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(57) An illuminating system for a camera that can

illuminate an area according to an angle of view of

the camera for stroboscopy is provided. The
illuminating system includes: a light source

emitting light; and an illuminating lens arranged in
an optical path of the light emitted from the light

source and having a fly-eye lens surface with a

plurality of lens cells thereon and an aspherical or
spherical lens surface opposite to the fly-eye lens

surface.
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1 2423373

ILLUMINATING SYSTEM FOR CAMERA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an illuminating system for a camera using a
light emitting diode (LED), and more patrticularly, to an illuminating system for a
camera in which a LED is used as a light source illuminating an area according to
an angle of view of the camera for stroboscopy.
2. Description of the Related Art

In general, with the development of small digital cameras, portable electronic
devices integrated with small digital cameras, such as mobile phones, MP3 players,
portable digital assistants (PDAs), etc., have become commercially available.

Conventional digital cameras with 300,000 pixels to millions of pixels are
under development to satisfy a customer’s desire for high performance digital
cameras with more pixels. In addition, there is a need to develop an illuminating
system including a LED light source for stroboscopic photography.

An illuminating system for a camera developed to comply with such a
requirement is disclosed in the Japanese Laid-open Patent Publication No. 2004-
252469 (entitled “Camera-integrated Mobile Phone”, published September 9,
2004). In the illuminating apparatus, light emitted from an LED is illuminated using
a spherical lens, an aspherical lens, or a Fresnel lens over an area separated by a
predetermined distance according to an angle of view of the camera. However,
due to a structural limitation of the lens used in the illuminating system, it is difficult
to illuminate the entire area with a uniform brightness.

Japanese Laid-open Patent Publication No. 2004-287357 (entitled “Fly-eye
lens for camera strobo built in mobile phone”, published October 14, 2004)
discloses an illuminating system. The illuminating system includes a fly-eye lens in
front of an LED. However, due to low light condensing efficiency, it is difficult to

obtain a desired brightness.
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SUMMARY OF THE INVENTION
The present invention, which has been developed in consideration of the

above-described limitations, provides an illuminating system for a camera that can
improve the brightness of light emitted from a light source and illuminate uniformly.

According to an aspect of the present invention, there is provided an
lluminating system for a camera, comprising: a light source emitting light; and an
illuminating lens arranged in an optical path of the light emitted from the light
source and having a fly-eye lens surface with a plurality of lens cells thereon and
an asphericai or spherical lens surface opposite to the fly-eye lens surface.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present invention will

become more apparent by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

FIG. 1 illustrates an optical arrangement of an illuminating system for a
camera according to a first embodiment of the present invention:

FIG. 2 is a top view of a fly-eye iens surface of an illuminating lens in FIG.
1;

FIG. 3 illustrates an optical arrangement of an illuminating system for a
camera according to a second embodiment of the present invention:;

FIG. 4 illustrates an optical arrangement of an illuminating system for a
camera according to a third embodiment of the present invention:

FIG. 5 illustrates an optical arrangement of an illuminating system for a
camera according to a fourth embcdiment of the present invention; and

FIG. 6 is a top view of a fly-eye lens surface of an illuminating lens in FIG.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 illustrates an optical arrangement of an illuminating system for a

camera according to a first embodiment of the present invention, and FIG. 2 is a
top view of a fly-eye lens surface of an illuminating lens in FIG. 1.

Referring to FIG. 1, an illuminating system for a camera according to a first
embodiment of the present invention includes a light source 10 and an illuminating

lens 20 converging the light emitted from the light source 10 into uniform
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converging light. The light source 10 may include at least one of small light
sources, such as light emitting diodes (LEDs). The light source 10 emits diverging
light toward the illuminating lens 20. The illuminating lens 20 is arranged a
predetermined distance D away from the light source 10 in an optical path of the
light emitted from the light source and has a positive refracting power. The
illuminating lens 20 has a fly-eye lens surface 21, which makes uniform the
intensity of the light emitted from the light source 10, and a lens surface 25
opposite to the fly-eye lens surface 21. The lens surface 25 is an aspherical or
spherical plane that converges incident light. The illuminating lens 20 may be
arranged such that its fly-eye lens surface 21 faces the light source 10.

As illustrated in FIG. 2, the fly-eye lens surface 21 may be constructed as a
combination of a plurality of lens cells 23 separately converging incident light. The
plurality of lens cells 23, each of which has a convex shape, are arranged in 2
dimensions. The light emitted from the light source 10 is uniformly converged in
the lens cell units 23 while being transmitted through the fly-eye lens surface 21.

The lens surface 25 converges the uniform light passed through the fly-eye
plane 21 such that the light can be illuminated according to an angle of view of the
camera. As a result, the brightness of the illuminating light can be improved. To
this end, the lens surface 25 is formed as an aspherical or spherical plane.

To uniformly illuminate an area separated a desired distance from the light
source 10 with enhanced brightness, the light source 10 and the illuminating lens
20 may be designed to comply with the conditions defined in formulas (1) and (2)

below.

