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(54) AUTOMOBILE HEADLIGHT

(67)  Theinvention is directed to an automobile head-
light comprising light sources (1), a primary optical ele-
ment (2) for collimating light from the light sources (1),
and a secondary optical element (3) for directing light
collimated by the primary optical element (2). The primary
optical element (2) comprises a body (4) comprising an
exit surface (5) for letting light out of the element and
comprising a collimating protrusion (6) for each light
source (1). Each collimating protrusion (6) is connected

Fig. 1

to the body (4) and comprises a protrusion entry surface
(7) for letting light from corresponding light source (1) in.
The exit surface (5) is divided into segments (8), each
corresponding to at least one collimating protrusion (6)
divided into multiple subsegments. The subsegments are
adapted to direct light rays passing through the corre-
sponding collimating protrusion (6) towards the second-
ary optical element (3) and to decrease divergence of
light rays exiting through the exit surface (5).
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Description

Technical field

[0001] The presentinvention relates to lighting device
for automobiles, specifically to headlights having lens

with micro-optical elements.

Background of the Invention

[0002] Headlights typically comprise at least two opti-
cal elements for shaping the light beams outputted by
light sources into a single beam having desirable prop-
erties, e.g., an appropriately homogenous light beam for
illuminating the road and traffic signs without blinding oth-
er drivers. A primary optical element is closer to the light
sources and its main purpose is to direct as much light
as possible as homogenously as possible towards a sec-
ondary optical element. The secondary optical element
then provides the desired output light beam, e.g., illumi-
nates the road a certain distance ahead and sends a part
of the light to the right side for illuminating traffic signs.
These optical elements in the state of the art are quite
bulky in order to provide them with necessary optical
properties, which means they are also heavy and need
to be carried by relatively large support elements. As a
result, headlights are large and heavy and need a large
space to be mounted into.

[0003] It would therefore be advantageous to provide
a headlight having an optical element which would pro-
vide the desired optical function, while being lighter
and/or smaller. It would also be desirable to simplify de-
sign of such optical elements, i.e., simplify the calcula-
tions needed to provide a shape for an optical element
such that this element fulfills the desired optical function.

Summary of the Invention

[0004] The shortcomings of the solutions known in the
prior art are to some extent eliminated by an automobile
headlight comprising a set of multiple light sources ar-
ranged in at least one row, a primary optical element for
collimating light from the light sources, and a secondary
optical element for directing light collimated by the pri-
mary optical element towards the area in front of the
headlight, i.e., in front of the vehicle. The headlight also
has amain optical axis, wherein a center of the first optical
element and a center of the second optical element are
both located on the main optical axis. The primary optical
element comprises a body comprising an exit surface for
letting light out of the element, and comprising, opposite
to the exit surface, a collimating protrusion for each light
source from the set of light sources. Collimating protru-
sions are basically lightguides for incoupling light from
each light source and transmitting it to the body of the
optical element, preferably more homogenous and/or
less diverging when compared to the light outputted by
given light source.
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[0005] Each collimating protrusion is connected to the
body and comprises a protrusion entry surface for letting
light into the primary optical element, wherein the corre-
sponding light source is directed to the protrusion entry
surface. The exit surface is divided into segments, each
corresponding to at least one collimating protrusion and
each further divided into multiple subsegments. Each
subsegment has its length and width, both being less
than 0.05 mm, preferably less than 0.04 mm, for example
it can be 0.01 mm. The subsegments in each segment
are adapted, by their shape and inclination, to direct light
rays passing through the corresponding collimating pro-
trusion and then passing through given segment and sub-
segment, towards the secondary optical element. All the
subsegments are further adapted, also by their shape
and inclination, to decrease divergence of light rays ex-
iting through the exit surface. The light beam exiting the
primary optical elementis thus collimated and the amount
of light not passing through the secondary optical ele-
ment and out of the headlight is limited.

