle or wave
encounters an object, it is reflected back toward the re-
ceiver. The time difference between emission of the par-
ticle or wave and reception of the particle or wave is then
used, along with the speed of that particle or wave in the
propagation medium, to determine the distance travelled
by the particle or wave.

[0031] Each depth sensor (distance sensor) 10 has an
associated field of view, FoV, and is able to detect a dis-
tance to an object within the FoV. A FoV for a sensor is
the space observable by that sensor (i.e. the space in
which an object may be detected by the sensor). The
combination of the FoV of the plurality of sensors 10 in
a sensor arrangement is termed a detection space here-
in.

[0032] Anexample oftherespective FoVswhen alight-
ing system 1 is attached to a refrigerator 40 with two
shelves can be seen in Figs. 2A and 2B, with Fig. 2A
showing a view from the front and Fig. 2B showing an
associated view from the side. FoVs are represented by
dotted lines. In some embodiments, the maximum de-
tection distance for each sensor extends beyond the di-
mensions of the refrigerator 40. For simplicity, the control
device is not shown in Fig. 2A. Although Figs. 2A and 2B
relate to an example of a refrigerator 40, the lighting sys-
tem 1 can be attached to other household appliances 40
to provide dynamic lighting to those appliances.

[0033] In Fig. 2A, each sensor 10 has two represent-
ative cones indicated by the dotted lines, one cone rep-
resents a cone of emission and the other represents a
cone of detection. The FoV of a sensor 101 on the bottom
right of the refrigerator 40 is projected upward (directly
upward or generally upward), the FoV of a sensor 102
on the bottom left of the refrigerator 40 is projected up-
ward (directly upward or generally upward) and the FoV
of a sensor at the top of the refrigerator 40 is projected
downward (directly downward or generally downward).
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[0034] In the arrangement shown in Fig. 2A, the axes
(or lines of symmetry) of the FoV associated with the first
101 and second 102 sensors (i.e. the sensors on the
bottom of the refrigerator 40) extend away from the side-
walls of the refrigerator 40 in the horizontal (side-to-side)
direction, and toward the top of the frame, as the axes
move further from the respective sensor. The axes of the
fields of view associated with the first 101 and second
102 sensors are therefore inclined to a vertical axis. The
axis (or line of symmetry) of a FoV associated with the
third sensor 103 points toward the centre of the bottom
of the refrigerator opening (i.e. the midpoint between the
first sensor 101 and the second sensor 102 in Fig. 2A)
when viewed from the front as in Fig. 2A. The detection
space created by the combination of the FoV associated
with the first to third sensors therefore covers the entire
opening of the refrigerator 40 such that an object entering
or exiting the refrigerator 40 must pass through the de-
tection space.

[0035] As can be seen in Fig. 2B, the axis of a field of
view preferably extends away (in the front-to-back direc-
tion) from the refrigerator 40 as it extends away from the
sensor 10. The fields of view are therefore inclined away
from the interior of the refrigerator 40 and, accordingly,
fewer features of the interior of the refrigerator 40 are
within the detection space. A number of criteria to be
taken into account when determining the position of an
object is therefore reduced. In some embodiments, the
detection space does not cover any features, such as
shelves, of the interior of the refrigerator 40.

[0036] Other orientations of sensors and positions of
sensors are possible to cover the opening of a household
appliance 40. It is to be noted that the detection space
covers the opening to the household appliance 40 such
thatan object entering or exiting the household appliance
40 will necessarily pass through the detection space. As
the detection space covers the opening, the control de-
vice 30 is able to determine the location of any object,
such as a user’s hand or arm, entering or exiting the
household appliance 40. The household appliance 40
does not, therefore, require a dedicated sensor for each
target area (e.g. a compartment or sector of its interior),
but the lighting system 1 can instead illuminate the rele-
vanttarget area401 of the household appliance 40 based
only on distance readings from the sensors 10 whose
fields of view cover the opening. Moreover, when the
sensor arrangement has three sensors 101, 102, 103
and is attached to a household appliance 40, the detec-
tion space can cover the opening of the household ap-
pliance 40 such that the position of an object passing
through any part of the opening can be detected irrespec-
tive of the number of target areas 401 (e.g. the number
of compartments into which the interior is divided). An
arrangement with three sensors 10 can accurately detect
the position of an object while minimising power use.
[0037] Ahouseholdappliance 40 canbe separated into
a plurality of target areas 401 (e.g. the interior can be
separated into a plurality of interior compartments s 401).
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The target areas 401 may be defined by physical ele-
ments of the household appliance 40. Figs. 3A and 3B
show examples of the interior of a refrigerator 40 being
separated into a plurality of target areas 401, as indicated
by the dotted lines. As with Figs. 2A and 2B, Figs. 3A
and 3B relate to an example of a refrigerator 40, although
the lighting system 1 can be attached to other household
appliances 40.

