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LIGHTING SYSTEM

CROSS-REFERENCE TO PRIOR
APPI ICA'I'IONS

1his application is the U.S. National Phase application
under 35 U.S.C 6 371 of International Application No.
PCT/EP2015/053036. filed on Fcb. 13, 2015, winch clainw
thc benelit ol'European Permit Applicahon No. 14157242 0,
filed on I'eb. 2g, 2014 'I'hese applications are hereby incor-
porated by reference herein

FIELD OF THE INVENTION

1'his im ention relates to lighting systems, and specifically
but not limited to interior arhficial lighting systems

BACKGROUND OF THE INVENTION

People enerally prefer daylight over artiticial light as Io

their primary source of illumination. Everybody recognizes
the importance of daylight in our daily lives. Daylight is
known to be important for people'c health and well-being.

In gmicral, pcoplc spend over 90% ol their time uidoors,
dnd of'tcn away from natural dayliglu. There Is lhcrclbrc a
need for artificial daylight sources that create convincing
dayli ht impressions with artificial light, in emironntents
that Lack natural dayli ht including homes. schools, shops,
offices. Iu&spital rooms. and bathroomc.

There has been si niticant development of lighting sys- sc

tcms wluch try to cmulatc dayhghl cvcn more faithfully For
cxtunple, such lighting syslcnw arc used as arlilicial sky-
lights. v hich attentpt to eniulate natuncl daylight that would
be received thmugh a real skylight I'o enhance the realisnt
of the artificial skylight. the skylight solution is usually Sc

mounted in a recess in the ceiling, in the same way that a real
sly light would be mounted.

It has bent rccogruzed that il would bc dcsirablc to miablc
Ihe color tempcralurc and venation to bc scleclable or even
to evolve over tinte, so that the evolution of the color point do

of natural daylight can be emulated. or indeed a specihc
color point can be selected Similarly it would be desirable
to enable the color tempemsture to be variable over the licit
source to emulate the spatial variability of li ht color from
a typical wuidow or skylight. How cvcr, Ibis requires a more
conlplcx light source aild assocltilcd coilllol sy'sloill.

1'here is therefore a need for a light system ivhich enables
control of the color point and variation of color in a ntore
efiicient and cost etfective manner.

SUMMARY OF THE INVENTION

1'he invention is dehned by the claims.
According to the invention, there is provided a lighting

system comprising: s.
a lirsl controllable light source (11) configured to provide

light in a first direction,
a second clcmtncally controllable light source (16) con-

fi ured to provide light in a second direction,
mi optical elentent (12), and sc
an edge lit light guide (14) compricing an out-coupling

pattern on its surface and/or scattering particles or strucnires
lorillcxl witlliil ils slrucliuc,

w hcrcin lhc optical clement comprises a gnd ofhcxagoiial
cilia (15) whereui light cmincd by thc lirst control)able light ac

source (11) within a threshold angle each side of the norntal
fmm the middle ofeach cell does not pass through a cell wall

,792 B2

and thus is not proccsscd, whereas light cmiucd at an angle
greater thmi the threshold angle each side of the normal
passes through a ceil wali and is suitably processed. and

wherein the second electrically controllable light source
(16) is side coupled to the edge lit light guide (14), and

wherein the edge lit light guide (14) is configured to
diffuse light provided by thc six ond clcctn cally controllable
lighl source (16) such lliai at least a portion of Ihe light
pmvided by the second electrically controllable light source
(16) is output in the first direction and is mixed with the light
pmvided by the first contmllable light source (Il).

In such a manner some entbodiments can be implemented
which feature controlLsble lighting mixing sunulating or
mnulahng a dcsircd lighnng efihct.

Thc lirsl controllable light source may bc face coupicxi
v ith the support strucnire and the second electrically con-
trollable light source may be side coupled with the support
stntcture

In such embodiments the second electrically controllable
light source light passes tltrough the length or width of the
support structure and ihercfhrc a significant proportion of
tile liglit is diffused or scdtlcrcd Iiilo tlic first direction
whereas the first controllable light passes through the depth
of the support structure and therefore a significant propor-
tion of the light passes unatfected.

The first controllable light source may be an intensity
controllabie light source.

Thc second electrically controllable light source nmy bc
an uilcnsily controllable light source.

'I'he second electrically controllable light source may be a
color contmllable light source

'I'he second electrically controllable light source inay
comprise an array of selectable fi+I emitting elements
arran ed on at least part of the periphery of the support
struchirc.

Thc array ol'elcctablc light cmining elements nmy be
conftgurcxl to provide a spatially controllable hght source.

I'he selectable light eniitting elements niay be configured
to generate at least two selectable collimated light beains
and the support strucnire may compnse at least two respec-
tive re nona of light diffusing patticfes. the regions of light
diffusing particles sliapcd in a dcfincd form, whcrcin thc
ligliliilg SVSICI11 Illilv bC CotlligurCd lo gcilCIdlc dil Illiiilli-
nalixl shape in Ihc defined foun based on thc light provided
by the second electrically controllable light source.

'I'he support stmcture niay comprise at least two layers of
support structure, the at least two layers of support structure
may comprise at least one respective region of light di fiusin
particles shapcxl ui a defined I'onn, and thc second electri-
cally controllable hghl source may compnsc al least two
layers of selcctablc light mnittin clmncnts, whcrcin a
respective layer of selectable light entitting elements may be
arranged on at least part of the periphery of an associated
layer of the support strucnire. such that a selective activation
of the at least two layers of selectable light emitting elements
may bc configured Io selectively Illuminate onc ol'hc
slidpcs 111 a dcliilcd fugit.

Thc rcspcchvc al least one part hght diffusing particles
may overlap in the first direction.

'I'he lighting system may further contprise a controller
configured to control the first contmllable light cource
providui li ht in the first direction and the second electri-
cally controllable light source providing light in the simond
direction.

Accorduig lo a second aspect there is provided a method
for providing a lighting system compnsing providing a first
cmttrollable light in a first direction, providing a second
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clcclncally controllable hghl in a second direction; and
coupling the second electrically controllable light in the
second direction to a support stnicture comprising at least
one reaion of light difFusing particles configured to difhise
the second electrically controllable light such that at least a
portion of the second electrically controllable licit is mixed
with Ihc lirst controllable lighl mid oulpul in the lirsl
dirCClii in.

1he method may further comprise coupling the hrst
controllable light in the first direction to the suppon stoic- ic
ture

Providing the first controllable light may comprise pro-
viding an intensity controllable light.

Providuig thc second electrically coiurollable light in a
second direction may comprise pmvidm Im inlcnsily con-
trollable light

Providing, the second electrically controllable light in a
second direction may coniprise providing a color control-
lable light.

Providing the second electrically controllable light may lo
comprise sclcctivcly aclivaung at lcssl onc lighl mniuuig
clmuent lrom Bn array of sclcclable hghl cmiuing elements
arranged on at least part of a periphery of the support
structure

Selectively activating at least one light emitting elenient
from an array of selectable light emittin elements armnged
on at least part of a penphery of the support structure may
comprise selectively Illunuuating at least onc of al less! Iwo
rcspccuvc regions of light dill'using particles. tlm regions of
li ht ditfusin particles shaped in a defined form. Ic

A non-transitory computer-readable medium containing a
computer program may comprise computer program code
means adapted to contml a li hting system to perform all the
steps of the methods as disclosed herein, if the progmm is
run on the physical computing dcvicc coupled lo Ihc hghling ls
SV'Stolli.

