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(54) OPTICAL ELEMENT, LUMINAIRE AND LIGHTING SYSTEM

(67)  The present invention is directed to an optical
element (1) for controlling a light distribution pattern of a
light source (101) radiating first light beams (L1) to a first
geometric quarter-space (Q1) and second light beams
(L2) to a second geometric quarter-space (Q2), the first
and second geometric quarter-spaces (Q1, Q2) being
defined by mutually perpendicular first and second geo-
metric planes (P1, P2) so that the first geometric plane
(Pi) constitutes a boundary between the first and second
geometric quarter-spaces (Q1, Q2). The optical element
(1)ismade of atransparent piece (2). The optical element
(1) comprises a first cavity (3) for receiving the light
source (101), a second cavity (4) being delimited by a
reflection surface (5) of the transparent piece (2) towards
the first cavity (3) for controlling at least part of the second
light beams (L2) by reflecting the at least part of the sec-
ond light beams (L2) to the first geometric quarter-space
(Q1), and a lens-section (30) of the transparent piece (2)
at least partially bordering the first cavity (3) for acting as
alens for controlling a light distribution pattern of the first
light beams (L1). The reflection surface (5), in a sectional
view with a sectional plane being perpendicular to the
first and second geometric planes (P1, P2) and when
viewed parallel to the first and second geometric planes
(P1, P2), has an arcuate contour (50), and in a sectional
view with a sectional plane parallel to the second geo-
metric plane (P2) and when viewed orthogonally to the
second geometric plane (P2), has a wing shaped contour
(51)with a central convex section (52) protruding towards
the first cavity (3) or the first geometric plane (Pi), and at
each side of the central convex section (52) along the
first.geometric plane (Pi), a concave section (53, 54)

bulged away from the first cavity (3) or the first geometric
plane (P1), so that a total internal reflection takes place
at the reflection surface (5) when the at least part of the
second light beams (L2) arrive, from inside the transpar-
ent piece (2), at the reflection surface (5).
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Description

[0001] The present invention is directed to an optical
element for controlling a light distribution pattern of a light
source, a luminaire, like a street light, comprising said
optical element and a light source, and a lighting system
comprising the luminaire and a post for carrying the lu-
minaire at a location of operation.

[0002] Usually, light sources emit their light upon op-
eration over a wide range. For many lighting purposes it
is required to direct the light into a particular direction or
range. This can be done by blocking the light emission
directions which are not required. For increase of lighting
efficiency it is known to redirect light being emitted in a
non-desired direction towards a desired light emission
direction. Therefore, reflectors can be used to redirect
the light to the desired direction. Redirection of light may
also be obtained by total internal reflection (TIR) partic-
ularly in cases where optical elements like lenses are
used for light control.

[0003] There existluminaires using lenses to emit light
in a main (e.g. forward) direction. Such lights are, for
instance, street lights which are usually fixed at a raised
position and intended to emit most of their light to a down-
ward direction with respect to a horizontal plane. As these
luminaires are usually positioned at a side of a street or
footpath, itis often required to redirect light, which is emit-
ted by the light source away from the street (e.g. back
light), so that also most of this part of the light is directed
towards or across the street. It is also required to emit
the light sidewards - i.e. along a direction along the street
- preferably to obtain a continuous combined light pattern
of neighboring luminaires; e.g. along the street.

[0004] Fig. 1 shows an example for light distribution of
a known street light luminaire. As can be seen, the light
distribution pattern is generally designed to emit light as
good as possible across the street and at the same time
as far as possible along the street. The frame indicated
as TTA shows a typical area where the light from optical
elements using the TIR function of backlight is reflected
to. Such optical elements often use cavities in the lens
body to provide surfaces which allow TIR function. These
surfaces usually have a horizontal cross section extend-
ing linearly while having a slightly curved layout in a ver-
tical direction to allow for the TIR function. The surface
may further be structured to increase the distribution pat-
tern. These diffused or scattered functions, however, do
not allow a fine controlled reflection. The TIR function
may also be combined with a second control stage at a
complex designed outer surface of the lens, which results
in increased dimensions of the optical element and fur-
ther complicate the lens production.

