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Description
FIELD OF THE INVENTION
[0001] The invention relates to a luminaire, a motion detection method, and a computer readable medium.
BACKGROUND OF THE INVENTION

[0002] Reliable motion detection is important in a number of fields. For example, motion detection is used in lighting
systems to control the lighting. Using a motion detector it can be avoided that lights are turned on when no persons are
present. Other applications are, e.g., in burglar alarms, and office occupancy detection, e.g., for office management.
[0003] Unfortunately, motion sensing suffers from a number of problems. One problem for motion sensors is that they
can be sensitive to a particular type of narrow-frequency noise, which is sometimes referred to a hum, or hum-type
noise. In particular, sensors based on the Doppler effect are vulnerable to false positives caused by hum noise.
[0004] A known motion sensoris described in Korean patent application KR20160141503, "APPARATUS AND METH-
OD FOR DRIVING LIGHT". In the Korean patent application a lighting driving device is disclosed for driving a lighting
device equipped with a motion sensing part. The device automatically controls lighting depending on whether motion is
detected or not.

[0005] The motion detection unit is a microwave (RF) Doppler sensor and uses the Doppler effect to detect a motion
by detecting a wave generated by a wave source. The motion sensing unit detects not only the movement of the object
but also vibrations occurring in the surroundings. There is thus the problem that the lamp may be turned on when only
vibrations occur but no movement.

[0006] Figure 1 of the cited patent illustrates the known lighting driving device. The known device includes a vibration
sensing unit 11 for sensing a vibration in addition to the motion sensing unit 12.

[0007] The motion sensing unit 12 is a RF Doppler sensor that senses motion using a Doppler effect using microwave
(RF) and outputs a motion sensing signal of a corresponding size. The vibration sensing unit 11 is a micro-electro-
mechanical system (MEMS) which measures an acceleration and senses vibration, and outputs an electrical signal of
a corresponding magnitude as a vibration sensing signal.

[0008] A controller lights an illumination device 4 when motion is detected by the motion detection unit 12, but only at
a time when no vibration is detected. This prevents the illumination device 4 from being turned on when a vibration is
detected.

[0009] US2018/263502A1 discloses using a radar signal for estimation of heart rate, change in heart rate, respiration
rate, and/or change in respiration rate, for a human or other animal. The respiration movement in the radar baseband
output signal can be estimated. The estimated respiration signal can then be subtracted from radar signals in the time
domain and, can be further enhanced using digital signal processing techniques, to produce an estimate of the heartbeat
pulses.

SUMMARY OF THE INVENTION

[0010] The invention is defined in apparatus claim 1 and in corresponding method claim 14.

[0011] The known system has a number of drawbacks. First of all, the known system requires a separate vibration
sensor in addition to the motion sensor. This increases the list of parts, increases system complexity and costs. Second,
so long as a vibration is detected no motion can be detected. Hum can be intermittent, and may last only a few seconds,
but the inventors have observed that hum-type noise can also last for hours. Such a persistent hum would turn the known
system inoperable, since while the hum lasts, no motion is detected and thus no lights are turned on. Alternatively, the
threshold for vibrations may be set at a high level, so that the risk of false positives caused by one or more hum noise
sources remains. Third, the known system detects only mechanical vibrations. However, the inventors observed that
hum noise can also originate from an electrical source.

[0012] To address these and other problems, a luminaire comprising a motion detector is proposed. The motion
detector comprises:

- a motion sensor interface configured to receive a motion signal from a motion sensor, said motion signal being
correlated with motion of objects in an environment of the motion sensor,
- aprocessor system configured to

- signal-process the motion signal to obtain multiple motion components, a motion component being correlated
with a direction and velocity of a motion in the environment,
- cancel in the motion components, two motion components that correspond to motions with opposite directions,
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- detect motion of objects in the environment from the motion components that are not cancelled. The luminaire
is being connectable to a light-emitting element and being configured to control the light-emitting element at
least in dependency upon the motion detector.

[0013] The motion detection has the advantage that no separate vibration sensor is needed. Instead, hum noise can
be removed from the motion sensor’s output. For example, in an embodiment, the determining may comprise determining
an energy in the remaining frequency bins. The environment may then be classified as motion, e.g., if the determined
energy exceeds a threshold. Frequency bins may be implemented as the coefficients produced by a frequency domain
conversion, e.g., FFT, DFT, etc. A frequency bin is termed bin since it actually corresponds to a narrow range of
frequencies, which for a Doppler sensor in turn corresponds to a narrow range of velocities in the area surrounding the
sensor.

[0014] It was an insight of the inventors that a vibration in the environment comprises two motions with opposite
directions. By removing motion components that have such a profile, vibration noise is reduced.

[0015] In an embodiment, the motion signal comprises a first channel (/) and a different second channel (Q), the first
and second channel being correlated with motion in the environment of the motion sensor. Having access to two channels
is one way in which motion direction can be determined from a motion sensor.

[0016] For example, by performing a frequency transformation, motion components may be obtained that correspond
to a frequency, e.g., both positive a negative frequencies. Conventionally, movement toward and from the sensor may
be expressed as positive and negative frequencies respectively, or the other way round. Accordingly, noise cancelation
may comprise subtracting a motion component corresponding to a positive frequency from the motion component with
the corresponding negative frequency. Frequency transformation is typically done using a Fourier transformation, e.g.,
FFT, but another option is to apply a wavelet decomposition to obtain the motion components.

[0017] Due to imperfections in the motion sensor, a true motion, e.g., non-hum noise, e.g., a walking person, may
cause a contribution to one or more motion components with a positive frequency, but inadvertently also to the corre-
sponding negative frequencies. By subtracting the motion components, this may reduce the energy in a positive signal,
which may increase the chance of a false negative (e.g., the detector not detecting motion even though there is motion
present). This may be avoided by applying a correction factor which corrects for imperfections of the sensor. For example,
in an embodiment, a correction factor may be applied to a motion components before subtracting two motion components.
Interestingly symmetrizing the application of the correction factor can cause the resulting factor to still cancel hum-noise.
[0018] An aspect of the invention concerns a motion detection method.

[0019] An embodiment of the method may be implemented on a computer as a computer implemented method, or in
dedicated hardware, or in a combination of both. Executable code for an embodiment of the method may be stored on
a computer program product. Examples of computer program products include memory devices, optical storage devices,
integrated circuits, servers, online software, etc. Preferably, the computer program product comprises non-transitory
program code stored on a computer readable medium for performing an embodiment of the method when said program
product is executed on a computer.

[0020] In an embodiment, the computer program comprises computer program code adapted to perform all or part of
the steps of an embodiment of the method when the computer program is run on a computer. Preferably, the computer
program is embodied on a computer readable medium.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] Further details, aspects, and embodiments of the invention will be described, by way of example only, with
reference to the drawings. Elements in the Figures are illustrated for simplicity and clarity and have not necessarily been
drawn to scale. In the Figures, elements which correspond to elements already described may have the same reference
numerals. In the drawings,

Fig. 1a schematically shows an example of an embodiment of a motion detector,

Fig. 1b schematically shows an example of an embodiment of a luminaire,

Fig. 1c schematically shows an example of an embodiment of a lighting system,

Fig. 2a shows a graph of a magnitude of a FFT transform of a single-channel motion sensor signal,
Fig. 2b shows a graph of a magnitude of a FFT transform of a dual-channel motion sensor signal,
Fig. 2c shows a graph of a magnitude of a FFT transform of a single-channel motion sensor signal,
Fig. 2d shows a graph of a magnitude of a FFT transform of a dual-channel motion sensor signal,
Fig. 3 schematically shows an example of an embodiment of a dual-channel motion sensor,

Fig. 4a shows a graph of a magnitude of a FFT transform of a dual-channel motion sensor signal,
Fig. 4b shows a graph of a magnitude of a FFT transform with noise-cancelation,

Fig. 4c shows a graph of a magnitude of a FFT transform of a dual-channel motion sensor signal,
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Fig. 4d shows a graph of a magnitude of a FFT transform with noise-cancelation,

Fig. 5a schematically shows an example of an embodiment of a motion detector,

Fig. 5b schematically shows an example of an embodiment of a motion detector,

Fig. 6 schematically shows an example of an embodiment of a motion detector method,

Fig. 7a schematically shows a computer readable medium having a writable part comprising a computer program
according to an embodiment,

Fig. 7b schematically shows a representation of a processor system according to an embodiment.

