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ABSTRACT

The invention relates to an optical device for imparting an
elongate shape to a light beam emitted by a LED, and to street

luminaries Which comprise such optical devices. The optical
device comprises a lens (2) having an entry diopter (3) and an
exit diopter (4) Which comprises a ?rst convergent section, a
second convergent section and a divergent section bridging
said ?rst and second convergent sections.
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LIGHT-BEAM SHAPER
FIELD OF THE INVENTION

[0001] The invention relates to an optical device for impart
ing a desired shape to a light beam, this device being also
designated as a “light-beam shaper”. This optical device is
particularly relevant for lighting surfaces Which have a great
length With respect to their Width, such as a road, a street or a

motorway.

second convergent section and a divergent section bridging
said ?rst and second convergent sections.
[0011] Such an optical device may be used to shape the
light beam emitted by a light source. Usually, such light
beams are substantially round: they have a revolution geom

etry With maximum light intensity about the axis of the light
beam. The optical device according to the invention redistrib
utes the light ?ux. This redistribution results in an elongate
light beam Which has preferably a symmetrical light distribu

tion lengthWise.

BACKGROUND OF THE INVENTION

[0002] FIG. 1 depicts a schematic perspective vieW of a
road section 1 equipped With three street luminaries 11a, 11b,
110. The street luminaries, or candelabra, comprise a lumi

nary post 111 and luminary head 112. Each street luminary
enlightens a respective street Zone 12a, 12b, 120 of the road
section 1, each street Zone having a length L. These enlight
ened street Zones may be slightly overlapping in overlapping
Zones 13a, 1311b, 13190, 130. Usually as illustrated on FIG. 1,

[0012]

Another embodiment of the invention proposes a

luminary head, useful in particular for street lighting, com
prising a plurality of light emitting diodes (LED), each LED

being arranged upstream of a light-beam shaper, said light
beam shapers having substantially the same bearing.
[0013]

Such a luminary head may be quite thin thanks to the

use of LEDs as miniature light sources. As the light-beam

shapers all have substantially the same bearing, i.e. they are
oriented toWards the same direction, it is not necessary to

provide re?ectors to direct the light beams With the right angle

street luminaries are set back from the border 14 of the road
section 1. For instance, they are erected on a pavement, on the

relative to the road. This simpli?es the manufacture of the

border 14 of the road section 1. Indeed, due to the tra?ic, it is
not possible to install the street luminaries right over the

[0014] These and other aspects of the invention Will be
apparent from and elucidated With reference to the embodi

Zones that need to be enlightened, as this Would be too dan
gerous.

ments described hereinafter.

[0003] It is knoWn to provide re?ectors arranged in the
luminary head, across the light path, in order to direct the light
beam With an appropriate angle, toWards the street.
[0004] Moreover, it is preferred to increase the distance
betWeen tWo consecutive street luminaries 11a and 11b, or
11b and 110, in order to reduce the costs of installation and

maintenance. Various re?ector systems have been proposed
to provide an elongate beam. Such re?ector systems are quite

bulky.
[0005]

For street lighting, usual light sources are high

intensity discharge lamps like sodium vapor lamps, ?uores
cent balloons or ?uorescent tubes. HoWever, these kinds of

sources are quite bulky and they require a frequent and time
consuming maintenance. A consequence of bulkiness is that
the luminary heads also are bulky, Which may be a draWback

under Windy conditions.
SUMMARY OF THE INVENTION

luminary heads.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

The invention Will noW be described in more details

by Way of example With reference to the accompanying draW
ings, in Which:
[0016] FIG. 1 shoWs a schematic perspective vieW of a road
section equipped With street luminaries ;
[0017] FIG. 2 shoWs different schematic vieWs of a ?rst
embodiment of an optical device according to the invention,

namely: a straight cross-section (FIG. 2A), a longitudinal
cross-section (FIG. 2B), a perspective vieW from above (FIG.
2C) and a plane vieW from beloW (FIG. 2D);
[0018]

