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METHODS FOR MANUFACTURING A LENS, LENS MANUFACTURING

SYSTEMS, AND LENSES

Technical Field

[0001] Embodiments relate generally to methods for manufacturing a lens, lens

manufacturing systems, and lenses.

Background

[0002] Lenses may be used for various applications. Thus, there may be a need for

cost efficient and time efficient ways for producing lenses and for cost efficient lenses.

Summary

[0003] According to various embodiments, a method for manufacturing a lens may be
provided. The method may iﬁélude: determining a NURBS (non-uniform rational basis
spline) representation of a provisional lens geometry; simulating ray traj ectories in a lens
with the provisional lens geometry based on the NURBS representation; determining a
final lens geometry based on the simulated ray trajectories; and producing a lens with the
final lens geo/metry.

[0004] According to various embodiments, a lens manufacturing system may be
provided. The lens manufacturing system may include: a representation detenniﬁer
configured to determine a NURBS representation of a provisional lens geometry; a

simulation circuit configured to simulate ray trajectories in a lens with the provisional
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“lens geometry based on the NURBS representation; a final geometry determiner
configured to determine a final lens geometry based on the simulated ray trajectories; and
a producing device configured to produce a lens with the final lens geometry.

[0005] According to various embodiments, a lens produced according to the method
may be provided. ‘
[0006] According to various embodiments, a lens produced by the lens

manufacturing system may be provided.

Brief Description of the Drawings

[0007] In the drawings, like reference characters generally refer to the same parts
throughout the different. views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
. following description, v’arious embodiments are described with reference to the following
drawings, in which:

FIG. 1A shows a flow diagram illustrating a method for manufacturing a lens
accbrding to varioﬁs embodiments;

FIG. 1B shows a lens manufacturing system 110 according to various
embodiments;

FIG. 2A, FIG. 2B and FIG. 2C shows a flow diagram iilustrating the Ray
Designer method according to various embodiments;

FIG. 2D shows an illustration of the Ray Designer according to various

embodiments;
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FIG. 3 shows an illustration of control of beam angle by shifting the height of the
hemispheric geometry of the lens profile according to various embodiments;

FIG. 4 shows an illustration of control of beam angle by shifting the base width of
the hemispheric georﬁetry of the lens profile according to various embodiments;

FIG: 5A and FIG. 5B show different ray trajectories interacﬁvely created by -
manipulating control points of the lens profile according to various embodiments;

FIG. 6 shows a top view of the lens and a side view of the lens according to
various embodiments; |

- FIG. 7A and FIG. 7B show illustrations of physical testing using silicon stickers |
according to various embodiments;

FIG. 7C shows an example of three lens system used for the physical testing with
an 0.8W LED at 2m distance the lux level was 10 lux without the lens, 55 with the lens
-according to various embodiments; |

FIG. 8A shows a front view of a single light-hanger according to various
embodiments;

FIG. 8B shows a front view of a cap, an outer body and an inner body according
to various embodiments;

FIG. 8C shows a perspective view of a cap, a lens, an outer body, and an inner
body according to various embodiments;

FIG. 8D shows an exploded view of a cap and LED (light emitting diode) and a
lens according to various embodiments; | |

FIG. 8E shows an exploded view of an entire structure according to various

embodiments;
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FIG. 9 shows a mock-up of the light hanger(s) system according to various
embodiments;

FIG. 10 shows a mock-up of the light hanger(s) system according to various
embodiments;

FIG. 11 shows a rendering of a proposed gallery space with light-hangers

according to various embodiments.

Description

[0008] Embodiments described below in context of the devices are analogously valid
for the respective methods, and vice versa. Furthermore, it will be understood that the
embodiments described below may be combined, for example, a part of one embodiment
may be combined with a part of another embodiment. -

[0009] In this context, the lens manufacturing system as described in this description
may include a memory which is for example used in the processing carried out in the lens
manufacturing system. A memory used in the embodiments may be a volatile memory,
for example a DRAM (Dynamic Random Access Memory) or a non-volatile memory, for
example a PROM (Programmable Read Only Memory), an EPROM (Erasable PROM),
EEPROM (Electrically Erasable PROM), or a flash memory, e.g., a floating gate memory,
a charge trapping memory, an MRAM (Magnetoresistive Random Access Memory) or a
PCRAM (Phase Change Random Access Memory).