[0006] The primary and secondary optical elements
can for example be a part of a high beam module or a
low beam module of the headlight. The main advantage
of headlight having primary optical element with the
above-described micro-optics is in significantly decreas-
ing the size of the optical element, which in turn decreas-
es the size of a frame of the optical element holding it in
place and also the size of the headlight as a whole. The
headlight thus requires less space for mounting to the
automobile, is lighter and cheaper to manufacture. An-
other advantage is in easier designing or modeling of the
primary optical element. Optical elements used in the
state of the art, having continuous and smooth exit sur-
face, need to be designed, i.e., the shape of the exit sur-
face needs to be modeled, as a whole, which makes the
computations required for obtaining a shape providing a
desired optical and illumination function complicated.
The continuous shape also limits the variability of the
surface, so the desired optical and illumination function
is generally only approximated by the resulting optical
element.

[0007] In the present headlight, each microlens, i.e.,
each subsegment, can be designed individually, inde-
pendently of other subsegments. For example, a specific
subsegment receives light from the body of the primary
optical element at a certain known angle, with a certain
divergence and homogeneity, etc., and its shape and in-
clination is then designed, e.g., by a computer simulating
or modeling software, such that it bends or reflects the
light in a desired manner, sending in towards a desired
part of the secondary optical element with a desired di-
vergence etc. Shape, inclination, and position of other
subsegments does not have to be taken into account. As
aresult, the computations are simplified, and the desired
optical and illumination function can be obtained much
more precisely.

[0008] Inclination of a subsegment can be, for exam-
ple, described by two angles - an angle between the sub-
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segment and a vertical plane, preferably perpendicular
to the main optical axis, and an angle between the sub-
segment and a horizontal plane. For a planar subseg-
ments, these angles can be measured anywhere on the
subsegment. For nonplanar subsegment, the angles
can, for example, be measured at the center of the sub-
segment, i.e., as angle between the given vertical/hori-
zontal plane and a tangent plane constructed at the cent-
er of the subsegment, or can be measured at a different
specific point of the subsegment, e.g., one of its corners.
The inclination angle(s) can also be measured as an av-
erage over angle between the horizontal/vertical plane
and the subsegment at several different points, e.g., all
four of its corners. The shape of each subsegment can
for example be planar, spherical, convex or concave, but
generally a subsegment can be of any shape.

[0009] In use, the light from each light source is thus
transmitted through the corresponding collimating pro-
trusion, into the body and out of the primary optical ele-
ment through the corresponding segment, and, in part,
possibly also through other neighboring segments. The
light from all the segments is directed towards entry sur-
face of the secondary optical element and then, optionally
through some other optical elements, it is directed to the
area in front of the automobile.

[0010] In each segment, the subsegments are prefer-
ably arranged in multiple rows and multiple columns.
Rows are preferably horizontally oriented, columns ver-
tically oriented. Having the subsegments arranged in
such a grid simplifies design and manufacture.

[0011] Preferably, in a projection onto a vertical plane
parallel to the main optical axis, at least on a lower half
of each segment, the subsegments in each row deviate
from the main optical axis more than or equally to the
subsegments in lower-located rows. In other words, low-
erlocated subsegments have smaller angle between giv-
en subsegment and the main optical axis. This angle can
be measured at some specific point or as an average
over several points, as described above. As a result, the
light passing through the lower segments is bent more
and directed towards the secondary optical element, es-
pecially when the centers of both the optical elements
are at the same height.

[0012] Lower, in the context of the present headlight,
means closer to the ground or to the road, on which an
automobil provided with this headlight is located, i.e., it
means lower with respect to the standard and expected
orientation of the headlight, in which it is to be mounted
to an automobile standing on its wheels on a substantially
flat surface.

[0013] Preferably, in a projection onto a horizontal
plane, for each segment, the angle between individual
subsegments and the main optical axis is atleast partially
dependent on the distance of the segment from the main
optical axis. This arrangement improves homogeneity
and decreases divergence of the light passing between
the primary and secondary optical elements. In the bulky
primary optical elements known from the state of the art,
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the exit surface can be curved in order to approximate a
focal plane of the secondary optical element. The curved
shape further increases the size of the primary optical
element. In the present invention, similar function can be
achieved by the described arrangement of the subseg-
ments, without increasing the size or weight of the pri-
mary optical element.

