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[llumination system

FIELD OF THE INVENTION
This invention relates to illumination systems, for example for illuminating

indoor office or home areas.

BACKGROUND OF THE INVENTION

There are many different types of illumination systems. There include floor
standing, table standing, wall mounted and ceiling mounted lighting fixtures, with diffuse or
focussed light.

Diffuse fixtures can make use of diffusers and white reflective surfaces, which
reflect light in awide range of directions. Diffusers and white reflectors are not expensive.
The surfaces can berelatively large, and have amuch lower brightness than the light source
(e.g. abulb or an LED) itself. A larger arealight sourceisless distracting to auser. Lighting
in auniform way over alarge area nevertheless requires a certain distance from the light
source, and acertain size of the lighting fixture.

Tofocus light into acertain direction, lighting systems can make use of lenses
and mirrors. From acost and volume point of view, the size of these parts needs to be
limited. This results in high brightness of spot lights when directly looked at. Asresult of the
limited size, spotlights also cause cast shadows.

Lighting fixtures can light atarget directly, or indirectly via diffuse reflecting
walls or ceilings for example. In the latter case, the user can be prevented from looking
directly into ahigh brightness fixture or light source. However, the possihilities to focus the
light on a smaller area are limited.

Lighting systems based on light guides with adiffuse out-coupling of light are
also known.

There are various problems with the different known systems.

In many cases, ahorizontal surface such as adesk has to be illuminated. To
spread the light, and to avoid that lighting fixtures are in the way, aremote position is
preferred. Often, the most attractive solution is a ceiling mounted fixture. Ceiling mounting

has alarge impact on the infrastructure: the electrical supply has to be integrated into the
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ceiling, and often also the lighting fixtures are integrated to give an acceptable appearance.
Because the infrastructure is modified, the type of light fixture and location are fixed, and
cannot be changed easily.

In many cases, afocussed beam isrequired for illumination of a specific area.
In general, a system using lenses and/or mirror reflectors isthen used. These lenses and
reflectors have alimited size. Asaresult, when looking directly into the spot light, a small
areawith an extremely high brightness will bevisible. This isnot pleasant for the user. The
small area of the lens or reflector will result in shadows being cast, which isnot preferred in
many situations

There istherefore aneed for a system which can address these problems.

SUMMARY OF THE INVENTION

According to the invention, there isprovided alighting system, comprising a
reflector assembly for reflecting light with areflection direction substantially equal and
opposite to the direction of incidence, wherein the reflector assembly isadapted for mounting
in the vicinity of an areato beilluminated and for receiving lighting from alight source in the
areato beilluminated.

The system of the invention isfor lighting areas using alight source located in
the area to be illuminated, which can be a spot light, via aretro-reflective surface. The light
source will bein the areato be illuminated, in the sense that the reflected light will return to
the light source. However, it may be at the edge of the main area of interest, such as adesk,
so that any shadows which are cast by the light source are not visible in the central part of the
main area of interest.

The retro-reflective surface, when illuminated by the spotlight, can be
regarded as athin extended light source which radiates directional light. The light will be
focussed back to the light source and its direct surroundings. The area of illumination will
depend on the optical properties of the reflector assembly. The original light source beam
divergence will affect the area on the retro-reflector that isused to light the areato be
illuminated.

The invention can be used to provide additional flexibility to lighting systems,
and to enable indirect lighting (avoiding visible light sources with high brightness, and to
reduce cast shadows), but still with the option to focus light on a certain area. This flexibility

can be obtained by suitable selection of the light source, by its positioning and the properties
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of the light output beam. Thus, the reflector assembly can be fixed and yet provide flexibility
in the lighting to be obtained.

The reflector assembly can comprise an array of corner retro-reflectors. With
such corner retro-reflector foils, the light can be focussed on arelatively small area around
the spotlight (of the order of magnitude 0.02 times the distance between the area and the
retro-reflector). By using less perfect retro-reflectors, or by adding a soft diffusing layer in
front of the retro-reflector, the dimensions of the illuminated area around the spotlight can be
increased.

Additionally, the illuminated area can be out of focus, by providing adifferent
distance between the reflector assembly and the light source than between the reflector
assembly and the area to be illuminated.

