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(67)  The present invention relates to the field of au-
tomotive front-lighting, and particularly to a front-lighting
system for a vehicle. The front-lighting system comprises
a light source (10) and an integrated lens (20). The inte-
grated lens (20) comprises a light entrance surface (21,
21’), a light exit surface (23, 23’), and a light guiding por-
tion (22) sandwiched between the light entrance surface
(21, 21’) and the light exit surface (23, 23’). The light
source (10) is configured to emit a first light beam and a
second light beam onto the light entrance surface (21,
21’). The light guiding portion (22) is configured to receive
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the first light beam and the second light beam from the
light entrance surface (21, 21’), and guide them towards
the light exit surface (23, 23’), where the first light beam
and the second light beam are both redirected out from
the integrated lens (20). The light guiding portion (22)
comprises at least a first notch (221) and a second notch
(222) opposite to the first notch (221), wherein, while be-
ing guided, the first light beam undergoes an at least
partial reflection successively by the first notch (221) and
the second notch (222), and the second light beam un-
dergoes a refraction by the second notch (222).
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the field of au-
tomotive front-lighting, and particularly to a front-lighting
system for a vehicle.

BACKGROUND OF THE INVENTION

[0002] Bi-function Poly-Ellipsoidal System (PES) solu-
tion for a headlamp has been widely used in automotive
lighting today. Generally, in Bi-function PES solution, the
low light beam function and the high light beam function
are provided respectively by two individual modules, i.e.
, the low beam module and the high beam module. For
example, the low beam module may be composed of a
low beam light source and alow beam optics, which com-
prises such as a reflector and a light redirecting lens. In
a similar way, the high beam module may be composed
of a high beam light source and a high beam optics com-
prising such as another reflector and another light redi-
recting lens. Further, in this case, the low light beam and
the high light beam can be both projected for example
by a single projection lens towards a road in front of a
vehicle, which projection lens is located at an optically
downstream position as compared with the low beam
module and the high beam module. Alternatively, the low
light beam and the high light beam can be also projected
separately in front of the vehicle, i.e., by a low beam pro-
jection lens and a high beam projection lens respectively.
As can be seen, the complex structural constitution of
conventional Bi-function PES solution tends to give a
front-lighting system comprising too many optical parts
used for different purposes, such as the two individual
modules to provide the high light beam function and the
low light beam function respectively. Although approach-
es have been proposed as well to use only one light re-
directing lens for both the low light beam function and
the high light beam function, two or more than two sur-
faces (convexorflat) or parts of the single light redirecting
lens are needed so as to receive and redirect the low and
high light beams respectively, such that requirements of
the low and high light beams are both satisfied. Again,
this provides the single light redirecting lens with a com-
plex construction, making it complicated and expensive
to be manufactured.

[0003] EP3124854A1 relates to a lighting system for a
motor vehicle comprising at least one primary optical de-
vice for emitting a light beam exhibiting a cut-off profile,
the primary optical emission device comprising at least
one light source and one single-piece primary optical
member comprising an input surface suitable for receiv-
ing a light beam emitted by the light source, a ray inter-
ception surface configured to form the cut-off profile in
the light beam received and an output surface for the
light beam.

[0004] EP3093557A1 relates to a lighting module for
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amotor vehicle headlightintended to produce a low beam
having an at least partly oblique cut-off. The lighting mod-
ule further comprises an additional lighting function mak-
ing it possible to generate a high type beam, wherein the
light sources of the two respective low and high beam
functions are arranged in a vicinity of the focus of an
optical portion of the module such that the lighting module
remains compact.

SUMMARY OF THE INVENTION

[0005] The present invention provides a front-lighting
system for avehicle, so as to eliminate or at least alleviate
one or more of the above mentioned disadvantages.
[0006] According to an embodiment of the present in-
vention, a front-lighting system is proposed for use in a
vehicle. The front-lighting system comprises a light
source and an integrated lens, wherein the integrated
lens comprises a light entrance surface, a light exit sur-
face, and a light guiding portion sandwiched between the
light entrance surface and the light exit surface. Besides,
the light source is configured to emit a first light beam
and a second light beam onto the light entrance surface
of the integrated lens. After being incident onto the light
entrance surface, the first and second light beams are
guided by the light guiding portion of the integrated lens
towards the light exit surface. At the light exit surface,
the first light beam and the second light beam are both
redirected out from the integrated lens. Further, the light
guiding portion also comprises at least a first notch and
a second notch opposite to the first notch, wherein, while
being guided, the first light beam undergoes an at least
partial reflection successively by the first notch and the
second notch, and the second light beam undergoes a
refraction by the second notch.

[0007] According to a preferable embodiment of the
present invention, in the front-lighting system proposed
above, the first light beam undergoes a total reflection
successively by the first notch and the second notch,
while it is guided by the light guiding portion of the inte-
grated lens.

[0008] Besides, according to an optional embodiment
of the present invention, in the above described front-
lighting system, the first light beam coming out from the
light source exhibits a cut-off profile, for example a clear
cut-off line in a vertical plane, which is formed by the first
notch while the first light beam is guided along the light
guiding portion of the integrated lens.

[0009] Further optionally, in another optional embodi-
ment of the presentinvention, the light source of the front-
lighting system comprises specifically a first sub-light
source and a second sub-light source. Especially, the
first sub-light source is configured to emit the first light
beam as a low light beam, and the second sub-light
source is configured to emit the second light beam as a
high light beam.