[0010] In an embodiment, a "circuit" may be understood as any kind of a logic
implementing entity, which may be special purpose circuitry or a processor executing

software stored in a memory, firmware, or any combination thereof. Thus, in an
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embodiment, a "circuit" may be a hard-wired logic circuit or a programmable logic
circuit such as a programmable processor, g a microprocessor (e.g. a Complex
Instruction Set Computer (CISC) processor or a Reduced Instruction Set Computer
(RISC) processor). A "circuit” may also be a processor executing software, e.g. any kind
of computer program, e.g. a computer program using a virtual machine code such as e.g.
Java. Any other kind of implementation of the respective functions which will be
described in more detail below may}also be understood as a "circuit" in accordance with
an alternative embodiment.

[0011] Lenses may be used for various applications. Thus, there méy Ee a need for
cost efficient and time efficient ways for producing lenses and for cost efficient lenses.
[0012] FIG. 1A shows a flow diagram 100 illustrating a method for manufacturing a
~ lens according to various embodiments. In 102, a NURBS representation of a provisional
lens geometry may be determined. In 104, ray trajectories in a lens with the provisional
lens geometry may be simulated based on the NURBS representation. In 106, a ﬁna14 lens
geometry may be determined based on the simulated ray trajectories. In 108, a lens with
the final lens geometry may be produced.

[0013] According to various embodiments, simulating the ray trajectories may
include simulating reflection and refraction of a plurality of rays on an interface between
a lens and air.

[0014] According to various embodiments, the interface may be defined by the
provisional lens geometry.

[0015] Accordiﬁg to various embodime;nts, the NURBS representation may represent

the interface.
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[0016] Accordiﬁg to various embodiments, determining the final lens geometry may
include repeatedly simulating ray trajectories in a series df lenses, each lens of the series
of lenses having an iteratively adapted provisional lens geometry.

{0017} According to various embodiments, determining the final lens geometry may
further include determining one of the series of iteratively adapted provisional lens
geometries as a final lens geometry, based on an evaluation of the iteratively adapted
provisional lens geometriés.

[0018] According to various embodiments, the evaluation may include or may be an
evaluation with respect to an obj’ective function.

[0019] According to various embodiments, producing may include or may be at least
one of milling or molding.

[0020] FIG. iB shows a lens manufacturing system 110 according to various
embodiments. The lens manufacturing system 110 may include a representation
determiner 112 configured to determine a NURBS representatibn of a provisional lens
geometry. The lens manufacturing system 110 méy further include a simulation circuit
114 configured to simulate ray trajectories in a lens with the provisional lens geometry
based on the NURBS representation. The lens manufacturing system 110 may further
include a final geometry determiner 116 configured to determine a final lens geometry
based on the simulated réy trajectories. The lens manufacturing system 110 méy further
include a producing device 118 configured to produce a lens with the final lens geometry.
The representation determiner 112, the simulation circuit 114, the final geometry
determiner 116 and the producing device 118 may be coupled with each other, for

example via a connection 120, for example an optical connection or an electrical
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connection, such as for example a cable or a computer bus or via any other suitable
electrical connection to exchange electrical signals. |

[0021] According to various embodiments, the simulation circuit 114 may further be
configured to simulate reflection and refraction of a plurality of rays on an interface
between a lens and air.

[0022] According to various embodiments, the interface may be defined by the
provisional lens geometry.

[0023] According to various embodiments, the NURBS representation may represent
the interface.

[0024] According to various embodiments, the simulation circuit 114 may further be
configured to repeatedly simulating ray trajectories in a series of lenses, each lens of the
series of lenses having an iteratively adapted provisional lens geometry.