Selectively activating al least onc light cnulung element
fmm mi array of selectable light emitting elements arranged
on at least part of a penphery of the support stnicture may
contprise selectively illuminating at least one Llyer of at do

least two Layers of the support stnicture.
lhc method may comprise conlrollui Ihc lirsl control-

lable light and the second electrically controllable light
According to B third aspect thcrc is provided a hghling

systeni comprising means for providing a tirst controllable
li ht in a tirst direction: and means for providing a second
electrically controllable light in a second direction.: means
for coupling the second electrically controllable light in the
second direction to a support mctms comprismg al least oue
ICgion Of light dlilUslllg pal(ICICS Cilllligiilcd IO difiiiSC lilC

second elcclncally controllable hglu such that al least a
portion of the second electrically contmllable light is nuxed
with the light provided by the means for providing a hrst
controllable light and output in the first direction.

The appamltus may further comprise means for coupling ls
the lirsl controllable light In thc lirst direction to Ihc support
Incaris.

lhc means for provuling the lira( coiurollable light may
comprise means for pmviding an intensity controllable hght.

'lite means for providmg the second electrically control- ic
lable light in a second direction may comprise means for
providing an intensity controllable light.

lhc means fiir providing llm second elimlricdlly control-
lable light in a second direction may comprise means for
providuig a color controllable light. Ss

1he nieans for providing the second electrically control-
lable light niay comprise nieans for selectively activating at

least one light enulung clmncnt from an array of selcclablc
light emitting elements arranged on at least part oi a periph-
ery of Ihc support structure.

'I'he means for selectively activating at least one light
mnilting clement from;m array of sclcctablc hght cnuuuig
elements arranged on at least part of a periphery of the
support stnicture may comprise means for selectively illu-
nunating at least one of at least two respective regions of
light dtffitsing particles. the regions of li ht dttfusing par-
ticles sluipcd in a dclined lbrm.

The means filr selectively activating at least one light
mnilting clement from;m array of sclcctablc hght cnuuuig
elements arranged on at least part of a periphery of the
siipport snUcIUIU IIIBv collipllsc nictllls lor schcclivcly IIIU-

nunating at least one layer of at least two layers of the
support structure.

I'he lighting system may coniprise means for controlling
the means for providing the first controllable light and for
coiltrollillg lllc Inciills for plovidiilg lllc sccolld clcclllcallv
controllabie light.

Accorduig to a fourth aspect thcrc is provided a lighluig
system comprising at least one processor and at least one
memory including computer code lbr onc or more progrmns.
tllC dl ICdSI OIIC IUCillorv'iid lhC ColllpiitCI CCRC Collligiilix!
to with the at least one pmcessor cause the apparatus to
pmvide a first contmllable licht in a first direction; and
provide a second electrically controllable li ht in a second
direction: couple the second electrically controllable light in
the second direction to a support stnicture comprising at
lcasl onc region of hghl dill'using particles conligurcd lo
dilfusc thc second elccuically controllable light such that al
least a portion of the second electrically controllable light is
nuxed v ith the light provided by the first contmllable light
source and output in the first direction

Providing the first controllable li ht may cmise the appa-
ratus to provide an intensity controllable light

PIOVldillg lllC SCColld CICCIIICdlly'olllrollablC liglll Ill II

second dircmlion mny cause the apparatus to pmvidc sn
intensity controllable light

Providing the second electrically controllable light in a
second direction may cause the apparatus to pnlvide a color
controllable light.

Providin the second electrically controllable light may
cmisc lhc apparatus lo sclcclnely acuvate al least onc light
cnulting element from an array of sclcctablc hght enuuuig
elements arranged on at least part of a periphery of the
support stmcture.

Selectively activating at least one light emitting element
from an array of selectable light emitting element~ arranged
on at least part of a periphery of the support stnicture may
cmisc lhc apparatus to selectively illuminate al least onc of
al least two respective regions of light dilfusing particles. Ihc
regions of light ditfitsing particles shaped in a defined form

Selectively activating at least one light emittuig element
from an array of selectable li ht emitting elements arranged
on at least part of a periphery of the support structure may
cause the apparatus to selectively illuminate at least one
layer ol at least two layers ol Ihc support structure.

BRIEF DESCRIPTION OF THE DRAWINCiS

Examples ol'he invention w ill now be dcscnbed ui dctm1
with rcfi:rcncc to Ihc accompanyuig drmvings, In wluch.

FI(i I shows a lighluig system,
lil(i 2 shoivs an example of the structure of the optical

element shown in the lighting systeni shown in I 1(i 2:
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FIG. 3 shows an cxamplc of a lighlm system provuling
controllable color lighting accordin to some embodiments,

FIG. 4 shows the opcrauou of the example lighting system
shown in FIG. 3 when thc sale cmipled hghls are mlivalcd,

Fl(i 5 shows the operation of the example lighting systent
shoivn in lil(i. 3 ivhen the side coupled lights are deacti-
vated:

FI(i. 6 shov, s an example of a li hting system providing
controllable color li hting and variation using a defined
sliapc according to some embodiments: I it

FIG. 7 shows an cxamplc of a lighlm system provuling
controllable color lighting and variation using two sivitch-
able dehned shapes;

FIGS, ga, Sb„and gc show an exiunple of a lichting
system providing controllable color ttaptting and venation is
producing dynamic spatial patterns in a siitgle direction
according lo some cmboduuenls,

FIGS. 9a. 9b, and 9c show an example of a hghling
system providin controllable color lighting and vanation
pmducing dynamic spatial patterns in two directions accord- Io

ing to some embodiments;
FI(iS. 10a to 10d show an example of a tijtttng system

providing controllable color lighting and variation produc-
Iilg dv'Ilailiic SpBtial pallcrils USIB Illilllipln light iMIISiiig
layers according lo some embodimcnls,

l1(i It shows the lighting system according to some
embodiments with an associated contniller: and

FIG. 12 shov, s a flow dtakrram of the operation of the
lighting system with the associated controller to generare a
suitable lighting effect such as shown in FICiS. 6 to 11 io

Dlillifl liD Dli)(b(IPI'ION Ol'I'Itl'.
EMBOD]MENTS

lite concept as cmbodicd ui the dcscnpuon hcreui Is a is
lighting system composing a lirsl controllable lighl source
gencraluig or providing hght in a lirst direclion; a second
electrically controllable light source generating or providing
light in a second direction; aod an edge lit light guide
contprising at least one re ion of It/It diff'using particles so
configured to scatter or difhise light genemsted by the second
clcclncally controllable hght source such that at least a
portion of Ihc light gcncratcd by Ihc second elec!neatly
controllable light source Is output fmm Ihe support slruc! urc
in the hrst direction and is mixed with the light geoeratwf by
the first electncally controllable light source

FIG. I shows a hghtin system 10. comprising a tirst
(diffus) light source 11, such as found in a luminaire, and
an opuca1 clmncnt 12 through wluch Ihc output of thc difihse
light source is processed and provided. Thc hght source 11 o

has a plmiar exit window. wluch Is lypmally mounted
parallel to a surface in which the lighting system is mounted,
and tyqticatty parallel to a horixnntal ceiling 'I'he hrst
(diffase) light source 11 can in some embodiments be a
'wlute* light source which is electrically controllable v.ith s.
rcspccl lo the intensilv or strength of Ihe illununalion
produced by Ihe light source. In other words Ihc first
(ihfihsc) light source 11 may in some mnbodimcnls be a
diffuse white light source with local dimming capability

'Ihe optical element I 2 can in some einbodiinents pmvide ii!

controllable difierences in color betvveen light directed in a
normal direction (i.e. downward in the case of a ceiling
mounted light source) and at an angle lo the nomial. The
lciln norilitll dlrix'licit IS BSCd 111 lllc nlalhCInatical CCIIICxl,

as meaning perpendicular lo plane of lhc light exit wuidow. ss
'I'his is represented schematically in l1(i. I, by the ditferent
arrow types used to show normal light and angled light 1 he

tlucshold angle mentioned above Is shown In FIG. 1 as 0.
and it may be 35 degrees I'or light emitted within this angle
each side of the optical elenient can permit the hght to pass
v ithout processing, outside of the angle each side of the
optical element processes the light passing tltrough it.

