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Electro-optical Based Lamp/fixture Forcontinuous

Control of LED Light Beam Position and Focus

Field of the invention

The invention relates to a lighting system comprising a lamp
arranged to transform electricity into a light beam having
properties such as intensity, colour, colour temperature,
direction and beam cone angle, and a light control means

arranged to adjust said light beam properties.

Backgfound of the invention

In exisﬁing\ lighting applications often a ~ very wide
illumination of the whole room is performed. But in many
cases only a small part of the room needs to be illuminated,
which is not energy efficient. Furthermore, in existing light
applications lightbeam focussing and lightbeam position

deviation is achieved in a mechanical way, which is not

flexible and is vulnerable to mechanical failures.

It is a goal of the invention to provide a more robust,

energy efficient, easy to use and/or flexible lighting system.

Adjustment of a lamp’s properties is well known to be
achieved via & remote control (RC). A disadvantage of a
remote control is the necessity of the presence of the remote
control on the right location at a random momentJ‘Also a lot
of differént remote controls are already present in the
living room for TV, audio, VCR, CD/DVD player/recofder, étc..
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Further, the different buttons on a remote control can be
confuging to the user. Finally, the costs of a remote control

and the accompanying receiver are relatively high. ™

Also control of electrical devices by the use of wvideo
cameras and movement detection software igs known, wherein the
user can control the electrical device by making gestures in
front of the camera. Such systems require heavy duty
processing power, have a relatively long response time, and

are relatively expensive.

WO 2006/056814 describes a lighting system comprising a lamp
and a control means comprising an infrared transmitter, an
infrared receiver and a lens arrangement. The control means
measure the intensity of the reflected infrﬁred light, and
changes the lamp brightness in reaction thereto. In this,
manner the lamp can be switched 6n and off, and can be dimmed
by hand movements in the infrared beam. Such an arrangement
is however relatively expensive and inaccurate, as the
intensity of the reflected infrared signal heavily depends oh

the kind of object that is moved in the beam.

It is therefore a further goal of the invention to provide an
improved; cheap, reliable and/ér'easy-to-use'conErbl éystém
for lighting. A further goal.of the invention is to pfovide'é
lighting system that is safe and comfortable for its users

and their environment.

Summary of the invention
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According to one aspect of the invention a lighting system
comprises a plurality of light units, wherein said light
units are arranged in at least two groups forming concentric
polygons or circles, wherein the lightbeams of substantially
each pair of adjacent light units overlap each otﬁer, wherein
the lightbeams of the inner group are directed substantially
parallel to each other, wherein the lightbeams of the light
units in the outer group diverge from the lightbeams of the
light units in the inner group, and wherein the light system
comprises a light control means which is arranged to adjust
the intensity of each one of said plurality of light units

individually.

With the invention two effects can be achieved without
physically'moviﬁg the lighting systém: the direction of the
combined light beam of the light units can be cﬁaﬂged, and
the angle of the combined light beam can be changed. Also
combinations of these twerffeéts,'as well as these effects
in multiple combined light beams in one lighting system (i.e.

in one lamp) can be achieved.

According to another ‘aspect of the ‘invention the lighting
system comprises a plurality of ‘light units, wherein said
light units are arranged in an array, wherein the lightbeams
of substantially each pair of adjacent light units overlap
each other, and wherein the light system compfiées a light
control means which is arranged to adjust the intensity of
each one of said plurality of 1light units individually,
wherein said 1light control means is further arranged to
maintain the total combined luminous flux incident of said

3
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plurality of 1light units on a predefined imaginary flat
surface substantially equal when adapting the intensity of
the individual light units. Thereby a smooth transition is
obtained, which i1is very close to the effect that is
experienced by a user when a lightbeam is moved by physically
moving the spotlight, or when the angle of the lightbeam of a
spotlight would be changed by physically moving a lens.
Moreover, the system is arranged thereby to -provide a
constant overall brightness experience to a user, -independent
of the angle with which the light beam strikes a surface (for

ingtance a table or a floor).

Said light control means is preferably;arréhged to adapt the
intensity of the individual 1light units by dimﬁing and/or
brighteﬁing such that the diameter'of the'combinedklight beam
of the 1ight' units that are switched on increases or
decreases smoothly. Thus, preferably the light units are not

switched on and off suddenly.

Likewise, said light control means is furthermore preferably
arranged to adapt the intensity of the individual light units
by dimming and brightening such that the direction of the
combined light beam of the light units that are switched on

moves smoothly from a first direction to a second direction.

In the preferred embodiments of the aforementioned two

aspects of the invention said light units are LEDs.
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In the preferred embodiments the lighting system furthermore
comprises a lens extending in the 1light beam of the light

units of said inner group for focussing said light beam.

Furthermore in the preferred embodiments the lighting system
comprises at least one middle group of light units extending
in a concentric polygon or circle between the inner and outer
groups. The light beams of said middle group are preferably
directed substantially parallel to the light beams of said

inner group.

In the preferred embodiments said plurality of 1light units
are contained in ohe lamp housing, preferably comprising a

standard lamp fitting.

The lighting system further preferably comprises at least one.
ultrasonic transmitter for adapting the light intensity of
said individual - light units by using time-of-flight
measurements in the Z-direction (being the lamp azis), as
described herein, and/or by using one of the‘propOséls for
gesture control in the XY-plane (being the plane
perpendicular to the lamp axis) as described herein. In
particular gesture control in the XY-plane is well suited for
control of the light beam direction and/or anéle of the

lighting system.

In a preferred embodiment the lighting system further
comprises a‘plurality'of‘ultraéqﬁic’trdnSmittérs&arranged to
transmit ultrasonic 4signals{- a plurality ' of ' ultrasonic

receivers arranged to receive reflected ultrasonic signals;

5
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and a processing means arranged to send an ultragonic pulse
sequentially through each of said transmitters and to
determine after each pulse 1is sent which ones of said
receivers receive a reflected ultrasonic signai with an
amplitude exceeding a predetermined threshold within a
predetermined period, and to send control signals to said
light control means in dependence of said determination.
Preferably said ultrasonic transmitters are arranged such
that the ultrasonic signals are transmitted within and
parallel to the 1light beam of the lamp. Said wultrasonic
transmitters and receivers are preferably arranged in an
equiiateral polygon or a circle. In the preferred embodiment
said system comprises three of said transmitters and three of

sald receivers.