[0010] Ascanbe seen, inthe front-lighting system pro-
posed by the present invention for a vehicle, the low light
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beam and the high light beam are both emitted out from
the light source, for example emitted by two sub-light
sources separately. Then, the low and high light beams
are both permitted to be incident into the integrated lens,
i.e., into the single lens element, where they are guided
until being redirected out therefrom and projected for ex-
ample towards a road in front of the vehicle. In this case,
it is guaranteed that the low light beam function and the
high light beam function are provided by a single optical
module, i.e., comprising the light source and the only
integrated lens, which helps to give a much simpler and
more compact front-lighting system for a vehicle.
[0011] Besides, according to the above proposed
front-lighting system of the presentinvention, while being
guided along the light guiding portion of the integrated
lens, the low light beam and the high light beam undergo
different optical processes. To this end, the light guiding
portion of the integrated lens is provided with at least two
notches which are opposite to each other, the first notch
and the second notch. In this case, the first light beam,
for example, the low light beam, is at least partially re-
flected (preferably, totally reflected) successively by the
first notch and the second notch, i.e., reflected firstly by
the first notch and then by the second notch, while it is
guided through the light guiding portion of the integrated
lens. More preferably, during such guiding process of the
first, low light beam, the first notch is configured further
to help forming a cut-off profile within the first, low light
beam. With respectto the second lightbeam, forexample
the high light beam, it is only refracted by the second
notch while being guided along the light guiding portion
of the integrated lens. In this way, not only a more sim-
plified and compact structure is provided of the above
proposed front-lighting system, but also a cut-off profile
(such as a clear cut-off line in a vertical plane) is gener-
ated within the first, low light beam, helping to obtain fi-
nally a simple and cost-effective Bi-function PES solution
suitable for use in a vehicle.

[0012] According to a practical implementation, in the
front-lighting system proposed by an embodiment of the
presentinvention, the light guiding portion of the integrat-
ed lens comprises at least a first surface and a second
surface opposite to the first surface, wherein both of the
first surface and the second surface extend between the
light entrance surface and the light exit surface. For ex-
ample, if the integrated lens is shaped in hexahedron,
the light entrance surface and the light exit surface can
be the left and right sides of the hexahedron respectively,
while the first and second surfaces can be respectively
the upper and lower sides of the hexahedron. Apparently,
the example of hexahedron is merely provided herein to
illustrate, rather than limit the present invention, and any
other suitable shape, such as cylinder, can be used for
the integrated lens. Further optionally, in an example in-
stance of the above embodiment, the first notch is pro-
vided on the first surface, and the second notch is pro-
vided on the second surface, or vice versa. More prefer-
ably, in the above mentioned embodiment, the first notch
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comprises a first facet, and the second notch comprises
a second facet parallel to the first facet. Taking still the
above hexahedron-shaped integrated lens as an exam-
ple, the first sub-light source providing the first, low light
beam can be positioned, as seen when installed in the
vehicle, at a lower position as compared with the second
sub-light source providing the second, high light beam,
rendering the first, low light beam to be incident onto a
lower position at the light entrance surface than the sec-
ond, high light beam. In this case, after being redirected
by the light entrance surface, the first, low light beam can
be incident onto the first facet of the first notch in the first
place, and then onto the second facet of the second
notch. As mentioned above, the second facet is parallel
to the first facet. Thus, the cut-off profile formed by the
first facet within the first, low light beam is merely pro-
jected by the second facet of the second notch, leading
to the cut-off profile projected clearly in the final low beam
pattern.

[0013] According to other practical implementations,
the front-lighting system proposed by an embodiment of
the presentinvention further comprises a projection lens,
which is configured to receive the first light beam and the
second light beam from the integrated lens, and then
redirect them towards a road in front of a vehicle. Option-
ally, in the above mentioned embodiment of the present
invention, the light exit surface of the integrated lens is
positioned preferably at a focal point of the projection
lens. In this way, the first and second light beams, coming
out from the integrated lens, are projected by the projec-
tion lens into the far field, i.e., towards the road in front
of the vehicle.

[0014] Besides, in the above proposed front-lighting
system, the projection lens further comprises a first sub-
projection lens and a second sub-projection lens. To be
specific, the first sub-projection lens is used to receive
and redirect the first light beam towards the road in front
ofthe vehicle. In a similar way, the second sub-projection
lens is used to receive and redirect the second light beam
towards the road in front of the vehicle. This means that
the first and second light beams are projected separately
by different portions of the projection lens, helping to give
more freedom in design of the final first and second beam
patterns as projected towards the road in front of the ve-
hicle, such as in design of intensity distribution and/or
pattern shape. Further preferably, in the above embodi-
ment, the first notch can be positioned at a focal point of
the first sub-projection lens, while the second notch can
be positioned at a focal point of the second sub-projection
lens, so that the two light beams (i.e., the first and second
light beams) are projected properly by their own sub-
projection lenses.

[0015] According to a different practical implementa-
tion, in the above front-lighting system proposed by an
embodiment of the present invention, the light exit sur-
face of the integrated lens comprises a light projecting
surface. Especially, the light projecting surface is config-
ured to receive the first light beam and the second light
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beam from the light guiding portion, and then redirect
them towards a road in front of a vehicle. For example,
the light projecting surface can be formed by a light re-
fractive surface or a Fresnel surface, whose purpose is
to project both of the first light beam and the second light
beam out from the integrated lens and then into the far
field, for example, towards the road in front of the vehicle.
In this case, no separate projection element, such as the
above mentioned projection lens, is required to redirect
the firstand second light beams, leading to afront-lighting
system with a simplified structure and a smaller number
of constitutive elements.