FICi. 2 shows an example of the structure of the optical
clcmcnt 12. Thc structure ol the optical element ui some
embodiments is a grid ol'hexagoiral cells 15. Thus for hghl
emitted within the threshold an le each side of the normal
from the middle of the cell the light does not pass through
a cell wall and tlnis is not processed, whereas light greater
than the tlueshold angle each side of the nomial v ould pass
throu h ceil wail and be suitably pmcessed. For example the
cell wall can act as a color filter andror intensity liller.

Thc cells 15 as shown ui FIG. 2 lic ui a plane parallel to
the light source if In some enibodinients the cells are a
fixed color lior example in some enibodiments the cells
have walls with a fixed sky blue color It would be under-
stood that in some embodiments the cells within the grid can
have fixed colors but also differ in color through the grid. For
example to provulc B lixed but vened color distnbuuon
across thc gnd.

I lowever it would be understood that in some embodi-
ments the cells have a cell ivall fiinned as an electrically
sv itchable element which is sivitchable between at least two
processing modes. Each cell wall surrounds an opening,
such that light emitted in a normal direction from the light
source 11 Is not proccssixt, mid light passing at an angle to
thc nomial dirimtion ~cater than the threshold angle musl
pass thmugh the cell wall

'I'he steepest angle of light which is not processed can be
dehned betiveen one edge of the light source and a diametri-
cally opposite cell wall. Tlfis angle can be considered to be
the angle wlfich determines if the threshold angle is reached,
since all light slccpcr than llu s angle must pass through a cell
sale wall.

Thc gnd typically cnnluwc a tu ight, h, ol' to IS nun and
a cell pitch, p. of I to 10 mm. and the grid can be hexagiinal
as slmwn. but it may instead be any suitable shape fiir
example circular, square or rectangular. Furthermore
although the grid is shown as being a re ular grid it would
bc understood that thc grid may In some cmbodimcnls
compose difii:rent ly shaped or sized cells, ui other words Ihc
gnd is an irrcgular gnd.

'I'he cell pitch and height are chosen so that light from a
center of the cell, and ivithin a first mange of angles to the
normal direction, passes through the central area of the grid
cells, such as 0 to 35 degrees. whereas steeper light. from 35
to 90 dcgrccs, passes lluuugh ttu: coll walls. The cell wall
design can bc chosen lo male Ihc lask light narrower (e.g.
2S dcgrccs) or wider.

I'he cell ivalls of the stnicture shown m I'l(i 2 can in
some enibodiinents be stnictured as an in-plane electropho-
retic device with the plane extending in the direction
normal to the exit ivindow. Thus, particle movement in the
plane is then upwardly or itownwardly.

In some embodiments the arrays of chmtrophorctic cells
can bc controlled wtlh all cells controlled ui lhc same way.
or with cells grouped into a relatively sniall number of
segtnents.

These figures are not dmwn to scale. In particular, they are
dmv n much wider to make the stnlcture clear. This means
the ray directions arc nol meant lo bc accurate.

Thc hghting system 10 as shown In FICi 1 is conttgurcxt
such that Il can bc used Io generate a processed 'sky'ppearancein combination with white direct light in the
Ionia.
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With respect lo FICi 3 an cxmnple ol thc structure of thc
li hting system according to some embodiments is slxiwn.
'I'he lightin systent comprises the diihise light source I I

and an optical element 12 thmugh which the output of the
difl'use light source can be provided in manner similar to tlmt
shown in FICiS 1 and 2

Furlhennorc lhc lighting system structure can ut some
cmbodimcnts further comprise an cdgc hl light guide 14.
'I'he edge lit liPI guide 14 is shoivn sepanste from the difliise
light source il and optical element 12 however in some ia
embodiments the edge lit light guide physically (or mechani-
cally) supports the diffuse hght source 11 and optical ele-
ment 12 and as such is in contact with at least one of the
difl'usc light source 11 and the optical elcmenk

lhc cxlgc ht light guide 14 niilv'iiitipiisc ilt lcasl iiitc I

region or part or segment w:ithin which are located hght
diffusina particles or light scattering particles The hght
diffusina particles or light scattering particles scatter any
light ivhich is introduced into the structure. An example of
a material suitable for implementing the light difl'using io
particle structure can be found for example by Tvonik'n
their 'Endiighten'roduct. Thc cdgc lil lrght guide can be
any suitable shape or configuration. In the exantples
described herein the edge lit light guide has a square or
rectangular shape of which the length and width of the
structure are signiticantly greater than the depth of the
structure. The ed e lit li ht uide 14 or figitt mixin struc-
ture is conligurcd such that light coupled al onc of Ihc mtds
(Ihc snuillcr sides ol thc structure) of Ihc structure and
passing through the length or width of the structure (in other ic
words along a 'long'imension of the stnicture) is nmre
likely to be diffused or scattered than light coupled to a face
(the larger sides) and passing through the depth of the
stnicture (in other words along a 'short* dimension of the
slriicniic). is

lhc mlgc lit hght guide 14 is lhereliire conii ured in such
a manner tliat light lyom thc ddfuse light source 11 and the
optical elenient 12 (in other words the first light source) are
coupled to the face of the support stnicnire and pass through
the edge lit light guide 14 along the depth dimension of the so
structure and as such where the light passes tllrou h a hght
diflusmg region a sigiulicant portion of lhe hghl is nol
sciiucrcd or ililTuscd.

lhc hghling syslmn structure can. in some embodimmtls,
further comprise at least one end/side emitting light source
lb. in other words a second light source configured to entit
light in asecond direction (a direction in some embodiments
other than the dlffuse light source 11 direction). In some
cmbodimcnts thc side emitting li ht source(s) 16 compose
light cmiuing diodes (LED). These h lu ennnuig diodes can o

be any suitable technology diodes. In some cmbodimcnts the
light eniitting diodes are red, green, blue (R(ill) diode hght
element~, white diode light elements, or white-l((ill diodes.

In the example shov n in FIG. 3 the side emitting hght
source 16 is located on one side of the edge lit light guide ss
14 only. However il would bc understood that lhc side
mnilluig hghl source 16 can be localcxi on lhc whole of thc
pcriphcry of thc cdgc lit light guule 14, or only parlially
along the periphery of the edge lit light guide 14

'lite side emitting light source 16 is in some embodintents ic
configured to be coupled lo one of the ends (a small area
side) of the edge lit light guide 14 such tlmt light passes
along the length (or width) of thc cxigc ht light guide 14. The
light diflusing particles willun the edge ht light uidc 14 can
thcrcfore scatter or ddlusc a large proporlion of Ihe light ss
fmm the side emitting light source(s) 16 as it passes the
length or v idth of the structure 'I'he scattered light from the

side cmittcd light sources can furlhcrmorc be scattcrcxi mlo
the same or similar direction to the first light source 11 light
direction (in other words a portion of the hght is scattered
'dowmvards')

In some embodiments at least one surface of the edge lit
light guide 14 can be configured to reflect unscattered or
lighl scaltcrixl in a direction other than that dcsircd back into
the cdgc lit light guide. For cxamplc in some embodiments
the upper surface or the ends of the edge lit light guide 14

may be coated or polished to permit reflection back into the
edge lit light guide to occur thus increasing the etTiciency of
the light diffusing particles in producing light in the desired
'downwards'irection.