[0025] According to various embodiments, the final geometry determiner 116 may
further be configured to determine one of the series of iteratively adapted provisional lens
geometries as a final lens geometry, based on an evaluation of the iteratively adapted
provisional lens geometries.

[0026] According to various embodiments, the evaluation may include.or may be an
evaluation with respect to an objective function.

[0027] According to various embodiments, the producing device 118 may be
configured to produce the lens based on at least one of milling or molding.

[0028] According to various embodiments, a lens may be provided. The lens may be

a lens that has been produced according to the method described herein.
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[0029] According to various embodiments, the lens may include or may be made
from acryl and/ or polycarbonate.

[0030] According to various embodiments, é lens may be vprovided‘. The lens may be
a lens that has been produced by the lens manufacturing system described herein.

[0031] According to various embodiments, the lens may include or may be made
from acryl and/ or polycarbonate.

[0032] FIG. 2A shows a flow diagram 206 illustrating a method, which may be called
the Ray Designer method, according to various embodiments. The Ray Designer may be
a ray tracing tool for lens geometry design. It may be used for simple lenses (like will be
described in the following, for.example for “Simp-lens”) but also for lenses with more
complex geometry which thus give more control to light trajectories. C;)mmonly used
methods do not allow simple and easy manipulation of the lens geomefry itself beyond a
few parameters of standard convex/concave shapes. |
[0033] In 202, Ray Designer may take four inputs, (1) geometry of the lens in
NURBS format, (2) index of refraction of the lens material, (3) poéition of the light
source, and (4) beam angle of the light soufce, to compute ray trajectory.

[0034] In 204, initial rays may be generated. In 206, ray frajectories may be generated
for each ray. In 208, an initial ray may be set to sfart in the air (in other words: outside the
lens). In 210, an intersection between the ray and the lens may Be determined. In case no
intersections are found, processing may proceed in 212, where the trajectory may be
stored, and subsequent processing may proceed in 206. In case intersection points are
found (214), the closest intersection point to the ray starting point may be determined in

216. In 218, the reflection or refraction angle may be determined. In 220, the starting
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point and the direction of the ray may be updated. In 222, the ray may be visualized. In
224 it may be checked whether there is any self intersecting geometry. If so, an error
message may be output in 226, and processing may proceed ini 232. In ca"se no self
intersecting geometry is found, it may be determined Whet‘hef the lens geometry (or lens
design) is desirable in 228 (for example automatically by determining whether the rays
fulfill a pre-determined objective function, or manually by taking user input). In case the
lens geometry is desirable, processing may proceed to 230, where a fabrication file may
be output; otherwise, processing may proceed in 232.

[0035] The Raiy Designer method may allow one to move the control points of the
lens profile curves (in 232) and inferactively design light ray trajectories. (like will be
shown in the following figures).

[0036] FIG. 2B shows a further flow diagram 234 illustrating a method according to
various embodiments. Various steps of the method may be similar or identical to steps of
the method shown in FIG. 2A, so that the same reference signs may be used and duplicate
description may be omitted.

[0037] In 236, which may be executed in case it is determined in 228 that the lens
geometry is desirable, it may be determined whether the lens geometry is to be checked
for fabrication. If so, proéessing may proceed in 238, otherwise, processing may proceed
by outputting the fabrication file in 230. In 238, it .may be checked whether there are any
problematic milling surface normals. Input to 238 may further be processing parameters
determined in 242; like will be described in more detail below. If there are some
problematic milling surface normals, processing may proceed in 240, where a general

offset surface according to the tool normal and tool geometry may be generated, and
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processing may then proceed in 206. In case there are no problematic milling surface
normal, processing may proceed by outputting the fabrication file in 230.

