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OPTICAL IMAGING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the priority benefit of Tai-
wan application serial no. 99124914, filed on Jul. 28, 2010.
The entirety of the above-mentioned patent application is
hereby incorporated by reference herein and made a part of
this specification.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The invention relates generally relates to an optical
systen, and more particularly, to an optical imaging system.
[0004] 2. Description of Related Art

[0005] Imaging lenses are one of the most important com-
ponents in optical systems such as video cameras, digital
cameras, projectors, microscopes, and endoscopes. Due to
cost considerations, typically spherical glass lenses are
adopted for the lenses of an imaging lens. The formed images
are not totally equivalent to the original objects because of the
added effects of phase differences, diffraction, and dispersion
for the optical paths of the optical systems result, which result
in image aberrations.

[0006] Inorder to achieve preferable imaging effects, opti-
cal design engineers have conventionally began with the
lenses themselves, for instance by adopting aspheric lenses,
cemented lenses, or by specifically designing each curvature
of the lenses for preferred combinations. However, the use of
aspheric lenses drastically increases the manufacturing cost,
the design complexity, and the optical system sensitivity.
Therefore, professional photographers frequently spend
extraordinary amounts of money to purchase expensive
lenses.

[0007] Moreover, when the imaging lens is applied in medi-
cal equipments (e.g., fundus cameras or endoscopes examin-
ing the mouth and throat), because the human anatomy for
areas such as the fundus oculi, the throat, and the mouth are
extremely three-dimensional, very close shooting with the
lenses result in a shallow depth of field. Therefore, in an
image it is difficult to clearly present structures of different
distances from the lens. When shot over a plurality of photo-
graphs, then a comparison between the different structures
becomes difficult.

[0008] Additionally, when using conventional imaging
cameras, a resolution of the optical system is limited by a
choice of an imaging lens. Hence, adaptive adjustments of
resolution for different user requirements cannot be made.

SUMMARY OF THE INVENTION

[0009]  Accordingly, the invention is directed to an optical
imaging lens capable of effectively compensating for an opti-
cal image aberration and enhancing an image resolution, hav-
ing a preferable depth of field, and having an adjustable
imaging effect according to a user requirement.

[0010] Anembodiment of the invention provides an optical
imaging system, including an imaging lens and a spatial light
modulator. The imaging lens has an aperture stop position.
The spatial light modulator is disposed at the aperture stop
position of the imaging lens to serve as a pupil of the imaging
lens. The spatial light modulator is adapted to modulate a
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light transmission rate of the spatial light modulator, so as to
change an amplitude and a phase of a light intensity of the
pupil.

[0011] Another embodiment of the invention provides an
optical imaging system adapted to image an object onto an
image plane. The optical imaging system includes an imaging
lens and a spatial light modulating light source. The imaging
lens has an aperture stop position. The spatial light modulat-
ing light source is adapted to provide a structural beam for
illuminating the object. The structural beam is imaged at the
aperture stop position. The spatial light modulating light
source is adapted to modulate the structural beam, so as to
change an image of the structural beam at the aperture stop
position. The aperture stop position is disposed on a trans-
mission path of the structural beam between the spatial light
modulating light source and the image plane.

[0012] Insummary, inanoptical imaging system according
to anembodiment of the invention, a spatial light modulator is
employed to serve as a pupil, or a spatial light modulating
light source is employed to provide a structural beam imaged
at the aperture stop position. Accordingly, the spatial light
modulator or the spatial light modulating light source are
modulated so as to deform the pupil or the structural beam.
Thereby, different imaging effects may be produced accord-
ing to user requirements.

[0013] Inorder to make the aforementioned and other fea-
tures and advantages of the invention more comprehensible,
embodiments accompanying figures are described in detail
below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0015] FIG. 1A is a schematic view of an optical path of an
optical imaging system according to an embodiment of the
invention.

[0016] FIG. 1B illustrates a micromirror in the digital
micromirror device depicted in FIG. 1A and an optical path
produced therewith.

[0017] FIG. 2is a distribution diagram of a light transmis-
sion rate of the digital micromirror device depicted in FIG. 1A
under a specific condition.

[0018] FIG. 3A is a curve diagram of an optical transfer
function (OTF) calculated for an comparison system of the
optical imaging system depicted in FIG. 1A.