In some embodiments Ihc hghling system structure can
further comprise a ihflhscr layer 18 loca(cd in the general
first direction alono the desired liPI pathway and configured
to difl'use or lightly scatter the li ht emitted fmm the edge lit
light guide 14 in the first direction.

With respect to FICiS. 4 and 5 the opemstlon of the
example lighting system structure shown in FICi. 3 is
described accorduig to some embodiments.

With rcspcct to FIG. 4 Ihc operation of thc lighting system
is shown ivhen the side eniittin light source 16 is active
iiurthennore in the exaniple shown in I'l(i 4 the edge lit
light guide 14 is completely formed front light ditTusing
particle material. The edge lit light guide thus in FICiS. 4 and
5 is a light diffusing structure 114.

As dcscnbmi hercui the diflhsc lighung source 11 and thc
optical clcmcnt 12 nrc conligurcd to produce ihlTuse light-
ing. Tins ditTuse lightina is shown m lqCi 4 by the hollow
head arrows Zfl. 'I'his ditTuse li hting 20 passes through the
light diffusing particle stmcture 114 depth (small or short)
dimension and as such very little scattering or further
difl'usion of light occurs. Therefore a signiticant portion of
the light wluch milcrs Qmiugh a lirst face of the light
dilTusing particle structure 114 (Ihc upper or top face) is
output on Ihc opposite face (thc lower or bottom face).

liurtherinore the side emitting light source 16 generates or
emits hght which is coupled with the light diffusing particle
stnlcture 114, shown in FIG. 4 by the solid head arrows 22.
The hght from the side emitting light source 16 passes along
tlic lciigtli (or w idtli) ol llic ligltl diflilsiiig particle slriiclilic
114 and a portion of llus light is difl'used or scaucrcd in a
direction or directions such ihal some of thc light exits thc
light ditTusing particle stnicture 114 through the saine face
and in a direction similar to the ditfuse or first light source
light. This can be seen in Fl(i. 4 by the arrows 24 comprisin
both solid head arrows and the hollow head arrows. This
combination of dilTuscd or scattcrcd side cnuttcd light and
the difl'use light 24 cmi then in some embodiments further
pass tluough thc weak dilfuser layer 18 and produce a
cmnbmed or mixed output light 26

I'his coinbined or niixed output light 26 can be fiir
example contrasted with the diffuse li ht source light only
output li ht 126 shown in FICI. 5 where the side emitting
light source 16 ut nuiclivc or dcaclivalcd. In Ihm example
thcrc is an absence or no light 122 coupled between Ihe side
mnilting light source 16;md Ihc light ihfliising particle
stnicture 114 and theretiire the output front the hght diihis-
ing particle structure 114 is substantially light which is
generated by the diffase light source 11 and the optical
element 12. This linht diffusing particle structure diffuse
only light 124 passes Qmiugh lhe weak difl'user layer 18 and
output as diflhsc light source light only output light 126.

Although the examples shown with respect lo FIGS. 4 and
5 show a 'sv itched on'nd 'sivitched off'ide emitting light
source openstion It would be understood therefore that by
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ddiustulg thc hJtt lcvcls or intensity anrVOI thc ll ht colors
from the side emitting li ht source 16 that the output hght
cmi bc raricd between a combined or mixed ll ht output 26
and diffuse li ht source only output 126

In such a way the light levels can be chdugcxt ul a number
of ivays to create various experiences or effect ~ One of such
experiences could be to set the side emittiiig light source 16
to a fixed 'omnge'ight level liurthermore the intensity of
the diffuse white light source 11 can, in some embodiments,

iii
be electrically controlled to iiuually outslune dlc oriiugc
light but by gradually decreasin the lie/It intensify of the
difiusc light source thc relative contubullon oi thc orange
light increases In such a manner an effect of a sunset may
be mnuldtcd by thc mnbodimcnts described hcrem.

In some further enlbodiments an eifect of a sunrise may
be emulated by reversing the process such that by gradually
increasiim the light mtensity of the diihise light source the
relative contribution of the orange li ht decreases.

In some emboduueuts thc intensity of lhe diffiise white
li ht source 11 may be changed as wefl as the intensity of the
side mnitung IiJtt source 16 or in some embodiments unly
the intensity of the side emitting light source 16 is changed
to produce the difli:rcncc ui relative conuibution between
the 'oraime'ide emitting light source(s) 16 and the 'lvlnte'lfl'use

light source 11

A further eflect which could be created according to some
enlbodiments is to configure the side emitting light source(s)
16 to enlit a white light in such a way that the light of the
difl'use (lvhite) light source 11 is initiafly greater than the ui

w lute light produced from the sale emit tuig light source(s)
16. In such embodiments by radually decreasin the hght
lcr cl of ihe diifuse light source Ihc relative contubullon of
the side emitting light source is increased and the appear-
ance of the blue sky produced by ihc optical elements is

radually replaced by the white of the side emitting hght
sources scattered by the light difl'using particle support
structure as ivell as the total light level of the lighting systeni
decrease. The efl'ect as described herein may emulate a do

passing cloud covering thc direct sunhght. In some mnbudi-
ments it would be understood that the eflect may be ener-
dtcd by changing tlm relative light levels of the diffhsc
(w lute) light source as well as thc light uucnslty oi'hc side
emitting light source(s)

In some embodiments the side emitting light source 16 is
configured in an array structure of lighting elements. These
lighting elements (which may in some embodiments be
indivnlually addressable LED modules or lights) may be
arrmlgcd along the pcnphcry ol lhc edge ht lighl unle. for o

cxiunple the light ddl'usuig paruclc structure 114. The
arrangement of the side emitting light sources and their
addressability can pernlit the generation ofcontrolled spatial
variation or patterns in the output light and huthemtore
permit dynamic spatial patterns in the output. ls

For example FIGS. 8a to gc shorr mi cxmnplc linear
spatial progression as an mnulatcd cloud passes over thc
light system. FIGS. 8a to gc show a plan view of thc hghting
structure from the viewpoint of being 'underneath'he
li hting system. Iiurthermore the examples shown herein ro
show the side emitting light source(s) 16 as an array of four
addressable colunuts/rows of li hts each ofwhich is coupled
to a 1iupcctlvc sale of d squiilc hghl dlflllslug particle
structure 114. In thc lollowulg descuptlon thc side mniuuig
light source(s) arc idcnuiicd by 'upper', 'middle', 'lower'r
adjectives to specify a part of the light sources. I iowever it
would be understood that these are relative tenne orfly to

clanfy thc oucntation dnd operation of lhc example lightulg
system and do not limit the orientation of the lightmg system
in general

With respect to lit(i tlri a first pair of opposite located side
emittin light source portions 163. 164 located on an 'upper'hird

of the pair of side emitting light sources are activated
at a iirst trmc. Thc side mniiluig light source ponions 163,
164 light ls scdttcrcd or rtiflhscd over a iirst region 115 of the
light difl'using particle stmcture 114 located between the two
opposite located side emitting light source portions which
outputs a higher intensity and mixed light output. whereas
the remainder of the light diffusing particle stnicture 114 has
an light output defined by the diihise light source 11 area.