[0038] The production parameters may be set like indicated by dashed box 242.
Fabrication input may be provided in 244, for example 3 axis milling may be set in 246,
or 5 axis milling may be set in 248, or injection moulding may bé set in 250. It will be
understood that any other production technique may be chosen. As an example, further
definition of the production technique is illustrated for 3 axis milling, where in 252 a tool
normal, a milling head type, ahd a milling surface (which may correspond to the lens
profile or iens geometry) may be input, for example by a user.

[0039] FIG. 2C shows a further ﬂoW diagram 254 illustrating a method according to
various embodiments. Various steps of the method may be similar or identical to steps of
the method shown in FIG. 2A, so that the same reference signs may be used and duplicate
description may be omitted.

[0040] After generating initial rays in 204, an initial lens geometry may be
determined in dashed block 256. For example, in 258, a (desired) light pattern may be
input. In 206, a user may input a plane of interest, for example a black and white bit map
of a desired light pattern. In 262, areas of ylight pattern may be determined, and the end
points of the rays may be distributed on the plane according to a given ray resolution. In
264, a ray may be drawn from each end point to the light source, and intersections
between the lens profile may be determined. In 266, the desired tangent for the lens may
be calculated, and the lens profile may be modified locally (if this may not be possible, it

may be skipped). In 268, the entire lens profile geometry may be updated.
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[0041] FIG. 2D shows an illustration 270 of the Ray Designer according to various
embodiments. Three stages of the lens design may be shown in FIG. 2D. on the left side,
a plurality of control points 274, 276 of the NURBS may define the lens geometry 280,
and a light source 272 may send rays through t_he lens, so that a plurality of resulting rays
278 may be illustrated. In .the middle illustration of FIG. 2D, the control point 276 of the
NURBS has been moved further down, so that the resulting lens geometry 280 changes,
and finally the resulting rays 278 also change. On the right hand side of FiG. 2D, the
control point 276 is moved even further down, and again the resulting lens geometry 280
and the resulting rays 278 are shown. |

[0042] Ray Designer may work for 2D éases, wherein NURBS curves may be input,
and for 3D cases, where NURBS surfaces may be input.

[0043] FIG. 3A shows an illustration 300 of control of beam angle by shifting the
height of the hemispheric geometry of the lens profile according to various embodiments.
The lens geometry 302 and the resulting rays 304 are shown for a' variety of lens
geometries.

[0044] FIG. 4 shows an illustration 400 of control of beam angle by shifting the base
width of the hemispheri¢ geometry of the lens profile according to various embodiments.
The lens geometry 402 and the resulting rays 404 are shown for a variety of lens
geometries. |

[0045] FIG. 5A shows an illustration 500 of different ray trajectories interéctively
created by manipulating control points of the lens profile according to various
embodiments. The lens geometry 502 and the resulting rays 504 are shown for a variety

of lens geometries.
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[0046] FIG5B shows an illustration 506 of different ray trajectories interactively
created by manipulating control points of the lens profile according to various
embodiments. The lens geometry may include a first lens 508 and a second lens 510, and
for those two lenses, the resulting combined rays 512 are shown for a different lens
| geometries.

[0047] = A lens that has been designed using the Ray Designer may be referred to as a
Simp-lens. For example, the Simp-lens may relate to a low cost plastic LED lens or low’
cost plastic LED lenses. A typical LED unit may include an LED chip mounted on a
circuit board which may give a near 180° beam angle. There may be many LED lenses
with complex geometric features designed to cohtrol LED beam angle. However, due to
the geometric complexity, for example undercuts and small features, the unit cost per lens
may be quite expensive especially for low volume production or customized
‘arrangements. Moreover, many applications such as interior and exterior decorative
lighting dd not require extreme accuracy in beam angle control as they are typically
housed in the fixture design which, together with the lens, affe;cts the light distribution.
The Simp-lens for example may take basic hemispherical shape with no under-cuts or
small features. For example just by manipulating the base width and height of the
hemisphere in relation to the LED chip position, the beam angle may be sufficiently
controlled. Subsequent to the design using Ray Desigrier, a 3D model of the lens
geometry may be produced and then the shape may for example(be milled out using a
CNC (computer numerical pontrol) 3-axes milling machine from a block of acrylic .

material and such the lens may be produced. For example a 4mm straight bit for a rough

- cut and a 4mm end ball mill for the finish for prototypes may be used. It may allow for

12
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customized size as well as arrangement/distribution of the hemispheric lens at a very low
price point. The performance has been tested using both acrylic and polycarbonate.
Examples will be shown in the following figures.