[0038] Fig. 3A shows the arrangement of Fig. 2A split
into three target areas 401, with the interior walls of the
refrigerator 40 and the shelves distinguishing between
those areas 401. The areas 401 of the refrigerator 40
can be defined in many ways and are not limited to being
defined by the shelves. For example, two shelves could
be contained in a single target area 401. Fig. 3B shows
other examples in which the upper shelf forms the upper
bound of three target areas 401-2a, 401-2b, 401-2c,
which are also all bounded by the lower shelf. The upper
shelf is the lower bound of two target areas 401-3a,
401-3b, which are also both bounded by the upper wall
of the interior volume of the household appliance 40.
[0039] Each of the target areas 401 shown in Figs. 3A
has an associated lighting device 20-1, 20-2, 20-3, al-
though different numbers and/or positions of lighting de-
vices 20 is within the scope of the present invention. In
the arrangement of Fig. 3B, the lower target area 401-1
is defined in the same way as for Fig. 3A, although it has
an associated strip of four lighting devices 20-1a, 20-1b,
20-1c¢, 20-1d. More or fewer lighting devices 20 can be
associated with a target area 401 as needed. For exam-
ple, the upper section, between the upper shelf and the
top of the refrigerator 40, is split into two target areas
401-3a, 401-3b in Fig. 3B. Each target area 401-3a,
401-3b has two associated lighting devices; the first up-
per target area 401-3a is associated with a first and sec-
ond upper lighting device 20-3a, 20-3b, and the second
upper target area 401-3b is associated with a third and
fourth upper lighting device 20-3c, 20-3d. Both target ar-
eas in the upper section of the arrangement of Fig. 3B
are illuminated from more than one angle withoutincreas-
ing the number of sensors 10.

[0040] Insomearrangements, alighting device 20 may
be associated with more than one target area 401 of a
household appliance 40. For example, in Fig.3B, the mid-
dle section between the upper and lower shelves is di-
vided into three target area 401-2a, 401-2b, 401-2c. The
firstand second middle lighting devices 20-2a, 20-2b are
associated with the first middle target area 401-2a. The
second and third middle lighting devices 20-2b, 20-2c
are associated with the second middle target area
401-2b. The third and fourth middle lighting devices
20-2c, 20-2d are associated with the third middle target
area 401-2c. The target areas in the middle section of
the arrangement of Fig. 3B are illuminated from more
than one angle without increasing the number of sensors
or the number of lighting devices.

[0041] The arrangements shown in the lower, middle
and upper section of Fig. 3B are illustrative examples of
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different arrangements of target areas 401 and lighting
devices 20 and can be applied in other combinations.
For example, all sections may include two target areas
401. Other arrangements of target areas 401 and lighting
devices 20, such as more or fewer target areas or more
or fewer lighting devices 20, can be implemented.
[0042] A method of dynamically controlling lights in a
household appliance 40 is described with regard to Fig.
4. The method of Fig. 4 is described with reference to
the sensor arrangement shown in Fig. 2, although it will
be appreciated that other sensorarrangements are within
the scope of the present invention.

[0043] At step S10, hardware, such as the control de-
vice 30, is initiated. The object detection module 304 and
lighting control module 305 can be initialised at this stage.
Aswell, atstep S20, the sensors 10 are initiated. Initiation
of a sensor 101 of the sensors is described in more detail
below in relation to Fig. 7. Although shown as separate,
sequential steps in Fig. 4, steps S10 and S20 can occur
concurrently.

[0044] At step S30, the apparatus 1 sets an initial sys-
tem status (system state). The initial system state will be
set such that the lighting system 1 is able to obtain dis-
tance readings and determine a relative position of an
object (i.e. a ‘range’ state). For example, when in the
initial system state, the control device 30 may function in
accordance with instructions of the object detection mod-
ule 304.

[0045] Atstep S40,itis determined whether the lighting
system 1 is in a state in which distance measurements
can be obtained and the position of any objects/targets
in the detection space can be calculated (i.e. in a ‘range’
state). This determination is carried out by the control
device 30 and, more particularly, the processor 302 of
the control device 30. If the determination is 'yes’ at step
S40, the lighting system 1 will function in accordance with
instructions of the object detection module 304. If the
determination is 'no’ at step S40, the lighting system 1
(i.e. the lighting system 1 is not in the ‘range’ state), the
process moves to step S100.

[0046] To acquire ranging data, the lighting system 1
enters an acquisition iterative loop comprising steps S50-
S70. Particularly, the processor 302 of the controller 30
determines if an acquisition indexing value, i, is greater
than the number of distance sensors (depth sensors) 10
in lighting system 1 at step S50. This may include inter-
rogating the database 303 to retrieve the number of sen-
sors 10 and the current acquisition indexing value, i. The
number of sensors 10 may be stored in a fast access
memory such as RAM. In the example shown in Fig. 4,
an acquisition index value i of O relates to the first run of
the acquisition iterative loop S50, S60, S70, an acquisi-
tion index value i of 1 relates to the second run of the
acquisition iterative loop S50, S60, S70 and so forth.
[0047] Whenitis determined that the acquisition index
number is less than the number of sensors 10 (three, in
the example shown in Fig. 2A), the processor 302 causes
the input/output interface 301 to transmit, to a sensor 10
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associated with the acquisition index number i (e.g. first
sensor 101), an acquisition control signal in accordance
with instructions of the object detection module 304. On
receipt of the acquisition control signal, the sensor 10
associated with the index number i (e.g. the first sensor
101) obtains a distance measurement reading. Once the
distance measurement reading has been obtained, the
sensor 10 transmits ranging measurement data associ-
ated with the measurement reading, to the input/output
interface 30. The received ranging measurement data is
transmitted to the processor 302, via the system bus, for
processing.