At a second time FIG. 86 shows thc progression of thc

pattern w liefc ii sccolld pdll iif opposite local est sub: I uuulug
light source portions 165. 166 are activated 'lhe second pair
of opposite located side emitting light source portions 165,
166 is located on a 'middle'hird of the pair of side emitting,
light sources. The second pair of side emitting li ht source
portions 165. 166 light is scattered or diff'used over a second
region 116 of the light difi'using parucle structure 114
local rxl bctwccn the two opposite located side enuulng light
source portions lvhich ouquits a higher intensity and mixed
light output, whereas the remainder of the light ditfusing
particle stnicture 114 has an light output dehned by the
difl'use light source 11.

At a tlfird and further time FIC). 8c shows the final stage
of thc paucrn started in FIG. 8a where a flurd pair of
opposite loca(cd side ennuing light source portions 167, 168
are activated I'he third pair ofopposite located side emitting,
light source portions 167. 168 is located on a 'lower'hird
of the pair of side emitting liaht sources 'I he third pair of
side emitting light source portions 167, 168 light Is scattered
or diffused over a third region 117 of the light diflusin
particle structure 114 located between the two opposiie
locatrxl sale cmitung light source portions which outputs a
higher intensity and nnxcd light output, whereas thc

remaind-

err of the light diffusing particle stnicture 114 has an light
output defined by the ditfuse light source ll

By generating the events shown in FICiS. 8a. 86, and 8c
in order an effect of a bright light passing over the lighting
svstciu Iroill Ihc uppcl to iov,r:f poltlolls of 1hc hghuug
system rs cmulatrxl.

FICiS. 9ri to 9c show dn cxmnplc of a lightulg system
v ithin which a diagonal li hting efl'ect is produced 'lhe
etfect to be produced is one where tbe light diagonally
passes from a hrst comer of the light system to the opposite
corner of the light system. Tlus example shows the eft'ect of
co-ordination between more lhan a pair of side emitting light
source lighting clemcnts. FIGS. 9a to 9c show a plan vww
oflhc hghting structure from lhc vwwpoint ol'being 'under-
neath* the lighting system Irurthermore the exaiuptes shown
herein shoiv the side emittina light source 16 as an array of
four addressable cohululs of lights each of which is coupled
to a respective side of a square hght diffusing particle
struclurc 114. In thc ibllowulg descupuou the side cnuuulg
light source(s) arc idenulicd by 'left', 'ught', 'top* and
'bottom* adirotivcs to specify a part ol'hc light sources.
I lowever it would be understood that these are relative tenne
only to ctarif) the orientation and operation of the example
lighting system and do not limit the orientation of the
lighting system in general.

In thc cxamplc shown in FIG. 9a thc side cnuuulg light
source lighung elements iowards thc iirst corner (I'or the
example shown ui FIG. 9u a 'top lcl't'omer) of thc light
ditfusing particle stnicture 114 are active 1 hese are a pair of
side emitting light source portions 171, 172 'I'he first portion
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171 is a *top'art of the 'left'lock of the hatt craiuing
source 16 'I'he second portion 172 is the 'left'art of the
'top'lock of the light emitting source 16. lite etfect of the
emitted light is such that the emitted light is scatterwt or
difl'used with a greatest or highest intensity over n primary
re ion 151 of the li ht difl'using panicle stnicture 114
roughly dciined us tlm tnangular area with two sides dclincd
by lhc side mnitung light source ponions I'71. 172 lengths,
and less intense regions shown by a secondary region 153
which is adjacent the primary region 151, and tertiary region IU

155 which is adjacent to the secondary region 153 as the
li ht from the side emitted lights is scattered along the length
of the light path and thus an intensity of scattered or difi'used
liglil decreases Bs tile liglll ptlssCS llu'Oiigli lllC liglll iMIISiiig
paruclc slnicture 114. I

In the exmnple shown in lilli. 9/I the side emitting lmht
source liahting elenients half-way between the first corner
(tiir the example shown in is((i. 9a a 'top left'orner) and the
second opposite corner (the 'bottom right* corner) of the
light diffusin particle stnicture 114 are active. These are a Io
tw o pairs of side cmining light source portions 173, 176, and
174. 175. The lirst pair can for example bc a lirst portion 173
located at 'bottonl'art of the 'left'lock of the hght
emitting source 16 and a second portion 176 located at the
'left'art of the 'bottom'kick of the light emitting source
16. The second pair can for example be a first portion 174
located at 'ri+t'art of the 'top* block of the licit emitting
source 16 and a second portion 175 located al thc 'top'art
of thc 'right'lock of thc light cmitung source 16.

'lite efl'ect of the enlitted light is such that the emitttxt hght io
is scattered or diffused with a greatest or highest intensity
over the primal) region 151 of the light diffusing particle
stnlcture 114 mughly defined as the diagonal band detined
by the lines joinin the side emittiitg light source portions,
and less uitcnse regions shown by secondary regions 153 is
winch arc either side of Ihe pnmary region 151, and tertiary
regions 155 wluch are adlaccnl to thc secondary regions 153
as the li ht from the side emitted lights is scattered along the
length of the light path and thus an intensity of scattered or
difi'used Iipvtt decreases as the li ht passes through the hght do

difi'using particle structure 114.
Flfik 9c shows where the side cmiumg light source

ligliliiig CICIIICIIIS low Bids lllC SCCOIid Cooler (lot tllC

example shown in FICi. 9c the 'bouum nght'omer) of thc
li ht ditTusing particle structme 114 are active. 11iese are a
pair of side emitting light source portions 177, 178 I'he hrst
portion 177 is a 'bottom* part of the 'right'lock of the licit
emitting source 16. The second portion 178 is the 'ri ht'art
ol'he 'bottom'lock ol'hc light cnutling source 16. The
cfibct of Ihc cmiucd light is such that thc cnullcd h hl is U

scntlcred or diffuscd with a grcalesl or lughesl inlensily over
the primary region 151 of the light difl'using, particle stnic-
ture 114 roughly dehned as the triangular area with nvo sides
defined by the side emitting light source portions 177. 178
lengths„and less intense regions shoivn by the secondary s.
region 153 which Is adlaccnt thc prnnary region 151, and
tet uaty Icgioii 155 wllicli Is Bdlticctll Its tlic sccoildiis 9 rc toil
153 as the light from thc side emiued lights is scattered
along the length of the hght path and thus an intensity of
scattered or ditfitsed light decreases as the light passes io
through the light difi'using particle structure 114.

The effectsshown in the examples FICiS. 8a to gc. and 9a
to 9c show stepwisc changes ui thc cncrated efibct as the
light cmiuing elements arc switched on and ofi'long the
light emitting source 16. However it wouk( be uixlerstood ss
that in sonic enlbodinlents the effect can be a gradual or
contimiously variable change as the light intensity is

ClliiilgCd gl dduallv Or Slow Iv'iloilg IIIC ll gill Cillllliilg SOUICC

(s) 16 lior example with respect to lil(i ga the lighting,
elements at the top or upper third of the 'left'nd 'right'ight
emitting sources 16 are gradually increased to a maximum
intensity. Then the middle tlurd of the 'lefi* and 'right'ight
emittin sources 16 are gradually increased to a maximum
inlmisity, as thc lop llurd *left'nd 'nghl'ight enulluig
sources 16 arc gradually decreased to u minunum uitcnsity.
Then the bottom third of the 'left'nd 'right* light emitting
sources 16 are gradually increased to a maximuni intensity,
as the niiddle third 'left'and 'right'ight emitting sources 16
are gradually decreased to a niinimum intensity in such a
manner a paduat efiect change can be produced.

In such a way it can be possible to produce dynanuc cloud
clTi:cts as well as dynamic sunset or sunnsc cffbcts. Further-
more in some embodiments by producing the spatial patterns
as shown herein it can be possible to produce local dimming,
or locally diinmed areas.