[0048] FIG. 6 shows an illustration 600 of a top view 602 of a lens plate with three
lenses 604, 606 and 608, and a side view 610 of the lenses 604, 606, and 608 according to
various embodiments. |

[0049] FIG. 7A shows an illustration 700 and FIG. 7B shows an illustration 702 of a
physical testing using silicon stickers according to various embodiments.

[0050] FIG. 7C shows an example of a three lens system 704 with three lenses 706,
708, and 710 used for a further physical testing with an 0.8W LED at 2m distance. The
lux level may be 10 lux without the lens, and 55 with the lens according to various
embodiments.

[0051] An integrated lighting-hanging apparatus (or system) may be provided, which
may be referred to as the Light Hangex; (or the Light Hangers). It may be related to a
space including such an apparatus and a method of providing an illumination profile and
ﬂexibie hanging display system.

[0052] FIG. 8A shows a front view 800 of a single light-hanger according to various
embodiments. The light-hanger may include a top cap 806 (which may be identical to a
bottom cap 816), an light source 808 (for example an LED), a lens 810 (for example
Simp-lens), an outer body 812, an inner body 814, the bottom cap 816 (which may be
identical to the upper cap 806), a hanging point 818 (for example for loads of up to

approximately 10kg), a hanging cable 802, and an electric wire 804.

13
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[0053] A Light Hanger may be composed of two tubular bodies (for example the
outer body 812 and the inner body 814) and pairs of attachment caps (for example the top
cap 806 and bottom cap 816, that are identical), and a lens 810 which may be the Simp-
lens as described above. The outer body 812 may provide general shape to the assembly
and may act as a diffuser to avoid direct light to reach one’s eyes. The inner bociy 814
may act as a light traveling medium, utilizving refractive characteristics of the material.
The cap (for example top cap 806) may have loop geometry where one can hang the
apparatus itself from the ceiling with the top cap, while the bottom cap 816 may allow
one to hang objects at the bottom of the apparatus. |

[0054] FIG. 8B shows a front view 820 of the cap 806 or 816 the outer body 812, and
thé inner body 814 according to various embodiments.

[0055] . 'FIG. SC shows a perspective view 822 of the cap 806 or 816, the lens 810, the
outer body 812, and the inner body 814 according to various embodiments.

[0056] The two small tubulaf stands (A in FIG. 8C) of the cap 806 may be used to
attach the light source aﬁd the lené. The inner circular stand (B in FIG. 8C) of the cap 806,
816 may be designed to connect to the end of the inner body 814 to travel the light to the
end of the cap 816. As a result, though the light source is only at the top of the apparatus,
the bottom end appears to be shining. One can easily attach or remove the caps 806, 816
from the bodies thus the assembly of the elements allows the Light Hanger(>‘s)vto have
three different states:

[0057] [state 1] top cap 806 + lens 810+ bodies (outer body 812, and optionally inner

body 814) + end cap 816;

14
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[0058]  ([state 2] 'top cap 806 + lens 810+ bodies (outer body 812, and optionally inner
body 814); or

[0059] [state 3] top cap 806 + lens 810.

[0060] | When at state 1, one can have objects hanging from the apparatus with
diffused light. When at state 2, one can have focused light. When at state 3, one can have
direct lighting; however, this state may be intended for easy replacement of the light
source, for example the LED. The entire assembly may for example hang objects up.to
approximately 10kg.

[0061] FIG. 8D shows an exploded view 824 of the cap 806, the LED 808, and the
lens 810 according to various embodiments.