In another preferred embodiment the lighting sysﬁem further
comprises an ultrasonic transmitter arranged to transmit
ultrasonic signals; an ultrasonic receiver arranged to
receive reflected ultrasonic signals; wherein said ultrasonic
transmitter and/or receiver are mounted on a rotatable
carrier such that the beam of said transmitter and/or the
reception coneé of'éaid receiver extend baraliel to and at a
distance from the axis of rotation, wherein driving means are
present to rotate said carrier; and a processing means
arranged to send an ultrasonic pulse fépeatedly through said
transmitter during rotation at a multitude of angular
positions of said carrier and to determine after each pulse
"is sent if said receiver receives a reflected ultrasonic
signal with an amplitude exceeding a predetermined threshold
within a predetermined period, and to send control signals to

6
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said light control means in dependence of said determination.
Preferably the axis of rotation o©of said rotatable carrier
extends within, and parallel to, the light beam of the lamp.
Said processing means i1s preferably arranged to send an
ultrasonic pulse at least 3, preferably at least 6, more

preferably at least 12 angular pcsitions of said carrier.

The processing means is in the preferred embodiments of both
aforementioned aspects of the invention further arranged to
derive a time-ocf-flight signal vrepresenting the time
differences between said transmitted and received ultrasonic
sigﬁéls and to send control signals to said light control
means in dependehce of said timéidf—flight58i§nal;'as'Wiil be
further explained below. This control mechanism provides a
high resolution control, and is for inétance‘very suitable
for controilihg light intensity, colour and/or colour

temperature.

In yet another preferred embodiment the lighting system
further comprises at least one ultrasonic transmitter
arranged to transmit ultrasonic signals; a plurality of
spaced apart ultrasonic receivers arranged =~ to receive
reflectéd ultrasonic signals; and a processihg'means‘arrahged
to determine for each of said receivers time-of-flight
signals representing the time differences between said
transmitted signals from said at least one transmitter and
the associated received reflected ultrasonic signals f£rom
gaid receiver, and to send control signals to said 1light
control means in dependence of the combination of said time-
of-flight signals for each of said receivers. Preferably said

7
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combination of said time-of-flight signals for each of said
receivers 1s a function of gaid time—of—fli§ht signals
defining the location of an object reflecting said ultrasonic
signals in a two-dimensional plane or a three-dimensional

space within the beams of said transmitters and receivers.

All of the above-mentioned aspects of the invention provide,
in a very efficient, cheap and reliable manner) the
possibility to control the 1light system by handtgestures in
directions substantially perpendicular to the axis of the
ultrasound beam(s). If a reflecting object (such as a hand)
is breéent in the beam, the position of the object in said
directions can cdhtinubusly'be détérﬁinéd; and control of the
various prépertieslwof‘ the lighting system can be achieved

thereby;

Thié control mechanism is suited for éwitbhiné purposes, for
instance for switching from controlling one light property to
another light property. The processing means is therefore in-
the preferred embodiments of all three afofementiéﬁéd‘aspects
of the invention further arranged to select in dependence of
said determination a type of control signals from a plurality
of types of control signals, wherein each type of control

signals controls a different one of said light properties.

Another éuitable, intuitive pufpose of this mé%hanism is
control of the width of the light beam angle or of the light
beam direction. A user can move a hand in the beam in a
perpendicular direction in order to move the direction of the
light beam or in order to widen or marrow the light beam.

8
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Said processing means is preferably arranged to analyse the
dynamic behaviour of said time-of-flight signals and to send
control signals to said light control means in dependence of

said dynamic behaviour.

Said transmitter ~and receiver are in the aforementioned
aspects of the invention preferably a combined\transceiver,
and preferably said transceiver is provided with a sound horn
for narrowing the angle of the sent ultrasonic waves and

narrowing the angle of receipt of reflected signals.

In the preferred embodiments the lighting system comprises an
ultrasonic transmitter arranged to “transmit ultrasonic
sigﬁals,"anhulﬁrasohic feceiﬁer arranged to receive reflected
ultrasonic signals, andla prbcessing’ﬁéans arfangeﬁ to derive
a ﬁime—of—flighﬁ' signal representing the time differences
between said transmitted and received ultrasonic signals and
to send control signals, for instance binary code, to said
light control means in dependence of " said’ time-of-flight
signal. Thereby a user of the system’ can adjuét the lamp
properties by moving an object, such as his hand, in the

direction of the axis of the ultrasonic beam.

The ultrasoni¢ transmitters may for instance emit sound at &
frequency of 40 kHz. Although altérnatives to thé use of
ultrasonic transmitters/receivers, such as for instance
infraréd or radar transmitters/receivers would béncapable of
measuring the time-of-flight of the respéctivé 'signals,
ultrasound is in particular suitable for the present

9
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application, since the time-of-flight (where the typical
digtance is between 0.2 and 2 meter) can be measured in
milliseconds rather than in nanoseconds, which allows for
easy : and accurate measurement with - low cost processing
equipment. The system of the invention can be produced at
very low cost, since plezoelectric acougtic transceivers are

very cheap'.

The system of the invention is easy to control, with a simple
user interface which does not require additional equipment
such as a remote control. Other qualities of the system of
tﬁé invention are its robustnegs, its independency from
environmental Cbnditibns,tits bne—diﬁehsibhaluredbghiticn of
control movements, and its low processing power requirements.
The further advantage of an ultrasound sensor is that it is .
less influenced by changing émbientvliéht, teﬁperature and -

L

humidity conditions.

Said ﬁltrasonic transmitter and receiver, processing means,
and/or 1light control means, preferably extend in the lamp
housing, and said ultrasonic transmitter’ and receiver
preferably are aLcoﬁbined ultrasonic transceiverf Thereby'é
compact and easy to install lighting system is provided, that
is intuitively controlled by moving one’s hand iﬁithe centre
of the 1light beam. The invention also relates to é'single
lamp unit comprising the entire lighting system as described

above.

It is desirable that the ultrasound controlled lighting
system is easy to produce in mass quantities, with low cost

10
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components, and has small dimensions so that it can be built-

in in even in a small lamp.