In some embodiments a region„area or portion of the edge
lit light mtide is transparent or substantially tmsnsparent and
a dilTi:rent region, arcs or portion of thc edge lit light guulc
is the light diffusing particle slniclure arranged ui a dclincxt
form or shape ln such embodiments the activation of the
side emitting light source(s) 16 can illuminate the light
ditTusing particle structure region or part to produce an
illuminated shape.

For example FICi. 6 shows a light guide 21 of which a
portion is transparent mid a cloud shaped poruon 18 is thc
light difihsing particle part. When the side cmiuuig light
source(s) is sv, itched on or active then the hght diffused or
scattered v;ithin the cloud shaped portion causes the cloud
shape to 'appear's a brig)iter or differently colored portion
of the light source whereas when the side emitting light
source is switched ofi'hen the cloud shape 'disappears*.

II would bc understood flisi ui some embodiments where
the side enuuing hght source(s) compnsc switclisblc clc-
menls then more than onc sluipc can bc illumuiatcd either al
the same or different times

lior example, lilli. 7 shows an example wherein a light
guide Z1 comprises a first region of livght diffusing particle
material v,ith a defined 'crescent moon'hape 181. and a
SCCoild rcgiiiil Of llglil ililfUsiilg parliCIC tiltilCIldl Wifll
dciincd 'sun'hape 182. The side cmitung light source 16 in
tilts cxilillplC CoillpilSCS iil ICBSI OIIC colliilidlixl liglll CICIIICI11

161 configured to illuniinate the first region and therefore
the hrst shape 181 and a second li ht elenient 162 configured
to illuminate the second region and therefore the second
shape 18Z. By sivitching on or off or varyin the intensity
of Ihc iirsl 161 and/or second 162 colhnrdtcx( light clcmmils
within thc sale enuuing light source(s) 16 then thc indi-
vidual shapes can bc illununalcd scpardtcly or togcthcr. For
exaniple during the day the 'sun'hape 181 is illmninated,
and during the night the 'moon'hape 182 is illuminated to
provide a day/night effect.

Although the examples shoivn herein show a single layer
of cdgc lit light guide It would bc understood that ui some
muboduncnts muluplc layers of cdgc lit hghl guale can bc
CillplovCd.

In such embodiments the layers of edge lit light guide can
be individually controlled such tliat niore sophisticated
efi'acts can be generated. For example multiple layers of
ed e ht light guide can be employed to produce images
which compose clemmils which olhcm isc would othcrwisc
overlap and could nol be sc7tamtcly illuminated on a suiglc
layer of support slrucsurc.

lior example lil(iS. 1(la to lfld show an example multiple
(two) layer stnicture. I'he example nvo layer stnicture
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shown in FIGS. 10U to 10d is conligured to gmicratc an
animation effect to be pmduced by sequentially lighting up
defined shaped regions of the light systein. Iii()S. \ 1)u to I t)i
shoiv a plan view of the lighting structure fnim the viev-
point of being 'underneath'he lighting system. whereas
FIG. 10d shows a schematic side elevation view showing the
two scparatc layers wit)un the muluplc layer support struc-
tllrC.

1'he exaniple light guide shown in Ii)(iS. I t)d to 101/ slxow
a light guide comprising a first layer 21)l 'I he first layer 20) IU

is furtherniore configured to be coupled to a first layer side
eniitting light source 261. The first layer 201 is shown in
FR). 10U Vvith B hght guide bavin regions of light difi'usia
paruclcs composing 'left'hccp 221, 'right'heep 225 and

fence 223 located between thc 'left'nd *right'heep
regions 'I he hght guide fmther comprises a second layer
21)2 1 he second layer 202 is hutherinore confiaured to be
coupled to a second layer side emitting light source 262. 'I he
second layer 202 is shown in FIG. 106 with a light guide
having regions of light diffusing particles comprising 'jump- IB

ing'heep 231, and B chpped or sloped fence 233 located
underneath thc ')umping'lump region 231.

1'he combination of the exatnple nndtiple layers of hght
uide are shown in I'l(i it)c which shows the illumination

of the iirst layer 201 by solid lines and overlayered by the
second layer 202 by dashed lines. In this example an efiect
of sheep jumping and clipping a fence can be produced by
illunnndting thc lirst layer 201 (by switclung on thc Iirst
layer side emitting light source 261) to IllumimiIc thc 'left'heep

shape and the fence (as well as an exiting 'right'heep Io

shape). illuminating the second layer (by sv itching on the
second layer side emitting light source 262) to illuminate the
'jumping'heep shape and 'clipped'ence shape (while
svvitching the first layer side emitting li ht source 261 ofij,
and then illuminaung thc Iirst layer 201 again by switching Si

back on thc lira) layer sale emiuing hgh1 source 261 Io
illunuiiatc tlu: *ught'hccp shape and thefi:ncc (as well Bs

a neiv 'left'heep shape) while switching the second layer
side emitting light source 261 off I'urthernxire the overlap-
ping fence Bnd clipped fence shapes are able to be displayed ac
independently.

Although this cxamplc is shown with respect to a Iwo
layer conligurauon it would be understood that any suitable
number of layers of light guides or plates with dilfiising
particles and associated coupled side emitting light sources
can be eniployed

Tints, for example, in some embodiments a light guide
may coniprise B first layer with coupled white side emitting
light sources to crcatc a cloudy sky appearance. Thc light
guide fur)la:rmorc may comprise a second layer wiIh B

coupled rcd green blue (RGB) sale cnuuuig hght source
confiaured to niimic a sunset or sunrise eifect. 'I'he hght
uide also niay comprise a third Lsyer comprising a hght

guide with various cloud shaped regions of light diffusing
particles coupled to a third side emitting light source, the s.
cloud shaped regions conligured to become visible as thc
third snlc cnutting light source is switched on.

It would be understood that in some embodiments Ihat
there can be fewer hght source layers than light guide layers,
fiir example a white light source Lsyer and a R(ifi lmht io
source layer coupled to more than one light guide layer.
Furthemiore in some embodiments there can be more light
soilrcc )Bv'crs than llgllt gUldc ldvcis, Ioi cxBIliplc B sillglc
light gllldc lay'ci'all be coup)cd to B Iirst w lute hght source
layer and a second RGB hght source layer and switching si
betiveen the nvo can generate a 'ivhite'fi'ect or a 'colored,
effect liurtherniore in some embodiments to avoid etfi-

ciency losses duc to Frcsncl reffcctions by muluplc layers
the R(il) and white light sources or modules can be coupled
into a single acrylic layer

It would be understood that in some embodiments the
lighting system can be implemented where the difl'use light
source is switched off or substantially dinuned such that the
output hghting cllict is produced by the side emitting hght
source dillhsed by thc hght ddi'usui particle structure only.
1'his etfect inay be known as a 'night niode'n such
embodinients the side emitting light source may be config-
ured to produce a 'low level'asic difFuse white light or in
some embodiments where the ligtt guide comprises regions
of)i ht diffiising particles in the fomi of spots or star shapes
or thc hght guioc compnscs a low density ol'ight diliiisuig
particles Bn ellict ol'stars/milky way/galaxies ui a dark sky
could be produced.

lil(i 11 shows a systeni suitable for implementing,
embodiments of the invention I'urtherniore Iil(i 12 shows
a fiow diagram of the operation of the system as shown in
FI(i. 12. A controller 90 controls the difi'use (Iirst) light
source 11 as wc)i as thc side cnuuuig light source(s) 16. The
controller 90 can bc conligurcd to operate accorduig to user
instmctions received fmm a user interface 92 and/or based
on a time value received fmm a timer 94 so that sun rise and
sun set control can be provided automatically The controller
90 hirthermore can be configured to enable changes in the
light output of the light source. It would be understood that
other sensors may be muployed to allow thc processor to
gCIICI'il)C CRCC)S SUCh ds CUIUhltlllg a C)OUd paSSlllg U llcll 11

sensor located outside the building in ivhich the lighting,
system is employed detects a tempura() lowering of light
levels

Tluis for example the controller 90 can be configured to
receive a user interface input instruction from the user
interface. An cxamplc of which could bc an Instrucuon to
llllp)Clllcilt d iicilllCd CfibCt S111111SC, SUIISC) Or ptlt)Crit
'hght swccp*, or color *or;mgc lighth

I'he openstimi of receiving a user interface input is shown
in III(i 12 by step 501.