[0019] FIGS. 3B, 3C, and 3D are respective curve diagrams
of OTFs calculated when K=0, K=0.05, and K=0.3 for the
optical imaging system depicted in FIG. 1A.

[0020] FIG. 4 is a schematic view of an optical path of an
optical imaging system according to another embodiment of
the invention.

[0021] FIG. 5 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention.

[0022] FIG. 6 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention.

[0023] FIG. 7 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention.
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[0024] FIG. 8 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention.
[0025] FIG. 9 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention.
[0026] FIG. 10 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention.

DESCRIPTION OF EMBODIMENTS

[0027] FIG. 1A is a schematic view of an optical path of an
optical imaging system according to an embodiment of the
invention. FIG. 1B illustrates a micromirror in the digital
micromirror device depicted in FIG. 1A and an optical path
produced therewith. FIG. 2 is a distribution diagram of a light
transmission rate of the digital micromirror device depicted in
FIG. 1A under a specific condition. Referring to FIGS. 1A,
1B, and 2, an optical imaging system 100 of the present
embodiment includes an imaging lens 110, and a spatial light
modulator 200. The imaging lens 110 has an aperture stop
position P. The spatial light modulator 200 is disposed at the
aperture stop position P of the imaging lens 110 to serve as a
pupil of the imaging lens 110. The spatial light modulator 200
is adapted to modulate a light transmission rate, e.g. an ampli-
tude transmittance, of the spatial light modulator 200, so as to
change an amplitude and a phase of a light intensity of the
pupil.

[0028] More specifically, in the present embodiment, the
imaging lens 110 includes at least one first lens 112 (e.g., one
first lens 112 depicted in FIG. 1A), and at least one second
lens 114 (e.g., one second lens 114 depicted in FIG. 1A). The
spatial light modulator 200 is disposed on a transmission path
of a light beam B between the first lens 112 and the second
lens 114.

[0029] Inthe presentembodiment, the light beam B from an
object 50 is adapted to being collected by the imaging lens
110 and passed through the first lens 112, the spatial light
modulator 200, and the second lens 114 in sequence, and
thereafter imaged on an image plane I. In the embodiment, a
light sensor 60 is disposed on the image plane I to detect the
image of the object 50. The light sensor 60 is, for example, a
complementary metal oxide semiconductor sensor (CMOS)
sensor, a charge coupled device (CCD), or a film. The film is,
for example, a negative film or a positive film.

[0030] In the present embodiment of the invention, the
spatial light modulator 200 further includes a plurality of
micro pupil units 210. In more specifics, the spatial light
modulator 200 is, for example, a digital micromirror device,
and the micro pupil units 210 are micromirrors arranged in an
array on the digital micromirror device, for instance. Each of
the micro pupil units 210 (e.g., each of the micromirrors) is
adapted to rotate a +0 angle, or rotate a -0 angle, in which 0
1s 12 degrees, for example. When the micromirrors rotate to
the +0 angle (e.g., rotated to the position of the micro pupil
units 210 illustrated by the solid lines in FIG. 1B), the spatial
light modulator 200 is at an on-state. At this time, the micro-
mirrors are adapted to reflect the light beam B (e.g., light
beam B illustrated by the solid lines in FIG. 1B) such that the
light beam B is transmitted to the second lens 114, and the
second lens 114 images the light beam B onto the light sensor
60. On the other hand, when the micromirrors rotate to the -6
angle (e.g., rotated to the position of the micro pupil units 210
illustrated by the dotted lines in FIG. 1B), the spatial light
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modulator 200 is at an off-state. At this time, the micromirrors
are adapted to reflect the light beam B (e.g., light beam B
illustrated by the dotted lines in FIG. 1B) such that the light
beam B deviates in a direction away from the second lens 114,
where the light beam B cannot be transmitted to the second
lens 114, and therefore the light beam B cannot be transmitted
to the light sensor 60.

[0031] The micromirrors are adapted to rapidly oscillate
between the +8 angle and the -8 angle. For example the
micromirrors can provide 256 gray levels within a 5.6 milli-
seconds unit of time. The differences in gray levels are deter-
mined by differences in the ratios of the frequency the micro-
mirrors are rotated to the +0 angle and the -0 angle per unit
time. When the ratio of the frequency the micromirrors are
rotated to the +6 angle per unit time is high, then a gray scale
value is large. At this time, this represents the light transmis-
sion rate (e.g. transmittance amplude) of the light beam B
transmitted to the light sensor 60 is high, i.e. a large propor-
tion of the light beam B is reflected by the micromirros to the
light sensor 60.