In a preferred embodiment the lighting system in accordance
with the invention comprises a LED driver and a pulse width
modulator arranged to adjust said light beam prgperties; a
DA-converter, an ulﬁrasound driver and ‘an ~ultrasonic
transmitter arranged to convert a digital transmit signal
into the transmission of an ultrasonic pulse; an ultrasonic
receiver and an amplifier arranged to receive reflected
ultrasonic signals and transform said ultrasonic signal in a
véltagé, and a comparator arranged tov generate a digital
receive signai if ~ said voltage is greatéf" than a
predetermined threéhold;’ a proéessing means arranged to
derive a time-of-flight signal representing the time
differences between said digital transmit and receive signalg
and to send control signalg to said light control means in
dependence of said time—of—fiight signal. Preférabiy said
processing means, Séid puiée width modulator, said DA-
converter and said comparator are integrated in a Singlé
microcontroller chip. Said microcontroller chip is preferably
chosen from the‘single—chib 8-bit 8051/80C51 microcontroller
family, preferably comprising small sized RAM and ROM,

preferably smaller than 4kB ROM and smaller than 512 B RAM.
Preferably said ultrasonic transmitter and said ultrasonic

receiver are integrated in a piezoelectric ultrasound

transceiver.

11
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Preferably said transmitting ultrasound driver and said
receiving ultrasound amplifier are integrated dn a pre-
processing circuit. 8aid pre—processing circuit preferably
further comprises a second order filter for filtering out low

frequent signals from said received signal.

Brief description of the drawings

The invention will Dbe further explained by means of a
preferred embodiment as shown in the accompanying drawings,

wherein:

Figure 1 is a graph showing the principle of timé-of-flight

measurement with an ultrasonic transceiver;

Figure 2 is a schematictperépectiveJViéw of a lamp and its

control mechanism;

Figure 3 is a édmbined' dféwing showing gstills of hand
movements in the system of figure 2 and a graph showing the
time-of-flight signal against time, and various stages of

lamp property control caused by said hand movemént§;

Figure 4 1is a schematic perspective view of the lamp of

)

figure 2;

Figure 5 is a schematic top view of an average hand;

12
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Figure 6 is a three-dimensional graph showing beam radius

against beam angle and vertical distance;

Figure 7 shows schematically the movement of a hand in and
out of the beam and the related graph of the time-of-flight

against time;

Figure 8 1s a schematic cross-sectional view of an ultrasonic

transceiver and a horn;

Figures 9 and 10 schematically show an electronic hardware

iﬁplémentation of the invention;

Figure 11 is a perspective'view of & lamp according to the

invention;

Figure 12 1is a schematic top view of a first and third
embodiment of a system for determining the movement of a hand

in a plane by using ultrasonic pulses;

Figure 13 is a time diagram showing the echoes of ultrasonic

pulses in the system of figure 12;

Figures 14A-14H schematically show the wovement of a hand in

in the system of figure 12;
Figure 15 shows a perspective view of a lamp according to a
gecond embodiment of a system for determining the movement of

a hand in a plane by using ultrasonic pulses;

13
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Figure 16 shows a schematic front view and a schematic side

view of lamp of figure 15;

Figure 17 shows a schematic view of the rotation of a

ultrasonic transceiver in the lamp of figure 15;

Figure 18 is a time diagram showing the echoes of ultrasonic

pulses in the lamp of figure 15;
Figure 19 and 20 are schematic views of a third embodiment of
a system for determining the movement of a hand in a plane by

using ultrasonic pulses;

Figures 21A and 21B/C échematically show the focussing and

deviation respectively of a lightbeam of a LED array lamp;

Figure 22 shows a schematic cross section and a bottom view

of a lamp;

Figure 23 shows a schematic arrangement of the lamp driver

for the lamp of figure 22;

Figures 24A-24G schematically shows the beam deviation

process of the lamp of figure 22; and

Figures 25A-25E24G schematically shows the beam focussing

process of the lamp of figure 22.

Detailed description of the preferred embodiments

14
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The lamp 1 as shown in figure 2 comprises a plurality of LEDs
and an ultrasonic transcéiver built-in in the centre of said
plurality of LEDs. Also a processing means for translating
the signals of the transceiver into control signals, and

control means to adjust the light properties are built-in.

If the ultrasonic transceiver is switched on it will send an
acoustic signal. If'an object is present the acoustic signal
will be reflected at the object and will be received by the
ultrasonic transceiver inside the lamp. The time difference,
called the time-of-flight, between sending and receiving the
acougtic gignal will be measured. If the distance between the
object and the lamp 1 is c¢hanged another time;bf—fiightﬂvalﬁé
will be measured. The detected movement of'theyébject ié‘a
one-dimensional movement (the object must™ stay in the
ultrasound beam cone). The change in time-of-flight will be
translated into a change in a digital‘COntrol éighal. This
control signal will control the properties of the light beam,

like colour, intensity or colour tempefature, etc.

The objedt may be the hand 2 of a user. Thus a one-
dimensidnal movement of the hand 2, like ﬁp/down  or
left/right direction (depending on lamp position[‘horiéonfal

or vertical) can control the light beam properties.

In commercially available pulse echo distance measurement
units of the transmitter - reflector - receiver type (TRR),
the most common task is to measure the distance to the
closest reflecting object. The measured time is the
representative of travelling twice the distance. The returned
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signal follows essentially the same path back to a receiver
located close to the transmitter. Transmitting and receiving
transceivers are located in the same device. The receiver
amplifier sends these reflected signals (echoes) to the
micro-controller which times them to determine héw far away

the object is, by using the speed of sound in air.

The time-of-flight of acoustic signals is commonly used as a
distance measurement method. A time-of-flight measurement, as
illustrated in figure 1 is formed by subtracting the time-of-
transmission (T in figure 1) of a signal from the measured
time-of—receipt (R in figure 1). This +time distance
information will be transferred into a binary code in the

microproéessOr to control the lamp propertiés.

In fiéure 2 a hand 2 is the obstacle/bbject and a table 3,
floor or éeiling is the reference. The ultrasonic¢ transceiver
sends an ultrasonic wave in the form of a beam cone 4. If the
distance y from the transceiver to the reference is 1.5 m,
the total travel distance for the ultra-sound beam 4 is 2*y =
3 m. The time-of-flight then is 8.7 ms (at an ambient
temperature of 25 °C). If the distance x from the transceiver
to the hand is 0.5 m, the time-of-flight is 2.9 ms. If the
required accuracy of control steps of the hand movement is 2
cm (time-of-flight steps of 0.12 me), and the range of
control is for instance 64 om, there are 32 control steps,

which allows for 5-bit control.