The controlier can then be configured to genemte a white
or difl'use light source control signal or signals based on the
selcctcd user uitcrface uiput and ui some embodiments other
sensor or tinung uifonnation. For example thc tuner uipui to
Colltrol thC ChilllgC Of Ill)CBSI(V Ol tile dlffUSC llgllt Colltltil
Sigil'll

'I'he operation of generating the ditfuse light source con-
trol signals is shown in FIG. 12 by step 503

The controller can then be configured to enerate a side
enutting hght source control sigmil or signals based on the
ac)ected user interface uiput and ui some embodimcnm other
amis or or liming Information. For example the controller can
in some embodiments use the timer input to control the
change of intensity of the side emitting hght control signa)
and the addresses to apply the control signal to produce the
dynamic lighting effects shown in FIGS. 8 to 10.

Thc operation of generating Ihc side emitting light source
control signals is shown in FIG. 12 by stc)I 505.

Thc controller can then ui some embodiments be coniig-
ured to output the control signals to the difFuse light source
and the side emitting li ht source(s)

The operation of outputting the control signals to the
difi'use light source and/or the side emitting light source(s)
is shown ui FIG. 12 by step 502.

Thc diff'use light source and/or tlm side cmiuing light
soilicc(s), lid vlllg rcccli cd thc coll)to) slgllals froill thc
cmitroller can be conti ured to generate or pnivide light
based on the control sianals
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11&c opcrat&on of gcucrat&ng or prov&du&g light based on
the control siy&als is shown in I'I(i 12 by step 5(l&J.

'Ihe light from the diffuse light source and the side
emitting light source(s) &s then mixed or combined in the
light guide (or light d&th&sing particie regions) to genemte
the controlled light output.

Thc opci'iltlinl of UU&pUIIU&g B coulbulcil light ls shown ul
Fit L 12 by s&cp 511.

1'he controller can be implemented in numerous ways,
with soft&vere and/or hardware, to perfilrm the varimis &U

functions requ&red A processor is one example of a control-
ler lvhich employs one or more microprocessors that may be
programmed using sothvare (e.g., microcode) to perform the
rcxtu&rcd funct&ons. A controller may ho&&ever be unplc-
mentcd with or w &thou& employ&ng a processor. and also may
be inlplemented as a combination of dedicated hardware to
perform some functions and a pa&cessor (e g., one or nmre
pmgrammed micmprocessors and associated circuitry) to
perfilrnl other functions.

Examples ofcontroller components that may be employed Io
in venous cmbod&ments of thc prcsem disclosure mclude,
but arc not lun&tcd to, couvcntioi&al nucroproccssors, appl&-
cation specific integrated circuits (ASI('s)„and field-pro-

ranlmable gate arrays (lip(IAs)
In various implementat&ons, a processor or controller may

be associated with one or more storage media such as
volatile and non-volatile computer memory such as RAM,
PROM, EPROM, aud EEPROM. 11&c storage mcd&a nuiy bc
m&coded w&th ouc or morc progrmns ihaL when cxcmutcd on
one or more pmcessors and/or controllers, perform at the lo
required functions Various storage media may be fixed
within a processor or controller or may be transportable,
such that the one or more progmms stored thereon can be
loaded into a pmcessor or controller.

In some embod&ments all filur s&dc walls of file hght guide ls
drc coUplcd to sale cuuttulg hghl si&Ulccs coufigiilcd Io cunt
light homogenously over Ihcir enure surface. Tins means
each side emitting light source consists of a single rectan-
ular light enutting seynent that can be switched on or otf

or can be dimmed to a value between 0/o aud 100/o of Ihe do

maximum it+I &ntens&ty.

Aga&n, in some embod&mcnm all of the sale cmillm h ht
sources cml bc coniigurcd Io bc sw itched on simuluinimu sly.
This conligurauou docs not repl&cate d&rimtlonal lllumuuu
tion from the sun. but does mean that the etfect generated
can have a controlled appearance. such as color.

As a first example, the side emitting light source light
source(s) can comprise an edge lit li ht guide with an
oui-coupling pattcm ou &m surlacc (such as paint dots. or
sU&fiicc loiighucss) or scd&lcnug pal1&clcs or slnictU&cs
lorn&col w&thai &N suucailrc. Thc sale cuutfiug hghl soiilccs
furthernlore can in some embodiments be I.l IDs at oneo&'lore

edges of a light guide structure
As a second example. the light source can be an GLED

(organic LED) hghtin panel. o.

As a tlnrd cxmnplc, thc light source can consist ol'an array
of low or mcd&um power LEDs in a wlutc nuxing box. Thc
m&xu&g box &s covcrixl by a diilhscr tu creaie a homogcnimus
emitting surface

'Ihe examples above all relate to the use of the lighting io
system in combinat&on with an artificial skylight. namely a
lighting panel used to replicate the appearance of light as
would bc rcce&vcd from a cmhng w u&dow. In some uuplc-
mcntdiions Ihc art&ficnil skyhghl &s u&lcndcd Io rcp&hcatc the
dppciil &luce of d day'tune 111UUU&rdllou IhIUUgh B skyhghl (I.c. Ss

a window fac&ng the sky) 'I'his appeansnce can include
direct directional sunlight or it may be nxlre dith&se to
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rcplicdtc an overcast day. The art&licnil skyl&ght may also bc
controllable to replicate moonlight or starl&ght

'I'he arrangement of the invention can also be applied to
real skylights (i e. actual windows). wherein the controllable
first l&aht source can in some embodiments be provided by
a controllabie slylight. This lighting system can then be
used dunng cloudy days lo create au eiPccl ol a sunnier day,
or at night to add to thc gcncral hght&ng.

I'he examples above nlake use of segn&ented light source
areas in some embodimen&s &he side emitting hght sources
may be formed as a pixelated display lvith a much higher
resolution, so that almost continuously varying patterns may
be fomled to improve even further the realism.

As discussed aboic, an arcs ol'art&cuter &ntcrcst &s Ibr
artilicial skyhghts. However, it should be clear from thc
description above that the invention also benefits in simu-
lating the efFect of sunli ht in &he case of a real window
(skylight or standard vertical ivindow) by creatu&g a bright
area on the &vindov: frame recess during a cloudy day. This
creates the effect of direct sunlight (and a perception that it
&s less cloi&ily'). This ls Bios& cficct&vc ll thc occUpaui canal&1

d&rcctly scc out of thc wu&dow, for cxamplc bixausc hc&shc
is sittmg at a Large an le or large distance

Some embodinlents can be applied to an artificial vertical
window. 'ti&e artificial ivindoiv has a light source that
attempts to create a realistic looking v&ew (e g. picture-like)
or yves the (subconscious) impression of a real view (e..
a very blurred low dctml v&cw. poss&bly w&th dynanucs). Just
1&kc filr a real w uxlow. thc realism &ncrcascs by simulatulg
the effect of direct sunli ht.