[0016] Further optionally, according to an example in-
stance of the above embodiment, the light projecting sur-
face of the integrated lens comprises a first sub-surface
and a second sub-surface. To be specific, the first sub-
surface is configured to receive and redirect the first light
beam, while the second sub-surface is to receive and
redirect the second light beam. In other words, the light
projecting surface of the integrated lens is composed of
two separate sub-surfaces, which are used respectively
to receive and redirect the two light beams from the light
guiding portion of the integrated lens. Again, as similar
to the two sub-projection lenses of the above mentioned
projection lens, providing the light projecting surface of
the integrated lens with two separate sub-surfaces used
respectively for the two incident light beams is beneficial
to give more freedom in design of the two light beams
themselves, such as in intensity distribution and/or pat-
tern shape. More preferably, in an example instance of
the above described embodiment, the first notch of the
integrated lens is positioned at a focal point of the first
sub-surface, and the second notch of the integrated lens
is positioned at a focal point of the second sub-surface,
helping to provide the first and second light beams with
a proper projection towards the road in front of the vehi-
cle.

[0017] According to a different practical implementa-
tion, in the above front-lighting system proposed by an
embodiment of the present invention, the light entrance
surface of the integrated lens comprises a light refractive
surface, more preferably a light collimating surface. Spe-
cifically, the light collimating surface of the integrated lens
can be used to receive the first and second light beams
from the light source, and then redirect both of them as
collimated light beams into the light guiding portion. With
regard to the general, light refractive surface (not a pre-
ferred, light collimating one), suitable degrees of refrac-
tion can be offered to the first and second light beams,
so that they are incident into the guiding portion of the
integrated lens at proper angles of incidence as desired.
As specific examples, the light refractive surface of the
integrated lens can be shaped into a convex or flat sur-
face, such as a sphere, aspheric or a freeform surface.
[0018] According to other practical implementations of
the present invention, the above proposed front-lighting
system also comprises one or more further light sources
in an array, and one or more further integrated lenses in
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an array. Preferably, each further light source comprises
a first sub-light source and a second sub-light source as
well, wherein the first and second sub-light sources are
configured to emit respectively a further first light beam
and a further second light beam. Besides, each further
integrated lens is configured to receive the further first
light beam and the further second light beam from a re-
spective one of the one or more further light sources.
That is to say, in the front-lighting system proposed by
the above embodiment, thereis a plurality of light sources
and correspondingly also a plurality of integrated lenses,
both disposed in an array distribution. This means that
the front-lighting system in this case is composed of mul-
tiple individual sub-systems, wherein each sub-system
comprises a single light source and a single integrated
lens, just as the system we mentioned for example in
each of the above embodiments. In this way, not only a
stronger light output can be obtained, but also flexibilities
are enabled for example in design of the final light beam
pattern in front of the vehicle, comprising specifically the
first and second light beams as mentioned above.
[0019] It will be appreciated by those skilled in the art
that two or more of the above disclosed embodiments,
implementations and/or aspects of the present invention
may be combined in any way deemed useful. Different
modifications and variations of the front-lighting system
for a vehicle can be carried out by a person skilled in the
art based on the disclosure of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] These and other aspects of the present inven-
tion will be described in the following in more details, with
reference to the appended drawings showing embodi-
ments and forming a part of the present invention. In the
drawings:

Fig. 1 schematicallyillustrates a front-lighting system
for a vehicle in a cross section view according to an
embodiment of the present invention, wherein the
front-lighting system comprises an integrated lens
provided with a light refractive surface as its light
entrance surface and a light projecting surface as its
light exit surface;

Fig. 2 schematically illustrates the simulated distri-
butions of light intensity projected by the front-light-
ing system of Fig. 1 towards a road in front of the
vehicle, wherein the low beam distribution, the high
beam distribution, and the combined beam distribu-
tion comprising both of the previous two are shown
respectively in plots (a), (b) and (c);

Fig. 3 schematically illustrates a front-lighting system
for a vehicle in a cross section view according to an
embodiment of the present invention, wherein the
front-lighting system comprises an integrated lens
provided with a light collimating surface as its light
entrance surface and also provided with two notch-
es;
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Fig. 4 schematically illustrates a front-lighting system
for a vehicle in a cross section view according to an
embodiment of the present invention, wherein a sin-
gle additional projection lens is also included in the
front-lighting system;

Fig. 5 schematically illustrates a front-lighting system
for a vehicle in a cross section view according to an
embodiment of the present invention, wherein two
sub-projection lenses are included in the front-light-
ing system; and

Fig. 6 schematically illustrates afront-lighting system
for a vehicle in a cross section view according to an
embodiment of the present invention, wherein the
front-lighting system comprises an integrated lens
provided with two light projecting, sub-surfaces as
its light exit surface.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0021] While the present invention is susceptible of
embodiments in many different forms, there is shown in
the drawings and will be described in detail herein only
one or more specific embodiments, with the understand-
ing that the present description is to be considered only
as exemplary of the basic principle of the present inven-
tion and notintended to limit the present invention merely
to the specific embodiments shown and described here-
in.

[0022] It should be noted that various components in
different figures are not drawn to scale. Besides, relative
positions between individual elements shown in the fig-
ures are only used to illustrate the basic principle of the
present invention and should not be considered to limit
the scope of the present invention.