[0005] It is thus an object of the present invention to
provide an optical element as well as a luminaire and a
lighting system being equipped with said optical element,
which allow for an increased accuracy in light reflection
and thus control of a desired light distribution pattern with
improved lighting efficiency.
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[0006] These and other objects, which become appar-
ent upon reading the description, are solved by the sub-
ject-matter of the independent claims. The dependent
claims study further the central idea of the present inven-
tion.

[0007] According to a first aspect the presentinvention
is directed to an optical device for controlling a light dis-
tribution pattern of alight source radiating first light beams
to afirstgeometric quarter-space and second lightbeams
to a second geometric quarter-space. The first and sec-
ond geometric quarter-spaces are defined by mutually
perpendicular first and second geometric planes so that
the first geometric plane constitutes a boundary between
the first and second geometric quarter-spaces. The op-
tical element is made of a transparent piece. The optical
element comprises a first cavity for receiving the light
source, a second cavity, and a lens-section. The second
cavity is delimited by a reflection surface of the transpar-
ent piece preferably towards the first cavity for controlling
at least part of the second light beams by reflecting the
at least part of the second light beams to the first geo-
metric quarter-space. The lens-section of the transparent
piece at least partially borders the first cavity for acting
as a lens for controlling a light distribution pattern of the
first light beams. The reflection surface has an arcuate
contour in a sectional view with a sectional plane being
perpendicular to the first and second geometric planes
and when viewed parallel to the first and second geo-
metric planes. The reflection surface has a wing shaped
contour in a sectional view with a sectional plane parallel
to the second geometric plane and when viewed orthog-
onally to the second geometric plane. The wing shaped
contour comprises a central convex section protruding
towards the first cavity or the first geometric plane, and,
at each side of the central convex section along the first
geometric plane, a concave section which is bulged away
from the first cavity or the first geometric plane, so that
atotal internal reflection takes place at the reflection sur-
face when the at least part of the second light beams
arrive, from inside the transparent piece, at the reflection
surface.

[0008] The reflective surface shaped in a way as de-
scribed allows for a fine three-dimensional variation in
the TIR function to thus provide a combination of free
form shapes to accurately control the light distribution
pattern in a manner to lead the reflected light in any de-
sired direction and particularly in most efficient areas as
desired. This allows for any back light (i.e. second light
beams) to be controlled more easily and more efficiently
which may result in a power reduction by increasing the
utilization factor so that less flux is needed to reach the
minimal lighting level. The optical element thus allows
for energy saving in particular for long term installations
such as outdoor luminaires. As mentioned, this can be
obtained by defining the shape of the reflection surface
to thus adapt the light distribution pattern accurately, e.g.
for wide areas or narrow streets or the like. Also, lateral
spread of the light to both sides (i.e. in the C0-C180 C-
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planes; left-right direction) can also be easily controlled
particularly by the design of the wing shaped contour.
This allows for an accurate control of the light distribution
pattern and increases the accuracy to the required C-
plane and/or gamma angle to improve the lighting effi-
ciency as, for instance, indicated in Fig. 1 with the WTA
frame showing the wished target for lighting efficiency.
Hence, for instance, a control in a desired Cmax plane
(see Fig. 1B)’ can be easily and accurately obtained by
the defined contour of the reflective surface resulting in
a corresponding free form shape to lead the reflected
light in a desired and/or most efficient area.

[0009] The first cavity and the second cavity may be
separated by a wall of the transparent piece comprising
the reflection surface. Providing only a single wall be-
tween these two cavities results in a comparably simple
structure of the optical element and thus simplified pro-
duction thereof. Also, this wall allows for an easy and
efficient light control towards the reflection surface. As
the reflection surface is provided by this wall, provision
of the reflection surface and thus the structure of the
transparent piece can be simplified as well.