[0048] On receipt of the ranging measurement data,
the processor 302 stores the ranging measurement data
to the memory 303 in association with the sensor 10 as-
sociated with the acquisition index number i. For exam-
ple, an indication of sensor 10 and the index number may
be stored in a table in the memory 303, and the ranging
measurement data or an indication of a distance range
can be stored in the table in association with the sensor
10. Once the ranging measurement data has been
stored, the processor 302 increases the acquisition index
number by 1 (S70), and begins the acquisition iterative
loop again by determining (S50) if the acquisition index
number is greater than the number of sensors 10 in the
lighting system 1. For example, when the acquisition in-
dex number has increased by 1, the second sensor 102
may be caused to provide ranging measurement data.
The process of acquiring ranging measurement data
from sensors 10 is repeated until it is determined, at step
S50, that the acquisition index number i is greater than
or equal to the number of sensors in the lighting system 1.
[0049] When it is determined at step S50 that the ac-
quisition index number is greater than or equal to the total
number of distance sensors 10, the iterative process of
acquiring data is complete and the method moves to step
S80, where the acquisition index number is reset (i.e. the
processor 302 sets the acquisition index number to 0).
[0050] The lighting system 1 can now determine a tar-
get position (S90) based on the ranging measurement
data acquired from the sensors 10 during the acquisition
iterative loop, and set a lighting configuration in the sys-
tem status accordingly. The lighting configuration indi-
cates how the household appliance 40 is to be illuminat-
ed. In some embodiments, the lighting configuration in-
dicates an illumination intensity for the lighting devices
20.

[0051] A process of determining the position of a target
in step S90 is now discussed in in relation to Fig. 5.
[0052] At step S902, a control device 30 determines if
ranging measurementdata has beenreceived and stored
in relation to at least one distance sensor 10 of the lighting
system 1. The processor 302 may determine if the table
includes a flag indicating that ranging measurement data
or an indication of a distance range, associated with any
sensor 10, is stored in the memory 303. If so, the method
moves onto step S904. If not, the method ends.

[0053] Atstep S904, the control device 30 determines
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if the door of the household appliance 40 is closed. In
the preferred embodiment, the processor 302 retrieves
ranging measurement data stored in relation to a dis-
tance sensor 10 in the step of acquiring data (S60), and
the respective first (lower) threshold of that distance sen-
sor 10 from memory 303. The processor 302 then deter-
mines if the reading from the distance sensor 10 is below
the respective first threshold. The processor 302 can re-
peat this process for other distance sensors 10 if needed.
Preferably, the first threshold is set at 5cm. In some em-
bodiments, each distance sensor 10 of the lighting sys-
tem 1 has an associated first threshold which may or may
not be the same as the first threshold of one or more of
the other distance sensors 10 in the lighting system 1.
[0054] If the received ranging measurement data indi-
cated a distance reading below the first threshold of the
at least one distance sensor 10, the control device 30
determines, at step S914, that a door is closed and the
system status is changed to indicate that all lights are to
be turned off (S916).

[0055] In some embodiments, the control device 30
always starts with a particular one of the sensors 10 when
determining if any of the sensors has taken a reading
below the respective first threshold. For example, the
processor 302 may always determine whether the door
is closed starting with a determination based on ranging
measurement data from the first sensor 101.

[0056] In some embodiments, only a single distance
sensor 10 is required to determine whether the door is
closed. Once it has been determined that the door is
closed, power need only be supplied to the single dis-
tance sensor 10 to determine when the door subsequent-
ly opens. In such embodiments, ranging measurement
data is only checked for the single distance sensor 10 in
step S904.

[0057] In some embodiments, step S904 can be omit-
ted. For example, the household appliance 40 may have
other means for determining if the door is closed, such
as a switch (no shown) provided in the door and/or the
frame to allow power to be supplied to the sensors 10
when the door is opened.

[0058] If it is not determined that the door is closed,
the control device 30 determines, at step 906, whether
the ranging measurement data of any of the distance
sensors 10 indicates a distance reading below a respec-
tive second threshold. The processor 302 retrieves rang-
ing measurement data stored in relation to a distance
sensor 10 in the step of acquiring data (S60), and the
respective second (upper) threshold of that distance sen-
sor 10 from memory 303. The determination at step S906
is based on a comparison of the retrieved ranging meas-
urement data and the respective second threshold. The
process is carried for each sensor 10 in the lighting sys-
tem 1, eitherin parallel or sequentially. Inan arrangement
with three sensors, for example, the processor 302 de-
termines whether: the distance reading associated with
the first sensor 101 indicates a distance below a second
threshold of the first sensor 101; the distance reading
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associated with the second sensor 102 indicates a dis-
tance below a second threshold of the second sensor
102; and the distance reading associated with the third
sensor 103 indicates a distance below a second thresh-
old of the third sensor 103.

[0059] The respective second threshold for each sen-
sor 10 may be the maximum set in step S214 or may be
the based on the physical dimensions of the opening. If
based on the physical dimensions of the opening, the
second threshold can be slightly above the maximum
dimension of the opening to account for an error margin.
In some embodiments, each distance sensor 10 has an
associated second threshold which may or may not be
the same as the second threshold of one or more of the
other distance sensors 10 in the lighting system 1.
[0060] If it is determined, at step S906, that none of
the distance sensors 10 of the lighting system 1 provided
ranging measurement data indicating a distance below
their respective second threshold, the control device 30
determines that the household appliance 40 door is open
and that no object is present in the detection space
(S918). In response, the control device 30 sets the sys-
tem status to indicate that all lights are to be turned on
(8920), such that all compartments of the interior of the
container 40 are illuminated for ease of viewing.

[0061] When a distance below the respective second
threshold is returned in relation to at least one sensor 10
at step S906, the control device 30 determines there to
be an object (such as a user’s hand or arm) in the detec-
tion space and begins determining a target area 401
(such as a compartment of the interior) associated with
the location of the object (S908-S912). To determine a
targetarea 401 of the household appliance 40 associated
with the location of the detected object, the control device
30 determines which of a plurality of predetermined cri-
teria are met by the ranging measurement data received
from each distance sensor 10, and stores the determined
criteriain memory 303 in relation to the respective sensor
10. In some arrangements, a plurality of predetermined
criteria is stored in the memory 303 in relation to each of
the sensors 10 (e.g. a first plurality of predetermined cri-
teria are stored in relation to the first sensor 102, a second
plurality of predetermined criteria are stored in relation
to the second sensor 102 and a third plurality of prede-
termined criteria is stored in relation to the third sensor
103 in the arrangement shown in Figs. 2 and 3).