[0023] With reference to Fig. 1, a front-lighting system
is proposed for use in a vehicle. As shown in Fig. 1, the
front-lighting system comprises a light source 10 and an
integrated lens 20, wherein light emitted by the light
source 10 is incident into the integrated lens 20, guided
therethrough and then redirected out from it, for example
redirected towards a road in front of the vehicle. To be
specific, the light source 10 can comprise two sub-light
sources, for example, a first sub-light source 11 and a
second sub-light source 12 as shown respectively at a
lower position and an upper position in the figure. Ac-
cording to an example embodiment of the present inven-
tion, the first sub-light source 11 is configured to provide
a low light beam of the front-lighting system. In a similar
way, the second sub-light source 12 can be configured
to provide a high light beam of the front-lighting system.
As seen in Fig. 1, the first sub-light source 11 located at
a lower position within the front-lighting system will emit
light (such as the low light beam) onto a lower part of the
integrated lens 20, while light from the second sub-light
source 12 (such as the high light beam) will be incident
onto an upper part of the integrated lens 20. In this way,
the two light beams, i.e., the low light beam and the high
light beam are guaranteed to be separated from each
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other within the front-lighting system. This helps to pro-
vide flexibility in for example the individual beam shaping
of both the low and high light beams.

[0024] With continued reference to Fig. 1, the single,
integrated lens 20 of the front-lighting system consists of
three parts, i.e., the first one being its light entrance sur-
face 21, the second one being its light exit surface 23,
and the third one being its light guiding portion 22 which
is sandwiched between the light entrance surface 21 and
the light exit surface 23. From the perspective of light
propagation, light coming from the light source 10, for
example, the low and high light beams emitted respec-
tively by the first and second sub-light sources 11, 12 are
incident firstly onto the light entrance surface 21 of the
integrated lens 20, redirected thereby, and then guided
along the light guiding portion 22 of the integrated lens
20, such as by means of reflection and/or refraction at
outer surfaces of the light guiding portion 22. Finally, both
of the low light beam and the high light beam arrive at
the light exit surface 23, where they are refracted out
from the integrated lens 20 towards for example a road
in front of the vehicle. As shown in Fig. 1, in the integrated
lens 20, the light entrance surface 21 may be configured
as a light refractive surface, which is to receive light, both
the low and high light beams, from the light source 10
and redirects them respectively as refracted light beams
into the light guiding portion 22. For example, as clearly
visible in Fig. 1, the low light beam coming out from the
first sub-light source 11 is refracted by a lower part of the
light entrance surface 21, and then incident also into a
lower part of the light guiding portion 22. Similarly, the
high light beam coming out from the second sub-light
source 12 is refracted by an upper part of the light en-
trance surface 21, and then incident also into an upper
part of the light guiding portion 22. Obviously, the two
light beams, i.e., the low and high light beams, are sep-
arated in away within the integrated lens 22, so that while
propagating and being guided there along, mutual effects
between the two are avoided greatly.

[0025] Additionally, according to an embodiment of the
present invention, the integrated lens 20 further compris-
es a light projecting surface as its light exit surface 23.
Specifically, the light projecting surface may be config-
uredtoreceivelight, such as the low and high light beams,
from the light guiding portion 22 of the integrated lens
20, and then project them out towards a road in front of
the vehicle. For example, as compared with the high light
beam, the low light beam can be projected by the light
projecting surface at a lower vertical position in front of
the vehicle, rendering it possible to provide both of the
low and high light functions by the same front-lighting
system. According to practical implementations, if a light
projecting surface is chosen as the light exit surface 23,
the specific forms may comprise for example a light re-
fractive surface, a Fresnel surface, and so on.

[0026] Furthermore the light guiding portion 22 of the
integrated lens 20 comprises at least two notches, a first
notch 221 and a second notch 222 as seen in Fig. 1.
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Exemplarily, according to an instance of the above men-
tioned embodiment, the integrated lens 20 can be de-
signed in a shape of a hexahedron, wherein the light en-
trance surface 21 and the light exit surface 23 are the left
and right sides of the hexahedron respectively. In this
case, the first and second notches 221, 222 can be
formed for example on the upper and lower sides of the
hexahedron respectively. Alternatively, according to an-
other example, the first notch 221 can be provided on
the front side of the hexahedron, while the second notch
222 can be provided on the back side of the hexahedron.
In this way, it is ensured that the first notch 221 is located
at an opposite position as compared with the second
notch 222. With further reference to Fig. 1, the low light
beam coming from the first sub-light source 11 is emitted
firstly onto a lower part of the light entrance surface 21
and refracted thereby as a lower refracted light beam,
thus propagating for example rightwards until being inci-
dent onto the first notch 221. As shown schematically in
Fig. 1, each of the first notch 221 and the second notch
222 consists of two facets being carved into the light guid-
ing portion 22 and enclosing a certain angle therebe-
tween. In this case, the low light beam is incident firstly
onto a first facet 2210 of the first notch 221 (such as the
left one in the figure), reflected thereby towards for ex-
ample an upward direction, and then incident onto a sec-
ond facet 2220 of the second notch 222 (such as the right
one which is especially in parallel to the first, left facet
2210 of the first notch 221, and reflected thereby towards
for example a rightward direction. After that, the low light
beam continues its rightwards propagation or guidance
within the remaining part of the light guiding portion 22,
until being incident onto an upper part of the light exit
surface 23, where it is projected out from the integrated
lens 20 for example towards a lower right direction. It
should be noted herein that reflections of the low light
beam by the first notch 221 and the second notch 222
can be either total reflections or partial reflections. For
example, the first facet 2210 of the first notch 221 can
be either transparent or coated, and so does the second
facet 2220 of the second notch 222. However, consider-
ing a maximized usage or a reduced loss of light, total
reflection is preferred according to the present invention.
[0027] Turning to the high light beam, as indicated
above and shown alsoin Fig. 1, itis emitted onto an upper
part of the light entrance surface 21, and refracted there-
by as an upper refracted light beam propagating for ex-
ample rightwards until being incident onto a left facet of
the second notch 222. At the second notch 222 compris-
ing for example a left facet and a right facet, the high light
beam is firstly incident onto the left facet and refracted
thereby. After that, the incoming high light beam arrives
at the right facet 2220 of the second notch 222, and re-
fracted further towards a lower right direction, thus being
incident onto a lower part of the light exit surface 23 and
refracted there out from the integrated lens 20 for exam-
ple towards an upper right direction.