[0010] The reflection surface preferably has a saddle-
shaped contour. Such a three-dimensional contour al-
lows for smooth transitions over the whole surface as
well as a highly accurate control of the light reflection.
[0011] The arcuate contour preferably becomes more
distant form the first geometric plane with increased dis-
tance from the second geometric plane. This allows for
an easy control of the light, e.g., a fine control of the light
distribution regarding a desired gamma angle.

[0012] Preferably, tangents of the arcuate contour and
a normal of the second geometric plane, respectively,
enclose an angle a, which becomes smaller with in-
creased distance from the second geometric plane. This
feature allows for a fine control of the light distribution
particularly with respect to the gamma angles and also
allow for a highly efficient TIR function.

[0013] The arcuate contour preferably has a parabolic
or at least partially parabolic form, like a half parabolic
form. This smooth contour allows for an easy production
of the lens, easy control of the TIR function and thus
accurate and efficient lighting control.

[0014] The concave sections each have an apex be-
tween the central convex section and a most distant end
ofthe concave section with respect to the convex section.
Hence, with increased distance from the central convex
section, a tangent of the concave section first encloses
anincreasing angle with respect to the second geometric
plane which then decreases again and becomes nega-
tive. For instance, the concave section may have an arc-
shape. This shape of the concave sections allow for a
fine control of the light distribution and even allows for a
fine control of back light being emitted closer to the Co
and C180 planes with reference to Fig. 1B.

[0015] The optical element or at least its reflection sur-
face can be substantially symmetric with respect to a
third geometric plane perpendicular to the first and sec-
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ond geometric planes. The third geometric plane may
preferably cross the central convex section. Such a sym-
metric layout of the optical element on the one hand al-
lows for an easy production of the same. On the other
hand, a defined symmetrical light distribution pattern can
thus be easily obtained which may, for instance, be pref-
erably used for a street lighting purpose.

[0016] Theoptical elementmay further comprise a sec-
ond lens-section of the transparent piece, preferably at
least partially bordering the second cavity, for acting as
a lens for further controlling the light distribution pattern
of the at least part of second light beams after being re-
flected by the reflection surface. Even though the partic-
ular shape of the reflection surface already allows for a
highly accurate light distribution pattern, the light output
section of the transparent piece, i.e. its outer surface,
may also be used and designed, e.g. for a kind of fine
tuning the light output, to thus increase accuracy of the
light distribution pattern.

[0017] The second lens-section may comprise an out-
er bordering surface of the transparent piece having, in
a sectional view with a sectional plane being perpendic-
ular to the first and second geometric plane and when
viewed parallel to the first and second geometric planes,
an angled and/or curved contour. The angled and/or
curved contour can preferably be slanted towards the
first geometric quarter-space. Alternatively or’additional-
ly, tangents of the angled and/or curved contour can pref-
erably be angled with respect to the second plane (pref-
erably along its extension). Hence, the outer surface of
the transparent piece can be used to further improve the
light distribution control while not or not severely chang-
ing (e.g. increasing) the dimensions of the optical ele-
ment.

[0018] A first surface of the optical device may com-
prise pits constituting the first and second cavities. This
allows for an easy production of the optical element. The
first surface may be substantially planar at least on re-
gions surrounding the pits. This allows for an accurate
positioning of the optical element, e.g., with respect to a
light source. The first surface may preferably extend par-
allel to the second plane. This allows for an easy produc-
tion of the optical element and an easy attachment of the
same on a desired device.

[0019] The transparent piece can preferably be made
of one of the following: acrylic plastic, polycarbonate, op-
tical silicone, glass, or combinations thereof. These ma-
terials allow for an accurate light control, light passing,
and a long term use.