The control signal as shown in figure 3 is made by the
movement of the hand 2 in a one-dimensiomal vertical

16
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direction in the ultrasonic beam 4. At Tl=1ls the hand 2 1is
outside the beam, the reference value is measured, and lamp
control is disabled (stage A). At T2=2s the hahd 2 moves into
the beam 4 and is held there for more than 1 second until at
T3=3s lamp control is enabled by the microcontroiler (stage
B) . Then the hand 2 moves up between T3=3s and T5=5s, whereby
for instance the intensity of the lamp 1 is increased by the
microprocessor (stage C). At T6=6s the hand is withdrawn from
the beam 4 so that the reference value is measured, and lamp
control is disabled thereby (stage D). An accidental movement
of the hand 2 in the ultrasonic beam 4 as shown at T7=7s does
therefore not result in an accidental adjustment of the lamp
properties (stage E). Hence, the' lamp control is activated by
holding an object in the ultrasonic beam 4 for ﬁoré than 1

second.

The ultrasonic beam cone aﬁgle 'is important to provide
reliable hand control. In Figure 4 the beam fadius at the
reference position is r. The beam radius rh at the hand
positibn must bé high enough to have‘opfimum control by hand.
DﬁriﬁgAcontfol.Of a lamp property the average beam radius
should be equal to approximately' half the flehgfh of the
average hand shape as shown in figure 5. If the total control
range is around X/2 (for a lamp/table application), the
ultrasound beam angle at the minimum beam radius during
control of the lamp property will be around ©Th/2. For
example: if Lh = 150 mm and X = 1.5 m, the ultrasound beam
angle 6 should be 11°. The relationship between the vertical
distance X and the beam angle as function of the Eeam'radiﬁs
is shown in figure 6. Lamp control will be possible if the

17
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hand 2 is in the narrow ultrasound cone 4 as shown in figure
7. Reduction of a wide ultrasound beam 4 andtan increase of
sound pressure level (SPL) of an ultrasonic tfansc;iver 5 may

be achieved by a horn 6 as shown in figure 8.

In order to reduce the costs of the lamp to a minimum and to
have the possibility to control all possiblg lighting
parameters like colour, intensity, etcetera, the.electroﬁic
circuit needed for carrying out the control fﬁnctions is
integrated in the lamp. The microprocessor used for gesture
control is also integrated in the LED control microprocessor
to reduce the cost even wmwore. The integration of the
ultrasound sensor in the lamp makes low cost, high volume.

production possible;

With reference to figure 9, as explained above the micro-
controller sends a pulse to the ultrasound transmitter of the
ultrasound transceiver 5. A digital pulse signal is generated
by the control part 132 of a micro-controller 13, and
converted by DA-converter 17 in said micro-controller 13 into
an electric pulse. This pulse will be amplified by the
amplifier 18 in the pre-processor 10 (shown in more detail in
figure 10) to a value that can be used by the ultrasound
transmitter part of the ultrasound transceiver 5. Then the
plezo-electric ultrasound transceiver 5 sends én acoustic
signal (for instance at a frequency of 40kHz). An object will
reflect this acoustic signal. The pre-processor 10 will
receive the reflected signal via the ultrasound transceiver 5.
In order to reduce the influenceﬁof outside disturbances the

signal is filtered by a 2nd order High-Pass filter 11 of for
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instance 20kHz (= fc). After filtering the signal is

amplified by amplifier 12 in the pre-processor 10.

Microcontroller 13 comprises a comparator 14, which creates a
digital pulse signal from the electric signal receilved from
the pre-processor 10, which can be processed by the micro-

controller 13.

The micro-controller 13 further comprises a LED driver part
13B, with a modulator 20, which is connected to the LED
driver 19, and part of the ROM 15 and the RAM 16, which is

shared, with the control part 13A of the micro-controller.

Such a micro-controller 13, arranged to drive a LED, is well
known in the art, but is further programmed to perform the
control functions as “described above. The micré-controller
can be a simple processor, for instance of the 8051-family.
The size of the ROM 15 can be as low as 2kB and the size of

the RAM 16 can be as low as 256 bytes.

Figure 11 shows a lamp according to the inveﬁtion)comprising
a housing with a standard incandescent lamp type fitting, ten
LEDs 21 arrvanged in a circlé, a transceiver 5 in a horn 6.
All the electronic cbmponents 1ik¢ the micro-controller 13,
pre-processor 10 and LED driver 19 are built-in in the
housing 23. Thereby a very compact 1ighting'“system' is
obtained, which reqﬁires no further‘eXtéfnal accessories to

be operated and controlled.
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Now with zreference to figures 12-18 an extended lighting
system is described that allows control of light parameters
by gesture (e.g. hand displacement) in a XY-plane, which
extends perpendicular to the Z-axis, being the axis of the
light beam of the lamp. This will introduce additional
possibilities for gesture light control, which can be
combined with the above described method for gesture light
control in the Z-direction  based on time-cf-flight
measurements. For example it i1s possible to pull or push the
light beam by hand movement in a certain direction. Also
light control is possible for example by hand movement in a
circular motion. By using also the time-of-£1light
determination as described»above,‘é'éombinafion‘éfitwoliight
controls is possible, like light beam deviation and light
intensity could be controlled at the same time. Alternatively
the geétures in the XY-plane can be used for switching from
controlling one light beaﬂlvproperﬁy to another light beam

propert§.

A first embodiment is described with reference to figures 12-
14. According to figure 12 the lamp 1 is provided with three
pieioelectric” ultrasound ~transceivers 5 niounted in a
triangular shape, which are arranged such that the axeé of
their ultrasound beams extend paréllel to the axig of the
light beam 4 and in ‘said light beam 4. The position of an
objéct, such as the hand 2 in the XY-plane, is determined 'by
object detection by said three transceivers 5. Said position
is determined by sequentially traﬁsmitting“ah acougtic pulée

from one transceiver 5 at a time. Each of the three
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transceivers 5 determines i1f a reflected signal -is received

after each pulse is sent by one of said transceivers 5.

The object position determined by this sequential
transmitting and parallel receiving method is translated into
a binary code. From this code the XY-position of the object
is determined, and dis translated into 1light control
instructions, like 1light beam deviation or other 1light

controls like colour, intensity, focus, etcetera.

In figure 13 a time diagram is given of the proposed method.
The three transceivers subsequently send acoustic signals on
three time intervals t0, tl and t2. The three transceivers
will determine if an echo signal sent by ‘a trahsmitter is
received, which depends on the position of the hand 2. In
figure 13 a dotted block indicates that the received echo .
signal strength is below a predétefmiﬁed threshold and the
echo signal is given value 0. If the echo signal strength is
equal to or above said threshold the echo signal is given the

value 1. This echo information is represenfed in table 1.