FIG. 3 shoWs a perspective vieW from beloW of a

detail of a street luminary equipped With optical devices
according to the invention;
[0019] FIG. 4 shoWs a cross-section ofthe detail of FIG. 3,

along plane IV-IV;
[0020]

FIG. 5 shoW different schematic vieWs of a second

embodiment of an optical device according to the invention,
[0006]

It is an object of embodiments of the invention to

neously a street Zone lengthWise, Without risk of daZZling to

namely: a longitudinal cross-section (FIG. 5A), and a plane
vieW from beloW (FIG. 5B);
[0021] FIG. 6 depicts the 2D-path folloWed by light rays

the street user.

emitted by a punctual light source through an optical device

[0007] It is another object of embodiments of the invention
to provide a street luminary that satis?es street lighting regu

as shoWn on FIG. 2.

provide a street luminary that alloWs for lighting homoge

lations, in particular as regards lighting uniformity, lighting

intensity, glare and sky pollution.

DETAILED DESCRIPTION OF THE INVENTION

[0008] It is another object of embodiments of the invention
to provide a street luminary With reduced Wind sensitivity.
[0009] It is a further object of embodiments of the invention
to provide a street luminary that seldom requires mainte

[0022] The folloWing de?nitions are adopted in this speci
?cation. The Words “street”, “road”, “motorWay” and the like

nance. It is also an object of embodiments of the invention to

light propagation media having different refractive indices.
Examples of light propagation media are, for instance, air,
glass, polymethacrylate or other plastics.

provide a street luminary that has loW operating costs.
[0010] To this end, an embodiment of the invention pro
poses an optical device for imparting an elongate shape to a

shall be construed as having a similar meaning

[0023]

A diopter is an optical surface Which separates tWo

light beam, also called a light-beam shaper, said optical

[0024] A lens is a device that causes light to either converge
or diverge. It is made from a piece of shaped material, such as

device comprising a lens having (i) an entry diopter and (ii) an
exit diopter Which comprises a ?rst convergent section, a

tWo faces or diopters. A face, or a part thereof, may be planar

glass, polymethacrylate or other plastics. Usually, a lens has

May 13,2010

US 2010/0118531Al

(it is not curved), convex (bulging outwards from the lens) or
concave (depressed into the lens).
[0025] A quadric is second-order surface. For instance, a
sphere has a quadric surface.
[0026] A metasurface is the surface of a metaball.
[0027] A metaball is de?ned as follows. Each component
C, of a metaball may be de?ned by a three-dimensional math
ematical function f; (x,y,Z) where x, y, Z are the coordinates of
a point in space. A thresholding value T is chosen. For each

point (x,y,Z) the sum S(x,y,Z) of the contribution of each
component of the metaball is computed and is compared to

Thus, it becomes possible to build thin luminary heads which
incorporate a plurality of LEDs, each LED being equipped
with an optical device according to the invention, in order to
shape a round light beam into an elongate light beam. For
instance, the LEDs and their associated optical devices are
arranged in a plurality of lines and rows. By imparting an

appropriate bearing to the light beams, it is possible to direct
the elongate light beam towards a road and light it, instead of
lighting straight down under the light head. Moreover, it is
possible to lodge radiators behind the LEDs (i.e. opposite the
optical device with respect to the LED), between to lines of

the threshold value T:

LEDs, as will be described below, with minimal impact on the
thinness of the luminary head. Moreover, due to the high co st
of power, the high ef?ciency of LEDs is bene?cial.
[0035] FIG. 2 shows different views of a ?rst embodiment
of an optical device according to the invention. In this ?rst
embodiment, the lens 2 has an entry diopter 3 which is con

[0028]

general shape of the entry diopter is not an essential feature of
the lens 2. However it is preferred that the general shape of the
entry diopter 3 be spherical, or at least quadric. Indeed, such

cave. It may be arranged as a lodging 31 for a light source. The

This function de?nes a scalar ?eld. If S(x,y,Z) is

lower than the threshold value T, then point (x,y,Z) is inside
the volume of the metaball; if S(x,y,Z) is equal to the threshold
value T, then point (x,y,Z) is on the surface of the metaball, ie
on the metasurface. Otherwise, point (x,y,Z) is outside of the

metaball. In other words, the following inequality represents
the volume enclosed in the metaball de?ned by components

a shape has a minimal impact on the light rays distribution.