It should be noted that the above-mentioned embodiments
illustrate rather than limi»he invention, and that those
skilled in the art &vill be able to design many alternative
embodiments v,ithout departing from the scope of the
appended claims. In the cia&ms, any rcfcrcnce s&gns ptaccxt
bctwimn parentheses sl&all not bc conslrucd as linuting Ihc
cia&m Thc word "compus&ng" docs not exclude the presence
of elements or steps other than those listed in a claim The
word "a*'r "an" preceding an elenlent does not exclude the
presence of a plurality of such elements. The embodiments
may be implemented by means of hardware comprising
several d&sine& elcmm&is. In Ihc device claun euumeratulg
several means. scvcrdl of these nu:aus nuiy bc mnbod&cd by
ouc Bud Ihc siiulc ltcui ol hdriiwiirc. Thc alen: Idcl Ihdl
certain measures are recited in mutually different dependent
cia&ms does not indicate tl&B& a conlbmation of these mea-
sures cannot be used to advantage. Furthermore in the
appended claims lists comprisin "at least one of: A: B: and
C" should be intcrprctcxt as (A and/or B) and/or C.

Thc invention cia&mcd &s:

I A light&ng system compris&ng:
a first controllable light source configured to provide light

in a first direction,
a second electrically controlLsble li Jot& source contigured

to provide light in a second direction.
an optical clement. dnd
au cxlgc 111 hght U &dc coulprlshlg Bu oiit-coUpllug pa&tc'nl

on &Is surface dnd/or scattering par)&cles or structures
formed ivithin its structure,

wherein the optical element comprises a grid ofhexagonal
cells wherein light emitted by the first controllable light
source within a threshold angle each s&de of the normal
from thc mnldlc of each cell docs not pass tluough a
cell wall and thus &s not processed, whereas light
c&ni&tcd at an nnglc grcdtcr than thc tlucshold angle
each side of the normal passes thmugh a cell wall and
is suitably pmcessed, and
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wherein Ihc second cleclncally controllable h hl source is

side coupled to the edge lit light guide,
wherein the edge lit light guide is configured in such a

nianner that light fmm the first contnillable light source
and the optical element are coupled to the ed e lit licit
guide and pass through the edge lit lifdtt uide along the
depth dunmisiou of thc cd c lil light guide and a
sigrulicanl poruou ol'hc light cnuttcsl by Ihc lirsl
controllable light source is not scattered or ditfused.

ivherein the edge lit light guide is configured to diflitse in

li ht provided by the second electrically controllable
light source such that at least a portion of the hght
provided by the second electrically conuolhsble hght
source is output In thc lirsl direction and Is mixed with
thc light providixl by thc lirsl controllable light source,

wherein Ihe second electrically controllable light source
comprises an array of selectable light emitting elentents
armnged on at least part of the periphery of the edge lit
light guide, and

wherein the selectable li ht emitting elements genemte at Io
least two sclectnble collunatcd light bmuns and the
mlgc lil light guide comprises al lmsl two respective
reginns of light ditfusing particles, the regions of hght
diffusing particles shaped in a defined form, v herein
the li hting systeni is configured to generate an illu-
minated shape in the defined iiirm based on the hght
provided by the second electrically conuolhsble hght
source mixed with thc hght provided by lhe first
clcclncally controllable light source.

2 A liahting system according to claiin 1 v herein the grid so

of hexaaonal cells provide controlLsble differences in cnlor
betiveen light emitted by the first controllable light source in
a normal direction. that is to say perpendicular to the plane
of the light exit v indow. and licit emitted by the iirst
controllable light source at an angle lo lhc normal. Is

3. The lightin system as clauncd ui clanu 1, wherein the
lirst conu ol labia light source Is 1'ace coupled with thc optical
element and the second electrically controllable light source
is side cnupled with the edge lit light guide

4. The lipvtting system as claimed in claim 1, wherein the do

first controllable light source is an intensity conuolhsble
light soilrcc.

5. The lighting system as clauned ui clami 1, wherein thc
second ehxuically controllable light source is at least onc
of.

mi intensity controllable light source;
a color controllable light source.
6. The ligtting system as claimed in claim 1, wherein the

array of selcc table light cmiuuig elements arrangcsl on the at
least pari of lhe pcnphcry ol thc cdgc lit hghl guide Is U

conligured lo provide a spatially conlmllablc 11 hl source
7 'I he lightin system as claimed in cLsim I,
ivherein the edge lit light guide comprises at least two

layers of edge lit li ht guide, the at least two layers of
edge lit light guide comprise at least one respective ss
region ol'1Ju difl'usuig particles shaped in a deiined
fonu, and thc second electrically conlrollable h hl
source composes at least two layers of sclectablc hghl

emilling clemente. wherein a rcspecuve lever of sclecl-
able light emittin elements is armnged on at least part
of lhc pcnphcry ol'n assoctatcxt layer ol'hc cdgc hl
light guide, such that a selective activation of the at
least two layers of selcclablc light emitung clcmcnis is
cnnfigured tn selectively illuminate one of the shapes in
a defined foun.

0 1he lighting system as claimed m claim 7, wherein the
respective at least one part light diffusing particles overlap
iu the lirst direction.

9 The lighting system as claimed in claim 1, further
CotllpriSitlg B CotltroflCI CtitiligUICd lo cotitrol fllc firsl CL111-

trollable light source providin liPI in the first direction and
the second electrically controllable light source providing
light in the second direction.

10. A method for providing a lighung system comprism .

providing a lirsl controllable light In a lira«hrcclioiu
proccssuig Ihc lirsi controllable light with an optical

element coniprisin a rid of hexagonal cells wherein
the first controllable light withm a threshold angle each
side of the normal from the middle of each cell does not
pass tiuough a cell wali and thus is not processed,
whereas hghl emitted dl an unglc grcalcr than Ihe
thrcshtild iitlglc ciich sall: of lite Llomltil pBsscs lhroUgh
B cell wiill Biul Ls BIIIL'Ibis'roccsscd,

providing a second electrically controllable light in a
second direction;

coupling the second electrically controllable light in the
second direction to an edge lit hght uide comprising at
least onc region of light difi'using particles configurod
to diflhsc thc second electrically controllable light such
liat at least a poruon ol'he second electrically con-
trollable light is mixed v ith the first contmllable light
frnm the optical element and output in the first direc-
tion:

wherein providing the second electrically controllable
liglil conlptlscs sclccuvclv iu:livtilltig Bl lcdsl otic light
mnilting element from an array ol sclectable light
mnilting elements arrmigcd on at least part of a penph-
ery of the edge lit light auide,

wherein the selectable light emitting elements generate at
least tv o selectable collimated liJvtt beams and the
edge lit liglu guide comprises at least two respective
regions of lighL dilfusing particles, llm regions of lighl
dilfiising particles shaped in a dclincd 1'orm, wherein
lllC lighlitlg Sy'SIC111 IS COLIfigUrixl lo gCIICldlc till 111U-

nnnated shape in the defined fiirnl based on the light
prnvided by the second electrically controllable light
source mixed ivith the light provided by the first
electrically controllable light source.

11. A non-transitory computer-readable mcxhum contain-
Itlg B cotllpUIer progrdtli univ'onlptlsc cotilpUlcl plogranl
code means atiaptcd lo control a hghting system lo pcrfiinn
all the steps of the methods as claimed In claim 10 when the
pmgram is mn nn the physical computing device coupled to
the li hting system.

t v v v
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