[0014] For example, in such an arrangement, for each
segment, in the projection onto a horizontal plane, there
is an average angle between subsegments and the main
optical axis (i.e., sum of all the angles between a sub-
segment and the axis, divided by the number of subseg-
ments in given segment), wherein for segments farther
from the main optical axis the average angle is smaller
than or equal to the average angle for segments located
closer to the main optical axis (which are thus more per-
pendicular to the axis).

[0015] Preferably there is a plane, i.e., an imaginary
plane, such that majority of the subsegments of the pri-
mary optical element exit surface, preferably at least 75
%, preferably at least 90 % and most preferably all of
them, are intersected by this plane. In other words, the
exit surface is substantially planar. For example, itis man-
ufactured as a planar surface with the segments and sub-
segments stamped or otherwise provided on the surface.
Other possible method for manufacture of the subseg-
ments is for example Single Point Diamond Turning.
[0016] Each collimating protrusion can have its own
optical axis intersecting the corresponding light source
and the corresponding segment, wherein for each seg-
ment the inclination of individual subsegments is at least
partially dependent on the position of given subsegment
with respect to the optical axis of the corresponding col-
limating protrusion. This dependence can be in the form,
e.g., of the angle between the axis and a subsegment
being directly or inversely proportionate to the distance
between the subsegment and the protrusion optical axis.
This dependence can be present when viewed from
above (i.e., in a projection onto a horizontal plane) and/or
when viewed from the side (i.e., in a projection onto a
vertical plane parallel to the main optical axis). For ex-
ample, there can be a hundred rows and columns of sub-
segments in a segment, and the four central segments,
directly touching the axis with one of their corners, might
be perpendicular to the protrusion optical axis, subseg-
ments one row/column farther might have the angle, both
when viewed from the side and from the above, 89.75°,
subsegments another row/column farther can have the
angle 89.5°, and so on. This dependence mightbe linear,
but it can also be nonlinear, e.g., polynomial or exponen-
tial. In general, the angle might increase or decrease with
the distance of each given subsegment from the axis
such thatfor each given subsegment, other subsegments
in the same segment closer to the protrusion optical axis
have the angle with respect to the axis smaller than or
equal to, or larger than or equal to, than this given sub-
segment.

[0017] Similarly to the dependence on the protrusion
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optical axis, there can be an imaginary line connecting
the center of each segment with a predetermined point
on the entry surface of the secondary optical element.
Center of a segment can be a point on the surface of the
segment lying on the intersection of lines connecting op-
posite corners when projected onto a plane perpendicu-
lar to the main optical axis. For each segment the incli-
nation of individual subsegments can then be at least
partially dependent on the position of given subsegment
with respect to this line.

[0018] In embodiments with the inclination dependent
on the distance from the protrusion optical axis or the line
described above, the subsegments on the entire exit sur-
face are, at least to some extent, oriented in a periodical
arrangement. For example, in direction from left to right,
i.e., horizontally and perpendicularly to the main optical
axis, the angle of subsegments repeatedly increases and
decreases. This arrangement improves homogeneity of
the light beam exiting the primary optical element.
[0019] The focal plane of the secondary optical ele-
ment can be in front of the primary optical element (with
respect to direction of light passing from the primary op-
tical element towards the secondary one). This arrange-
ment might be simpler to design or manufacture. How-
ever, the focal plane can also be behind the exit surface
of the primary optical element, e.g., it can intersect the
primary optical element, or it can pass behind its protru-
sion entry surfaces or even behind the light sources when
viewed from the side. The optical assembly and thus also
the whole headlight can then be smaller, since the optical
elements might be closer together. The subsegments of
the exit surface can than have different shape or orien-
tation depending on the position of the focal plane.