This invention enables an areato beilluminated by an extended light emitting
surface which emits directional light. This light emitting area on the retro-reflector can be
chosen by aiming and focussing/defocusing the light source. No electrical infrastructure is
needed at the location of the light emitting surface (e.g. the ceiling of the room).

If adiffuser isused, it can introduce adiffusion limited such that the angle of
reflection iswithin 30 or more preferably 20 degrees of the direction opposite to the direction
of incidence, i.e. the retro-reflection is made imperfect. A diffuser isnot perfect and some
light will escape at undesired angles. Thus, the diffuser function can be considered
satisfactory if at least 50 % of the light through the diffuser iswithin the desired angular
range.

This means that the spread of the reflected light away from the origina light
source islimited, so that asmuch light as possible reaches the intended area of illumination,
such as adesk. The diffusing properties of the diffuser or less perfect retro-reflector will
determine the area that can be illuminated using a given light source. The optimal angle of
diffusion will mainly depend on the dimensions of the area that has to be illuminated, and the
distance between the reflector assembly and this area. For example, with an illuminated
circular areawith diameter 70 cm, and a distance to the retro-reflector of 200 cm, the desired
angle will be around 10 degrees (i.e. 20 degrees total spread of light, 10 degrees each side of
the perfect reflection direction).

The invention also provides alighting installation comprising areflector
assembly of the invention, and alight source mounted in an areato beilluminated, and

directed to the reflector assembly. The reflector assembly isthen mounted on aceiling or
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wall in the vicinity of the areato beilluminated, and the light source output is directed to the

reflector assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of the invention will now be described in detail with reference to the
accompanying drawings, in which:

Figure 1 shows afirst example of lighting installation of the invention; and

Figure 2 shows a second example of lighting installation of the invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention provides alighting system in which aretro-reflector is mounted,
for example to the ceiling or wall of aroom, for illumination by alight source mounted in an
areato beilluminated. It can be mounted on apartition or a suspended structure.

When placing adesk in this room, this desk can be equipped with the light
source such as a spotlight aimed at the reflector on the ceiling or wall. The retro-reflector will
direct the light back to the desk, lighting its surface. In this way, the light emitting area on the
ceiling can be freely adapted to the location of the desk.

Figure 1 shows afirst example of lighting installation of the invention. The
installation comprises alighting system in the form of areflector assembly 10 and alight
source for illuminating the reflector assembly.

The reflector assembly comprises aretro-reflector 10, which isareflector for
reflecting light back along its original angle of incidence. An area of thereflector 10is
illuminated by alight source 12, which in this example is a spotlight mounted on adesk 14 in
the areato be illuminated. The user 16 is shown seated a the desk 14 in front of amonitor
18.

A perfect retro-reflector will return al light toits source, so that the light
source 12 will be illuminated. A wider area of illumination is desired, for example the desk
area. To achieve this, the reflector 10 can have an imperfect reflection function which is
sufficient to create the desired spread in the reflected beam.

An aternative isto use a separate "soft" diffuser 20, i.e. one which introduces
alimited amount of angular spread, for example less than 30 degrees or less than 20 degrees
of angular spread about the initial propagation direction. In the example shown, the light
makes two passes through the diffuser 20 so a smaller amount of introduced angular spread

for each pass through the diffuser isrequired.



10

15

20

25

30

WO 2013/102862 PCT/IB2013/050051
5

Figure 1 shows the output of the light source 12 as the envelope 22, and shows
adesired reflected envelope 24 for illuminating the desk area. If alarge areareflector is
provided, the user can choose where to direct the light source to achieve the best lighting, for
example to avoid undesired shadows, for example when writing. The direction of
illumination of the light source can for example be adapted for left/right handed people.

Figure 2 shows the same system but with alight source 12a which produces an
output beam with ahigher divergence. This results in alarger area of the reflector acting as
the light source. By using alight source 12a with abeam with ahigher divergence, the
lighting can thus be made more diffuse.

If the user looks from the illuminated areato the ceiling, no bright hotspots
will be visible. The desk will be illuminated by an extended area with lower brightness. By
using a spotlight with abeam with ahigher divergence, the size of the light emitting area on
the ceiling can be increased as explained above, while the lighted area on the desk will not
increase significantly. In this way, the brightness of the ceiling can even be set to alower
value than the brightness of the illumination at the area of interest, because the light has been
focussed towards the area of interest.