[0032] Moreover, the spatial light modulator 200 is adapted
to modulate the micro pupil units 210 into a plurality of pupil
regions 220 (e.g., as indicated in FIG. 2), in which each of the
pupil regions 220 includes at least one micro pupil unit 210.
For example, the pupil regions 220 may include 1, 4, or 9
micro pupil units 210 arranged in an array, or even more
micro pupil units 210 arranged in an array. In the present
embodiment, a light transmission rate of the pupil regions 220
symmetrically changes from a center to an edge of the pupil.
For example, the light transmission rate of the pupil regions
220 progressively decreases from the center to the edge of the
pupil. Moreover, in the embodiment, when each of the pupil
regions 220 includes a plurality of micro pupil units 210, the
light transmission rates of the micro pupil units 210 in a same
pupil region 220 are substantially the same. As shown in FIG.
2, in each of the squares representing the pupil regions 220, a
low density of intersecting lines represents a high light trans-
mission rate. Conversely, a high density of intersecting lines
represents a low light transmission rate.

[0033] Inthe present embodiment, the optical imaging sys-
tem 100 further includes a beam direction converter 120
disposed on a transmission path of the light beam B between
the first lens 112 and the spatial light modulator 200, and
disposed on a transmission path of the light beam B between
the spatial light modulator 200 and the second lens 114. In the
embodiment, the beam direction converter 120 is, for
example, a total internal reflection (TIR) prism. The TIR
prism includes a first prism 122 and a second prism 124. A gap
126, for example an air gap, is disposed between the first
prism 122 and the second prism 124. Due to the gap 126, a
surface 128 of the second prism 124 facing the gap 126
becomes a TIR surface. When the light beam B is reflected by
the micromirrors at the on-state, the surface 128 is adapted to
totally reflect the light beam B (e.g., light beam B illustrated
by the dotted lines in FIG. 1A) to the second lens 114. On the
other hand, when the light beam B is reflected by the micro-
mirrors at the off-state, the light beam B (e.g., light beam B
illustrated by the dashed lines in F1G. 1A) is adapted to pass
through the surface 128 and therefore cannot be transmitted to
the second lens 114. The beam direction converter 120 can
make an optical axis of the spatial light modulator 200 sub-
stantially parallel with an optical axis of the light beam B
incident upon the spatial light modulator 200. Accordingly,
the light beam B incident upon the spatial light modulator 200
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partially overlaps the light beam B exiting the spatial light
modulator 200, thereby reducing a volume of the optical
imaging system 100 in the embodiment.

[0034] In the present embodiment, a distribution T'(x,y) of
the light transmission rate of the pupil regions 220 of the
spatial light modulator 200 may fit a curve T(x,y), as shown
by the dotted lines illustrated in an upper diagram of FIG. 2.
In FIG. 2, in order to present a clear illustration, the light
transmission rate distribution T'(x,y) and the curve T(x,y)
have been normalized on a position coordinate (e.g., horizon-
tal axis) and a light transmission rate coordinate (e.g., vertical
axis). In other words, the pupil according to an embodiment
of the invention may be circularly symmetrical, but may be
elliptically symmetrical in another embodiment.

[0035] In the present embodiment, the curve T(x,y) may be
represented by the following function:

glx, y), whenx*+yt <1
T, y)=

0, when 1% + yz >1

[0036] In the present embodiment, g(x) is a function pro-
gressively decreasing from an origin (e.g., x=0 and y=0) to
where x*+y>=1. In an embodiment of the invention, g(x,y)=g
(=X, =y). In an embodiment illustrated by FIG. 2, g(x)=1-
(x*+y?), although the invention is not limited thereto. More-
over, the x and y directions of the above formula and in FIG.
2 are substantially perpendicular to the optical axis of the
spatial light modulator 200, and the x-direction is substan-
tially perpendicular to the y-direction.