15° < tan’! < 31°

Sle

(1)
where d is a height of each of the lens cells 23, and D is a distance between the
light source 10 and the fly-eye lens surface 21.

Formula (1) above defines the range of incidence for angles of light entering
each of the lens cells 23. When d and D satisfy formula (1), uniform intensity
illuminating light can be obtained as is apparent from the intensity distributions of
light illuminated by illuminating systems according to first through fourth
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embodiments of the present invention described below.

If the incidence angle of the light is greater than the upper limit in formula
(1), the illuminated area separated by a predetermined distance from the light
source 10 has a non-uniform intensity distribution. If the incidence angle of the light
is smaller than the lower limit in formula (1), it is difficult to manufacture an
illuminating lens satisfying the condition defined in formula (1), and a center region
of the illuminated area has a high light intensity distribution, thereby lowering
illumination uniformity.

Formula (2) defines the relation between the curvatures of the lens cells 23
on the fly-eye lens surface 21 and the thickness of the illuminating lens 20.

<15

3

(2)
where T is a thickness of the illuminating lens 20, and R is a radius of curvature of
each of the lens cells 23.

When the relationship defined in formula (2) is satisfied, illuminating light of
uniform intensity can be obtained. However, if the relationship defined in formula
(2) is not satisfied, it is difficult to ensure uniform illumination distribution due to a
difference in brightness between center and peripheral regions.

Each of the lens cells 23 may have a rectangular shape, for example, a
square shape, when viewed from the light source 10. When each of the lens cells
23 has a square shape, processibility and productivity are improved because it is
easy to implement their horizontally symmetrical radius of curvature.

Embodiments of the illuminating system for a camera according to the

present invention will be described below.

An illuminating system for a camera according to a first embodiment of the
present invention has an optical arrangement illustrated in FIG. 1. The illuminating
system has lens data in Table 1.



15

20

25

Table 1
Radius of Distance | Refractive | Deviation Remark
curvature or index
thickness
Light source Ry=w D=1 - - -
mm
llluminating R2=3 mm T=1.8 1.49175 57.8 0.6x0.6 mm?
lens mm (size of each lens
cell)
R3=-1.8 mm - Aspherical surface (k=-0.9, A=0.01)

Referring to Table 1, the lens cells on the fly-eye lens surface are arranged
as illustrated in FIG. 2. Each of the lens cells has a 0.6x0.6-mm square shape.

The lens surface has an aspherical surface having a conic constant k of 0.9 and
an aspheric coefficient A of 0.01. The aspheric surface equation of the lens surface

is represented by formula (3) below.

14 2
- cCy 4 6 ~ 8 10
= + Ay  + By +Cy + D .
X 1+V1- (k+ ety 2 752y T Y (3)

where x is a distance from the apex of the lens surface to an optical axis, y
is a distance in a direction perpendicular to the optical axis, ¢’ is the reciprocal of a
radius of curvature on the apex of the lens surface, k is a conic constant, and A, B,
C, and D are aspheric coefficients. In the present embodiment, B, C, and D are

Zero.

An illuminating system for a camera according to a second embodiment of
the present invention has an optical arrangement illustrated in FIG. 3. The

illuminating system has lens data in Table 2.
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Table 2
Radius of | Distance or | Refractive | Deviation Remark
curvature thickness index
Light source Rq = D=1 mm - - -
llluminating R,=2.26 T=25 1.49175 57.8 0.6%0.6 mm?2
lens mm mm .
(size of each
lens cell)
R3=-5.5 mm - Spherical surface (k=0, A=0)

Referring to Table 2, lens cells on a fly-eye lens surface of an illuminating
lens in the illuminating system according to the second embodiment of the present
invention are arranged as illustrated in FIG. 2. A lens surface of the illuminating

lens is spherical.

An illuminating system for a camera according to a third embodiment of the
present invention has an optical arrangement illustrated in FIG. 4. The illuminating

system has lens data in Table 3.

Table 3
Radius of | Distance or | Refractive | Deviation Remark
curvature thickness index
Light source Ry = w D=1 mm - - -

llluminating | R,=4 mm T=15 1.49175 57.8 0.6x0.6 mm?

lens mm .
(size of each

lens cell)

R3=-5.5 mm - Aspherical surface (k =0, A =0.001)

Referring to Table 3, lens cells on a fly-eye lens surface of an iluminating
lens in the illuminating system according to the third embodiment of the present

invention are arranged as illustrated in FIG. 2. Each of the lens cells has a 0.6x0 6-

mm square shape. A lens surface of the illuminating lens is an aspherical surface
satisfying formula 3 where a conic constant k is 0 and an aspheric coefficient A is
0.001.




10

15

20

An illuminating system for a camera according to a fourth embodiment of
the present invention has an optical arrangement illustrated in FIG. 5. The

iluminating system has lens data in Table 4.