[0062] FIG. 8E shows an exploded view 826 of the entire étructure according to
various embodiments. |

[0063] The Light Hanger may be designed as both lighting and hanging system to be
used either by itself or in multiple. In thé case of multiple installations, one might use a
single point to hang a plant pot, use two points to hang a fabric to make a screen, three or
more to create a cabinet or shelving unit, or use multiple points altogether to create a
complex three dimensional field and perform tests with flying robots, for instance. The
Light Hangers may act as a system of dense spatial connections inducing new ways of
occupancy and types of connectivity.

[0064] FIG. 9 shows a mock-up 900 of the Light Hanger(s) system according to
various embodiments. |

[0065] FIG. 10 shows a mock-up 1000 of the Light Hanger(s) system according to

various embodiments.
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[0066] FIG. 11 shows a rendering 1100 of a proposed gallery space with light-
hangers accorciing to various embodiments.

[0067] According to various embodiments, an illuminating device (for example the
light hanger) for illuminating a display Iﬁay be provided. The illuminating device may
include: a light source (for example ah LED) configured to emit light; a light guiding
member v(for example inner body) having a proximal end and a distal end opposite the
proximal end, wherein the light source is disposed at about the proximal end of the light
guiding member, wherein the light guiding member is designed to allow light emitted
from the light source to enter the light guiding member at the proximal end and exit the
light guiding member .at the distal end; and a distal anchoring mémber (for example a
lower cap) for the display to anchor on, the distal anchoring member designed to be
connected to the light guiding member at about the distal end, wherein 1ight exiting from
the light guiding.member is configured to illuminate the display.

[0068] According to various embodimeh;s, the illuminating device may further
include a distal end cap (for example top cap) having a connecting portion and an
anchoring portion opposite the connecting portion, the connecting portion designed to
connect the distal end cap to the light guiding member at about the distal end and the
anchoring portion includes the distal anchoring member.

[0069] According to various embodiments, the illuminating device may further
include a proximal anchoring member connected to the light guiding member at about the
proximal end.

[0070] According to various embodiments, the illuminating device may further

include a proximal end cap having a connecting portion and an anchoring portion
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opposite the connecting portion, the connecting portion designed to connect the proximal
end cap to the light guiding member at about the proximal end, the anchoring portion
includes the proximal anchoring member, and wherein the light source is disposed within
the proximal end cap.

[0071] According to various gmbodiments, the illuminating device may further
include a reinforcing structure (for example outer body) extending from the proximal end
cap to the diStal end cap.

[0072] According to various embodiments, the reinforcing structure may include or
may be a cylindrical sleeve surrounding the light guiding member, wherein the
reinforcing structure may include a proximal engaging end and a diétal engaging end,
wherein the proximal engaging end is designed to engage the proximal end cap and the
distal engaging end is designed to engage the distal end cap.

[0073] According to various embodiments, the light guiding member may be
elongated and may extend from about the light source to about the distal anchoring
member.

[0074] According to various embodiments, the light guiding member may include or
may be a tube.

[0075] According to various embodiments, the illumipating device may further
include a refractive element (for example a lens, for example Simp-lens) disposed
between the light source and the light guiding member, Whereih light emitted from the
light source passes through the refractive element before entering the light guiding

member at the proximal end.
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[0076] According to various embodiments, the refractive element may include 6r
may be at least one lens. |

[0077] According to various embodiments, the light guiding element may include an
aligning member at about the proximal eﬁd of the light guiding element, the aligning
member de'signed to be coupled to the reinforcing structure for aligning the light guiding
element along the longitudinal axis of the cylindrical sleeve.

[0078] According to various embodiments, the light source may include a plurality of
light emitting devices (for example for providing a more focused light).

[0079] According .to. various embodiments, the light source may include or may be
LED lights.

[0080] According to various embodiments, the distal anchoring member may include
or may be an eye for hanging the display.

[0081]  According to various embodiments, the proximal anchoring member may
include or may be an eye.