Description of drawings

[0020] A summary of the invention is further described
by means of exemplary embodiments thereof, which are
described with reference to the accompanying drawings,
in which:
Fig1. Shows a simplified sectional drawing of ar-
rangement of the optical elements from the au-
tomobile headlight according to the invention,
wherein the section plane is vertical, and the
main optical axis of the headlight lies within the
section plane.

Fig2. Shows asimplified side drawing of the arrange-
ment from fig. 1 wherein the collimated beam
of light exiting the primary optical elements is
indicated by dashed lines.

Fig3. Shows a schematical top view of the primary
optical element from the headlight according to
the invention, wherein the segments forming
the exit surface are indicated by vertical lines.
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Fig4. Shows a detailed view of a part of the exit sur-
face and several collimating protrusions from
fig. 3, wherein for each of the protrusions an
area on the exit surface through which light en-
tering through the given protrusion exits the pri-
mary optical element is indicated by dotted and
dash-and-dot lines.

Fig5. Shows a simplified sectional drawing of ar-
rangement of the optical elements from the au-
tomobile headlight, wherein the focus and focal
plane of the secondary optical element are lo-
cated in front of the primary optical element.
And

Shows a simplified sectional drawing of ar-
rangement of the optical elements from the au-
tomobile headlight, wherein the focus and focal
plane of the secondary optical element are lo-
cated behind the primary optical element.

Fig 6.

Exemplary Embodiments of the Invention

[0021] The invention will be further described by
means of exemplary embodiments with reference to the
respective drawings.

[0022] The subject of the present invention is an auto-
mobile headlight. The headlight comprises a set of mul-
tiple light sources 1, preferably LEDs, arranged in one or
more rows, and further comprises a primary optical ele-
ment 2 and secondary optical element 3. The primary
optical_element 2 is adapted for collimatinEIight from the
light sources 1,Ee., adapted at least to decrease the di-
vergence of the light, and sending it towards the second-
ary optical element 3. The secondary optical element 3
is adapted to direct the collimated light in accordance
with the purpose of the headlight or of a headlight module
comprising these optical elements. The headlight can
have a main optical axis 9 such that a center of the first
optical element and a center of the second optical ele-
ment 3 are both located on the main optical axis 9. The
main Eptical axis 9 can also be a line connecting centers
of mass of both optical elements, or their focal points.
[0023] For example, if the primary optical element 2
and the secondary optical element 3 are parts of a low
beam module, the secondary opticaTeIement 3, option-
ally together with other parts of the module, srﬁpes the
output light beam such that it illuminates the correspond-
ing traffic lane farther than the opposite lane. For a high
beam module, an appropriate illumination for several lo-
cations at different distances in front of the automobile
might be given by law and the secondary optical element
3 is then adapted to output a light beam providing such
an illumination.

[0024] The primary optical element 2 comprises a body
4, several collimating protrusions 6 on one side of the
Body 4 and an exit surface 5 for the light passing through
the element on the opposTte side of the body 4. Each
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collimating protrusion 6 comprises a protrusion entry sur-
face 7 and is arranged in front of one of the light sources
1, and its purpose is incoupling light from the light source
1and directing it towards the exit surface 5, preferably
as homogenously as possible. The layout of the collimat-
ing protrusions 6 is thus defined by the layout of the set
of light sourcesi- if all the light sources 1 are in a single
row, the collimating protrusions 6 are also in a single row;
for two rows of light sources 1 there are two rows of col-
limating protrusions 6 etc. In some embodiments, each
light source 1 can be formed by multiple smaller partial
sources, e.gT, by multiple LEDs. The exit surface 5 is
divided into multiple segments 8, preferably at least as
many segments 8 as there are collimating protrusions 6,
and each segmeﬁt 8 is further divided into subsegmentg
Subsegments have sizes at most 50x50 pm and each
subsegment has to some extent a shape (e.g., planar,
convex, concave, further divided into several smaller fac-
ets, etc.) and inclination (e.g., an angle with respect to a
vertical plane and a second angle with respect to a hor-
izontal plane) independent of other subsegments. The
shape and inclination of all the subsegments of each of
the segments 8 are adapted to direct light rays, originat-
ing in the coﬁ‘esponding light source 1 and passing
through the corresponding collimating protrusion 6, to-
wards the secondary optical element, and are ada_pted
to decrease the divergence of the light rays exiting
through the exit surface 5.