List of Reference Numerals in Figures 1a-5b, 7a-7b:

[0022]

100, 101, 102  a motion detector

110 a motion sensor

112 a sensor

114 a signal processing unit
120 a signal input

130 a frequency domain converter
140, 141 a noise cancelation unit
150 a motion detect unit

162 a correction term estimator
164 a correction term storage
170 a luminaire

171 a lighting system

172 a lighting element

173 a computer network

175 a lighting controller

210, 220, a spectrum

230, 240 a spectrum

211,213 a peak

212 positive frequencies

214 negative frequencies

221 a peak

223 no peak

411, 413 hum-noise related peaks
412 motion related peak

414 no peak

500 a motion sensor

510 a transmission signal generator
511 a transmitter

512 areceiver

520 a phase shifter

530 a mixer

540 a mixer

550 a low-pass filter

560 a low-pass filter

551 a Q-signal

561 an I-signal

1000 a computer readable medium
1010 a writable part

1020 a computer program
1100 a device

1110 a system bus

1120 a processor

1130 a memory

1140 a user interface

1150 a communication interface
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1160 a storage
1161 an operating system
1162, 1163, 1164  instructions

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] While this invention is susceptible of embodiment in many different forms, there are shown in the drawings and
will herein be described in detail one or more specific embodiments, with the understanding that the present disclosure
is to be considered as exemplary of the principles of the invention and not intended to limit the invention to the specific
embodiments shown and described.

[0024] In the following, for the sake of understanding, elements of embodiments are described in operation. However,
it will be apparent that the respective elements are arranged to perform the functions being described as performed by
them.

[0025] Figure 1a schematically shows an example of an embodiment of a motion detector 100.

[0026] The motion detector can be used for a variety of applications, particularly advantageous of which is illumination.
For example, Figure 1b schematically shows an example of an embodiment of a luminaire 170. Luminaire 170 may
comprise motion detector 100 and a lighting element 172. For example, the lighting element may be configured to radiate
light when motion detector 100 detects motion. The lighting element may be one or more LEDs. For example, Figure
1c schematically shows an example of an embodiment of a lighting system 171. Lighting system 171 comprises a
luminaire 170, typically multiple luminaires, a motion detector 100, typically multiple motion detectors, and a lighting
controller 175. Lighting controller 175 is configured to receive motion signals, e.g., quiet/motion classifications from the
motion detector(s) and determine, based thereupon, a lighting control signal. The lighting control signal is sent to the
one or more luminaires, who then illuminates in accordance with the control signal. One or more of the motion detectors
may be incorporated in the luminaires, but that is not needed. The communication between motion detector, lighting
controller and luminaire may proceed over a digital communication network, e.g., a computer network.

[0027] For example, the various devices of system 171 may communicate with each other over a computer network
173. The computer network may be an internet, an intranet, a LAN, a WLAN, etc. Computer network 173 may be the
Internet. The computer network may be wholly or partly wired, and/or wholly or partly wireless. For example, the computer
network may comprise Ethernet connections. For example, the computer network may comprise wireless connections,
such as Wi-Fi, ZigBee, and the like. The devices comprise a connection interface which is arranged to communicate
with other devices of system 171 as needed. For example, the connection interface may comprise a connector, e.g., a
wired connector, e.g., an Ethernet connector, an optical connector, etc., or a wireless connector, e.g., an antenna, e.g.,
a Wi-Fi, 4G or 5G antenna. For example, the devices 100, 175 and 170 may each comprise a communication interface.
Computer network 173 may comprise additional elements, e.g., a router, a hub, etc.

[0028] The execution of motion detector 100 may be implemented in a processor circuit, examples of which are shown
herein. Figure 1a for example shows functional units that may be functional units of motion detector and, e.g., of the
processor circuit. For example, Figure 1a may be used as a blueprint of a possible functional organization of the processor
circuit. The processor circuit is not shown separate from the units in Figure 1a. For example, the functional units shown
in Figure 1a may be wholly or partially implemented in computer instructions that are stored at device 100, e.g., in an
electronic memory of device 100, and are executable by a microprocessor of device 100. In hybrid embodiments,
functional units are implemented partially in hardware, e.g., as coprocessors, e.g., signal coprocessors, and partially in
software stored and executed on device 100.

[0029] There are other applications for a motion detector than lighting control. For example, a motion detector may
be used in a burglar alarm. For example, motion sensors may be used to detect occupancy in offices, which in turn may
be used to manage the office, e.g., to suggest an empty office for use, or report on office occupancy over time.

[0030] Motion detector 100, as shown in Figure 1a, comprises a motion sensor 110; this is not necessary though. The
motion detector 100 may use an external motion sensor. Part of the signal processing may be done in the external
motion sensor or in the motion detector itself. In an embodiment, the motion sensor 110 may be an integral part of motion
detector 100. Motion sensor 110 is configured to generate a sensor signal for the motion detector.

[0031] There are various choices for the motion sensor. For example, motion sensor 110 may be a Doppler motion
sensor, micro-wave sensor, or ambient light sensor, etc. As a motivating example, embodiments below will be described
for a Doppler sensor. It is noted however, that the motion detector may be combined with any motion sensor for which
noise is problem, especially noise of hum-type.

[0032] Inanembodiment,the motion sensor 110 may comprise asensor 112 and a processing unit 114. The processing
unit 114 may perform pre-processing before the signal is further processed by the rest of motion detector 100. Processing
unit 114 is optional.

[0033] For example, in an embodiment, motion sensor 110 may be of Doppler type. For example, a Doppler sensor
may be configured to detect motion or speed of moving objects through the Doppler principle. Sensor 112 may be
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configured to transmit a signal, for example, a microwave signal. For example, the transmitted signal may have a
frequency of from 5 to 30 Ghz, and/or from 30-100 GHz, etc., lower or higher is also possible. Examples of signal
frequencies include: 5.8 GHz, 24 GHz, and 60 GHz. For example, the transmitted signal may have a frequency in the
super high frequency band (SHF) or Extremely high frequency band (EHF).

[0034] Sensor 112 may be configured to receive the signal back. A shift in the frequency signal is related to the speed
with respect to the sensor of moving objects that reflected the transmitted signal. For example, one way of processing
in a Doppler sensor is to compute a product of the transmitted signal and the received signal, and to apply a low-pass
filter to the multiplied signals. It can be shown with geometric functions that the resulting signal comprises the frequency
shifts. For example, processing unit 114 may be configured to multiply the transmitted and received signal and apply a
low-pass filter.

[0035] The resulting signal is provided to a signal input 120 of motion detector 100. For example, signal input 120 may
be an internal input. Signal input 120 may also be an input-port, e.g., an electronic input port, or a digital input port, e.g.,
an API, or the like. For example, in an embodiment the sensor signal of motion sensor 110 received at signal input 120,
may be a signal in which frequency components correspond to Doppler shifts and thus to velocities of objects in the
area surrounding sensor 110. In an embodiment, the signal is a received signal reflected of objects in the surrounding
area. In the latter case further Doppler processing may be performed after receiving the signal at the signal input.
[0036] In an embodiment, the motion sensor interface 120 is configured to receive a motion signal from motion sensor
110. The motion signal being correlated with motion in an environment of the motion sensor. In particular, the motion
signal is arranged such that motion direction in the environment is correlated to the motion signal. The correlation need
not be perfect. For example, it is sufficient if the correlation is only with a projection of the motion direction. For example,
a motion direction may be directed onto the line from the moving object toward sensor 110. For example, some noise
canceling can be achieved if two equal motions with opposite directions, e.g., with respect to each other, can be distin-
guished from each other in the motion signal. In an embodiment the motion signal are the Q and | time-domain signals.
[0037] In an embodiment, motion sensor 110 is a so-called two-channel sensor, e.g., the motion signal contains two
channels each of which is correlated to motion in the environment. Because two channels are available, more information
regarding the direction of movements in the environment can be obtained. For example, in an embodiment, the motion
signal comprises a first channel (/) and a different second channel (Q), the first and second channel being correlated
with motion in the environment of the motion sensor.

[0038] Inanembodiment, the first channel and the second channel have been obtained by mixing a received reflection
signal with a first and second mixing signal respectively, the first and second mixing signal having at least 30 degree
phase difference, preferably, at least 70 degrees phase difference, more preferably 90 degree phase difference.
[0039] For example, the motion sensor may be a two-channel Doppler microwave sensor. The output of the sensor
may already be processed by signal processing unit 114 into an | and Q channel, but this is not necessary; for example,
the motion sensor may export the raw received signal and have the signal processing done in motion sensor 110.
[0040] Figure 3 schematically shows an example of an embodiment of a dual-channel motion sensor 500. For example,
dual-channel motion sensor 500 may be used for motion sensor 110. Figure 3 shows merely one architecture of a motion
sensor 110 and other choices are possible.