[0020] According to a further aspect, the present in-
vention is directed to a luminaire, like a street light, com-
prising an optical element according to the present in-
vention as well as a light source being provided - prefer-
ably received in the first cavity - so as to emit the first and
second light beams. Hence, a luminaire can be easily
provided in which light emitted by the light source can be
easily controlled to allow for a desired light distribution
pattern.
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[0021] The light source can be a light emitting diode
(LED). LEDs have small dimensions, high light output
and can efficiently be operated.

[0022] The luminaire may further comprise an LED-
module comprising an LED as the light source. In this
case, the optical device may be attached to part of the
LED-module, preferably to a circuit board (e.g. printed
circuit board; PCB) of the LED-module. Hence, a lumi-
naire can be provided in a most compact manner, which
can be easily handled.

[0023] According to a further aspect, the present in-
vention is directed to a lighting system comprising a lu-
minaire according to the present invention as well as a
post, like a pole, for carrying the luminaire at a location
of operation. This preferably such that the luminaire is
oriented with the second geometric plane in a horizontal
and, preferably, with the first geometric quarter-space
being directed away from a vertical section of the post
and/or being positioned below the second geometric
plane. With this lighting system, the luminaire can be eas-
ily provided at any required location of operation. Also,
the light distribution pattern may be controlled such that
light emission mainly takes place away from the post to
thus allow for a most efficient light emission.

[0024] Furtherfeatures, advantages and objects of the
present invention will become apparent for the skilled
person when reading the following detailed description
of embodiments of the invention and when taking in con-
junction with the figures of the enclosed drawings.

Fig. 1 shows a light distribution pattern of a common
streetlightaccording to the priorart(A: gamma
angles; B: C-planes),

Fig. 2 shows a lateral cross-sectional side view of
an optical element according to a first embod-
iment of the present invention,

Fig. 3 shows a lateral side view of the optical element
according to Fig. 2 indicating a total internal
reflection (TIR) profile,

Fig. 4 shows a bottom view of the optical element of
Fig. 2,

Fig. 5 shows a top view of a luminaire according to
the present invention with an optical element
according to Fig. 2 and exemplary light distri-
bution paths,

shows a lateral side view of the luminaire ac-
cording to Fig. 5,

Fig. 6

Fig. 7 shows a front view of a luminaire according to
another embodiment of the present invention
with an optical element according to a second
embodiment of the present invention and ex-

emplary light distribution paths,
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Fig. 8 shows a top view of the luminaire according
to Fig. 7,

Fig. 9 shows a lateral side view of the luminaire ac-
cording to Fig. 7, and

Fig. 10  shows a sectional bottom view of the optical
element of the luminaire according to Fig. 7.

[0025] The figures show different embodiments of an

optical element 1 according to the present invention. The
optical element 1 preferably is a lens. The optical element
1is made of atransparent piece 2. The transparent piece
2 can be made of acrylic plastic, polycarbonate, optical
silicone, glass, or combinations thereof.

[0026] The optical element 1 is provided for controlling
a light distribution pattern of a light source 101 radiating
first light beams L1 to a first geometric quarter-space Q1
and second light beams L2 to a second geometric quar-
ter-space Q2. The first and second geometric quarter-
spaces Q1, Q2 are defined by mutually perpendicular
first and second geometric planes Pi, P2 so that the first
geometric plane P1 constitutes a boundary between the
first and second geometric quarter-spaces Q1, Q2 as
can exemplarily be seen in Figs. 2, 3, 6 and 9.

[0027] The optical element 1 comprises a first cavity 3
for receiving the light source 101 as can be clearly seen
in Fig. 6 and 9.

[0028] The optical element 1 further comprises a sec-
ond cavity 4 being delimited by a reflection surface 5 of
the transparent piece 2 here preferably towards the first
cavity 3 for controlling at least part of the second light
beams L2 by reflecting the at least part of the second
light beams L2 to the first geometric quarter-space Q1.
[0029] A first surface 10 of the optical element 1 may
comprise pits 11, 12 constituting the first and second cav-
ities 3, 4. The first surface 10 can be substantially planar
at least on regions surrounding the pits 11, 12. The first
surface 10 may preferably extend parallel to the second
geometric plane P2, as can be seen in Figs. 2, 3,6, 7
and 9.