[0025] Thedirecting ofthe light, aswell as the decrease
in the divergence, ensures that as much light as possible
is transferred from the light sources 1 through the primary
optical element 2 towards and into the secondary optical
element 3. Therefore, the divergence can be larger if the
secondaa optical element 3 is larger or is closer to the
primary optical element 2, and the divergence is prefer-
ably smaller if the second_ary optical element 3 is smaller
or is farther from the primary optical element 2. The light
from each segment 8 can be directed towards the whole
entry surface of the s_econdary optical element 3 orit can
be directed towards only a part of this entry surface, with
other parts of the surface being illuminated by light di-
rected by other segments 8.

[0026] The shape and inclination of each subsegment
can be computed individually, i.e., independently from
other subsegments, preferably by a computer simula-
tion/modeling. The subsegments are preferably ar-
ranged in rows and columns, i.e., they form a grid and
the exit surface 5 as well as each segment 8 has a rec-
tangular shape. Such a grid is depicted in fig. 1. Individual
subsegments can have virtually any shape as long as
such a shape provides for some desired optical or illumi-
nating function. Planar subsegments might be defined
by their inclination only, convex or concave, e.g., spher-
ical, subsegments might be defined by their inclination,
radius of curvature, focal points, etc. Other subsegments
might have even more complex shapes, e.g., they can
comprise protrusions or depression formed by one or
more planar or nonplanar facets (i.e., even smaller con-
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tinuous parts of the exit surface 5) etc.

[0027] The resulting light beam passing between the
primary optical element 2 and the secondary optical el-
ement 3 can in some embodiments provide as homoge-
nous illumination of the secondary optical element 3 entry
surface as possible, with minimal amount of Iight_being
directed towards any other part of the headlight. In other
embodiments, some parts of the entry surface of the sec-
ondary optical element 3 might by illuminated brighter
than others, and the se(?ondary optical element 3 then
processes this lightin order to achieve the desired Butput
light beam. For example for high beam light, the light
intensity on the road closer to the automobile should by
higher than farther from the automobile. Thus, a part of
the light entry surface of the secondary optical element
3 from which light is directed closer to the automobile
r_night be illuminated more brightly than some other part
of the surface from which the light is directed farther in
front of the vehicle, towards traffic signs etc. The shape,
inclination, and arrangement of the individual segments
8 and subsegments can thus be influenced by the shape
of the secondary optical element 3, by the kind of light
module being formed by these opti_cal elements, by de-
sired illumination properties of the headlight or the mod-
ule etc.