[0041] Figure 3 shows a transmission signal generator configured to generate a signal, e.g., a sinusoidal signal, for
transmission through a transmitter 110. The transmitted signal reflects of objects in the environment of sensor 500. The
reflections are received in a receiver 512. The received signal is mixed with the transmitted signal in a mixer 540, and
led through a low-pass filter 560 to obtain an in-phase signal 561, e.g., I-channel 561. The transmitted signal 510 is also
subjected to a phase shift, typically shifted over 90 degrees. The received signal is mixed with the phase-shifted trans-
mitted signal in a mixer 530, and led through a low-pass filter 550 to obtain a quadrature signal 551, e.g., Q-channel
551. Typically, phase-shifter 520 shifts over 90 degrees, but this may be different. In particular, due to inaccuracies, the
shift may be slightly more or less. For example, the phase shift of phase shifter 520 may be between 85 and 95 degrees.
A shift over 270 is considered to be equivalent to a shift over 90 degrees. Non-ideal components, such as amplifiers,
and phase shifter 520, etc., may also introduce a slight change in the amplitude of the signal. As a result of these factors,
the two channels may deviate a bit from a perfect | and Q channel. Assuming the deviations are sufficiently small with
respect to a bin-size of the frequency transformation that is to follow, this will still allow noise cancellation, at least to an
extent. It is possible to correct for inaccuracies in motion sensor 110, 500 and its signal processing. Such corrections
are further explained below, and are optional.

[0042] Many variations are possible for motion sensor 500. For example, mixing and filtering may be done analog
and/or digital. For example, motion sensor 500 may comprise one or more antenna. Mixing may be implemented as
multiplication between the two signals. For example, in an embodiment, a raw received signal is mixed with a first signal
and with a second signal that differs a phase. Some components may be re-used, etc.

[0043] Returning to Figure 1a, signal 551 and 561 may be received by motion sensor 100 in signal interface 120.
[0044] Motion detector 100 comprises a frequency domain converter 130, a noise cancelation unit 140 and a motion
detect unit 150. Frequency domain converter 130 converts the received signal from a time domain to a frequency domain.
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For example, converter 130 may perform a Fourier transformation. For example, converter 130 may perform a Discrete
Fourier transform (DFT). If needed converter 130 may first perform an analog to digital conversion, e.g., an ADD con-
version, e.g., before performing the conversion to the frequency domain.

[0045] Inanembodiment, the signal-processing of frequency domain converter 130 comprises transforming the motion
signal from a time-domain to a frequency-domain to obtain multiple motion components. A motion component represents
motions at particular velocities and direction with respect to the sensor. A motion components may further represent
motions at particular distances with respect to the sensor. Typically, a motion component is sensitive to a range of
velocities. Preferably, motion with an opposite direction with respect to the sensor corresponds to a different motion
component.

[0046] The multiple motion components may be coefficients of the frequency transform, e.g., FFT, DFT, etc., of the
motion signal. For example, the multiple motion components may be frequency bins of the frequency domain converter.
In an embodiment, the frequency domain conversion is performed on a combination of the two channels, e.g., of the |
and Q channel. In particular, the transform may be a complex transform; for example, the frequency transform may be
applied to the complex combination (1+jQ), wherein j represents the complex unity. The result of said frequency trans-
formation may be a complex signal. For example, complex amplitudes may be obtained for the frequency bins.

[0047] In an embodiment, the motion signal received in input 120 is portioned into portions, e.g., portions with a pre-
determined number of time-domain samples. On each of the portions the frequency conversion may be performed. As
aresult, so-called frequency bins are obtained. A frequency bin is the amplitude of a range of frequencies that is present
in the received signal. For example, one frequency bin may represent the frequency range from 40-42 Hz. The frequency
range corresponding to a frequency bin may be, e.g., about 2 Hz, or more, or less, say in the range from .5 to 5 Hz. A
magnitude for a frequency bin may be taken as the absolute value of the amplitude. In an embodiment, the signal-
processing may be configured to detect motion components within a time period or time slice. The time-period may be
say a second, a half-second, etc. In an embodiment, the time period is less than 30 seconds.

[0048] For example, a frequency conversion may be performed each time after a pre-determined number of time-
domain samples have been obtained. For example, every 24 time-domain samples a frequency domain conversion may
be performed. For example, in an embodiment, a 5.8 Ghz sensor, is combined with 24 time-samples per time-slice.
[0049] Forexample, one can sample at 250 Hz, and take for every 24 new samples an FFT with a length of 128 points.
In this case the FFTs are overlapping. For light switching one preferably reports motion quickly, e.g., in 0,5 s. With the
example above one has a few FFT for making the decision. For other situations, one can take more time: for example,
when trigger on motion when the light is already on, or for occupancy detection.

[0050] As a result the frequency bins show an evolution over time; an increase in a frequency bin, e.g., an increase
in the magnitude for a particular frequency range may correspond to an increase in a particular velocity in the area
surrounding the sensor. The increase in a frequency bin may indicate motion in the area. A high-pass or low-pass filter,
or both may be applied to the signal, or to the bins, to eliminate frequencies that are too high or too low to be usable.
[0051] In an embodiment of a frequency domain converter, the motion signal is signal-processed to obtain multiple
motion components. For example, the multiple motion components may be the coefficients of a frequency transform of
the 1+jQ. A motion component is correlated with a direction and velocity of a motion in the environment. In particular,
two motions with opposite directions contribute to two different motion components that correspond to motions with
opposite directions.

[0052] In particular, motions with a direction that is opposite with respect to each other, contribute to different motion
components, e.g., to a motion component associated with a positive and a negative frequency. In practice this will be
the case, even if the motion direction is detected with respected, e.g., projected onto, the view-direction of the motion
sensor. In an embodiment, motions with opposite directions contribute to different motion components of the multiple
motion components.

[0053] It is sufficient that the motion sensor only measures speed towards or away from the sensor, which may be
referred to as projected speed. Interestingly, objects that vibrate hardly change in position which makes that the amplitude
of velocity towards and away of the sensor is equal.

[0054] Terms like opposite direction and same speed should be understood to mean within a threshold. The threshold
may be implicit. For example, if two movements contribute to opposite Fourier coefficient they may be regarded as
opposite directions.

[0055] In an embodiment, the multiple motion components correspond to a frequency of the frequency transform. In
particular, for a two channel | and Q sensor, motions with opposite directions contribute to motion components having
the same frequency but an opposite sign.

[0056] Figure 2a shows a graph of a magnitude of a FFT transform of a single-channel motion sensor signal. Shown
in Figure 2a is the spectrum obtained when a person walks towards the sensor. Positive frequencies are shown at 212,
and negative frequencies at 214. In this example, use was made of a single-channel motion sensor in which the motion
signal does not contain information on the direction of a motion. In particular, Figure 2a was obtained by performing a
real FFT on | channel data only. The obtained motion components are unable to give direction information. Note that
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the FFT values are duplicated after N/2 of the FFT bins.

[0057] Peak 211 shown in spectrum 210 corresponds to the motion of the walking person. However, the peak is
repeated at 213 which is indicative of the lack of sensitivity to motion direction.

[0058] Figure 2b shows a graph of a magnitude of a FFT transform of a dual-channel motion sensor signal. Shown in
Figure 2b is the spectrum obtained when a person walks towards the sensor. In this example, use was made of a dual-
channel motion sensor in which the motion signal contains information on the direction of a motion. In particular, Figure
2b was obtained by performing a complex FFT on | and Q channel data. The obtained motion components do give
direction information. Note that the FFT values are not duplicated after N/2 of the FF T bins. Figure 2b shows the magnitude
of the frequency bins.

[0059] Peak 221 shown in spectrum 220 corresponds to the motion of the walking person. The peak is not repeated
at negative frequency 223 which is indicative of the lack of sensitivity to motion direction.

[0060] Figures 2c and 2d further illustrate the sensitivity to motion direction. Figures 2c and 2d are similar to Figures
2a and 2b except that the person is walking away from the sensor. Also in this case spectrum 230 of the single channel
sensor shows a repeated peak. However, spectrum 240 for the two-channel sensor shows a single peak. Different from
Figure 2c the peak is now located at negative frequencies indicating that the motion is away from the sensor rather than
towards the sensor.

[0061] Motion sensor 100 comprises a noise cancelation unit 140 that exploits this difference. Noise cancelation unit
140 is configured to cancel in the motion components, two motion components that correspond to motions with opposite
directions.