[0062] Inthe preferred embodiment, the control device
30 determines a met criterion in relation to each of the
sensors 10 of the lighting system 1, and then determines
the met condition (also termed a system condition herein)
based on those met criteria. The conditions may be met
by one met criterion relating to one sensor or by the com-
bination of one met criteria relating to two or more sen-
sors. For example, a plurality of possible criteria may be
stored in the memory 303 in relation to each of the sen-
sors 10. The processor 302 may compare the ranging
measurement data received in relation to each sensor
10 with the respective stored criteria to determine which
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of the respective criteria are met by the ranging meas-
urementdatain relation to each distance sensor 10. Once
a met criterion has been determined in relation to each
distance sensor 10, the met criteria can be compared to
a number of pre-determined conditions related to the
lighting system 1 to determine the met condition.
[0063] The processor 302 can retrieve ranging meas-
urement data associated with the first distance sensor
101 and one or more predetermined distance ranges (cri-
teria) associated with that first distance sensor 101 from
memory 303. The processor 302 can determine which
of the distance ranges include the distance indicated by
the ranging measurement data and store the determined
criteria in memory 303. Once the processor 302 has de-
termined criteria in relation to each sensor 10, it is deter-
mined which predetermined condition is met. A condition
is met depending on the determined criteria, and may be
met by one or more criteria being met. In an arrangement
with three distance sensors 10, three criteria will have
been determined - one determined criteria will be asso-
ciated with each sensor 10. The processor 302 deter-
mines which predetermined condition matches the de-
termined criteria. Each condition is associated with a tar-
get area such that if a condition is met, it is determined
thatan objectis in the associated target area. The system
status can then be set depending on determined condi-
tion (or determined target area). This includes setting a
lighting configuration that indicates how each of the plu-
rality of lighting devices are to be controlled.

[0064] The method shown in Fig. 5 can apply to a light-
ing system 1 attached to a refrigerator 40, that includes
three target areas 401. An example of determining the
conditions is set out below in relation to the arrangement
of Fig. 2A, where the lighting system 1 has three distance
sensors 10. The sensors 10 can have a maximum de-
tection distance (the maximum distance at which they
can detect an object) that exceeds the longest distance
of the opening. For example, the sensors may have max-
imum detection distance of 220cm (i.e. MAX=220cm).
[0065] A first condition may be met by the following
criteria, where first measurement relates to ranging
measurement data from the first sensor 10, second
measurement relates to ranging measurement data from
the second sensor 102, and third measurement relates
to ranging measurement data from the third sensor 103:

- [(51.5 cm < third measurement < 75 cm)]; OR

- [(5cm <first measurement < 23.5 cm) AND (second
measurement = MAX)]; OR

- [(5 cm < second measurement < 23.5cm) AND (first
measurement = MAX)]

[0066] If the control device 30 determines that the first
condition is met at step S908, the object is in a location
related to a first compartment 401 of the interior of the
household appliance 40 (first target area 401) (S922). In
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the present example, the first compartment 401 of the
interior is between the bottom of the interior of the house-
hold appliance 40 and the lowest shelf as shown in Fig.
2A. The control device 30 sets a system status based on
which the lighting device 20 (bottom-most lighting device
20 in Fig. 2A) associated with the first target area 401 is
to be turned on, or for its intensity to increase, and the
other lighting devices 20 dimmed or turned off (S924).
[0067] If the control device 30 determines that the first
condition is not met at step S40, it determines whether
the second condition is met (S50).

[0068] A second condition may be met by the following
criteria:

- [(first measurement= MAX) AND (23.5 cm < second
measurement < 47 cm)]; OR

- [(second measurement=MAX) AND (23.5 cm <first
measurement< 47 cm)] OR

- [(23.5 cm < first measurement< 47 cm) AND (23.5
cm < second measurement < 47 cm)]

[0069] If the control device 30 determines that the sec-
ond condition is met at step S910, the object is in a lo-
cation related to a second compartment of the interior of
the household appliance 40 (second target area) (S926).
In the present example, the second compartment 401 of
the interior is between the lowest shelf and the highest
shelf as shown in Fig. 2A. The control device 30 sets a
system status based on which the lighting device 20 (the
middle lighting device 20 in Fig. 2A) associated with the
target area is to be turned on, or for its intensity to in-
crease, and the other lighting devices 20 dimmed or
turned off (S928).

[0070] If the control device 30 determines that the sec-
ond condition is not met at step S50, it determines wheth-
er the third condition is met (S60).

[0071] A third condition may be met by the following
criteria:

- [third measurement<= 23.5 cm] OR

- [(first measurement= MAX) AND (46.5 cm < second
measurement < 70 cm)] OR

- [(second measurement=MAX) AND (46.5 cm <first
measurement< 70 cm)] OR

- [(46.5 cm < second measurement < 70 cm) AND
(46.5 cm < first measurement< 70 cm)]

[0072] If the control device 30 determines that the third
condition is met at step S912, the object is in a location
related to a third compartment of the interior of the house-
hold appliance 40 (third target area) (S930). In the
present example, the third compartment of the interior is
between the highest shelf and the top of the interior of
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the household appliance 40 as shown in Fig. 2A. The
control device 30 sets a system status based on which
the lighting device 20 (i.e. the top-most lighting device
20 in Fig. 2A) associated with the third target area is to
be turned on, or for its intensity to increase, and the other
lighting devices 20 dimmed or turned off (S932).