Time Sequential Transmitting | Parallel Receiving
T1 T2 3 |R1 R2 R3
£ =ty |Tle= 1 |T2p= 0 |T3p= 0' |RIo= 1 |R2p= 0 |R3o= 1

£t =ty |Tly= O |T2;= 1 |T3:= 0 |Rli= 1 |R2;= 0 |R3;= 0

£t = t, |Tl= 0 |T2,= 0 |T33= 1 |Rls= 1 |R2,= 0 |R3,= 0

Table 1: example of information of sequential transmitting

and parallel receiving method
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This binary information is translated into a position in the

XY-plane by following equations:

n-1 n—l .
x= Z (Tp+l)p ) [Z (R (ka+])p
p=0 k=0 i

n-i n-1 ]
y=Z(Tq+1)q I: (RmH)q '(Wymﬂ)q
q=0 .

m=0

Where n is the total number of transceivers
Wx and Wy are weight factors

k and m are transceiver indices

The X and Y value determine the actual position of the hand 2
in the XY-plane. If the hand 2 is moving to a certain
direction thé X, ¥ values change. From these values the hand
displacement direction islknown.

If the hand 2 moves outside the control range in the X or Y
direction or both, the wvalues are fixed to a constant value.
The movement direction and distance of the hand 2 and/or its
actual position will be translated into a 1light control

instruction, e.g. a deflection action of the iight beam in a

certain XY direction.

A hand generally has a spherical shape, which causes beam
scattering effects. To reduce the influence of scattering on
the measurement result horns of e.g. 10 degrees beam angle
are preferably placed on the transceivers. An extia advantage
for using a 10 degrees horn is a higher sound pressure level

of the sent signals.
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The above method provides at least four/five valid steps in
each direction.. The calculated XY-positions are translated

into a light control value in the user interface.

As an example a sequence of hand movements comprising 8 steps
is shown in figures 14A-14H, and for each step a table with
transmitted and received binary values for each transceiver

is shown below, with the calculated values for X and Y.

10

15

Time éequential Transmitting | Parallel Receiving

T1 T2 T3 R1 R2 R3
t = to [Tlo= 1 |T2¢= 0 [T3p= 0 |Rle= 1 |R2¢= 1 |R3,= 1
t =ty |Tli= 0 |T2:= 1 |T31= 0 |Ri;= 1 |R2y= 1 |R3.e 1
£ o= ts |Tla= 0 |T2,= 0 |T3,= 1 Rl,= 1 k22= 1 |R3,= 1
Table 2a (figure 14A, step 1): X = 0, ¥ = -0.5
Time Sequential Tfénshitting Paréllél Receiving

Tt |72 T3 R1 R2 g3
€= to |Tlo= 1 |T2= 0 |T3p= 0 |Rlo= 1 |R2e= 0 |R3e= 1
t =ty |[Tli= 0 |T2:= 1 |T31= 0 |RlL,= 0 |RZi= 0 R3!= 0
t =ty [Tlz= 0 |T2;= 0 |T3;= 1 |Rl,= 1 |R2,= 0 |R3,= 0
Table 2b (figure 14B, step 2): Xv= -0.5, Y = -0.5
Time Sequenﬁiél Transmitting ParallelAReceivihg

T1 T2 T3 R1 R2 |r3
£ = ) |Tlo= 1 |T20= 0 |T30= 0 |Rlp= 1 |R29= 0 |R3,= 0
£ = t; [Tli= 0 |T2:= 1 |T3:= 0 |Rly= 0 |R2,= 0 |R3,= 0
t =ty [Tlp= 0 |T2;= 0 [T3,= 1 |Rls= 0 |R2z= 0 |R3,= 0
Table 2c (figure 14C, step 3): X = —1,QY = ;0.5
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Time Sequential Transmitting | Parallel Receiving

T1 T2 T3 R1 R2 R3
L =t [Tle= 1 T20= 0 |T3p= 0 |Rle= 0 [R2= 0 R3¢= O
t =ty |Tli= O T2;= 1 |T3;= 0 jRl;= 0 [R2;= 0 R3;= 0
t =ty [ Tly= O T2;= 0 |T33= 1 [Rlz= 0 [R2;= 0 R3,= 0
Table 2d (figure 14D, step 4): object outside range X, Y not
changed
Time Sequential Transmitting | Parallel Receiving

Tl T2 T3 R1 R2 R3
t = to‘ Tle= 1 T20= 0 [ T3¢= 0 |Rleg= 1 |R2p= 1 R3y=
t =t | Tl= 0 T2:= 1 |T3;= 0 |R1;= 1 |R2;= 1 R3;= 1
t = £ty |[Tla= O T22= 0 | T3;= 1 Rlz; 1 |R2;= 1 R3,= 1

0, = -0.5 |

Table 2e (figure 14E, step 5): X =

Time Sequentiai Trénsmifting Parallel'ReceivinQ

T1 T2 T3 R1 | R2 R3
E =t | Tlo= 1 T2p= 0 | T3p= 0 [ Rlg= 0 |R2p= 0 R3p= 0
t =t [Tl;= O T2:;= 1 |T3;= 0 [R1;= 0 |R2;= 1 R3:;= 1
€ = ts |Tl= 0 |T2a= 0 |T3;= 1 |Rlo= 0 |R2s= 1 |R3s= 0
Table 2f (figure 14F, steb 6): X = +0.5, ¥ = -0.5
Time Sequential Transmiﬁtiné Parallel Receiving

Tl T2 T3 R1 R2 R3
t = to |Tlo= 1 |T2¢= 0 {T3p= 0 {Rlp= O |R2p= 0 |R3p= O
t =ty [Tl;= 0 [T2,= 1 |[T3;= 0 |Rl;= 0 |R2;= 1 [R3;= 0
t = t; [Tla= O T2,= 0 [T3,= 1 [Rla= 1 [R2;= 0 R3,= 0

24




10

15

20

WO 2009/059461 PCT/CN2007/003163

IP070213
Table 2g (figure 14G, step 7): X = +1, ¥ = -0.5
Time Sequential Transmitting | Parallel Receiving
T1l T2 T3 R1 R2 R3
t = to Tlo= 1 T20= 0 T30= 0 R10= 0 R20= 0 R30= 0

£ =t |Tli= 0 |T2;= 1 |T3:;= 0 |Rly;= 0 |R2;= 0 |R3;= 0

£ = €t |Tly= 0 |T2;= 0 [T3,= 1 [Rl,= 0 |[R2;= 0 |[R3;= 0

Table 2h (figure 14H, step 8): object outside range X, Y not

changed

Now with feferéncé to figurés 15-18 an second embodiment for
determining the hand position in the XY-plane will be
described. The method is comparaﬁie with the abo%e described
method, but distinguishes itself in that only oné:ultrasound
transceiver 5 is used, which is rotated in the ‘lamp around
the lamp axis, such that object localization can be achieved

in one revolution.