[0062] For example, a motion component corresponding to a particular frequency may be subtracted from a motion
component with the same frequency but opposite sign to cancel the motion components that correspond to motions with
opposite directions. For example, suppose an array F,[i] represents motion components with a direction towards the
sensor, with index / running over the motion components. For example, two motion components F,[ig] and F.[i4] for two
different values of index i may correlated to motions of different speeds, though both of them are directed toward the
sensor. Note that the actual motions in the environment, do not need to be directed towards the sensor; for example, a
direction component, e.g., obtained by projecting the actual motion direction onto the line from moving object to the
sensor may be represented in the motion components. Suppose a second array F_[i] represents motion components
with a direction away from the sensor, with index i running over the motion components. For example, motion components
F.[i] and F_[i] may represent a motion with the same speed but with a different direction with respect to the sensor. To
cancel vibration motions, e.g., so-called hum-type noise, a new array may be computed F[i] = F,[i] - F_[i]. A typical
vibrating motion has a small positional change, and equal speeds towards and away from the sensor, note that any
orthogonal component with respect to the sensor may be ignored. In array F, a moving object which does not vibrate,
in particular a moving, say walking, person, contributes to one or more value in the F, array but not to the F_ array, or
vice versa. However, a vibrating object would contribute both to the F, and to the F_array, and in fact, will typically do
so with equally. By subtracting the two components the contributions of the vibrating object to the motion components
are cancelled, but the walking motion is not.

[0063] Many variants are possible. For example, the arrays F,, F_, and F may be represented in different manners. In
particular, arrays F, and F_may be represented in a single array. For example, array values from 0 to N/2 may represent
positive frequencies, while array entries from N/2 to N may represent negative frequencies. In case the amplitudes at
positive and negative frequencies differ in sign, this may be resolved by taking magnitudes, e.g., F[i] = |F.[i| - |F.il, by
ignoring the imaginary or real part, of by removing signs from the imaginary and real part, e.g., mapping all amplitudes
to the same quadrant, etc.

[0064] Several improvements can be made to this approach. For example, one may correct for a phase difference
different from 90 degrees, or for an amplitude difference between the two channels, e.g., as cause by non-perfect
components. This is further expanded upon below.

[0065] There is no need to compute with complex values, in particular not after the frequency transform. For example,
one may replace the amplitudes in F, and F_with their magnitudes. For example, in the above notation, one may compute
Fli] = |F.[i| - |F.I]|- Interestingly, subtracting even reduces hum-noise if a hum-noise and a motion causes an elevated
frequency bin for the same frequency.

[0066] Finally, motion in the environment may be detected by motion detector 150. For example, motion detector may
be configured to detect motion in the environment from the motion components that are not cancelled. For example,
detecting motion may comprise determining an energy in the non-cancelled motion components. The environment may
be classified as motion if the determined energy exceeds a threshold. For example, motion detector 150 may be configured
to detect motion from the motion components F[i] = F,[i] - F[i], e.g., by summing |F[i]|2.

[0067] Detecting motion may comprise detecting motion on a per-bin basis. This has the advantage that a different
motion-threshold may be used for different frequencies. Detection can be done after noise cancelation, e.g., by subtracting
all positive frequencies from all negative frequencies. Detection can also done together. For example, one may decide
for each elevated bin, if it corresponds to motion or to hum-noise; in the former case it is said to call motion. The presence
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or absence of an elevated bin at the opposite frequency may then be taken as a factor for the presence or absence of
noise. However, other factors may also be taken into account. For example, true motion typically causes multiple se-
quential elevated bins, while hum-noise typically elevates only a one or a few, say two bins. After per-bin identification
has been done, motion detection can be determined on the basis of the bins that are determined to relate to motion;
e.g., summing energy in motion calling bins.

[0068] For example, motion detecting may comprise detecting bins with an elevated magnitude. For each bin with
higher magnitude, e.g., compared to a threshold for that bin, that bin may be said to having seen motion. In addition to
the hum-noise cancelling properties of the signal processing described herein, other signal processing may be done, in
particular other algorithms may be applied to detect hum-noise and/or true motion. For example, for each run of the
motion algorithm, each elevated frequency bin may be checked for the hum condition. Only frequency bins that call
motion and/or which are not identified as a hum may contribute to detecting motion. Note that, true motions will trigger
a motion call even if a hum condition exists in one or more bins. In an embodiment, the motion detector may, for each
time slice, check all frequency bins for increased magnitude and motion.

[0069] After the conversion from the time-domain to the frequency-domain, motion is detected by a motion detect unit
150 from the frequency bins, e.g., from the magnitudes of the frequency ranges.

[0070] Forexample, motiondetectunit 150 may be configured to identify frequency bins having anincreased magnitude.
For example, a magnitude may be detected that is higher than a threshold value. The threshold value may be prede-
termined. A high value in a frequency bin may correspond to large or many objects with the corresponding velocity.
However, a frequency bin with an increased magnitude may also be caused by noise. There may be one or a few
thresholds for all bins, or there may be a threshold for each bin, etc.

[0071] For example, motion detect unit 150 may be configured to estimate if the identified frequency bins correspond
to a motion source in the environment or to a noise source in the environment.

[0072] Figure 4ashows a spectrum of amagnitude of a FFT transform of a dual-channel motion sensor signal. Spectrum
4a was created from a computer simulation of a two-channel Doppler motion sensor. In the simulation, there is one
object moving and there are two sources of hum-type noise. A complex frequency transformation obtained an array A(w)
which represents the amplitude for a frequency w. In this example, the frequency runs from - 600 Hz to + 600 Hz. Figure
4a graphs the absolute value of the amplitude for the frequencies. Note that Figure 4a shows a number of peaks caused
by the Doppler shift induced by motion in the environment. The peaks at 411 between about 0 and 200 Hz are caused
by a vibration in the environment. This vibration motion also causes peaks at corresponding negative frequencies, which
can be seen at 413, e.g., between about 0 and -200 Hz. Also shown in Figure 4a is a peak at 412. This peak, at about
300 Hz, corresponds to a non-vibrating motion. Note that peak 413 is not mirrored at -300 Hz.

[0073] Figure 4b shows a graph of a magnitude of a FFT transform with noise-cancelation. Figure 4b is obtained from
graph 4a by subtracting the magnitude of the negative frequencies from the corresponding positive frequencies. As a
result the peaks corresponding to hum-noise have completely cancelled, while the peak at 300 Hz corresponding to
non-vibrating motion remains. From Figure 4b motion can be detected with increased reliability since false-positives
from hum-noise has been reduced. Note that Figure 4b does not contain noise, which is an artefact of the simulation.
[0074] Figure 4c and 4d are illustrations to show the effect of removing the true motion from the environment of the
sensor but leaving the hum-noise. The peak at 412 has been removed, as no true motion is present, though the peaks
caused by hum-noise are still present. Figure 4d shows what the resulting noise-cancelled graph would look like; no
peaks are left. When a motion detection algorithm is applied to Figure 4d instead of Figure 4b, no motion would be
detected as no energy is left in the spectrum.

[0075] Note that the difference in energy between Figures 4a and 4c is relatively smaller than the difference in energy
between Figures 4b and 4d, this shows that is it easier to set accurate thresholds for Figures 4b and 4d to detect motion
than for Figures 4a and 4c. To make matter worse, the number of hum sources may change over time. Hum may be
present from seconds to hours, from on or multiple sources. The scale of the axes in Figures 2a-2d and 4a-4d were set
automatically.

[0076] A problem with motion sensors, in particular also with Doppler type motion sensors is a type of noise, referred
to as hum noise. Hum noise sources cause elevated signals in a certain frequency bin, often intermittently. Hum noise
may be caused by vibrations, e.g., caused by e.g., a driver inside a luminaire or an external device. Hum noise may also
be caused by mechanical structures in the environment such as a lamella optic present in T-LED fixtures. Hum noise
tends to be localized to one or two adjacent frequency bins, e.g., having a bandwidth of around few Hertz, but hum noise
may sometimes span more than 2 bins as well.

[0077] The intermittent nature of the signal can cause false positive motion calls. For example, a hum noise-source,
e.g., an electronic driver or a lamella optic may cause an increase in a particular frequency bin, which in turn may be
interpreted as motion in the area surrounding the sensor, but which in reality is only due to the hum noise.

[0078] Motion detector 150 may be configured to classify the environment as quiet or motion from the noise cancelled
motion components, e.g., frequency bins.