This means that, when going through such an entry diopter,
especially a spherical diopter, the light rays distribution
remains substantially unaffected.

C,:

[0036]

[0029] A sphere may be represented by the following equa

at the basis of the lens 2, between the entry diopter 3 and the
exit diopter 4. Strictly speaking, base surface 5 should also be
considered as a further diopter as such. However, the light
source should preferably be arranged with respect to the entry
diopter 3, for instance in the lodging 31, so that no light goes
through the base surface 5 from the light source. This does not
mean that absolutely no light passes through base surface 5,

tion, where (x0,y0,Z0) are the coordinates of the center of the
sphere and r is the radius of the sphere:

[0030]

Furthermore, a cylinder with a Z axis may be repre

sented by the following equation, where r is the radius of the

cylinder:

As illustrated on FIG. 2, a base surface 5 is located

but simply that substantially all the light that is emitted by the
light source is directed towards the entry diopter 3. Prefer
ably, base surface 5 is substantially inscribed in a base plane.
This eases the manufacture of optical devices according to the
invention, as well as the assembly of said optical devices in
larger lighting devices. However, the base surface may form
an angle with plane IIA (FIG. 2B). For instance, the base
surface may comprise two symmetrical parts which form an

angle plan IIA.
[0031]

It is well known that S(x,y,Z) may be approximated

with a polynomial function, in order to accelerate computa
tion of the metaball and the metasurface. Further develop
ments relating to metaballs and metasurfaces may be found
on the Internet.

[0032] As indicated above, embodiments of the inventions
relate to an optical device for imparting an elongate shape to
a light beam. Said optical device comprises a lens having an
entry diopter and an exit diopter. The exit diopter comprises a
?rst convergent section, a second convergent section and a

divergent section bridging said ?rst and second convergent
sections. In a preferred embodiment of the invention, said
divergent section bridges smoothly said ?rst and second con
vergent sections of the exit diopter.
[0033] Preferably, the lens is designed so that it is capable
of shaping a round light beam into an elongate light beam

having a substantially homogeneous light intensity length

IIA and IIB intersect on the centerline 22 of the lens 2.
Preferably, the light source is located on the centerline 22 of

the lens 2. Preferably said lodging 31 has an axis of symmetry
which passes through said light source.

[0038] Most important is the shape of the exit diopter 4 of
the lens 2. Indeed, it is mainly the shape of the exit diopter that
conditions the light rays distribution at the exit of the light
beam shaper, and thus, the intensity of the exit light beam.
When using a round light beam, it is necessary to enlarge it in
order to impart an elongate shape thereto. Therefore, the exit
diopter 4 comprises a ?rst convergent section 41, a second
convergent section 42 and a divergent section 43 bridging said
?rst and second convergent sections 41,42. This allows for

dispersing the round light beam, which is initially concen

wise.

[0034]

[0037] Preferably, as illustrated on FIG. 2, the optical
device according to the invention has two perpendicular
planes of symmetry IIA, IIB, which are also perpendicular to
the base plane in which the base surface 5 is inscribed. Planes

This allows for the use of light sources such as light

emitting diodes (LEDs), which usually emit round light
beams. Other light sources may be appropriate. However, an
advantage of LEDs is that they are miniature light sources.