[0082] According to various embodiments, the light guiding member may be tapered
such that the width at about the proximal end is wider than the width at the distal end of
the light guiding member.

[0083] As part of the Light Hénger (assembly) may be an LED lens, for example
Simp-lens, as described above, and a lens design method encapsulated in a tool, for
example Ray Designer as described above, that has wider application. The lens(es) may
be used for one or multiple LED chips, or may be attached to existing LED units. The
lens may be suitable for a volume custom production at a low price point. The Ray

Designer may be a simple and easy to use optical lens design method and software. It
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may allow interactive or automated development of lens shape by manipulating the
control points of the lens profile curve.

[0084]  Light Hangers may be industrially applicable for markets in countries looking
for unique lighting and hanging display solutiéns. Simp-lens and Ray Designer may be
industrially applicable by LED manufacturers and lighting design industry.

[0085] While the invention has been particularly shown and described with reference
to specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be madé therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
thus indicated by the appended claims and all changes which come within thé meaning

and range of equivalency of the claims are therefore intended to be embraced.
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Claims

What is claimed is:

1. A method for manufacturing a lens, the method comprising:
determining a NURBS representation of a provisional lens geometry;
simulating ray trajectories in a lens with the provisional lens geometry based on
the NURBS representation;
determining a final lens geometry based on the simulated ray trajectories; and

producing a lens with the final lens geometry.

2. The method of claim 1,
wherein simulating the ray trajectories comprises simulating reflection and

refraction of a plurality of rays on an interface between a lens and air.

3. The method of claim 2,

wherein the interface is defined by the provisional lens geometry.

4.  The method of claim 2,

wherein the NURBS representation represents the interface.

5. The method of claim 1,

20
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wherein determining the final lens geometry comprises repeatedly simulating ray
trajectories in a series of lenses, each lens of the series of lenses having an

iteratively adapted provisional lens geometry.

6. The method of claim 5,
wherein determining the final lens geometry further compﬁses determining one of
the series of iteratively adapted provisional lens geometries as a final lens
geometry, based on an evaluation of the iteratively adapted provisional lens

geometries.

7. The method of claim 6,
wherein the evaluation comprises an evaluation with respect to an objective

function.

8. The method of claim 1,

wherein producing comprises at least one of milling or molding.

9. A lens manufacturing system comprising:
a representation determiner cqnﬁgured to determine a NURBS representation of a
provisional lens geometry;
a simulation circuit configured to simulate ray trajectories in a lens With the

provisional lens geometry based on the NURBS representation;
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a final geometry determiner configured to determine a final lens geometry based
on the simulated ray trajectories; and

a producing device configured to produce a lens with the final lens geometry.

10.  The lens manufacturing system of claim 9,
wherein the simulation circuit is further configured to simulate reflection and

refraction of a plurality of rays on an interface between a lens and air.

11.  The lens manufacturing system of claim 10,

wherein the interface is defined by the provisional lens geometry.

12.  The lens manufacturing system of claim 10,

wherein the NURBS representation represents the interface.

13.  The lens manufacturing system of claim 9,
~wherein the simulation circuit is further configured to repeatedly simulating ray
trajectories in a series of lenses, each lens of the series of lenses having an

iteratively adapted provisional lens geometry.
14.  The lens manufacturing system of claim 9,

wherein the final geometry determiner is further configured to determine one of

the series of iteratively adapted provisional lens geometries as a final lens
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15.

16.

17.

18.

19.

20.

geometry, based on an evaluation of the iteratively adapted provisional lens

geometries.

The lens manufacturing system of claim 14,

wherein the evaluation comprises an evaluation with respect to an objective
function.

The lens manufacturing system of claim 9,

wherein the producing device is configured to produce the lens based on at least
one of milling or molding.

A lens produced according to the method of claim 1.

The lens of claim 17,

wherein the lens comprises at least one of acryl or polycarbonate.
A lens produced by the lens manufacturing system of claim 9.

The lens of claim 19,

wherein the lens comprises at least one of acryl or polycarbonate.