[0028] In order to make the light beam exiting the pri-
mary optical element 2 less divergent, the subsegments
are preferably arranggd, at least on a lower half of each
segment 8, such that the lower a row of subsegments is,
the lower its inclination when viewed from the side (e.g.,
as in fig. 2). As a result, the lower located rows send rays
of light towards the secondary optical element 3 at a high-
er angle with respect to a horizontal plane. In otﬂerwords,
for each row of subsegments at the at least lower half of
each segment 8, in a projection onto a vertical plane par-
allel to the main optical axis 9, the subsegments in the
row deviate from the main optical axis 9 (have a larger
angle with respect to the axis) more than or equally to
the subsegments in any lower placed row. For planar
subsegments, the angle can be measured at any part of
the subsegments. For convex/concave subsegments,
the angle can be measured at the center of the subseg-
ment. For more complexly shaped subsegment the incli-
nation of a subsegments can for example be average
inclination over all four corners of the subsegment.
[0029] Preferably, for each row of subsegments locat-
ed lower than or at the same height as the main optical
axis 9_ when viewed from the side, the subsegments in
the row have an angle between the subsegments and
the main optical axis 9 larger than or equal to the sub-
segments in any lower placed row. In other words, the
vertical distance between the main optical axis 9 and a
subsegmenthasimpactoninclination of this subs_egment
at least for all the subsegments which are not placed
higher than the main optical axis 9 of the headlight.
[0030] Preferably, the inclination of each subsegment
is also affected by the distance between the main optical
axis 9 and the segment 8 comprising this subsegment.
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This distance can be measured as a horizontal distance,
especially in embodiments where the segments 8 are all
placed at the same height, but also if some segr}ents 8
are located at different heights, i.e., if they are arrangea
in multiple rows. For example, a parameter computed as
an average (i.e., mean) angle of deviation of a subseg-
ment from the main optical axis 9 over all subsegments
in each segment 8 when viewed from the top can be used
to describe the aﬁ’rangement of subsegments and seg-
ments 8 with respect to the main optical axis 9. For seg-
ments 8 closer to the main optical axis 9, the value of this
parame_ter, i.e., the average angle of deviation in a pro-
jection onto ahorizontal plane, can be larger than or equal
to the value of this parameter for segments 8 further away
from the optical axis. In other words, in segrﬁents 8 closer
to the main optical axis 9, the average subsegrﬁents is
closer to being perpendicUIarto the axis thanin segments
8 farther away from the axis.

[_0031] If there are multiple rows of segments 8, e.g., if
the light sources 1 are arranged in multiple rows, the
inclination ofsubse_gments can also be affected by place-
ment of given segment 8 in lower or higher row of seg-
ments 8. For example, Eubsegments from segments 8
from a lower-located row can on average have a lower
deviation from the main optical axis 9 when viewed from
the side than subsegments from a hi_gher-located row of
segments 8.

[0032] AEart from the main optical axis 9, each colli-
mating protrusion 6 can have its own optical_axis, eg.,a
line parallel to the main optical axis 9 and intersecting
the light source 1 corresponding to given collimating pro-
trusion 6. The pr?)trusion optical axis can further intersect
the center of the entry surface of this protrusion, and it
also intersects the segment 8 corresponding to this pro-
trusion. The position of a sub_segment relative to the op-
tical axis of the protrusion corresponding to the segment
8 comprising this subsegment can then also have impact
on the inclination of the subsegment. For example, the
normal of each subsegment at the center of this subseg-
ment can have a larger angle with respect to the protru-
sion optical axis if the subsegment is farther from the
protrusion optical axis.

[0033] When viewed in a projection onto a vertical
plane parallel to the main optical axis 9 (i.e., side view),
the angle between a subsegment and the corresponding
protrusion optical axis can be larger for subsegments
closer to the protrusion optical axis then for subsegments
farther away. Alternatively or additionally, when viewed
in a projection onto a horizontal plane parallel to the main
optical axis 9 (i.e., top view), the angle between a sub-
segment and the corresponding protrusion optical axis
can be larger for subsegments closer to the protrusion
optical axis then for subsegments farther away.

[0034] Instead of the protrusion optical axis, a different
line can be used for describing the inclination of subseg-
ments analogically to the previous two paragraphs. For
example, a line connecting the center of each segment
8 with a predetermined point on the secondary optical
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element 3 entry surface can be used and the relative
position between each subsegment in given segment 8
and this line can have impact on the inclination. For ex-
ample, the angle between a subsegment (e.g., abetween
a tangent plane constructed at the center of this subseg-
ment) and this line can increase, or decrease, with in-
creasing the distance between given subsegment and
the line (i.e., the center of given segment), for example
the angle can be proportionate, or inversely proportion-
ate, to this distance. This predetermined point can be the
same for all the segments 8, e.g., it can be the center of
the entry surface, but it can also be different for each
segment 8 or common for some segments 8 and different
for others.