trated towards the divergent section, towards the distal con
vergent sections 41,42. The closer the convergent sections
41,42 are, the more contracted the exit light beam will be. In

other words, the divergent section 43 contributes to enlarge
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ment of the exit light beam, Whereas the convergent sections
41,42 contribute to contracting the exit light beam. A proper
balance therebetWeen alloWs for a satisfactory light homoge

neity along the exit light beam.
[0039] A better homogeneity of the exit light beam may be
achieved through symmetry of the lens 2. Therefore, it is
preferred that the exit diopter 41 comprises a rotationally

dot lines 72. The dashed lines 73 shoW the light beam Which
is obtained after propagation of the same light rays through
the lens 2. As can be seen, the center of the light beam is

enlarged. This means that the center light beam Will intercept
a larger road surface. Thus, the road surface Which is closest
to the light source Will receive less light energy per surface
unit than What could be achieved Without the lens 2.

symmetrical surface.

[0046]

[0040] For instance, as illustrated on FIG. 2, rotation axis
23 is perpendicular to the centerline 22 of the lens 2, and it is

and-dot lines 74 shoW the light beam obtained after straight
propagation; the dashed lines 75 shoW the light beam Which is
obtained after propagation of the same peripheral light rays
through the lens 2. In the case of peripheral light rays, the light
beam obtained after propagation through the lens 2 has a
loWer Width than Without the lens 2. Moreover, the peripheral
light beam is closer to the centerline 22 of the lens 2. This
means that the peripheral light beam Will intercept a smaller
road surface. The road surface Which is enlightened by the
peripheral light beam, i.e. that Which is farthest from the light

inscribed in plane of symmetry IIB. When rotating the curve
comprised betWeen points C and D, around axis 23, the Whole
exit diopter 4 may be obtained. The same respectively may be
said as regards the entry diopter 3, When it has a quadric
surface, such as a spherical surface.
[0041] In a preferred embodiment of the invention, said

convergent sections 41,42 of the exit diopter 4 comprise
quadric surfaces, such as a spherical surface. In the embodi
ment illustrated on FIG. 2, the convergent sections 41,42 are
convex and comprise spherical surfaces. They contribute to a

metasurface Which also comprises a cylinder contribution in
the bridging divergent section 43, so that the Whole surface

Compare With the peripheral light beam: the dash

source, Will receive more light energy per surface unit.
[0047] This redistribution of the light beam alloWs for a
better lighting of a road section With an elongate light beam.

[0048]

The exit light beam is as long as possible. The maxi

remains continuous, Without break of slope. The divergent

mum distance betWeen tWo consecutive street luminaries is

section 43 derives from a cylinder the axis of Which passes by
the center of the tWo spheres from Which the convergent
sections 41,42 derive. Depending on the desired application,
the height of this cylinder may be equal to, or loWer than, the
distance of the tWo above-mentioned spheres. In order to
obtain a divergent section 43, the radius of the cylinder should
be loWer than that of the spheres. In the convergent sections,
the contribution of the spheres to the metasurface is most

limited by mandatory levels of lighting uniformity (to prevent

signi?cant, Whereas in the divergent section, it is the contri
bution of the cylinder Which is most signi?cant.
[0042] Usually, it is desired that the exit light beam be

symmetrical lengthWise as regards light intensity. Therefore,

daZZling of a road user betWeen bright areas and dark areas)

and intensity (to provide su?icient lighting) along the road.
The Width of the exit light beam is also limited by the glare at

high angles and sky pollution.
[0049]

HoWever, it may be desired to provide an exit light

beam that is more intense, or less elongate, on one side than
on the opposite side. In that case, a convergent section of the

exit diopter may be smaller than the opposite convergent
section. Plane IIA Will no longer be considered as a symmetry

plane. The larger the convergent section, the more dispersed

the convergent sections 41,42 of the exit diopter 4 should be

the light rays Will be, Which Will result in a less intense light
beam and a more elongate light beam. Another solution may

symmetrical With respect to one another, as illustrated for

be to locate the light source not on the centerline 22 of the

instance on FIG. 2B. Such a feature also simpli?es the manu
facture of a lighting device as there is no question as to the

lens, but, for instance, on a line parallel to the centerline 22
along the rotation axis 23. Of course, both solutions may be

proper orientation (left or right) of the lens.
[0043] FIG. 6 illustrates in 2D the path Which is folloWed by
light rays emitted by a punctual light source through an opti

combined together.