Aécbfding to figures 15 and 16 the lamp 1 comprises an array
of LEDs 21 and a piezoelectric wultrasound transceiver 5
mounted on a rotating cogwheel 30, such that the transceiver
5 moves along the circumference of the lamp 1. The cogwheel
30 is driven by another small cogwheel 31, which 18 connected
to a stepper motor 32, The transceiver rotation speed is
higher than the hand movement in the XY-plane. For example if
the transceiver rotation speed is 4HZ, then the time needed

for one revolution of the transceiver is 250 ms. Within this

25



10

15

20

25

30

WO 2009/059461 PCT/CN2007/003163

IP070213
period the xy-position of the object is detected, in which

period the hand 2 will not have been moved significantly.

In order to determine the transceiver position along the
circumference of the lamp, a reference transceiver position
is defined by a blocking filter 33 for ultrasound signals
arranged at said position. The vreference calibration to
determine said reference position can be carried out in one
transceiver revolution. The rotation of the transceiver 5
will be activated when an object, such as hand 2 is placed in

the transceiver detection range.

Said position is determined by transmitting an acoustic pulse
from said transceiver 5 and determining if a reflected signal
is received, and then rotate said transceiver 5 to the next
position and repeatﬂthis step,'ﬁnfil such determination is

achieved at twelve positions, as shown in figure 17.

In figure 18 a time diagram is given of the proposed method.
The transceiver subsequently sends acoustic signals (TO0 .. T11)
on twelve time intervals tO0, tl1 .. tll. At each step the
transceiver 5 will determirme if an echo signal is received
(RO .. R11), which depends on the position of the hand 2. In
figure 18 a dotted block indicates that the received echo
signal strength is below‘a'prédetérmihed‘threshdid and the
echo signal is given value 0. If the echo signalzstrength is
equal to or above said threshold the echo signal is given the
value 1. An example of this echo infbrmation is shown in

table 3.
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Time Transmitter T Receiver R
t = ty | To= 1 A Ro= 1
t o= t, T.= 1 | Ri= 1
t = t, To= 1 Ro= 1
£t = &3 'i'3= 1 Ry= 1
t = t4 Ta= 1 Ry= 0
t = ts Ts= 1 Rg= 0
t = E¢ Te= 1 Re= 0
tE =ty To= 1 Ry= 0
t = tsg Tg= 1 Rg= 0
t = to To= 1 Ro= 0
t = tu Ti0= 1 Rio= 0
t =ty Ti1= 1 Ru= 1
Table 3

This binary information is translated into a position in the
XY-plane by the following equations:
n-l1

X = ];-RP-W%p

p=0

V

Where n is the total number of measurements during
one sensor revolution

Wx and Wy are weight factors
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The weight factor wvalues depends on the transceiver position

during the measurement compared to the reference position.

Now with reference to figures 19-20 a third embodiment for
determining the hand position in the XY-plane will be

described.

According to figure 19 and 20 the lamp 1 is provided with two
piezoelectric ultrasound transceivers 5, which are arranged
Suéh that the axes of their ultrasound beams extend parallel
to the axis of the light béam 4 and in said Iight beam 4.
Alternativele in order to achieve more acéurété reéults,
more transceivers can be applied, for instance three
transceivers, which are positioned in a triangle as in figure
12. The position of an object, such as the hand 2 in the XY-
plane, is determined by determining tHe time-of-flight by
said transceivers 5. Said position is determined by
gsequentially transmitting an acoustic pulse from one
transceiver 5 at a time. After each pulse is sent by one of
sald transceivers 5, eééh of the transceivers 5 determines
the time-of-flight of the reflected signal in accordance with
the earlier described méthod. In principle the méthod needs
only one transmitter to send an acoustic pulée and two
recelvers ﬁo determine the time-of-flight of the reflected

signal.

The position of the object is Jetermined by combining the
time-of-flight measurements of said two or more receivers. In
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order to achieve reliable determinations the distance between
the ultrasound sensors must be sufficiently high. If for
instance the accuracy of a time-of-flight measurement is 2 cm,
for reliable position determination of an object at 1 m from
the transceivers the distance between two sensors must be at
least 28 cm. The ultrasound beam angle in this case must be

sufficiently high.

Example 1: The number of sensors 1is two, one transceiver

(transmitter & receiver) and one receiver.

The distance in a XY¥-plane can be calculated as fcllows:

Vair (TOFTI Rl)t toz\/(xl ) )’o +\/ xl) ) :a‘ g

Yoir (TOFTI R2 )1 =0 ‘= '\/(xl — X )2 +(J’1 ;" Yo )2 +\/(x0 _&xz )2 '*‘.(YO -V )2 =b

whexre Vair = speed of sound at room temperature, is 344

m/s.

To éiﬁplify the calculationé the sensors are placed in the
XY-plane. The réceive?s are placed so that both are on the X-
axis and one on the Y-axis. The only parameter that has to be
defined for the sensor unité is the distaﬁceid,>£etween the
gsensors. With these assumptions the new coordinates for the

transmitter and the receivers become:

Receivers: Ri= (0,0)
R2= (dr O)
Transmitter: T.:= (0,0)
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With the new coordinates above-mentioned expression become

much eagier to handle:

for t=to:

a=2- \/(xo YO)Z 3\/("0 +(yo)2 =“

b=\/(x0 J’o +\/ d>2 yo)2

The object position xg,ye at t=te will be

2
(92—+d2—b2 —a-bj
(xO)t=to = ’

2-d

0= (2] o)

This position at t=t¢ is used as the initial position of the

hand.

The same measurements will be repeated at another time

t=t1

for detecting movement distance direction of the object.

The movement direction is calculated as follows:

Ax = (xo )1:10 - (xo )r:n
Ay = (y 0 )t=10 - (y o )t:ll
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If Ax is positive then the hand moves in the left direction,
if Ay i1s positive then the hand moves in. the downwards
direction. Thus in this case the hand moves towards the
southwest direction. This position change is translated into
a binary code and used for controlling the 1light beam
properties, for instance for deviating the light beam into
the same direction as object moves, towards the southwest

direction.