[0035] This can, for example, result into focusing the
light passing through each subsegment in a segment 8
more or less towards the point on the entry surface of
the secondary optical element 3 by adjusting the depend-
ence of subsegment-line anglé on the subsegment-line
distance. Brightness of illumination can thus be adjusted
locally on the entry surface, and that in turn can impact
the illumination of the area in front of the vehicle, e.g.,
illuminate some parts of the road brighter than others.
The distance between a segment 8 and the main optical
axis 9 can analogically affect inclination of subsegments
in each given segment 8, for example in order to focus
the light beam exiting the primary optical element 2 as
much as possible onto the entry surface of the seconaary
optical element 3.

[0036] Prefera_bly, both the position of segment 8 rel-
ative to the main optical axis 9 and the position of sub-
segment relative to the protru_sion optical axis or some
other line specific for the given segment 8, have impact
on inclination of subsegments. o

[0037] Preferably the exit surface 5 of the primary op-
tical element 2 is substantially plan_ar. For example, a
plane perpendicular to the main optical axis 9 can be
constructed or imagined, such that a majority of_subseg-
ments is intersected by this plane, preferably at lest three
quarters of subsegments. In other words, the only devi-
ations from the planar shape of the exit surface 5 are
caused by the shape and inclination of the individual sub-
segments. For a naked eye, the exit surface 5 can than
seem to be completely planar, and even smooth since
the size of the subsegments might be smaller than what
the human eye can distinguish or notice.

[0038] The substantially planar shape can be seen in
the embodiment depicted in fig. 1. In this embodiment,
the subsegments are arranged in a grid, there is a single
row of light sources 1, collimating protrusions 6 and seg-
ments 8, and the main optical axis 9 coincides with the
protruan optical axis of a middle callimating protrusion
6 (i.e., the protrusion which is cut in half in fig. 1). The
gubsegments are preferably arranged as described
above, with their inclination affected by their position in
a segment 8 (i.e., relative to the given line or the protru-
sion opticalgxis), as well as by the position of the segment
§ on the exit surface 5 (i.e., relative to the main optical
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axis 9).

[0039] In fig. 2, depicting a side view of the optical el-
ements, or a projection onto a vertical plane, the main
optical axis 9 also coincides with all the protrusion optical
axes. The collimated beam of light exiting the primary
optical element 2 is indicated by the dashed lines. The
entry surface of the secondary optical element 3 is de-
picted as planar, but in other embodiments, it can be
convexor concave, spherical or aspherical, freeform etc.,
according to its desired optical and illumination functions.
The focus / focal point 10 of the secondary optical ele-
ment 3 and its focal plaﬁ 11 can be situated in front of
the pri_mary optical element_& i.e., between the optical
elements, as shown in fig. 5. However, they can also be
situated behind the primary optical element 2 or they can
pass through it, as shown in fig. 6. This sﬁifting of the
focal plane 11 can be a result of different construction,
eg., shape,_of the secondary optical element 3 and/or
can result from shifting the secondary optical element 3
with respect to the primary optical element 2 (compare
figs. 5 and 6). The exit surface 5 of the prirﬁary optical
element 2, e.g., its segments 8 and subsegments, their
shape, orientation etc., can then also reflect the change
in shape/position of the secondary optical element 3, e.g.,
the beam of light can be wider, i.e., have larger beam
angle, to illuminate the secondary optical element 3 as
needed. -
[0040] Fig. 3 shows an exemplary embodiment of the
primary optical element 2 with its collimating protrusions
6 and their respective protru3|on entry surfaces 7. Seg-
ments 8 of the exit surface 5 are aligned with the colli-
mating protrusmns 6. As indicated in the detailed view in
fig. 4, each segment 8 receives light not only from the
corresponding collimaﬁng protrusion 6, but also from the
adjacent collimating protrusions 6. For_example, the light
beam originating in the middle c_ollimating protrusion 6
indicated by the dash-and-dotlines illuminates the middle
segment 8 but also the segments 8 to the right and to
the left. This middle segment 8 is - also illuminated by
those adjacent light beams indicated by dotted lines, but
to a lesser extent than by the corresponding light beam
from the corresponding protrusion. The subsegments il-
luminated by light from two different collimating protru-
sions 6, i.e., from two different light sources 1 and direc-
tions, can have a shape and/or an incIinatiorTadapted to
these multiple illuminations, so that light from both colli-
mating protrusions 6 is directed towards the secondary
optical element i with its divergence lowered, as de-
sired.