cal device as shoWn on FIG. 2. Such a light source normally
leads to a round light beam. A LED 7 may be approximated as
a punctual light source.
[0044] FIG. 6 shoWs the effect of the lens 2 on the round

light beam emitted by the LED 7, and compares the resulting
elongate light beam With the round light beam Which Would
be obtained Without the lens 2. TWo groups of light rays are
isolated: light rays that are at the center of the emitted light

beam (i.e. close to the center line 22 of the lens 2) and light
rays that are at the periphery of the light beam. For the
purpose of illustration, if round light beam Width is measured
according to the full-Width half-maximum method, Which is
Well knoWn in the art, then the light rays at “the center” of the
light beam may be those Which have a direction at an angle
With the centerline 22 loWer than half the Width of the round

light beam, Whereas the light rays “at the periphery” of the
light beam may be those the direction of Which is at a greater
angle With the centerline 22 than half the Width of the round

light beam.
[0045] The center of the light beam Which Would be
obtained Without an optical device 2, i.e. through straight

propagation of the light rays 71, is delimited by the dash-and

[0050] FIG. 5 represents another embodiment of an optical
device according to the invention. In this embodiment, a lens

200 comprises tWo entry diopters 301,302 Which are, in this
instance, symmetrical With respect to each other. Each entry
diopter may be arranged as a lodging 311,312 for a light
source, such as a LED. As illustrated, the entry diopters have
a spherical surface, but this is not compulsory, as explained
above. The light sources are preferably located along the

centerlines 221,222 of the entry diopters 301,302. The exit
diopter 400 comprises three convergent sections 401,402,403
and tWo divergent sections 404,405. Divergent section 404
bridges convergent sections 401 and 402. Divergent section
405 bridges convergent sections 402 and 403. The exit diopter
400 is rotationally symmetrical around rotation axis 230. It
comprises a metasurface Which results from the combinations

of spheres (convergent sections) and cylinders (divergent sec

tions).
[0051] Such a lens 200 may be used, for instance, for color
mixing. In this case, the light sources are chosen With differ
ent colors. With the embodiment of FIG. 5, the color of the

exit light beam Will change continuously lengthWise of the
exit light beam, from substantially the color of the light
source located in the lodging 311 to the color of the light
source located in the lodging 312.

May 13,2010

US 2010/0118531Al

[0052] Lens 200 of FIG. 5 may also be used in order to
simplify manufacture: only one lens is necessary in order to

shape the light beam Which is emitted by tWo light sources.
[0053] If it is desired to achieve color mixing homoge
neously lengthWise of the exit light beam, then a more com

plex optical device may be designed, With three entry diopt
ers: a central entry diopter Will accommodate a light source

having a ?rst color, and tWo lateral entry diopters Will each
accommodate a light source having a second color.

[0054]

In a further embodiment, instead of being aligned,

the convergent sections of the exit diopters of the lens are laid
out at the comers of a square, With divergent sections bridging
consecutive corners, or opposite corners, or both consecutive

and opposite comers. Such a lens Will impart an elongate,
cross, shape to a light beam.