[0079] There are various ways in which motion detector 150 can make the classification. For example, depending on
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the application, the motion detector may be configured to detect small motions or not. For example, a motion detector
used in an office for lighting control may be configured with a low threshold for motion, e.g., to detect motions such as
typing. For example, a motion detector used in a hallway for lighting control may be configured with a larger threshold
for motion, e.g., to detect larger motions such as walking. This avoids, in the first case, that lights turn off when occupants
are relative motionless expect for small motions such as typing, or, in the second case, that lights in a hallway turn on
to easily due to false-positives.

[0080] For example, motion detector 150 may be configured to determine an energy in the frequency bins, e.g., the
frequency bins or parts thereof that are estimated as corresponding to a motion source. The environment may be
classified as motion if the determined energy exceeds a threshold. For example, energy may be computed by squaring
and adding the frequency bins. For example, the energy may be a weighted energy. For example, frequencies that
correspond to walking speed may be given a higher weight than those that do not. If the energy or weighted energy in
the bins that correspond to motion, e.g., that do not correspond to noise, exceed a threshold then the area is classified
a motion. If not, then the area may be classified as quiet. By tuning the threshold and/or the weighing, the sensitivity of
the motion detector may be tuned as desired for the application. This can be done empirically.

[0081] Instead of classifying the environment as motion or quiet, e.g., in a binary classification, the motion sensor may
report a value indicating the likelihood that there is motion in the environment. For example, the energy in the noise-
cancelled spectrum may be mapped to a floating point value, e.g., a fraction between 0 and 1, e.g., using a sigmoid
function.

[0082] At the edges of the frequency bins, e.g., at the higher and lower bins some special considerations may be
needed. The inventors also found that at the lower end of frequencies the sensors where often unreliable. In an embod-
iment, frequency bins below a frequency floor are estimated as cause by noise. For example, the noise frequency floor
may be less than 9.3Hz for a 5.8Ghz sensor. These low frequencies are found to have more spurious signals and are
therefore not reliable and consistent. For other sensor modalities this value will change proportionally. For example, this
cut-off frequency increases with the frequency of the sensor for a Doppler sensor.

[0083] A motion detector with noise filtering such as motion detector 100 runs a risk of ignoring a motion signal, e.g.,
mistaking a true motion as noise-caused. As pointed out herein various parameters discussed can be tuned to increase
or decrease the likelihood of this happening. The inventors found that mistaking true-motion for noise in a lighting, such
as luminaire 170 or lighting system 171 will have more severe effects if people are actually present. In an embodiment,
this can be avoided by suppressing noise reduction if people are present, for example if the light emitting element is
turned on. Noise reduction can be turned off all together or a different trade off can be configured by changing its
parameters.

[0084] If the lights are ON, this implies presence of persons in the detection area. If a noise filter detects a motion
signal as noise, and eliminates it, this may not immediately result in severe effect since the lights may not switch off
immediately; they may be configured to stay ON for some time after detecting motion. The system keeps looking for a
motion and if it sees at least one motion within the configured time interval before it switches OFF, the previous mistake
of a false negative is not observed at the system level since the effect is not visible. However, if within said configured
interval no other motion was seen then the lights would eventually switch OFF, resulting in unpleasant behavior.
[0085] Typically, the motion detector 100, luminaires 170, 171, lighting controller 175 each comprise a microprocessor
which executes appropriate software stored at these devices; for example, that software may have been downloaded
and/or stored in a corresponding memory, e.g., a volatile memory such as RAM or a non-volatile memory such as Flash.
Alternatively, the devices may, in whole or in part, be implemented in programmable logic, e.g., as field-programmable
gate array (FPGA). The devices may be implemented, in whole or in part, as a so-called application-specific integrated
circuit (ASIC), e.g., an integrated circuit (IC) customized for their particular use. For example, the circuits may be imple-
mented in CMOS, e.g., using a hardware description language such as Verilog, VHDL, etc.

[0086] In an embodiment, the motion detector comprises one or more electronic circuits. The circuits implement the
corresponding units described herein. The circuits may be a processor circuit and storage circuit, the processor circuit
executing instructions represented electronically in the storage circuits. A processor circuit may be implemented in a
distributed fashion, e.g., as multiple sub-processor circuits. A storage may be distributed over multiple distributed sub-
storages. Part or all of the memory may be an electronic memory, magnetic memory, etc. For example, the storage may
have volatile and a non-volatile part. Part of the storage may be read-only.

[0087] A challenge for motion sensors is to not have false positives, e.g., to not have false triggers in case of a non-
motion signals such as hum/vibrations, which are quite common. The inventors observed that sometimes during the
running of a motion sensor for motion detection, a sudden vibration is seen in the frequency domain which tends to be
more localized to one or two adjacent frequency bins, e.g., having a bandwidth of around few Hertz. Such vibrations are
generally consistently present for at least few seconds to even sometimes minutes or hours. These vibrations are referred
to as hum since they are more localized. In contrast, a motion signal is much broader in the frequency spectrum and
therefore, this property can be used to isolate a sudden starting of hum signal versus a motion signal.

[0088] As described above, noise sources can cause intermittent elevated signals in a certain frequency bin. The
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intermittent nature of the signal can cause false positive motion calls. This problem may be addressed with noise
cancelation unit 140, e.g., by reducing the amplitude of frequency bins that are likely affected by noise, in particular hum-
type noise. Removing such bins from considerations for motion detection may also work as a noise filter. A hum detector
may be implemented as a filtering enhancement for the motion algorithm that identifies frequency bins experiencing a
hum condition and eliminates their contribution to calling motion. The additional signal processing was found to detect
and account for hum or vibrations, so that they are not classified as motions.

[0089] Ina Doppler sensor, the frequency for a moving object can be estimated. In general, for a sensor with frequency

Av = = Af
fy, one may use the relationship: 2fo , Wherein c is the speed of light, f; is the frequency of the sensor, Af
describes the Doppler frequency. Vibrations differ from human motions in that, e.g., excited bins for vibrations are often
more narrow, and in that the ffor vibrations often does not change over time. If the time domain signal would be sampled
at 240 Hz, it may be analyzed using a 128-point FFT.
[0090] Although the hum detector parameters can be carefully tuned, there is always the risk that the hum filter identifies
motion events as a vibration. This could be of particular importance for small motions such as motions that humans
make behind a desk in the office. In order to circumvent this problem, the hum filter can be switched off in case people
are present. One method for incorporating this aspect is to have the hum filter active in case the light is off and the hum
filter switched off if the light is on.
[0091] Vibrations are often due to mechanical structures in the environment such as a lamella optic present in T-LED
fixtures. These vibrations often have the same signature. For this reason, the hum detector often has to deal with
vibrations that are very similar. Instead of relying on the hum detector’s instantaneous ability to filter these out, the hum
detector may also at some point, e.g., if the vibrations have appeared sufficiently often, completely ignore those frequency
bins that have experienced problems with vibrations.
[0092] The hum history can be used to identify hums with a higher accuracy. The motion detection algorithm runs at
a certain rate, e.g., iteratively, e.g., every 100 ms, the motion detector may report motion/no motion. If a motion signal
is observed, it is often not required to report this immediately. In an embodiment, multiple iterations, e.g., 4 iterations
which may be 400 ms, before reporting the observed signal. This reduces the chance of false positive motion signals.
Although hums start nearly instantaneously, they hardly change after they have started. This means that the hum history
also hardly changes. As one has a few frames of time, one can use this time for monitoring changes in the hum history.
If these changes fall below a threshold, then one can more confidently indeed identify the signal as vibration and report
no-motion. If the history does have changes above a certain threshold, then one can report motion.
[0093] The noise detection can be used for any products utilizing a time-varying sensor signal. For example, the noise
detection was found effective for a Doppler motion sensor. The noise detection could be used for different types of
sensors too. For example, an ambient light sensor suffers from similar noise sources, e.g., vibrational noise, electrical
noise, etc.
[0094] Returning to Figure 1a. The noise cancelation described herein removes or reduces the contribution to the
motion components of hum-noise. The reduction is degraded if the motion sensoris less thanideal, e.g., if the amplification
or sensitivity in the | and Q channels is different. Another problem may occur if the mixers of the motion sensor 110,
e.g., mixers 530 and 540 are not accurately orthogonal. If the phase difference is not 90 degrees then one may get a
mirroring of the energy of | fA(®)|? . Note that energy is typically computed as the square of amplitudes.
[0095] Furthermore, the reductionis improved if the mixed signals have little losses and are accurate, since this causes
the amplitudes at the two frequencies to be closer to each other. Unfortunately, in an embodiment, the motion sensor
may be less than ideal, causing divergences between an expected behavior in the frequency spectra.
[0096] Noise cancelation unit 140 may be configured to correct for deficiencies in the motion sensor 110.
[0097] Figure 5a schematically shows an example of an embodiment of a motion detector 101. Detector 101 may be
the same as detector 100 except for the addition of a correction term storage 164 and a modified noise cancelation unit
141. For example, the correction term storage 164 may store a correction factor . Noise cancelation unit 141 may be
configured to multiply one of the two motion components with the correction factor g before subtracting the two motion
components. The correction factor # may a real number, e.g., magnitudes are used. The correction factor f may be a
complex number if the correction is made on complex values, e.g., on the amplitudes.
[0098] A particularadvantageous way to compute the difference between the motion components is to use the following
equation: |||A(w)| - AA(-0)|| - |||A(-®)| - BlA(@)|||, wherein |A(w)| represents the magnitude of a motion components for
frequency .
[0099] For example, assuming that the choices for signal construction are such that positive frequencies correspond
to motions towards the sensor while negative frequencies correspond to movement away from the sensor. If the signal
amplification between | and Q is slightly different, then a movement towards the sensor will not only have a nonzero
FFT-amplitude at some positive frequency but also a smaller nonzero FFT-amplitude at the corresponding negative
frequency, smaller is here in terms of the norm as the amplitudes are complex. As an example, assume that the frequency
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conversion obtains for w = 12, different values for A(12) and A(-12) although it is known that these correspond to the
same motion, and so, one of them ought to be zero. Then the correction factor may correct for this. For example, suppose
A(12) =5 + 5iand A(-12) = 1 - 1i. In this case, one can choose gto be |1 - 1i|/|5 + 5i] = 1/5.