[0030] The optical element 1 further comprises a lens-
section 30 of the transparent piece 2 at least partially
bordering the first cavity 3 for acting as a lens for con-
trolling a light distribution pattern of the first light beams
L1. The lens-section 30 can have any shape. Particularly,
the inner surface 31 of the lens-section 30 bordering the
first cavity 3 as well as the outer surface 32 of the lens-
section 30 can be designed such that they allow for a
desired light control.

[0031] The reflection surface 50, in a sectional view
with a sectional plane being perpendicular to the firstand
second geometric planes Pi, P2 and when viewed par-
allel to the first and second geometric planes, has an
arcuate contour as can be seen, for instance, in Figs. 6
and 9. The arcuate contour 50 preferably becomes more
distant from the first geometric plane P1 with increased
distance from the second geometric plane P2. Tangents
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T1 ofthe arcuate contour 50 and anormal N of the second
geometric plane P2, respectively, may enclose an angle
a, which becomes smaller with increased distance from
the second geometric plane P2. This is exemplarily
shown in Fig. 2. As can be seen in the enclosed exem-
plary embodiments, the arcuate contour 50 preferably
has a parabolic or partially parabolic (here a half-para-
bolic) form. The arcuate contour 50 thus preferably allows
for an accurate control of the light with respect to the
gamma angles, as exemplarily shown in Fig. 1A.
[0032] Thereflectionsurface 5, in a sectional view with
a sectional plane parallel to the second geometric plane
P2 and when viewed orthogonally to the second geomet-
ric plane P2, has a wing shaped contour 51. This is ex-
emplarily shown in Fig. 4 and may also be gathered like-
wise from Figs. 5, 8 and 10. The wing shaped contour
51 has a central convex section 52 protruding towards
the first cavity 3 or the first geometric plane Pi, and at
each side of the central convex section 52 along the first
plane Pi, a concave section 53, 54 bulged away from the
first cavity 3 or the first geometric plane P1.

[0033] As can be gathered from Fig. 4, the concave
sections 53, 54 may each have an apex 55, 56 between
the central convex section 52 and a most distant end 57,
58 of the respective concave sections 53, 54 with respect
to the convex section 52. This results in a somewhat arc-
shaped contour of the concave sections 53, 54 as can
be seen, for instance, in Fig. 4.

[0034] The reflection surface 5 has the arcuate contour
50 and the wing shaped contour 51 with its central convex
section 52 and concave sections 53, 54, so that a total
internal reflection takes place at the reflection surface 5
when the atleast part of the second light beams L2 arrive,
from inside the transparent piece 2, at the reflection sur-
face 5, as exemplarily shown in Figs. 5 to 9.

[0035] As can be seenin Figs. 6 and 9, the first cavity
3 and the second cavity 4 can be separated by a wall 6
of the transparent piece 2. The wall 6 thus preferably
comprises the reflection surface 5.

[0036] As can be gathered mainly from Figs. 4, 5 and
8, the reflection surface 5 may have a saddle shape.
[0037] AscanbeseenfromFigs.5,7 and 8, the optical
element 1 or at least its reflection surface 5 can be sub-
stantially symmetric with respect to a third geometric
plane P3 being perpendicular to the first and second ge-
ometric planes P1, P2. The third geometric plane P3 pref-
erably crosses the central convex section 52, as can be
clearly gathered from Fig. 5.

[0038] The optical element 1 may further comprise a
second lens-section 40 of the transparent piece 2 for act-
ing as a lens for further controlling the light distribution
pattern of the at least part of second light beams 2 after
being reflected by the reflection surface 5. The second
lens-section preferably at least partially borders the sec-
ond cavity 4. This can be gathered, for instance, from
Figs. 6 and 9.