[0073] Ifthe control device 30 determines that the third
condition is not met at step S60, the process ends. Sim-
ilarly, if a system status is set in any of steps S924, S928
and S932, the process ends.

[0074] The method shown in Fig. 5 relates to a house-
hold appliance 40, such as a refrigerator 40, when the
interior of the household appliance 40 has been split into
three compartments (i.e. there are three target areas).
The number of conditions is not limited to three, and will
depend on the number of target areas (interior compart-
ments of the household appliance 40) of the interior of
the household appliance 40. It is to be noted, however,
that the number of distance sensors 10 in the lighting
system 1 need not exceed three to provide accurate read-
ings irrespective of the number of conditions.

[0075] Returning now to Fig. 4, once the lighting sys-
tem 1 has completed step S90, it will have determined a
target position and set a system status including a lighting
configuration, which willindicate how each lighting device
is to be controlled. Due to the change in system status,
the lighting control system 1 can now be controlled in
accordance with instructions from the lighting control
module 305. The illumination of the interior of the appli-
ance, therefore, can be controlled based on the deter-
mined object location.

[0076] At step S100, lighting control signals are trans-
mitted to adjust the illumination of lighting devices 20
based on the result of step S90. Referring again to the
arrangement of Fig. 2A as an example, and assuming it
has been determined that an object is in a location as-
sociated with a target area between the bottom of the
household appliance 40 and the lowest shelf, the lighting
configuration will indicate that the bottom-most lighting
device 20 is to increase in intensity (turned on) and that
the middle lighting device 20 and the top-most lighting
device 20 are to decrease in intensity (turn off). Control
signals will therefore need to be transmitted to each light-
ing device 20.

[0077] The processor 302 determines how a first light-
ing device 20 is to be controlled, based on the lighting
configuration set in the system status, and will cause a
control signal to be transmitted to that first lighting device
20 accordingly. In some embodiments, the control signal
is stored in the lighting control module 305. In some em-
bodiments, the control signal is stored in the memory 303.
[0078] After a control signal has been transmitted to
the first lighting device 20, the lighting configuration is
updated, at step S110, to indicate that the first lighting
device 20 has been controlled to have the illumination in
accordance with the result of step S90.

[0079] The method reverts back to step S40, where it
will be determined if the system state indicates that fur-
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ther distance readings can be obtained and processed
(i.e. if the system is in a 'range’ state). If the lighting con-
figuration indicates that control signals are still required
in relation to lighting devices 20, for example, the deter-
mination at step S40 will be negative, and the method
moves to step S100 and a control signal can be trans-
mitted to the next lighting device 20 that requires an illu-
mination adjustment.

[0080] Once lighting control signals have been sent to
each lighting device that requires an illumination adjust-
ment, the system status is changed, at step S110, to
place the lighting system 1 in a state in which distance
measurements can be obtained and the position of any
objects/targets in the detection space can be calculated
(i.e. in a ‘range’ state). The lighting system 1 can now
function again in accordance with instructions from the
objection detection module 305.

[0081] The method shown in Fig. 4, where distance
information is acquired and processed to determine a
target area associated with the position of an object, and
the illumination of lighting devices is adjusted based on
the target area, can be repeated as many times as nec-
essary. If the object moves, the lighting system 1 will
therefore detect an updated position of the object and
determine an associated target area accordingly. The
lighting system 1 can therefore adjust illumination of a
household appliance in real-time. In some arrangements,
when a sensor detects that an object at a distance lower
that its respective first threshold, it may determine that
the door if the appliance has been closed and power sup-
ply to one or more of the sensors may be restricted (lim-
ited or prevented).

[0082] Fig. 6 illustrates various states of the lighting
system 1. The lighting system 1 of a preferred embodi-
mentcan change from a ’range’ state, in which the control
device 30 is able to receive data indicating distance read-
ings from the distance sensors 10 and determine how to
control the lighting devices 20, to one of a plurality of
‘fade’ states (or 'control states’), in which lighting control
signals are sent to lighting devices 20.

[0083] Determination of how to control the lighting de-
vices 20 includes determining a location of an object in
the detection space and/or whether a door of a household
appliance 40 is open, as discussed elsewhere in this doc-
ument. Once the controller 30 has determined how light-
ing devices 20 are to be controlled, the lighting system
1 can change to a 'fade’ state accordingly. For example,
referring to the state diagram of Fig. 6, if the controller
30 determines that the entire interior of the household
appliance 40 needs to be illuminated, the controller 30
changes to a 'fade on’ state; if the controller 30 deter-
mines that a compartment of the interior needs to be il-
luminated, the controller 30 changes to a 'sector fade on’
(or ‘compartment fade on’) state; if the controller 30 de-
termines that a compartment of the interior no longer
needs to be illuminated, the controller 30 changes to a
‘sector fade off (or 'compartment fade off’) state; and if
the controller 30 determines that the entire interior no
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longer needs to be illuminated, the controller 30 changes
to a ’fade off’ state. Once the controller 30 has sent a
lighting control signal to lighting devices 20, the fade state
(i.e.’fade on’, 'fade off’, ’sector fade on’, 'sector fade off’)
has been completed and the controller 30 can change to
the 'range’ state. As the lighting system 1 has reverted
tothe 'range’ state, itis able toreceive and process further
datafromthedistance sensors 10. In this way, the lighting
system 1 is able to react to objects moving within the
detection space, and adjust the lighting system 20 in real-
time accordingly. In some embodiments, the lighting sys-
tem 1 will remain in a ‘fade’ state for a time period for one
second (approximately one second or exactly one sec-
ond) before reverting to the 'range’ state.