Although the light is still focussed on the area of interest, the cast shadow will
be limited asresult of the large light emitting area on the reflector assembly. In some
situations (e.g. on aworking bench), diffuse lighting will be needed, while for other
situations (e.g. lighting a sculpture), lighting with more cast shadows will be preferred. Itis
possible to use a spotlight with an adaptable beam divergence, so the cast shadow can be
adapted to the situation and/or object to be illuminated.

When looking to the ceiling from alocation outside the illuminated desk area,
almost no light will be visible. From outside the desk area, it appears that the desk is
illuminated from above by an invisible light source. This invisible light source will not cause
disturbing reflections on monitors outside the illuminated area.

No integrated electrical infrastructure or fixtures in the ceiling are required.
The reflector assembly can simply be surface mounted to the ceiling or wall.

The system can be used to light desks, but also to light other objects or areas.

The light source for providing upward (or lateral) illumination can be
integrated into furniture or other existing devices, preferably already provided with electrical
power such as acomputer monitor. The light source can be atable mounted lamp, afloor

standing lamp, awall mounted spotlight or alight fixture integrated into the floor.
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The reflector can comprise an array of corner reflectors. A corner reflector isa
set of three mutually perpendicular specular reflective surfaces, placed to form the corner of a
cube. There are two basic types of corner reflector. In the more common form, the corner is
the truncated corner of acube of transparent material such as conventional optical glass or
plastic. In this structure, the reflection is achieved either by total internal reflection or by
silvering of the outer cube surfaces. The second form uses mutually perpendicular flat
mirrors bracketing an air space.

A large relatively thin retro-reflector foil can be formed by combining many
small corner reflectors, using standard optimal packing of the plane with congruent triangles.
With such corner retro-reflector foils, the light will be focussed on arelatively small area
around the spotlight (order of magnitude 0.02 time the distance between the area and the
retro-reflector). By using less "perfect” retro-reflectors, or by adding the diffusing layer in
front of the retro-reflector, the dimensions of the illuminated area around the spotlight can be
increased. Intentionally less perfect retro-reflectors can be made by making the specular
reflecting surfaces less flat in order to spread the light over awider range of angles.
Additionally, the angles of the mirrors can be made not perfectly perpendicular, which will
result in an angular offset of the reflected light. It is aso possible to realize diffusing
properties which are different for in different directional axes.

The spread of the light can be further increased by putting the illuminated area
"out of focus', so a adifferent distance to the retro-reflector than the spotlight is situated.
Thus, even with acorner reflector foil providing anear perfect reflection profile, the area of
illumination can be increased by adding a diffuser foil and positioning the light source some
distance above the areato be illuminated. For example, the light source can be mounted at the
top of acomputer monitor. The light sourceis still within the areato be illuminated, i.e.
within the volume bounded by the envelope 24. Thus, the term "ared" in this context is not
restricted to aplanar area, but relates to a general region (i.e. avolume) where illumination is
desired. In practice, the light is only visible once it reflects off an illuminated object, which
will generally be on aflat surface such as a desk.

Another common type of retro-reflector consists of refracting optical elements
with areflective surface, arranged so that the focal surface of the refractive element coincides
with the reflective surface, typically atransparent sphere and a spherical mirror. This same
effect can be achieved with a single transparent sphere provided that the refractive index of
the material isexactly two times the refractive index of the medium from which the radiation

isincident. In that case, the sphere surface behaves as a concave spherical mirror with the
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required curvature for retro-reflection. The components making up the reflector, in particular
the lens shape, can be designed to give the desired non-perfect reflection characteristics, and
thereby achieve the desired diffusion without any additional components.

When adiffuser isused, it can comprise a surface diffuser or avolume
diffuser.

A surface diffuser for example comprises aplate or foil made of atransparent
material, with atexture or pattern at the surface of one or both sides. By selecting the texture,
the diffusing angle can be controlled by refracting the light. It ispossible to have different
diffusing properties along both axes in the plane of the foil or plate. With this kind of
diffuser, it ispossible to control the dimension of the lighted area along two axes
independently.

A volume diffuser for example comprises aplate or foil made of transparent
basic material, containing small particles with adifferent refractive index to the basic
material. The difference in refractive index causes reflection and refraction of the light
passing through the foil or plate. Diffusing properties can be controlled by refractive indices,
and the size, shape and concentration of the particles.