[0100] The expression above can now be evaluated and reads for @ =12 || |5 + 5i| - |1 - 1i|*2/|5 + 5i| | - | |1 - 1i] - |1
-1i/|15+ 5il = [5+5i| | |=]]]5+5i-|1-1i*2|5+5i |- 0|

[0101] Note that the above expression is non-zero as expected since it represents a motion. Note that the reduction
in magnitude of the motion component is much smaller than the reduction would have been for the equation ||A(w)| -

[1-1i]?

|A(-w)||. In the former case the value |5 + 5i is reduced with 1545l instead of with |1 - 1i] in the latter case. Note that
the latter term is much larger. The above equation thus reduces in-advertent cancelation of true motion in case of a less-
then-ideal sensor. Interestingly, however, in case of a vibration where | A(12) | =| A(-12) | one still finds that the expression
in the claim equals 0. Typically, in case of a vibration, it is indeed the case that approximately |A()| = |A(-®)|, since the
inadvertent contribution of an excitation to A(-w) instead of to A(w) is about the same as the inadvertent contribution of
an excitation to A(w) instead of to A(-w).

[0102] The correction factor does not need to be linear or affine, for example one could define a function G, e.g., to
define a non-linear mapping. Function G may act directly on complex value, e.g., as follows:

lI6CA@)| — 16ACo)I| - [I6(A-)] - 16N,

[0103] Instead of acting on complex values, function G may act on the magnitudes instead.

[0104] Figure 5b schematically shows an example of an embodiment of a motion detector 102. Detector 102 may be
the same as detector 101 except for the addition of a correction term estimator 162. The correction factor or function
may be estimated and stored in the motion detector 101. For example, the correction factor may be estimated under
laboratory conditions. Another approach is to estimate the correction factor during use of the sensor. For example,
correction term estimator 162 may be configured to estimate the correction factor during use of the motion sensor.
[0105] For example, correction term estimator 162 may comprise an algorithm to determine that motion component
is likely caused by non-vibrating motion. For example, the algorithm may comprise comparing the magnitude of the
motion component to a threshold, under the assumption that true motion typically gives a large motion component. For
example, the algorithm may verify that neighboring motion components are also elevated, since true motion is typically
spread over multiple motion components, for example, a string of £k sequential motion components in front and after
a particular motion component should be over a further threshold to conclude that the particular motion component
corresponds to motion. For example, k may be 2 or 3, or more, etc. If a signal is believed to be motion, e.g., as determined
by the algorithm, then the correction factor can be estimated. For example, when using the above formula one may
estimate g = |A(-w)|/|A(w)|, assuming the true motion is at o, e.g., if |A(w)| is larger than |A(-w)|.

[0106] Estimatingthe correction factor runs therisk of that the motion signal may be mixed with low amplitude vibrations.
In order to cancel such effects out one may use a moving average that averages g over the last n observations.
[0107] Figure 6 schematically shows an example of an embodiment of a motion detect method 700. The motion
detection method (700) comprises:

- receiving (710) a motion signal from a motion sensor, said motion signal being correlated with motion in an envi-
ronment of the motion sensor,

- signal-processing (720) the motion signal to obtain multiple motion components, a motion component being corre-
lated with a direction and velocity of a motion in the environment,

- cancelling (730) in the motion components, two motion components that correspond to motions with opposite di-
rections,

- detecting (740) motion in the environment from the motion components that are not cancelled.

[0108] Many different ways of executing the method are possible, as will be apparent to a person skilled in the art.
For example, the steps can be performed in the shown order, but the order of the steps may also be varied or some
steps may be executed in parallel. Moreover, in between steps other method steps may be inserted. The inserted steps
may represent refinements of the method such as described herein, or may be unrelated to the method. For example,
steps 730, 740 may be executed, at least partially, in parallel. Moreover, a given step may not have finished completely
before a next step is started.

[0109] Embodiments of the method may be executed using software, which comprises instructions for causing a
processor system to perform method 700. Software may only include those steps taken by a particular sub-entity of the
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system. The software may be stored in a suitable storage medium, such as a hard disk, a floppy, a memory, an optical
disc, etc. The software may be sent as a signal along a wire, or wireless, or using a data network, e.g., the Internet. The
software may be made available for download and/or for remote usage on a server. Embodiments of the method may
be executed using a bitstream arranged to configure programmable logic, e.g., a field-programmable gate array (FPGA),
to perform the method.

[0110] It will be appreciated that the invention also extends to computer programs, particularly computer programs on
or in a carrier, adapted for putting the invention into practice. The program may be in the form of source code, object
code, a code intermediate source, and object code such as partially compiled form, or in any other form suitable for use
in the implementation of an embodiment of the method. An embodimentrelating to a computer program product comprises
computer executable instructions corresponding to each of the processing steps of at least one of the methods set forth.
These instructions may be subdivided into subroutines and/or be stored in one or more files that may be linked statically
ordynamically. Another embodimentrelating to a computer program product comprises computer executable instructions
corresponding to each of the means of at least one of the systems and/or products set forth.

[0111] Figure 7a shows a computer readable medium 1000 having a writable part 1010 comprising a computer program
1020, the computer program 1020 comprising instructions for causing a processor system to perform a motion detection
method, according to an embodiment. The computer program 1020 may be embodied on the computer readable medium
1000 as physical marks or by means of magnetization of the computer readable medium 1000. However, any other
suitable embodiment is conceivable as well. Furthermore, it will be appreciated that, although the computer readable
medium 1000 is shown here as an optical disc, the computer readable medium 1000 may be any suitable computer
readable medium, such as a hard disk, solid state memory, flash memory, etc., and may be non-recordable or recordable.
The computer program 1020 comprises instructions for causing a processor system to perform said motion detection
method.

[0112] Figure 7b illustrates an exemplary hardware diagram 1100 for implementing a device according to an embod-
iment. As shown, the device 1100 includes a processor 1120, memory 1130, userinterface 1140, communication interface
1150, and storage 1160 interconnected via one or more system buses 1110. It will be understood that this figure con-
stitutes, in some respects, an abstraction and that the actual organization of the components of the device 1100 may
be more complex than illustrated.

[0113] The processor 1120 may be any hardware device capable of executing instructions stored in memory 1130 or
storage 1160 or otherwise processing data. As such, the processor may include a microprocessor, field programmable
gate array (FPGA), application-specific integrated circuit (ASIC), or other similar devices. For example, the processor
may be an Intel Core i7 processor, ARM Cortex-R8, etc. In an embodiment, the processor may be ARM Cortex MO.
[0114] The memory 1130 may include various memories such as, for example LI, L2, or L3 cache or system memory.
As such, the memory 1130 may include static random access memory (SRAM), dynamic RAM (DRAM), flash memory,
read only memory (ROM), or other similar memory devices. It will be apparent that, in embodiments where the processor
includes one or more ASICs (or other processing devices) that implement one or more of the functions described herein
in hardware, the software described as corresponding to such functionality in other embodiments may be omitted.
[0115] The userinterface 1140 may include one or more devices for enabling communication with a user such as an
administrator. For example, the user interface 1140 may include a display, a mouse, and a keyboard for receiving user
commands. In some embodiments, the user interface 1140 may include a command line interface or graphical user
interface that may be presented to a remote terminal via the communication interface 1150.