[0084] An example of sensor initiation in step S20 is
described with reference to Fig. 7. Once the sensor ini-
tiation has begun, the apparatus 1 sets a sensor initiation
index number to O at step S202 and begins initiating a
sensor 10 (e.g. first sensor 101) associated with the sen-
sor initiation index number.

[0085] Atstep S204, the apparatus 1 determines if the
sensor initiation index number, i, is greater than or equal
to the total number of sensors 10 in the lighting system
1. If the sensor initiation index number is less than the
total number of sensors 10, a device address is set at
step S206. For example, a table in the memory 303 is
populated with the address of a sensor 10 associated
with the sensor initiation index number i. Preferably, the
processor 302 populates the table in the memory 303.
[0086] With the address of the sensor 10 associated
with the sensor initiation index number i set, controller
30 waits until that sensor 10 has booted (S208). Steps
S204 and S206 can occur concurrently in some aspects.
When the address is set before the sensor 10 associated
with the sensor initiation index number i is booted, the
controller 30 still waits after setting the address.

[0087] When the sensor 10 associated with the sensor
initiation index number i has booted, various parameters
and data indications are set. In the process shown in Fig.
7, steps S208-S218 relate to setting such parameters
and data indications. The processor 302 may store those
parameters and data indications in the memory 303 in
relation to the sensor associated with sensor initiation
index number i. For example, those parameters and data
indications may be saved in the relevant fields in the ta-
ble.

[0088] Data initiation at step S210 involves defining
criteria for distance measurements taken by the sensor
10 associated with sensor initiation index number i. For
example, if the household appliance 40 is a refrigerator,
the spaces between the shelves can be defined as indi-
vidual compartments 401 of the interior of the household
appliance 40. Each compartment 401 will have an asso-
ciated range defined by a minimum distance and a max-
imum distance from the sensor 10. Those ranges can be
stored in the memory 303 in association with the sensor
10.

[0089] Static initialization at step S212 involves estab-
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lishing readings for known, or static, elements in the field
of view of the sensor 10 associated with sensor initiation
index number i. For example, in some arrangements
where the apparatus 1 is attached to a household appli-
ance 40, a shelf or the bottom of the interior may be par-
tially in the field of view of the sensor 10. Static initializa-
tion allows the control device 30 to discount distance
measurements associated with such elements when de-
termining a target position.

[0090] Setting the distance mode at step S214 relates
to sensors 10 capable of detecting objects at distances
in excess of the dimensions of the household appliance
40. A longer detection distance will require more power.
Accordingly, it is more efficient to use the appropriate
distance mode for required detection space. The dis-
tance mode defines the upper distance limit that can be
measured by a sensor 10. The upper limit of the sensor
10 can be adjusted by controlling the power applied to
that sensor 101. For example, a VL53L1X sensor by
STMicroelectronics is capable of measuring distances
up to 400cm (https://www.st.com/en/imaging-and-phot-
onics-solutions/v15311x.html) but distance measure-
ments beyond a certain limit may be irrelevant. When the
lighting system 1 is attached to arefrigerator, for instance,
there may be no need for a sensor 10 attached to the top
of the frame of the refrigerator and facing down to be able
to take measurements at a distance of 400cm. Instead,
the maximum distance at which the sensor 10 can detect
an object may be limited to conserve power. This can be
done by adjusting a distance mode of the sensor 10. Hav-
ing a distance mode set to a ’high’ setting may set the
sensor 10 to full power (e.g. with a maximum measure-
ment distance of 400cm); a distance mode set to a 'me-
dium’ setting may limit the power of the sensor 10 (e.g.
with a maximum measurementdistance of 220cm); a dis-
tance mode set to a ’low’ setting may further limit the
power to the sensor 10 (e.g. with a maximum measure-
ment distance of 100cm). A sensor 10 may have more
or fewer distance modes.

[0091] In the process shown in Fig. 7, the distance
mode is set to 'medium’. This may set the maximum de-
tection distance at 220cm even though the sensor 101
is capable of detecting objects at a greater distance. Oth-
er settings for a distance mode are possible. It is to be
noted that the sensors will work without setting a distance
mode.

[0092] Setting the measurement timing budget in step
S216 involves defining a time limit for a sensor 10 to
acquire data. If a sensor 10 takes longer than the defined
timing budget (maximum data acquisition time period), it
can be assumed that there is no valid reading. In some
embodiments, an indication of no valid reading during
data acquisition will result in ranging measurement data
associate with a sensor 101 indicating a maximum value.
[0093] Setting the inter measurement period in step
S218 involves defining the time period between data ac-
quisition. In some circumstances, a sensor 10 that has
transmitted first ranging data to a control device 30 may
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be able to acquire second ranging data and transmit that
second ranging data to the control device 30 before the
control device 30 has completed processing of the first
ranging data. For example, a first sensor 101 of the light-
ing system 1 can acquire (first) ranging measurement
data and transmit that data to the control device 30 before
a second sensor 102 begins taking measurements. De-
fining the time period between data acquisition can pre-
vent the first sensor 101 taking (second) ranging meas-
urement data while the second sensor 101 is still acquir-
ing data. Power efficiency of the apparatus 1 may there-
fore be improved.

[0094] Once parameters and data indications are set
for the sensor 10 associated with the sensor initiation
index number i, that sensor 10 is capable of data acqui-
sition. A flag indicating that the sensor 10 is capable of
data acquisition may be set in the table in the memory
303. As shown in Fig. 7, the sensor 10 can take a meas-
urement once the parameters and data indications are
set at step S220 and can used as the first data measure-
ment for that sensor 10. In such arrangements, the ac-
quisition indexing number can be updated to indicate that
data has been acquired for that sensor 10. This could
lead to by-passing the acquisition iterative loop S50, S60,
S70 when the sensors 10 have just been initialised. Step
S$220 can be omitted in some arrangements, in which the
first data measurement will occur in step S60.