The reflector assembly can comprise plates or foils that can easily be installed
into an existing area, or in the case of anew building they can be formed as an integrated part
of the building elements for ceiling or wall construction, replacing the traditional finishing.

The reflector surface can be added locally or over awhole ceiling or wall
surface, to allow wider illuminated areas, more freedom to choose the direction from which
the areaisilluminated, and more flexibility in the possible positioning of the light source.

The reflector assembly and the light source can be chosen to give desired
illumination effects. For example a small illuminated area may be required to illuminate a
specific object, such as apiece of art, whereas alarger area may be desired to illuminate a
whole desk. Many adjustments can be made by suitable choice of the light source design
(such asthe angular spread of the output) and position even for a standard reflector design.

Examples of the parameters that can be controlled are (i) the dimensions of the
light source, (ii) the distance between the light source and the illuminated surface; and (iii)
the divergence of the light leaving the light source,

Asexplained above, there may be a shadow of the light source in the areato
be illuminated. Choosing a smaller dimension of the light source, alarger distance between
the light source and the illuminated surface, and/or amore divergent beam will reduce the
visibility of the shadow, if desired.



10

WO 2013/102862 PCT/IB2013/050051
8

It isnoted that the term "areflection direction substantially equal and opposite
to the direction of incidence" isintended to convey the genera return of the light to the light
source, but with the intentional diffusion introduced, by the use of a non-perfect retro-
reflector and/or the use of adiffuser.

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims, the word "comprising” does not
exclude other elements or steps, and the indefinite article "a' or "an" does not exclude a
plurality. The mere fact that certain measures are recited in mutually different dependent
claims does not indicate that acombination of these measured cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. A lighting system, comprising areflector assembly (10, 20) for reflecting light
with areflection direction substantially equal and opposite to the direction of incidence,
wherein the reflector assembly (10) is adapted for mounting in the vicinity of an areato be

illuminated and for receiving lighting from alight source (12) in the areato be illuminated.

2. A system asclaimed in claim 1, wherein the reflector assembly (10, 20)

comprises an array of corner reflectors.

3. A system as claimed in claim 2, wherein the corner reflectors are adapted to
diffuse the reflected light in such away that it is spread within acertain angle with respect to

the direction opposite to the direction of incidence.

4, A system as claimed in claim 1, wherein the reflector assembly (10, 20)
comprises adiffuser (20).

5. A system as claimed in claim 4, wherein the diffuser (20) introduces a
diffusion limited such that the angle of reflection for at least 50 % of the reflected light is

within 30 degrees of the direction opposite to the direction of incidence.

6. A system as claimed in claim 4, wherein the diffuser (20) introduces a
diffusion limited such that the angle of reflection for at least 50 % of the reflected light is

within 20 degrees of the direction opposite to the direction of incidence.

7. A system as claimed in claim 4, wherein the diffuser (20) introduces a

diffusion which is different for orthogonal axesin the plane of the diffuser (20).

8. A system as claimed in claim 4, wherein the diffuser (20) comprises a surface

diffuser, having one or more surfaces configured to implement diffusion by refraction.
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9. A system as claimed in claim 4, wherein the diffuser (20) comprises avolume

diffuser, having internal refracting regions configured to implement diffusion by refraction.

10. A lighting installation comprising:

- areflector assembly (10, 20) asclaimed in claim 1; and

- alight source (12) mounted in an areato be illuminated, and directed to the
reflector assembly.

11. Aningtallation as claimed in claim 10, wherein the reflector assembly (10, 20)
ismounted on aceiling in the vicinity of the areato be illuminated, and the light source

output i s directed upwardly to the reflector assembly.

12. Aninstallation as claimed in claim 10, wherein the reflector assembly (10, 20)
ismounted on awall in the vicinity of the areato be illuminated, and the light source output

isdirected laterally to the reflector assembly.

13. Aninstallation as claimed in claim 10, wherein the light source (12) comprises
aspot light.
14. Aninstallation as claimed in claimed in claim 10, wherein the direction of the

light beam emitted by the light source (12) is adjustable by auser.

15. Aninstallation as claimed in claimed in claim 10, wherein the divergence of
the light beam emitted by the light source (12) is adjustable by auser.
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