[0116] The communication interface 1150 may include one or more devices for enabling communication with other
hardware devices. For example, the communication interface 1150 may include a network interface card (NIC) configured
to communicate according to the Ethernet protocol. For example, the communication interface 1150 may comprise an
antenna, connectors or both, and the like. Additionally, the communication interface 1150 may implement a TCP/IP
stack for communication according to the TCP/IP protocols. Various alternative or additional hardware or configurations
for the communication interface 1150 will be apparent.

[0117] The storage 1160 may include one or more machine-readable storage media such as read-only memory (ROM),
random-access memory (RAM), magnetic disk storage media, optical storage media, flash-memory devices, or similar
storage media. In various embodiments, the storage 1160 may store instructions for execution by the processor 1120
or data upon with the processor 1120 may operate. For example, the storage 1160 may store a base operating system
1161 for controlling various basic operations of the hardware 1100. For example, the storage may store instructions
1162 for signal-processing the motion signal to obtain multiple motion components, e.g., converting the sensor signal
to a frequency domain, obtaining a plurality of frequency bins, instructions 1163 for cancelling in the motion components,
two motion components that correspond to motions with opposite directions, e.g., for reducing a magnitude of a first
motion component associated with a first movement in response to a second motion component associated with a
second movement, which is opposite to the first movement, and instructions 1164 for detecting motion in the environment
from the motion components that are not cancelled.

[0118] It will be apparent that various information described as stored in the storage 1160 may be additionally or
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alternatively stored in the memory 1130. In this respect, the memory 1130 may also be considered to constitute a "storage
device" and the storage 1160 may be considered a "memory." Various other arrangements will be apparent. Further,
the memory 1130 and storage 1160 may both be considered to be "non-transitory machine-readable media." As used
herein, the term "non-transitory" will be understood to exclude transitory signals but to include all forms of storage,
including both volatile and non-volatile memories.

[0119] While device 1100 is shown as including one of each described component, the various components may be
duplicated in various embodiments. For example, the processor 1120 may include multiple microprocessors that are
configured to independently execute the methods described herein or are configured to perform steps or subroutines of
the methods described herein such that the multiple processors cooperate to achieve the functionality described herein.
Further, where the device 1100 is implemented in a cloud computing system, the various hardware components may
belong to separate physical systems. For example, the processor 1120 may include a first processor in a first server
and a second processor in a second server.

Claims
1. Aluminaire (170) comprising a motion detector (100), the motion detector (100) comprising:

- a motion sensor interface (120) configured to receive a motion signal from a motion sensor, said motion signal
being correlated with motion of objects in an environment of the motion sensor,
- a processor system configured to:

- signal-process the motion signal to obtain multiple motion components, a motion component being cor-
related with a direction and velocity of a motion in the environment,

- cancel in the motion components, two motion components that correspond to motions with opposite
directions,

- detect motion of objects in the environment from the motion components that are not cancelled,

- wherein the luminaire being connectable to a light-emitting element (172) and being configured to control
the light-emitting element at least in dependency upon the motion detector.

2. Theluminaire (170) as in claim 1, wherein the motion signal received by the motion sensor interface (120) comprises
a first channel and a different second channel, the first and second channels being correlated with motion in the

environment of the motion sensor.

3. Theluminaire (170) as in claim 2, wherein the signal-processing comprises obtaining a complex signal from the first
and second channels by a frequency transformation.

4. The luminaire (170) as in claim 2 or 3, wherein the sensor is a two-channel Doppler microwave sensor.

5. The luminaire (170) as in any one of the preceding claims, wherein the signal-processing comprises transforming
the motion signal from a time-domain to a frequency-domain to obtain the multiple motion components.

6. The luminaire (170) as in claim 5, wherein the motions with opposite directions contribute to different motion com-
ponents of the multiple motion components.

7. Theluminaire (170) asin claims 5 or 6, wherein the multiple motion components correspond to a frequency, motions
with opposite directions contribute to motion components having the same frequency but an opposite sign.

8. Theluminaire (170) as in any one of the preceding claims, wherein a motion component corresponding to a frequency
is subtracted from a motion component with the same frequency but opposite sign to cancel the motion components

that correspond to motions with opposite directions.

9. The luminaire (170) as in any one of the preceding claims, wherein cancelling two motion components comprises
multiplying one of the two motion components with a correction factor before subtracting the two motion components.

10. The luminaire (170) as in any one of the preceding claims, wherein cancelling the two motion components comprises
computing

14



10

15

20

25

30

40

45

50

55

EP 3 928 122 B9

[l14@)I = Blac-w)l| - [lAG-w)] - Bla@)I]|,

wherein |A(w)| represents the magnitude of a motion components for frequency w, and g represents a correction
factor.

11. The luminaire (170) as in claim 9 or 10, wherein the processor system is configured to estimate the correction factor
during use of the motion sensor.

12. The luminaire (170) as in claim 11, wherein the processor system is configured to:

- determine if a motion signal corresponds to a non-vibrating motion,
- estimate the correction factor from the motion signal.

13. The luminaire (170) as in any one of the preceding claims, the luminaire further comprising at least one light-emitting
element.

14. A motion detection method (700) comprising:

- receiving (710) a motion signal from a luminaire (170) comprising a motion sensor, said motion signal being
correlated with motion of objects in an environment of the motion sensor, wherein said luminaire being con-
nectable to a light emitting element (172),

- signal-processing (720) the motion signal to obtain multiple motion components, a motion component being
correlated with a direction and velocity of a motion in the environment,

- cancelling (730) in the motion components, two motion components that correspond to motions with opposite
directions,

- detecting (740) motion of objects in the environment from the motion components that are not cancelled,

- controlling the light emitting element at least in dependency upon the motion sensor.

15. A transitory or non-transitory computer readable medium (1000) comprising data (1020) representing instructions
to cause a processor system according to claim 1 to perform the method according to claim 14.

Patentanspriiche

1. Leuchte (170), umfassend einen Bewegungsdetektor (100), der Bewegungsdetektor (100) umfassend:

- eine Bewegungssensorschnittstelle (120), die konfiguriert ist, um ein Bewegungssignal von einem Bewe-
gungssensor zu empfangen, wobei das Bewegungssignal mit der Bewegung von Objekten in einer Umgebung
des Bewegungssensors korreliert ist,

- ein Prozessorsystem, das konfiguriert ist zum:

- Signalverarbeiten des Bewegungssignals, um mehrere Bewegungskomponenten zu erhalten, wobei eine
Bewegungskomponente mit einer Richtung und Geschwindigkeit einer Bewegung in der Umgebung korreliertist,
- Aufheben in den Bewegungskomponenten von zwei Bewegungskomponenten, die Bewegungen mit entge-
gengesetzten Richtungen entsprechen,

- Erfassen der Bewegung von Objekten in der Umgebung von den Bewegungskomponenten, die nicht aufge-
hoben sind,

- wobei die Leuchte mit einem lichtemittierenden Element (172) verbindbar ist und konfiguriert ist, das lichte-
mittierende Element zumindest in Abhangigkeit von dem Bewegungsdetektor zu steuern.

2. Leuchte (170) nach Anspruch 1, wobei das von der Bewegungssensorschnittstelle (120) empfangene Bewegungs-
signal einen ersten Kanal und einen anderen zweiten Kanal umfasst, wobei der erste und der zweite mit einer
Bewegung in der Umgebung des Bewegungssensors korreliert sind.

3. Leuchte (170) nach Anspruch 2, wobei die Signalverarbeitung das Erhalten eines komplexen Signals aus dem

ersten und zweiten Kanal durch eine Frequenztransformation umfasst.
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Leuchte (170) nach Anspruch 2 oder 3, wobei der Sensor ein Zweikanal-Doppler-Mikrowellensensor ist.

Leuchte (170) nach einem der vorstehenden Anspriiche, wobei die Signalverarbeitung das Transformieren des
Bewegungssignals von einer Zeitdomane in eine Frequenzdomane umfasst, um die mehreren Bewegungskompo-
nenten zu erhalten.