[0028] With continued reference to Fig. 1, due to the
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special design of the first notch 221, such as its recess
depth within the light guiding portion 22 or the slope angle
of its left facet 2210, the low light beam coming from the
first sub-light source 11 may be not reflected entirely by
the first notch 22, especially by the left facet 2210 thereof
in the figure. For example, the low light beam has one of
its uppermost light rays (indicated by a dashed ellipse in
Fig. 1) to be incident at an uppermost position of the first
notch 221 or its left facet 2210, leading to the remaining
uppermost light rays at an even higher position (i.e.,
above the light ray indicated by a dashed ellipse in Fig.
1) of the low light beam to be lost elsewhere within the
system, thus making no contribution to the final low light
beam. This means that the first notch 221 of the integrat-
ed lens 20, for example, the uppermost peak thereof,
helps to form an upper edge profile of the low light beam.
After several times of subsequent projection, such as by
the second notch 222 and the light exit surface 23, this
upper edge profile of the low light beam constitutes a
final cut-off profile at its upper edge. In other words, ac-
cording to the front-lighting system proposed by the
present invention, not only the low light beam and the
high light beam can be provided for example by different
parts of the single system, but also a clear cut-off profile
can be formed automatically within the low light beam
such as by a suitable configuration of the first notch 221
on the light guiding portion 22 of the integrated lens 20.
[0029] Simulated distributions of light intensity project-
ed by the front-lighting system of Fig. 1 are shown in Fig.
2, where the distribution of light intensity is illustrated in
the first plot (a) only for the low light beam, the distribution
of light intensity is illustrated in the second plot (b) only
for the high light beam, and the combined distribution of
light intensity is illustrated in the third plot (c) for both the
low and high light beams. As can be seen, the low light
beam and the high light beam can be both obtained by
the same front-lighting system of Fig. 1 comprising for
example a light source 10 and an integrated lens 20,
where the high lightbeam is projected atan upper vertical
position as compared with the low light beam, making it
suitable in practical applications. Also, as seen in the
simulated results of Fig. 2, especially in the first plot (a),
a clear cut-off line is formed of the final low light beam,
which requires no extra component or element added
into the front-lighting system, but rather a suitable con-
figuration of the first notch on the light guiding portion of
the integrated lens. In this way, a simplified structure is
guaranteed of the above proposed front-lighting system,
which contributes also to a lower complexity in optics and
a reduced cost in manufacture.

[0030] With reference to Fig. 3, a front-lighting system
according to another embodiment of the present inven-
tionisillustrated in a cross section view. The front-lighting
system shown in Fig. 3 has basically a similar structure
as that shown in Fig. 1, and thus the same or similar
reference numerals are used to indicate the same or sim-
ilar elements or components. That is, the front-lighting
system of Fig. 3 comprises also a light source 10 and an
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integrated lens 20, wherein, as similar to Fig. 1, the light
source 10 comprises the first and second sub-light sourc-
es 11, 12, and the integrated lens 20 comprises a light
entrance surface 21’, a light guiding portion 22 and a light
exit surface 23. The difference between Fig. 3 and Fig.
1liesinthelight entrance surface 21’, which is configured
especially to be a light collimating surface in Fig. 3. In
this case, light coming from the light source 10 is incident
onto the light collimating surface of the integrated lens
20. For example, the low light beam coming from the first
sub-light source 11 and the high light beam coming from
the second sub-light source 12 are incident respectively
at the lower and upper parts of the light entrance surface
21’ which is now light collimating. After that, the low light
beam from the first sub-light source 11 is refracted as a
lower collimated light beam propagating for example hor-
izontally towards the first notch 221 provided on the light
guiding portion 22 (such as on its lower surface) of the
integrated lens 20, while the high light beam from the
second sub-light source 12 is refracted as an upper col-
limated light beam also propagating for example horizon-
tally towards the second notch 222 provided also on the
light guiding portion 22 (such as on its upper surface) of
the integrated lens 20. At the two notches 21, 22, the low
light beam is reflected successively by the first and sec-
ond facets 2210, 2220 as indicated above, thus arriving
at the light exit surface 23 (such as its upper portion) of
the integrated lens 20. As for the high light beam, it is
refracted for example by the left facet and the right facet
2220 of the second notch 222 successively (especially
just passing through the left face of the second notch 222
due to a normal incidence, and then being refracted by
the right facet 2220 of the second notch 222), thus arriv-
ing at the light exit surface 23 (such as its lower portion)
of the integrated lens 20. In the end, at the light exit sur-
face 23, both of the low and high lightbeams are projected
out from the integrated lens 20 for example towards a
road in front of the vehicle, just as the embodiment shown
in Fig. 1.