[0039] The second lens-section 40 may comprise an
outer bordering surface 41 of the transparent piece 2
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having, in a sectional view with a sectional plane being
perpendicular to the first and second geometric planes
Pi, P2 and when viewed parallel to the first and second
geometric planes Pi, P2, an angled and/or curved con-
tour, wherein the angled and/or curved contour is pref-
erably slanted towards the first geometric quarter-space
Q1 and/or tangents T2 of the angled and/or curved con-
tour are preferably angled with respect to the second
plane P2 along its extension.

[0040] With particular reference to Figs. 5 to 10, a lu-
minaire 100, like a street light, may be provided compris-
ing an optical element 1 according to the present inven-
tion and as described herein above in detail. The lumi-
naire 100 further comprises a light source 101. The light
source 101 is preferably received in the first cavity 3 or
at least positioned to emit light into the first cavity 3; i.e.
provided so as to emit/radiate the first and second light
beams Li, L2. The light source 101 may be an LED. The
luminaire 100 may comprise an LED-module 102 com-
prising an LED as the light source 101 as, for instance,
shown in Figs. 6, 7 and 9. The optical element 1 may
preferably be attached to part of the LED-module 102,
preferably to a circuit board 103 of the LED-module 102.
[0041] The present invention is further directed to a
lighting system comprising the luminaire 100 according
to the presentinvention as well as a post 200, like a pole,
for carrying the luminaire 100 at a location of operation.
Just as an example, it is kindly referred to the lighting
systems as shown in Figs. 1A and 1B. The post 200 pref-
erably carries the luminaire 100 at the location of oper-
ation such that the luminaire 100 is oriented with the sec-
ond geometric plane P2 in a horizontal and, preferably,
with the first geometric quarter-space Q1 being directed
away from a vertical section 201 of the post 200 and/or
being positioned below the second geometric plane P2.
[0042] The present invention is not limited to the de-
scribed embodiments as long as being covered by the
appended claims. All the features of the embodiments
described hereinabove can be combined in any possible
way and be provided interchangeably.

Claims

1. An optical element (1) for controlling a light distribu-
tion pattern of a light source (101) radiating first light
beams (L1) to a first geometric quarter-space (Q1)
and second light beams (L2) to a second geometric
quarter-space (Q2), the first and second geometric
quarter-spaces (Q1, Q2) being defined by mutually
perpendicular first and second geometric planes (Pi,
P2) so that the first geometric plane (Pi) constitutes
a boundary between the first and second geometric
quarter-spaces (Q1, Q2), wherein the optical ele-
ment (1) is made of a transparent piece (2) and com-
prises:

« a first cavity (3) for receiving the light source
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(101),

+ a second cavity (4) being delimited by a reflec-
tion surface (5) of the transparent piece (2) to-
wards the first cavity (3) for controlling at least
part of the second light beams (L2) by reflecting
the at least part of the second light beams (L2)
to the first geometric quarter-space (Q1), and

+ a lens-section (30) of the transparent piece (2)
at least partially bordering the first cavity (3) for
acting as a lens for controlling a light distribution
pattern of the first light beams (L1),

wherein the reflection surface (5),

« in a sectional view with a sectional plane being
perpendicular to the first and second geometric
planes (Pi, P2) and when viewed parallel to the
first and second geometric planes (Pi, P2), has
an arcuate contour (50), and

* in a sectional view with a sectional plane par-
allel to the second geometric plane (P2) and
when viewed orthogonally to the second geo-
metric plane (P2), has a wing shaped contour
(51) with

0 a central convex section (52) protruding
towards the first cavity (3) or the first geo-
metric plane (P1), and

o at each side of the central convex section
(52) along the first geometric plane (P1), a
concave section (53, 54) bulged away from
the first cavity (3) or the first geometric plane
(Pi),

so that a total internal reflection takes place
atthe reflection surface (5) when the atleast
part of the second light beams (L2) arrive,
from inside the transparent piece (2), at the
reflection surface (5).