[0095] Once the sensor 10 associated with sensor in-
itiation index number i is initiated, the control device 30
increments the sensor initiation index number i by 1
(S222) and the process reverts to step S204. When it is
determined that the sensor initiation index number is less
than the number of sensors 10 in the lighting system 1,
another sensor is selected (e.g. if the first sensor 101 in
Fig. 2A or 3A was initiated when sensor initiation index
number=0, the second sensor 102 can be initiated when
the sensor initiation index number =1). When it is deter-
mined that the sensor initiation index number is greater
than or equal to the number of sensors 10 in the lighting
system 1, the sensor initiation process (S20) ends.
[0096] A method of data acquisition (S60) is discussed
in relation to Fig. 8. The controller 30 can transmit a data
acquisition control signal to a sensor 10 to begin meas-
urement (step S602).

[0097] Once the control signal to begin the measure-
ment has been sent, the controller 30 waits to allow the
measurements to be taken (step S604). Once measure-
ments have been taken, ranging measurement data tak-
en by the sensor 10 and received by the controller 30
(step S606).

[0098] The ranging measurement data indicates a dis-
tance from the sensor 10 to the detected object. In some
embodiments, the controller 30 waits a predetermined
period before moving to step S608, and receives ranging
measurement data from each sensor during that prede-
termined period. In other embodiments, the process
moves to step S608 on receipt of ranging measurement
data from the sensor 10.
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[0099] At step S608, the controller 30 stores the re-
ceived ranging measurement data in the memory 303.
The received ranging measurement data is stored in as-
sociation with the sensor 10. For example, the received
ranging measurement data may be stored in a field, as-
sociated with the sensor 10 that is associated with the
sensor initiation index number i, in the table. When dif-
ferent ranges for the measurements from a sensor 10
have been defined in step S210, the control device 30
may determine which of the different ranges the received
ranging measurement data falls into. Instead of storing
the received ranging measurement data, the control de-
vice 30 may set a new range associated with the sensor
10 (i.e. the control device 30 can store an indication of
the determined range in relation to sensor that acquired
the ranging measurement data).

[0100] At step S610, the controller 30 indicates that
the data from the sensor 10 associated with the sensor
initiation index number i has been read. For example, the
controller 30 can set a flag associated with the ranging
measurement data of the sensor 101.

[0101] Itis not require for each sensor 10 of a lighting
system 1 to detect the object in order to determine the
position of the object. For example, Figs. 9(a)-(c) show
an object in different positions where it can be detected
by one or more of the distance sensors 10. In Fig. 9(a),
the object is outside of the FoV of the third sensor 103,
but can be detected by the first sensor 101 and second
sensor 102 as indicated by the arrows. As the ranging
measurementdata for the third sensor 103 would indicate
the maximum value for the third sensor 103, the proces-
sor 302 can determine that the object is not within the
FoV of the third sensor 103. As the distance from the first
sensor 101 is greater than the distance from the second
sensor 102, the processor 302 can determine that the
objectis toward the same side of the household appliance
40 as the second sensor 102.

[0102] In Fig. 9(b), the object is outside of the FoV of
both of the first sensor 101 and second sensor 102, but
can be detected by the third sensor 103. As both the first
sensor 101 and second sensor 102 would return ranging
measurement data indicating their respective maximum
value, but the third sensor 103 would return a value less
than the maximum value, the processor 302 can still de-
termine that the object is within the space between the
FoV of the first sensor 101 and second sensor 102 and
at the determined distance from the third sensor 103.
This is sufficient to ascertain the location of the object
and control lighting devices 20 accordingly.

[0103] In Fig. 9(c), the object is within the FoV of each
of the three sensors 10. The position of the object can
be calculated from the distance readings from all three
sensors 10.

Other aspects, embodiments and modifications

[0104] InFigs. 2A, 3A-B and 9A-C, the lighting system
1 includes three sensors 101 with two detectors in the
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corner of afirst side of the frame and an opposed detector
in the centre of a second side of the frame opposed to
the first side. In other embodiments, the opposed sensor
is position to closer to a corner of the second side of the
frame. For example, in Fig. 10A, the opposed distance
sensor (sensor 103) is positioned at a first (left) corner
on second side of the frame of the opening and in Fig.
10B, the opposed detector (sensor 103) is positioned at
a second (right) corner on second side of the frame of
the opening. In still other embodiments, the detectors are
not all on opposed sides of the frame of the opening. For
example, the opposed detector in Figs. 10A and 10B can
be positioned on the left or the right side of the frame of
the opening, with the associated FoV covering the plane
of the opening. The criteria and conditions will be adjust-
ed to account for the different position of the distance
sensors 10.

[0105] In Fig. 2B, the distance sensors 10 are shown
as being angled away from the interior of the household
appliance 40 and mounted within the frame of the house-
hold appliance 40. The distance sensors can be attached
to the household appliance in different ways.

[0106] InFigs.11A and E, the distance sensors 10 are
on the outside of the household appliance 40. With this
arrangement, it is simple to retro-fit the distance sensors
10 to the household appliance 40 and there is no hin-
drance to placing items in the household appliance 40.
A door of the household appliance 40 can be adjusted
to accommodate the sensors 10 on a surface of the frame
that faces the door. Alternatively, the sensors 10 can be
attached to the outside of the frame such that the door
closes between the sensors 10.

[0107] InFigs. 11B and E, the distance sensors 10 are
attached to interior walls of the household appliance 40.
With this arrangement, it is simple to retro-fit the sensors
10 to the household appliance 40, and operation of a
door of the household appliance 40 will not be affected
by the sensors 10.