Leuchte (170) nach Anspruch 5, wobei die Bewegungen mit entgegengesetzten Richtungen zu unterschiedlichen
Bewegungskomponenten der mehreren Bewegungskomponenten beitragen.

Leuchte (170) nach Anspruch 5 oder 6, wobei die mehreren Bewegungskomponenten einer Frequenz entsprechen,
wobei Bewegungen mit entgegengesetzten Richtungen zu Bewegungskomponenten mit derselben Frequenz, aber
einem entgegengesetzten Vorzeichen beitragen.

Leuchte (170) nach einem der vorstehenden Anspriiche, wobei eine Bewegungskomponente, die einer Frequenz
entspricht, von einer Bewegungskomponente mit derselben Frequenz, aber entgegengesetztem Vorzeichen sub-
trahiert wird, um die Bewegungskomponenten aufzuheben, die Bewegungen mit entgegengesetzten Richtungen
entsprechen.

Leuchte (170) nach einem der vorstehenden Anspriiche, wobei das Aufheben von zwei Bewegungskomponenten
das Multiplizieren einer der beiden Bewegungskomponenten mit einem Korrekturfaktor vor dem Subtrahieren der
beiden Bewegungskomponenten umfasst.

Leuchte (170) nach einem der vorstehenden Anspriiche, wobei das Aufheben der beiden Bewegungskomponenten
das Berechnen von

lIA(W)] = BACwWI| = A= w)l = BlAW)I]

umfasst,
wobei |A(w)| die GroRe einer Bewegungskomponente fur die Frequenz o darstellt und S einen Korrekturfaktor
darstellt.

Leuchte (170) nach Anspruch 9 oder 10, wobei das Prozessorsystem so konfiguriert ist, dass es den Korrekturfaktor
wahrend der Verwendung des Bewegungssensors schatzt.

Leuchte (170) nach Anspruch 11, wobei das Prozessorsystem konfiguriert ist zum:

- Bestimmen, ob ein Bewegungssignal einer nicht vibrierenden Bewegung entspricht,
- Schatzen des Korrekturfaktors anhand des Bewegungssignals.

Leuchte (170) nach einem der vorstehenden Anspriiche, wobei die Leuchte ferner mindestens ein lichtemittierendes
Element umfasst.

Verfahren zur Bewegungserfassung (700), umfassend:

- Empfangen (710) eines Bewegungssignals von einer Leuchte (170), umfassend einen Bewegungssensor,
wobei das Bewegungssignal mit der Bewegung von Objekten in einer Umgebung des Bewegungssensors
korreliert ist, wobei die Leuchte mit einem lichtemittierenden Element (172) verbindbar ist,

- Signalverarbeitung (720) des Bewegungssignals, um mehrere Bewegungskomponenten zu erhalten, wobei
eine Bewegungskomponente mit einer Richtung und Geschwindigkeit einer Bewegung in der Umgebung kor-
reliert ist,

- Aufheben (730) in den Bewegungskomponenten von zwei Bewegungskomponenten, die Bewegungen mit
entgegengesetzten Richtungen entsprechen,

- Erfassen (740) der Bewegung von Objekten in der Umgebung von den Bewegungskomponenten, die nicht
aufgehoben sind,

- Steuern des lichtemittierenden Elements mindestens in Abhangigkeit von dem Bewegungssensor.

Flichtiges oder nichtfliichtiges computerlesbares Medium (1000), umfassend Daten (1020), die Anweisungen dar-

16



10

15

20

25

30

35

40

45

50

55

EP 3 928 122 B9

stellen, um ein Prozessorsystem nach Anspruch 1 zu veranlassen, das Verfahren nach Anspruch 14 durchzufiihren.

Revendications

1.

10.

Luminaire (170) comprenant un détecteur de mouvement (100), le détecteur de mouvement (100) comprenant :

- une interface de capteur de mouvement (120) configurée pour recevoir un signal de mouvement provenant
d'un capteur de mouvement, ledit signal de mouvement étant corrélé avec un mouvement d’objets dans un
environnement du capteur de mouvement,

- un systéme de processeur configuré pour :

- effectuer un traitement de signal du signal de mouvement pour obtenir de multiples composantes de mouve-
ment, une composante de mouvement étant corrélée avec une direction et une vitesse d’'un mouvement dans
'environnement,

- annuler dans les composantes de mouvement, deux composantes de mouvement qui correspondent a des
mouvements avec des directions opposées,

- détecter un mouvement d’objets dans I'environnement a partir des composantes de mouvement qui ne sont
pas annulées,

- dans lequel le luminaire peut étre connecté a un élément électroluminescent (172) et est configuré pour
commander I'élément électroluminescent au moins en fonction du détecteur de mouvement.

Luminaire (170) selon la revendication 1, dans lequel le signal de mouvement regu par I'interface de capteur de
mouvement (120) comprend un premier canal et un deuxiéme canal différent, les premier et deuxi€éme canaux étant
corrélés avec un mouvement dans I'environnement du capteur de mouvement.

Luminaire (170) selon la revendication 2, dans lequel le traitement de signal comprend l'obtention d’'un signal
complexe a partir des premier et deuxieme canaux par une transformation de fréquence.

Luminaire (170) selon la revendication 2 ou 3, dans lequel le capteur est un capteur Doppler a micro-ondes a deux
canaux.

Luminaire (170) selon I'une quelconque des revendications précédentes, dans lequel le traitement de signal com-
prend la transformation du signal de mouvement d’'un domaine de temps a un domaine de fréquence pour obtenir
les multiples composantes de mouvement.

Luminaire (170) selon la revendication 5, dans lequel les mouvements avec des directions opposées contribuent a
différentes composantes de mouvement des multiples composantes de mouvement.

Luminaire (170) selon les revendications 5 ou 6, dans lequel les multiples composantes de mouvement correspon-
dentaunefréquence, des mouvements avec des directions opposées contribuent a des composantes de mouvement
ayant la méme fréquence mais un signe opposeé.

Luminaire (170) selon I'une quelconque des revendications précédentes, dans lequel une composante de mouve-
ment correspondant a une fréquence est soustraite d’'une composante de mouvement avec la méme fréquence
mais un signe opposé pour annuler les composantes de mouvement qui correspondent a des mouvements avec
des directions opposées.

Luminaire (170) selon 'une quelconque des revendications précédentes, dans lequel I'annulation de deux compo-
santes de mouvement comprend la multiplication d’'une des deux composantes de mouvement par un facteur de

correction avant soustraction des deux composantes de mouvement.

Luminaire (170) selon 'une quelconque des revendications précédentes, dans lequel I'annulation des deux com-
posantes de mouvement comprend le calcul de

l1A(W)| - BlAw)I - |A-w)] - BAW),

dans lequel |A(w)| représente I'ordre de grandeur d’'une composantes de mouvement pour une fréquence o, et g
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représente un facteur de correction.

11. Luminaire (170) selon la revendication 9 ou 10, dans lequel le systéeme de processeur est configuré pour estimer
le facteur de correction pendant I'utilisation du capteur de mouvement.

12. Luminaire (170) selon la revendication 11, dans lequel le systéme de processeur est configuré pour :

- déterminer si un signal de mouvement correspond a un mouvement non vibratoire,
- estimer le facteur de correction a partir du signal de mouvement.

13. Luminaire (170) selon I'une quelconque des revendications précédentes, le luminaire comprenant en outre au moins
un élément électroluminescent.

14. Procédé de détection de mouvement (700) comprenant :

- la réception (710) d’un signal de mouvement provenant d’'un luminaire (170) comprenant un capteur de mou-
vement, ledit signal de mouvement étant corrélé avec un mouvement d’objets dans un environnement du capteur
de mouvement, dans lequel ledit luminaire peut étre connecté a un élément électroluminescent (172),

- le traitement de signal (720) du signal de mouvement pour obtenir de multiples composantes de mouvement,
une composante de mouvement étant corrélée avec une direction et une vitesse d’'un mouvement dans I'envi-
ronnement,

- 'annulation (730) dans les composantes de mouvement, de deux composantes de mouvement qui corres-
pondent a des mouvements avec des directions opposées,

- la détection (740) d’'un mouvement d’objets dans I'environnement a partir des composantes de mouvement
qui ne sont pas annulées,

- la commande de I'élément électroluminescent au moins en fonction du capteur de mouvement.

15. Support transitoire ou non transitoire lisible par ordinateur (1000) comprenant des données (1020) représentant

des instructions pour amener un systéme de processeur selon la revendication 1 a mettre en oeuvre le procédé
selon la revendication 14.
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