The optical element (1) according to claim 1, wherein
the first cavity (3) and the second cavity (4) are sep-
arated by a wall of the transparent piece (2) com-
prising the reflection surface (5).

The optical element (1) according to any one of the
preceding claims, wherein the reflection surface (5)
has a saddle shape.

The optical element (1) according to any one of the
preceding claims, wherein the arcuate contour (50)
becomes more distant from the first geometric plane
(P1) with increased distance form the second geo-
metric plane (P2).

The optical element (1) according to any one of the
preceding claims, wherein tangents (T1) of the ar-
cuate contour (50) and a normal (N) of the second
geometric plane (P2), respectively, enclose an angle
a, which becomes smaller with increased distance
from the second geometric plane (P2).
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10.

1.

12.

13.

The optical element (1) according to any one of the
preceding claims, wherein the arcuate contour (50)
has a parabolic or at least partially parabolic form.

The optical element (1) according to any one of the
preceding claims, wherein the concave sections (53,
54) each have an apex (55, 56) between the central
convex section (52) and a most distant end (57, 58)
of the respective concave section (53, 54) with re-
spect to the central convex section (52).

The optical element (1) according to any one of the
preceding claims, wherein the optical element (1) or
at least its reflection surface (5) is substantially sym-
metric with respect to a third geometric plane (P3)
perpendicular to the first and second geometric
planes (Pi, P2), wherein the third geometric plane
(P3) preferably crosses the central convex section
(52).

The optical element (1) according to any one of the
preceding claims, further comprising a second lens-
section (40) of the transparent piece (2), preferably
at least partially bordering the second cavity (4), for
acting as a lens for further controlling the light distri-
bution pattern of the at least part of second light
beams (L2) after being reflected by the reflection sur-
face (5).

The optical element (1) according to claim 9, wherein
the second lens-section (40) comprises an outer bor-
dering surface (41) of the transparent piece (2) hav-
ing, in a sectional view with a sectional plane being
perpendicular to the first and second geometric
planes (P1, P2) and when viewed parallel to the first
and second geometric planes (P1, P2), an angled
and/or curved contour, wherein the angled and/or
curved contour is preferably slanted towards the first
geometric quarter-space (Q1) and/or tangents (T2)
of the angled and/or curved contour are angled with
respect to the second plane (P2) along its extension.

The optical element (1) according to any one of the
preceding claims, wherein a first surface (10) of the
optical element (1) comprises pits (11, 12) constitut-
ing the first and second cavities (3, 4), wherein the
first surface (10) preferably is substantially planar at
least on regions surrounding the pits (11, 12) and/or
the first surface (10) preferably extends parallel to
the second plane (P2).

The optical element (1) according to any one of the
preceding claims, wherein the transparent piece (2)
is made of one of the following: acrylic plastic, poly-
carbonate, optical silicone, glass, or combinations
thereof.

A luminaire (100), like a street light, comprising an
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optical element (1) according to any one of the pre-
ceding claims and alight source (101) being received
in the first cavity (3).

The luminaire (100) according to claim 14, further
comprising an LED-module (102) comprising an
LED as the light source (101), wherein the optical
element (1) preferably is attached to part of the LED-
module (102), preferably to a circuit board (103) of
the LED-module.

A lighting system comprising a luminaire (100) ac-
cording to claims 13 and 14 as well as a post (200),
like a pole, for carrying the luminaire (100) at a loca-
tion of operation, preferably such that the luminaire
(100) is oriented with the second geometric plane
(P2) in a horizontal and, preferably, with the first ge-
ometric quarter-space (Q1) being directed away
from a vertical section (201) of the post (200) and/or
being positioned below the second geometric plane
(P2).
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