Example 2: In order to be able to determine the displacement
of the object in the z-direction an additional transceiver is
included. Determination of the displacement in the =z-
direction can be used for additional menu control. In this
ekample one transmitter and three receivers are used, in a
configufation‘as in figure‘lz.‘The‘basic'pfinciplé is the
same as in example 1. " Time-of-flight measurements are
performed on three sensors now instead of two: one

transceiver and two receivers.

Distance calculation can be performed from the transmitter to
the object (hand) and from the object to the three receivers

by the following equations:

Vair* (TO‘F;‘LRI ),z,o = \Rxl "‘xo)z + (J’\ - ¥ )2 + (Zl —Zg )2 +\/("Co - X )2 + (J’o - b3} )2 + (Zo - Zl‘)z

air” (T0F7‘1,R2 ),=,0 =\Kx1 — X )2 +(yl fyo )2 +(Zl “Zo)z +\[(xo "xz)z ‘*’(Vo —Y, )2 f(zo ~ 2 )2

Vair -(TOF},,M)HO = \Kxx “xo)z + (y1 - )’o>2 + (Zl —Z )2 '*f\[(xo —X; )2 + (yo —Ys )2 + (Zo —Z3 )2
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These are 3 equations with 3 unknowns. The calculation result
is: (xo)t=tor (Volt=to, (Zo)teto. This is the initial position of

the object.
These measurements and calculations are repeated at t=t; for
detecting movement distance and direction of the object,

which will result in (X¢)t=c1, (Yo)t-ti, (Z¢)t-t1, etcetera.

Movement direction is calculated as follows:

Ax = (xo )1=20 - (xo )t=f1
Ay= (yo )t=t0 - (yo )f=’1
Az = (Zo ),=,0 - (ZO )1=r1

If Ax is positive then the object moves in the left direction,
if Ay is positive then the object moves in pull direction and
if Az 1is positive then the object moves in a downwards

direction.

Thus the object moves towards the southwest -~ downwards
direction (in the XYZ-space). This position will ©be

translated into a binary code and wused for light beam
properties control, for instance in this case for deviating
the light beam into the same direction as the object, towards
the southwest direction. Another example of the use of this
position information: the movement in the XVY-directions
controls the direction of the light beam deviaticn and
movement in the Z-direction controls the magnitude of the

light beam deviation.
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Example 3:

In this example a system with three transceivers is described,

in a conﬁiguration as in figure 12. This p;ovides ‘the
5 posgsgibility to measure the object position three times from

different transmitter positions.

First at t=ty transmitter Tl will send an acoustic signal to
the object. The signal will be reflected at the object and

10 will be received by the three receivers (R1l, R2, R3).

(TOFT]R])_“):\/( xo) +(y1 yo Zo +\/ xl +()’o y1) +(Zo Zl)

azr

Vair (TOFTl RZ); =10 =\/(x1 “xo)z +(y yo Zo +\/ J’z) ( Zz)2
15 | ‘ '
Vi (TOF;'] R3),=,o =\/(x] "xo‘)2 + (J’1 — )2 +(Z1 —Z )2 ’*‘l\,/(’fo _x3)2 "'(Yo f‘ys)z +(Zo 4 )2
These are 3 equations with 3 unknowns. The calculation result
is [ {xe)t=todra, [(¥o)e=tolm, [(Z0)tato)z-
20

At t=t; transmitter .T2 will send an‘ acoustic signal to the
object. The signal will be reflected at the object and will

be received by the three receivers.

25 Vg TOFrzm a1 r—xo + J/o) +(Zz Zo) +\/ (J’.o“)ﬁ)z "'(Zo_"'zl)2

Vair (TOF;z R2)1 ol \/@_xo)2 ‘*',()’2 'f.VO)Z +’(Zz —Zy )2 +\/(xo 'xz)z +(J’o ‘yz')z ~+(Zo —Z )2

Vair TOFsz *2 —xo yo) 20)2 +W/ _ J’3) ; ( Zy ‘"23)2
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These are 3 equations with 3 unknowns. The calculation result

is [(xo)t=talre, [(vo)t=tilre: [(Z0)etalma.

At t=t; transmitter T3 will send an acoustic signal to the
object. The signal will be reflected at the object and will

be received by the three receivers.

Vair '(TOFTa,Rl >,=,2 = \/(xa Xy )2 +(J’3 “)’0)2 "‘(Zs —20)2 +\/(xo —X )2 +(yo ”‘yl)z +(Zo —Z )2

Vair '(TOE'S,RZ ),=,2 = \/(x3 —Xp )2 + (y3 — Yo )2 + (Z3 —Zy )2 +\/(xo —X, )2 + (yo - J’z)z + (Zo ) )2

Vair ‘(T0F7j3,n3),=,2 =3/(x3 "xo)2 “*I(ys “yo)z +(Zs '_'Zo)z“"\/(xo “x3)2 +(J’q _J’3),2 +(Zo '23)2

These are 3 eqguations with 3 unknowns. The calculation result

is [ (=) e=t2lmar [(¥o) t=talws, [(Zo) tee2lms-

To have a more reliable position of the object an average of
the three measurements at t=ty, t=t; and t=t; is calculated.
This is possible because the sample freqguéncy for object

localization is much higher than the object movement speed.

(%), = (798 R (€5 W W [ W

3

(), = o )eo ke #[00ery +[06)a ).,

3

(z, )w _ (o) L, + 120 L, +z0)a )

3
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This position is the initial position of the object.

These measgurements and calculations will be repeated at tp (ta,
ty, Ls) for detecting movement and movement direction of the

object, which will result in (Xo)ww, (Volto: (Zo)to-

Movement direction will be calculated as follows:

If Ax is positive then the object moves in the left direction,
if Ay is positive then the object moves in pull direction and

if Az is positive the object moves in a downwards direction.

Thus the object moves towards southwest - downwards direction
(in the XYZ-space). This position will be translated into a
binary code and used for light contfol purposes, for instance
it will deviate the light beam into the same direction as the
object moves, in this case towards southwest direction, and
at the same time for instance the light intensity will be
decreased. Another example of the use of this position
information: the movement in the XY-directions controls the
direction of the light beam deviation and movement in the Z-

direction controls the magnitude of the light beam deviation.