[0031] It should be noted herein that although the light
entrance surface 21 being light refractive in Fig. 1 and
the light entrance surface 21’ being light collimating in
Fig. 3 are both shown to consist of several sloped facets
having different sloped angles and bordered end to end,
the present invention is not limited only to it. Any other
suitable shape of the light entrance surface 21, 21’ can
be used, aslong as theincoming low and high light beams
are refracted properly into the light guiding portion 22 of
the integrated lens 20.

[0032] Fig. 4 shows another front-lighting system in a
cross section view according to an embodiment of the
presentinvention. The basic structure of the front-lighting
system shown in Fig. 4 is similar to that shown in Fig. 1,
and thus the same reference numerals are used to indi-
cate the same components. That s, there are also a light
source 10 (including a first sub-light source 11 and a sec-
ond sub-light source 12) and an integrated lens 20 (com-
prising a light entrance surface 21, a light guiding portion

10

15

20

25

30

35

40

45

50

55

22 and a light exit surface 23) existing within the front-
lighting system of Fig. 4, wherein a first notch 221 and a
second notch 222 are formed as well on the light guiding
portion 22. Different from the embodiment shown in Fig.
1, the front-lighting system of Fig. 4 now comprises an
extra component, i.e., a projection lens 30 located at an
optically downstream position as compared with the light
source 10 and the integrated lens 20. In this case, further
optionally, the light exit surface 23 of the integrated lens
20 is configured to be a flat surface, not like the light
projecting one which is for example curvedin Fig. 1. More
preferably, the flat, light exit surface 23 is positioned fur-
ther at a focal point F of the projection lens 30, thus ren-
dering the incoming low and high light beams to be pro-
jected into the far field, for example towards a road in
front of the vehicle. As seen in Fig. 4, the low light beam
incident at an upper portion of the light exit surface 23 is
refracted onto an upper portion of the projection lens 30,
and projected thereby towards a lower right direction in
front of the vehicle. In a similar way, the high light beam
incident at a lower portion of the light exit surface 23 is
refracted onto a lower portion of the projection lens 30,
and projected thereby towards an upper right direction
in front of the vehicle. In this way, the low and high light
beams are projected respectively by the projection lens
30 towards a lower vertical position and an upper vertical
position in front of the vehicle, making the above pro-
posed front-lighting system suitable for use in automotive
lighting.

[0033] According to an example instance of the above
embodiment, in the front-lighting system, the additionally
introduced projection lens 30 comprises further two parts,
i.e., a first sub-projection lens 301 and a second sub-
projection lens 302 as shown in Fig. 5, wherein Fig. 5
illustrates a front-lighting system in a cross section view
according to another embodiment of the present inven-
tion. The front-lighting system shown in Fig. 5is in a sim-
ilar configuration as compared with that of Fig. 4, except
for the only difference that the projection lens 30 consists
of two parts, i.e., a first sub-projection lens 301 and a
second sub-projection lens 302 stacked especially up
and down in the figure. In this case, the upper, first sub-
projection lens 301 is configured to receive and redirect
the incoming low light beam from the integrated lens 20,
while the lower, second sub-projection lens 302 is con-
figured to receive and redirect the incoming high light
beam from the integrated lens 20. Preferably, the first
notch 221 and the second notch 222 are positioned re-
spectively at the focal points F1, F2 of the two sub-pro-
jection lenses 301, 302 in object space, thus rendering
an optimized projection effect for the low and high light
beams by the respective firstand second sub-projections
lenses 301, 302. It should be noted herein that although
the two sub-projections lenses 301, 302 are shown in
Fig. 5 to be located at two sides of the optical axis (indi-
cated by a dashed horizontal line in the figure) of the
whole front-lighting system, this shall be never consid-
ered as any limitation to the presentinvention. As a matter
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of fact, according to different practical implementations,
such as a distance between the projection lens 30 and
the light exit surface 23 of the integrated lens 20, the first
sub-projection lens 301 can occupy only the upper one-
third part of the whole projection lens 30, while the second
sub-projection lens 302 occupies the remaining lower
part, meaning that the separation line between the two
sub-projection lenses 301, 302 is located above, not at
the optical axis of the whole front-lighting system. Obvi-
ously, a reverse disposition applies as well, i.e., the first
sub-projection lens 301 occupies the upper two-thirds
part of the whole projection lens 30, while the second
sub-projection lens 302 occupies the remaining one-third
part, meaning that the separation line between the two
sub-projection lenses 301, 302 is located below the op-
tical axis of the whole system. Having benefited from the
teaching of the present invention, a skilled person in the
art shall easily conceive that all these alternatives shall
be encompassed within the scope of the present inven-
tion.