[0108] Figs. 11A-C show the distance sensors 10 at-
tachedto the household appliance 40 with a vertical align-
ment, such that a line through the centroid and through
the apex at the distance sensor (line of symmetry or axis)
of the FoV is parallel to a side wall of the household ap-
pliance 40. When the FoV of the distance sensors 10 is
conical, therefore, part of the interior of the household
appliance 40 is within the FoV. The controller 30 can be
calibrated to discount features of the interior of the house-
hold appliance 40 detected by the distance sensors 10.
[0109] Inthe preferred embodiments described above,
the lighting system 1 comprised a plurality of distance
sensors 10 for determining a position of a target object.
In other arrangements, the lighting system 1 can contain
a single distance sensor 10. For example, a single ToF
sensor projecting a matrix of detection can monitor a tar-
get’s position and movement relative to the matrix posi-
tion. When attached to a household appliance 40, the
single sensor 10 can be positioned in a corner of the
frame to maximise the coverage of the portal.
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[0110] Inrelation to Figs. 4 and 7, a separate data ac-
quisition control signal is transmitted separately for each
distance sensor 10. In an alternative embodiment, a sin-
gle control signal can be transmitted, to a sensor control-
ler (not shown), for all sensors 10 to acquire a distance
measurement. Each sensor 10 may be controlled to pro-
vide ranging measurement data only at a certain time to
avoid a bottleneck in obtaining and processing the rang-
ing measurement data.

[0111] Apersonskilledinthe artwould understand that
other various types of sensor and light could be as used,
in addition to those described above.

[0112] Many other variants and embodiments will be
apparent to the skilled reader, all of which are intended
to fall within the scope of the invention whether or not
covered by the claims as filed. Protection is sought for
any and all novel subject matter and combinations there-
of disclosed herein.

Claims

1. A method of controlling illumination in a household
appliance, the method comprising:

receiving ranging measurement data from each
of a plurality of distance sensors arranged at
fixed positions relative to the appliance, wherein
ranging measurement data indicates a distance
reading taken by the respective distance sensor;
determining, from the received ranging meas-
urement data, the position of an object relative
to the appliance;

identifying at least one area of the appliance
based on the determined position of the object;
and

transmitting a control signal to adjust the illumi-
nation the identified area.

2. A method according to claim 1, further comprising:
transmitting data acquisition control signals to a plu-
rality of distance sensors, wherein the data acquisi-
tion control signal controls the distance sensors to
acquire distance readings.

3. Amethod of any preceding claim, further comprising:

setting a lighting configuration in a system status
in response to identifying at least one area of
the appliance based on the determined position
ofthe object, the lighting configuration indicating
an illumination intensity for a plurality of lighting
devices; and

wherein transmitting a control signal to illumi-
nate the identified area comprises transmitting
control signals to the plurality of lighting devices
in accordance with the lighting configuration.
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4. A method of any preceding claim, wherein each of
the plurality of distance sensors has a respective first
threshold, and wherein the control signal is transmit-
ted to adjust the lighting devices to turn off when the
ranging measurement data associated with at least
one of the plurality of distance sensors indicates a
distance reading below the respective first threshold.

5. A method according to any preceding claim, wherein
each of the plurality of distance sensors has a re-
spective second threshold, and wherein the control
signal is transmitted to adjust all the lighting devices
to turn on when the ranging measurement data as-
sociated with each ofthe plurality of distance sensors
indicates a distance reading above the respective
second threshold.

6. A method according to any preceding claim, further
comprising transmitting a further data acquisition
control signal to the plurality of distance sensors after
transmitting the lighting control signal, the further da-
ta acquisition control signal for controlling the plural-
ity of distance sensors to acquire further distance
readings.

7. A method according to any preceding claim, wherein
the position of an object is determined by:

for the ranging measurement data from each of
the plurality of distance sensors, determining
which of a number of pre-defined criteria are
met, the pre-defined criteria indicating distance
ranges in relation to each of plurality of distance
Sensors;

determining which one of a plurality of pre-de-
fined conditions are satisfied based on the met
criteria, wherein the satisfied pre-defined condi-
tion indicates the identified area.

8. A lighting system for a household appliance, the
lighting system comprising:

a plurality of distance sensors attachable atfixed
positions relative to the household appliance,
wherein a distance sensor has a field of view in
which it is able to obtain distance readings;

a plurality of lighting devices; and

a control device operable to receive ranging
measurement data indicating distance readings
from each of the plurality of distance sensors
andto send alighting control signal to the lighting
devices based on the received ranging meas-
urement data.

9. A lighting system as set out in claim 8, wherein the
plurality of distance sensors consists of three dis-
tance sensors.



10.

1.

12.

13.

14.

15.

23 EP 3 771 291 A1

A lighting system as set out in any of claims 8 -9,
wherein the distance sensors are time of flight de-
tectors.

A household appliance comprising the lighting sys-
tem of any of claims 8-10 and having an interior vol-
ume and an opening to access the interior volume,
wherein the identified area is a target area of the
interior volume.

A household appliance as set outin claim 11, further
comprising a door operable to cover the opening and
wherein the door is at least partially within the field
of view of each of the plurality of distance sensors
when covering the opening.

A household appliance as set out in any of claims
11 to 12, wherein the interior volume is comprises a
plurality of target areas, wherein at least one of the
plurality of lighting devices is associated with two or
more of the target areas.

A household appliance as set out in any of claims
11 to 13, wherein the interior volume is comprises a
plurality of target areas, wherein at least one of the
target areas is associated with two or more lighting
devices.

A computer readable medium having stored thereon
instructions which, when executed by a suitable
processor, cause a lighting system to perform the
method of any of claims 1 to 7.
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