[0055] Usually, lenses 2,200 are manufactured by compres
sion moulding or injection moulding, according to Well
knoWn techniques. Preferably, they are made With a transpar
ent material. This material may be colored or colorless,
depending on the desired application. For instance, an appro

priate material is polymethacrylate, more speci?cally poly
(methylmethacrylate). Other transparent plastics may be used
such as polycarbonates.
[0056] FIGS. 3 and 4 shoW various vieWs of a street lumi

nary 11 equipped With optical devices according to an
embodiment of the invention. As can be seen on FIG. 3, a

luminary head 112 seen from beloW is provided at the top of

a luminary post 111 (partial vieW). The luminary head 112
comprises a support 113 for a plurality of lighting devices 6.
[0057] Said lighting devices 6 are arranged beloW the sup
port 113 of the luminary head 112, and they are directed
toWards the ground, namely toWards a street. The lighting
devices may be arranged, as illustrated on FIG. 3, in lines and
roWs.

[0058]

Each lighting device 6 comprises a light emitting

diode 7 (LED) upstream of an optical device 2 With respect to

classical rotational optics used for large area, With loWer
dimensions and Which is able to provide loWer sky pollution.
[0061] In order to properly enlighten a street Zone, the
lighting devices all have the same bearing, i.e. the light direc
tion LD forms an angle theta With the vertical direction V.
Thus, it is possible to de?ne a recess 114 in the support 113
betWeen tWo consecutive roWs of lighting devices. This recess

114 is adapted to lodge a plurality of radiators (not illustrated)
Which are useful in order to drain and dissipate the heat Which
is produced While operating the LEDs. As the radiators are

lodged in recesses 114, the luminary heads remain interest

ingly thin.
[0062] Any reference sign in the folloWing claims should
not be construed as limiting the claim. It Will be obvious that
the use of the verb “to comprise” and its conjugations does not
exclude the presence of any other elements besides those
de?ned in any claim. The Word “a” or “an” preceding an
element does not exclude the presence of a plurality of such
elements.
1. An optical device for imparting an elongate shape to a

light beam, said optical device comprising a lens (2) having
(i) an entry diopter (3, 301, 302) and (ii) an exit diopter (4,
400) Which comprises a ?rst convergent section (41, 401), a
second convergent section (42, 402) and a divergent section
(43, 404) bridging said ?rst and second convergent sections.
2. The optical device of claim 1, Wherein said exit diopter

(4) comprises a rotationally symmetrical continuous surface.
3. The optical device of claim 1, Wherein said convergent

sections (41, 401, 42, 402) of the exit diopter (4, 400) are
symmetrical With respect to one another.

4. The optical device of claim 1, Wherein said convergent

sections (41, 401, 42, 402) ofthe exit diopter (4, 400) com

prise quadric surfaces.
5. The optical device of claim 1, Wherein said entry diopter

(3, 301, 302) comprises a lodging arrangement (31, 301, 302)
for a light source.

6. The optical device of claim 5, Wherein said lodging has
an axis of symmetry (22, 221, 222) Which passes through said

light propagation. Details of the optical device have been
given above in the description. For instance, optical devices

light source.

such as the embodiment of FIG. 2 are used. The LEDs 7 have
a poWer supply Which is not illustrated.

lighting, comprising a plurality of light emitting diodes
(LED) each LED being arranged upstream of an optical

[0059] LEDs are a good alternative to standard light
sources used for street lighting. A large number of LEDs may
be mounted on each luminary head to provide su?icient light
ing. In order to provide an attractive product, the dimensions

device (2) as claimed in claim 1, said optical devices having
substantially the same bearing.
8. The luminary head of claim 7, further comprising means
for dissipating the heat produced While operating said LEDs.
9. The luminary head of claim 7, Wherein each LED is
arranged in a lodging (31, 301, 302) provided for on the entry

of the luminary head should remain reasonably loW.
[0060] One of the advantages of LEDs is miniaturization.
In outdoor appliances, this alloWs for reduced thickness of the
luminary head With miniaturized optics. The invention pro
poses optics for LEDs, easy to design and to adapt to a large
range of con?gurations, and provides an elongate beam for
street lighting With high e?iciency Which is comparable to

7. A luminary head (112), useful in particular for street

diopter (3) of said optical devices (2).
10. A street luminary (11) comprising a luminary head
(112) as claimed in claim 8 and a luminary post (111).
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