[0034] Turningto Fig. 6, afront-lighting system accord-
ing to another embodiment of the present invention is
illustrated in a cross section view, wherein the same or
similar reference numerals are used to indicate the same
or similar elements or components as in Fig. 1. In other
words, the front-lighting system shown in Fig. 6 compris-
es also a light source 10 (consisting of a first sub-light
source 11 and a second sub-light source 12) and an in-
tegrated lens 20 (comprising a light entrance surface 21,
a light guiding portion 22 and a light exit surface 23’),
wherein a first notch 221 and a second notch 222 are
formed as well on the light guiding portion 22. Different
from the embodiment in Fig. 1, the front-lighting system
of Fig. 6 comprises now a light exit surface 23’ of the
integrated lens 20 provided with a special configuration.
To be specific, the light exit surface 23’ is configured to
comprise two sub-surfaces, i.e., a first sub-surface 231
and a second sub-surface 232 as shown in Fig. 6. In this
case, the first sub-surface 231 and the second sub-sur-
face 232 are designed in such a way that projections of
the two incident light beams, i.e., the low and high light
beams, are enabled properly towards a road in front of
the vehicle. For example, the two sub-surfaces 231, 232
of the light exit surface 23’ are stacked up and down in
the front-lighting system, rendering the low light beam to
be incident onto the upper, first sub-surface 231 while
the high light beam to be incident onto the lower, second
sub-surface 232. In this way, the low light beam is pro-
jected or redirected by the first sub-surface 231 for ex-
ample towards a lower right direction, while the high light
beam is projected or redirected by the second sub-sur-
face 232 for example towards an upper right direction,
contributing together to the combined beam pattern com-
prising an upper high beam pattern and a lower low beam
pattern. Again, as similar to the above embodiment in
Fig. 5, the separation line between the two sub-surfaces
231, 232 of the light exit surface 23’ is not limited only to
be above the optical axis (indicated by a dashed horizon-
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tal line in the figure) of the whole system, like that shown
in Fig. 6. Instead, according to different practical imple-
mentations, the two sub-surfaces 231, 232 of the light
exit surface 23’ can be separated also by a separation
line located at or even below the optical axis (indicated
by a dashed horizontal line in the figure) of the whole
front-lighting system, and the present invention shall en-
compass all these alternatives within the scope thereof.
Besides, according to another preferable embodiment of
the present invention, in the above proposed front-light-
ing system, the first notch 221 and the second notch 222
are positioned especially at the focal points F1’, F2’ of
the two sub-surfaces 231, 232 of the light exit surface
23’, such that proper projections of the low and high light
beams are guaranteed into the far field so as to facilitate
use in automotive lighting.

[0035] Itshould beindicated thatalthough all the above
descriptions are merely directed to a front-light system
comprising only one light source and one integrated lens,
this shall be never considered as any limitation to the
present invention. In fact, having benefited from the
teaching of the present invention, a skilled person in the
art shall easily understand that one or more duplicates,
distributed especially in an array, of such light source and
such integrated lens can be comprised within the pro-
posed front-lighting system. This means that the front-
lighting system as proposed by the presentinvention may
comprise one or more light sources and correspondingly
one or more integrated lenses. In this case, each light
source is paired with a respective integrated lens, mean-
ing that light emitted by each light source is incident into
acorresponding integrated lens and then refracted there-
from towards a road in front of the vehicle. By introducing
an array distribution of more than one light source and
more than one integrated lens, not only an enhanced
light output can be obtained by the above proposed front-
lighting system, but also flexible design of the projected
low and/or high beam pattern is possible, such as in pat-
tern shape and/or intensity distribution.

[0036] Also, it should be indicated that although only
two notches are shown in the figures and formed oppo-
sitely for example on upper and lower surfaces of the
light guiding portion of the integrated lens, the present
invention is never restricted only to this special embodi-
ment. Having benefited from the teaching of the present
invention, those skilled in the art shall easily conceive
that more than two notches can be formed as well. For
example, in the above proposed front-lighting system,
the light guiding portion of the integrated lens can be
provided further with a third notch and a fourth notch op-
posite to the third notch. To be specific, the third notch
can be formed on the lower surface of the light guiding
portion as well, but displaced by a small distance with
respect to the first notch in a direction parallel to the ex-
tending plane of the lower surface and perpendicular to
the optical axis of the whole system, i.e., in a direction
perpendicular to the cross section view in the figure. This
means that the first and third notches are formed in a line
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on the lower surface of the light guiding portion. A similar
configuration applies to the second and fourth notches
as well. In this way, use of a light source with a larger
size is facilitated, especially with a larger size in a direc-
tion parallel to the extending plane of the upper or lower
surface and perpendicular to the optical axis of the whole
system, i.e., in a direction perpendicular to the cross sec-
tion view in the figure. For example, with the above ad-
ditionally introduced third and fourth notches, a rod light
source with its main axis perpendicular to the cross sec-
tion view in the figure, such as a rod first sub-light source
and a rod second sub-light source, can be used, so that
a larger and also stronger light output is obtained to pro-
vide front-lighting for the vehicle. Thus, based on a similar
consideration, one or more further pairs of notches, such
as a fifth one and a sixth one, can be used as well ac-
cording to different practical applications.

[0037] It is important to note that light rays shown in
the figures, only represent part, but not all, of the light
rays within the whole front-lighting system. In fact, the
light rays shown in all the figures are only used as rep-
resentative examples for the purpose of illustrating the
basic principle of the present invention, and clearly
should not be read as exhaustive examples of all the light
rays within the entire front-lighting system.

[0038] It should also be noted that the above-men-
tioned embodiments illustrate rather than limit the
present invention, and that those skilled in the art will be
able to design many alternative embodiments without de-
parting from the scope and spirit of the present invention.
Although the present invention has been described in
connection with some embodiments, it is not intended to
be limited to the specific forms as set forth herein. Rather,
the scope of the present invention is limited only by the
accompanying claims. Additionally, although a feature
may appear to be described in connection with particular
embodiments, those skilled in the art would recognize
that various features of the described embodiments may
be combined in accordance with the present invention.