With reference to figures 21-25 a lamp 1 is described which

is capable of continuous focus control (figure 21) and
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deflection (figure 21B and 21 C) of a 1light beam in a wide
range as well as in a small region,  without ‘'moving any
physical parts of the lamp 1. This lamp- is - preferably
combined with the XY-plane gesture control system as
described above for changing the direction or focus of the

light beam. -

According to figure 22 the lamp 1 i1s divided into three
separated ring shaped parts 40A, 40B, 40C, each comprising an
array of LEDs 21. Said LEDs may be multi-coloured, so that
the lamp can show many colours of choice. Although the
figures‘show a circle shape of the arrays, other shapes like
a rectangular‘shape are also possible. The centfél'part'40A
of the lamp comprises a plastic lens 41 in front of the LEDs
21 for focussing the central light beam. An intermediate part
40B comprises a ring of LEDs without a lens. The LEDs in the
central and intermediate barts 40A/B are arrangéd:such that
their axes of their light beams are parallel with the lamp
axis. In the third part 40C the LEDs 21 are mounted at a
angle with the lamp axis, which'angle is between 0 and 90
degrees, for instance 40 degrees. The LEDs are mounted such,
that at a predefined minimum use distahce from the lamp (for
instance 1 m) away, the light beams of each LED oﬁerlaps with
its neighbour’s, such that a continuously lighted area is

obtained.
The LEDs are mounted in  a metal housing having walls

separating the three groups of LEDs, and which performs a

heatsink function for cooling purposes.
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With reference to figure 23 a gesture light control gsystem as
described above (or alternatively an ordinary’Remote Control)
sends light beam posgition or focus instructions to a micro-
controller 40. The micro-controller 41 translates this
information into instructions as to which LEDs 21 have to be
selected and as to the intensity of each of‘the“LEDs 21. An
expander/selector 42 is used for selecting thé large ambunt

of drivers 43 and the LEDs 21 connected thereto.

For a point light source the relationship between the

perceived brightness B and the measured illuminance E is:

which is a non-linear behaviour that has to be'cbmpenSated:
If the‘aQerage perceived brightness is to be kept constant
during control of the light beam than 'thHe average
illumination E has to be constant. Therefore the total

juminous flux incident on a surface per unit area is kept

constant during control of the light beam.

Figures 24A-24CG schematically shows how the direction of the
combined light beam in the lamp of figﬁre 22 is smoothly
chahged from a downward direction in fiéure "24A to a
laterally slanting direction in figure 24G (lighter hatched
areas‘ represent lighter areas/LEDs, more densely hatched
areas represent darker areas/LEDs). For carrtrying out this
control instruction the micro-controller in the lamp is
arranged to gradually change the lbfightnéss of individual
LEDs such that the impression of saia smooth change in
direction of the combined light beam is obtained.
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Figures 25A-25E schematically shows how the angle of the
combined‘light beam in the lamp of figure 22 is smoothly
changed from a broad beam having a large angle inmfigure 25A8
to a focussed beam having a smali angle in £figure 24E. For
carrying out this control instructioﬁ the'micro—controller in
the lamp is arrangéd to gradually change the brightness of
individual LEDs such that the impression of said smooth

change in angle of the combined light beam is obtained.

Although the invention is described herein by way of
preferred émbodiments as example, the man skilled in the art
will appreciate that many modifications and variations are

possible within the scope of the invention.
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CLAIMS

1. A lighting system comprising a plurality of light units,
wherein said light units are arranged in at least two groups
forming concentric polygons or circles, wherein  the
lightbeams of substantially each pair of adjacent light units
overlap each other, wherein the lightbeams of the inner group
are directed substantially parallel to each other, wherein
the lightbeams of the light units in the outer group diverge
from the lightbeams of the light units in the inner group,
and wherein the light system comprises a light control means
which is arranged to adjust the intensity of each one of said

plurality of light units individually.

2. The 1lighting system of c¢laim 1, wherein the ‘lighting
system comprises a lens extending in the 1light beam of the

light units of said inner group for focussing said light beam.

3. The lighting system of claim 1 or 2, wherein The lighting
system comprises at least one middle group of Iight units
extending in a concentric polygon or circle between the inner

and outer groups.
4. The lighting system of claim 3, wherein the light beams
of said middle 'group are directed substantially parallel to

the light beams of said inner group.

5. The 1lighting sYstem of any of the previocus claims,

wherein said light units are LEDs.
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6. The lighting system of any of the previous claims, .
wherein said plurality of light units are contained in one

lamp housing.

7. The lighting system of claim 6, wherein said lamp housing

comprises a standard lamp fitting.

8. The 1lighting system of any of the previous claims,
wherein said lighting system further comprises an ultrasonic
transmitter arranged to transmit wultrasonic signals, an
ultrasonic receiver arranged to receive reflected ultrasonic
signals, and a processing means arranged to derive a time-of-
flight signal représénfingvﬁhe’time‘différendes'bétween said
transmitted and received ultrasonic signals and to  send
control signals to said light control means in dependence of
said time-of-flight signal for adapting the light intensity

of said individual ligﬁt units.
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[received by the International Bureau on 12 September 2008 (12.09.2008)]

1. A lighting system comprising a plurality of light units,
wherein said light units are arranged in at least two groups
forming concentric polygons or circles, wherein the
lightbeams of substantially each pair of adjacent light units
overlap each other, wherein the lightbeams of the inner group
are directed substantially parallel to each other, wherein
the lightbeams of the light units in the outer group diverge
from the lightbeams of the light units in the inner group,
wherein the lighting system comprises a light control means
which is arranged to adjust the intensity of each one of said
plurality of light wunits individually, and wherein the
lighting system further comprises an ultrasonic transmitter
arranged to transmit ultrasonic signals, an ultrasonic
recelver arranged to receive reflected ultrasonic signals,
and a processing means arranged to derive a time-of-flight
signal representing the time differences between said
transmitted and received ultrasonic signals and to send
control signals to said light control means in dependence of
said time-of-flight signal for adapting the light intensity
of said individual light units, wherein said ultrasonic
transmitter and said ultrasonic receiver are arranged on a
rotating means for moving along the circumference of said

light units.

2. The lighting system of claim 1, wherein the lighting system
comprises a lens extending in the 1light beam of the light units

of said inner group for focussing said light beam.

4
AMENDED SHEET (ARTICLE 19)
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3. The lighting system of claim 1 or 2, wherein the lighting
system comprises at least one middle group of light units
extending in a concentric polygon or circle between the inner

and outer groups.

4. The lighting system of claim 3, wherein the light beams
of said middle group are directed substantially parallel to

the light beams of said inner group.

5. The lighting system of any of the previous claims, wherein

said light units are LEDs.

6. The lighting system of any of the previous claims, wherein
said plurality of light units are contained in one lamp

housing.

7. The lighting system of claim 6, wherein said lamp housing

comprises a standard lamp fitting.

42
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