Table 4
Radius of | Distance or | Refractive | Deviation Remark
curvature thickness index
Light source Rq = D=1 mm - - -
llluminating R>=4 mm T=15 1.49175 57.8 0.3%0.3 mm?
lens mm (size of each
lens cell)
R3=-5.5 mm - Aspherical surface (k =0, A=0.001)

Referring to Table 4, a lens surface of an illuminating lens in the illuminating
system according to the fourth embodiment of the present invention has
substantially the same optical arrangement and lens data as in FIG. 4 and Table 3.

Each of a plurality of lens cells on a fly-eye lens surface of the illuminating lens has

a 0.3x0.3-mm square shape illustrated in FIG. 6.

Each of the illuminating systems, according to the first through fourth
embodiments of the present invention, satisfies the conditions in formulas (1) and
(2). The results are shown in Table 5. Therefore, all of the illuminating systems
according to the present invention illustrated in FIGS. 1, 3, 4, and 5 can produce

converging light of uniform intensity.

Table 5
Embodiment 1 | Embodiment 2 | Embodiment 3 | Embodiment 4
Formula (1) 30.96° 30.96° 30.96° 16.70°
Formula (2) 0.60 1.11 0.38 0.38

As described above, an illuminating system for a camera according to the

present invention includes an illuminating lens having a fly-eye lens surface with a

plurality of lens cells thereon and a spherical or aspherical lens surface opposite to

the fly-eye lens surface. The fly-eye lens surface makes uniform the intensity of

incident light emitted from a light source, and the spherical or aspherical lens




surface converges incident light to enhance the brightness of an area illuminated by
the light. The processibility and productivity of the ifluminating lens can be
improved by forming the lens cells in the shape of squares.

While the present invention has been particularly shown and described with
reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and details may be made
therein without departing from the scope of the present invention as defined by the

following claims.
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CLAIMS:

1. An illuminating system for a camera, comprising:

a light source emitting light; and

an illuminating lens arranged in an optical path of the light emitted from the
light source and having a fly-eye lens surface with a plurality of lens cells thereon

and an aspherical or spherical lens surface opposite to the fly-eye lens surface.

2. The illuminating system of claim 1, wherein the iluminating lens is a

unitary lens.

3. The illuminating system of claim 1 or claim 2, wherein the illuminating

lens is comprised of a plurality of lenses.

4. The ililuminating system of claim 1, claim 2 or claim 3, wherein the
illuminating lens is arranged such that the fly-eye lens surface faces the light

source.
5. The illuminating system of claim 4 satisfying the condition:
=] = _i o
15° < tan™ 5 < 31
where d is a height of each of the lens cells, and D is a distance between the light

source and the fly-eye Iens surface.

6. The illumirating system of any preceding claim, satisfying the

condition:
T
R <15

where T is a thickness of the illuminating lens, and R is a radius of curvature of

each of the lens cells.

7. The illuminating system of claim 6 wherein the light source is at least
one light emitting diode (LED).
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8. The illuminating system of any preceding claim, wherein each of the

lens cells has a square shape when viewed from the light source.

9. An illuminating apparatus for an image processing device, the
apparatus comprising:

a light source emitting light; and

an illuminating lens arranged in an optical path of the light emitted from the
light source, the illuminating lens having a fly-eye lens surface with a plurality of
lens cells thereon that separately converge incident light and an aspherical or

spherical lens surface opposite to the fly-eye lens surface.

10. An illuminating apparatus of claim 9, wherein the plurality of lens
cells are substantially convex and rectangular shaped, and the illuminating

apparatus satisfies the condition:

15° < tan'l-% < 31°

where d is a height of each of the lens cells, and D is a distance between the light

source and the fly-eye lens surface.

11. An illumination method for improving the brightness and uniformity of
light incident upon an image processing apparatus, the method comprising:

receiving light from a light source; and

providing an illuminating lens, which has a fly-eye lens surface having a
plurality of adjacent lens cells thereon each of which is substantially convex in
shape and each of which separately converges incident light, and a substantially
aspherical or substantially spherical surface that converges incident light; and

arranging the illuminating lens in an optical path of the light emitted from the

light source wherein the fly-eye lens surface faces the emitted light.

12.  The illuminating method of claim 14 satisfying the condition:

15° £ tan” < 31°

1 d
D

where d is a height of each of the lens cells, and D is a distance between the light
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source and the fly-eye lens surface.

13. The illuminating method of claim 11 or claim 12 satisfying the
condition:
T
R <15

where T is a thickness of the illuminating lens, and R is a radius of curvature of

each of the lens cells.

14.  The illuminating method of claim 13 wherein the light source is at

least one light emitting diode (LED).

15. The illuminating method of any of claims 11 to 14, wherein each of

the lens cells has a square shape when viewed from the light source.

16. An illuminating system for an image processing apparatus such as a
camera, substantially as herein described with reference to the accompanying

drawings.

17. An illumination method for improving the brightness and uniformity
of light incident upon an image processing apparatus, substantially as herein

described with reference to the accompanying drawings.
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