[0039] Furthermore, although individual features may
be included in different claims, these may possibly be
advantageously combined, and the inclusion in different
claims does not imply that a combination of features is
not feasible and/or advantageous. In the claims, any ref-
erence signs placed between parentheses shall not be
construed as limiting the claims. Use of the verb "com-
prise" and its conjugations does not exclude the presence
of elements or steps other than those stated in a claim.
The article "a" or "an" preceding an element does not
exclude the presence of a plurality of such elements. Al-
so, references to first, second etc. are merely to be con-
sidered as labels and do not imply or describe any or-
dering, sequence, relation or properties of the features
prefixed by these terms. The mere fact that certain meas-
ures are recited in mutually different dependent claims
does not indicate that a combination of these measures
cannot be used to advantage.
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LIST OF REFERENCE NUMERALS

[0040]

10 light source

11 first sub-light source

12 second sub-light source

20 integrated lens

21,21 light entrance surface

22 light guiding portion

221 first notch

2210 first or left facet

222 second notch

2220 second or right facet

23,23  light exit surface

30 projection lens

F focus point of projection lens

301 first sub-projection lens

F1 focus point of first sub-projection lens
302 second sub-projection lens

F2 focus point of second sub-projection lens
231 first sub-surface

232 second sub-surface

F1’ focus point of first sub-surface
F2’ focus point of second sub-surface
Claims

1. A front-lighting system for a vehicle, comprising:

a light source (10), and

an integrated lens (20) comprising a light en-
trance surface (21, 21°), a light exit surface (23,
23’), and a light guiding portion (22) sandwiched
between the light entrance surface (21, 21’) and
the light exit surface (23, 23’), wherein

the light source (10) is configured to emit a first
light beam and a second light beam onto the
light entrance surface (21, 21°),

the light guiding portion (22) is configured to re-
ceive the first light beam and the second light
beam from the light entrance surface (21, 21°),
and guide them towards the light exit surface
(23, 23’), where the first light beam and the sec-
ond light beam are both redirected out from the
integrated lens (20), and

the light guiding portion (22) comprises at least
a first notch (221) and a second notch (222) op-
posite to the first notch (221), wherein, while be-
ing guided, the first light beam undergoes an at
least partial reflection successively by the first
notch (221) and the second notch (222), and the
second light beam undergoes arefraction by the
second notch (222).

2. The frontlighting system according to claim 1,
wherein
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while being guided, the first light beam undergoes a
total reflection successively by the first notch (221)
and the second notch (222).

The front-lighting system according to claim 1,
wherein

the first light beam exhibits a cut-off profile formed
by the first notch (221).

The front-lighting system according to any one of
claims 1-3, wherein

the light source (10) comprises a first sub-light
source (11) configured to emit the first light beam as
alow light beam, and a second sub-light source (12)
configured to emit the second light beam as a high
light beam.

The front-lighting system according to any one of
claims 1-3, further comprising:

a projection lens (30) configured to receive the first
light beam and the second light beam from the inte-
grated lens (20), and redirect them towards a road
in front of the vehicle.

The front-lighting system according to claim 5,
wherein

the light exit surface (23) is positioned at a focal point
(F) of the projection lens (30).

The front-lighting system according to claim 5,
wherein

the projection lens (30) comprises a first sub-projec-
tion lens (301) configured to receive and redirect the
first light beam, and a second sub-projection lens
(302) configured to receive and redirect the second
light beam.

The front-lighting system according to claim 7,
wherein

the first notch (221) is positioned at a focal point (F1)
of the first sub-projection lens (301), and

the second notch (222) is positioned at a focal point
(F2) of the second sub-projection lens (302).

The front-lighting system according to any one of
claims 1-3, wherein

the light exit surface (23, 23’) comprises a light pro-
jecting surface configured to receive the first light
beam and the second light beam from the light guid-
ing portion (22), and redirect them towards a road in
front of the vehicle.

The front-lighting system according to claim 9,
wherein

the light projecting surface comprises a first sub-sur-
face (231) configured to receive and redirect the first
light beam, and a second sub-surface (232) config-
ured to receive and redirect the second light beam.
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The front-lighting system according to claim 10,
wherein

the first notch (221) is positioned at afocal point (F1°)
of the first sub-surface (231), and

the second notch (222) is positioned at a focal point
(F2’) of the second sub-surface (232).

The front-lighting system according to any one of
claims 1-3, wherein

the light entrance surface (21, 21’) comprises a light
refractive surface.

The front-lighting system according to any one of
claims 1-3, further comprising:

one or more further light sources in an array, and
one or more furtherintegrated lensesinan array,
wherein

each further light source comprises a first sub-
light source configured to emit a further first light
beam, and a second sub-light source configured
to emit a further second light beam, and

each further integrated lens is configured to re-
ceive the further first light beam and the further
second light beam from a respective one of the
one or more further light sources.

The front-lighting system according to any one of
claims 1-3, wherein

the light guiding portion (22) comprises at least a first
surface and a second surface opposite to the first
surface, wherein

the first surface and the second surface both extend
between the light entrance surface (21, 21’) and the
light exit surface (23, 23’), and

the first notch (221) is provided on the first surface,
and the second notch (222) is provided on the sec-
ond surface.

The front-lighting system according to claim 14,
wherein

the first notch (221) comprises a first facet (2210),
and

the second notch (222) comprises a second facet
(2220) parallel to the first facet (2210), wherein

the first light beam is incident successively onto the
first facet (2210) and the second facet (2220).
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