[0041] In some embodiments, each subsegment can
be planar, or each subsegment can be spherical etc. In
other embodiments, which might be preferable as they
provide the highest variability and precision in providing
the desired optical function, some subsegments might
be planar, others spherical, others might comprise mul-
tiple smaller mutually angled surfaces or facets or might
be shaped as a complex continuous surface having sev-
eral protruding and recessed areas, etc.
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[0042]

1- Light source

2- Primary optical element
3- Secondary optical element
4 - Body

5- Exit surface

6 - Collimating protrusion
7- Protrusion entry surface
8- Segment

9- Main optical axis

10- Focus

11 -  Focal plane

Claims

1. Automobile headlight comprising a set of multiple
light sources (1) arranged in at least one row, a pri-
mary optical element (2) for collimating light from the
light sources (1), a secondary optical element (3) for
directing light collimated by the primary optical ele-
ment (2), and a main optical axis (9), wherein a center
of the first optical element and a center of the sec-
ondary optical element (3) are both located on the
main optical axis (9), wherein the primary optical el-
ement (2) comprises a body (4) comprising an exit
surface (5) for letting light out of the element and
comprising, opposite to the exit surface (5), a colli-
mating protrusion (6) for each light source (1) from
the set of light sources (1), each collimating protru-
sion (6) connected to the body (4) and comprising a
protrusion entry surface (7) for letting light into the
primary optical element (2), wherein the correspond-
ing light source (1) is directed to the protrusion entry
surface (7), characterized in that the exit surface
(5) is divided into segments (8), each corresponding
to at least one collimating protrusion (6) and each
further divided into multiple subsegments, wherein
each subsegment has its length and width, both be-
ing less than 0.05 mm, wherein the subsegments in
each segment (8) are adapted, by their shape and
inclination, to direct light rays passing through the
corresponding collimating protrusion (6) towards the
secondary optical element (3) and to decrease di-
vergence of light rays exiting through the exit surface

(5).

2. The automobile headlight according to claim 1 char-
acterized in that in each segment (8) the subseg-
ments are arranged in multiple rows and multiple col-
umns.

3. The automobile headlight according to claim 2 char-
acterized in that in a projection onto a vertical plane
parallel to the main optical axis (9), atleaston alower
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half of each segment (8), the subsegments in each
row deviate from the main optical axis (9) more than
or equally to the subsegments in lower-located rows.

The automobile headlight according to any one of
the preceding claims characterized in that in a pro-
jection onto a horizontal plane, for each segment (8),
the angle between individual subsegments and the
main optical axis (9) is at least partially dependent
on the distance of the segment (8) from the main
optical axis (9).

The automobile headlight according to claim 4 char-
acterized in that wherein for each segment (8), in
the projection onto a horizontal plane, there is an
average angle between subsegments and the main
optical axis (9), wherein for each segment (8), the
average angle is smallerthan orequal to the average
angle for segments (8) located closer to the main
optical axis (9).

The automobile headlight according to any one of
the preceding claims characterized in that there is
a plane such that majority of the subsegments of the
primary optical element (2) exit surface (5) are inter-
sected by this plane.

The automobile headlight according to any one of
the preceding claims characterized in that each col-
limating protrusion (6) has its optical axis intersecting
the corresponding light source (1) and the corre-
sponding segment (8), wherein for each segment (8)
the inclination of individual subsegments is at least
partially dependent on the position of given subseg-
ment with respect to the optical axis of the corre-
sponding collimating protrusion (6).

The automobile headlight according to any one of
the preceding claims characterized in that for each
segment (8), there is a line connecting the center of
the segment (8) with a predetermined point on the
entry surface of the secondary optical element (3),
wherein for each segment (8) the inclination of indi-
vidual subsegments is at least partially dependent
on the position of given subsegment with respect to
this line.
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