[0037] Since the light transmission rate distribution T'(x,y)
may be fitted to the curve T(x,y), the light transmission rate
distribution function of the spatial light modulator 200 may
be represented by the following formula:

T'x,y)=E@xye® ; En: T(x, y)a(x - %]g(y - %)

Die -1
where 0 < |m|, || < Int —

[0038] ¢ in the above formula is, for example, a width ¢ of
the pupil regions 220 (as shown in FIG. 2), which is substan-
tially an integer multiple of awidth d ofa micromirror. In FIG.
2 for instance, ¢ is 5 times d. Moreover, D is a width D of the
pupil formed by the spatial light modulator 200 (as shown in
FIG. 2). §[x-(2mc/D)]8[y-(2n¢/D)] represents a delta func-
tion at a center position of the pupil region. In addition, E'(x,
y)=[H(x+¢/D)-H(x-c/D)|x[H(y+c/D)-H(y-¢/D)] in which
H(x+c/D), H(x-¢/D), H(y+¢/D), and H(y-¢/D) are step func-
tions, Int[(D/c-1)/2] represent an integer portion of the [(D/
¢-1)/2], and the ® symbol represents a convolution opera-
tion.

[0039] An optical transfer function (OTF) of the optical
imaging system 100 in the present embodiment may be math-
ematically calculated as follows. A pupil function f(x,y) of the
optical imaging system 100 in the present embodiment may
be represented by the following formula:

Sixy)=T'(xy)exp [ikW(x,)]
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[0040] in which f(x,y) is a complex function. When the
pupil is circularly symmetrical, f(x,y) may be represented by
the following formula:

ap
T'(x, y)exp likz Z Wep(F + ) T yﬁ}, when X% +y? < 1
[ y) = « p
0, when ¥ + y2 >1
[0041] in which o and f are non-negative integers. More-

over, m,, is an coefficient for generating different types of
optical image aberrations. For example, w,, is a defocus
aberration coefficient, w,, is a spherical aberration coeffi-
cient, and w,, is a coma aberration coefficient. In addition,
k=2n/\.

[0042] Moreover, an OTF 1(s) of the optical imaging sys-
tem 100 in the present embodiment may be calculated by the
following formula:

foofmf()ﬁ SI2, W (x= 2, vidxdy
o= ST s, ydxdy

[0043] inwhichs is a spatial frequency and s=sFAN. F is an
f-number of the imaging lens 110, A is a wave length, and N
is a number of cycles per unit length in the image plane.
Moreover, f*(x,y) is a complex conjugate of f(x,y). K is
defined as K=(c/D). As shown in FIG. 2, the smaller the value
of ¢, the narrower the width ¢ of the pupil regions 220.
Accordingly, the spatial light modulator 200 can generate a
larger quantity of pupil regions 220. A large quantity of pupil
regions 220 can generate a light transmission rate distribution
function T'(x,y) having a large number of gray levels (e.g., the
number of gray levels depicted in the upper diagram of FIG.
2) to fit the curve T(x,y). FIG. 3A is a curve diagram of an
OTF calculated for a comparison system of the optical imag-
ing system depicted in F1G. 1A. The comparison system used
for FIG. 3A employs a clear aperture, which is a fully light
transmissive aperture.

[0044] Inthe present embodiment, the optical imaging sys-
tem 100 further includes a control unit 150 electrically con-
nected to the spatial light modulator 200, for controlling the
modulation of the spatial light modulator 200. For example,
according to a user requirement, the control unit 150 may
control a magnitude of the value of K, and may determine
what type of functions to be fit by the light transmission rate
distribution function T'(x,y).

[0045] FIGS. 3B-3D respectively illustrates the curve dia-
grams of the OTFs calculated for K=0, K=0.05, and K=0.3 of
the optical imaging system depicted in FIG. 1A. Herein, K=0
represents the value of ¢ trends toward 0, and further repre-
sents the light transmission rate distribution T'(x,y) is
approximate to the curve T(x,y). Moreover, the vertical axes
of FIGS. 3A-3D represent the moduli of the OTFs, in other
words the modulation transfer functions. The horizontal axes
represent the spatial frequency, or s in the above formula.
Moreover, the curves depicted in FIGS. 3A-3D are derived
from inputting —w,,=mw,,=m;,=0, A/m, 3N, SA/m, 100/x,
200/m into the above formula for t(s). As shown in FIGS.
3A-3D, with different values of K, the image resolutions are
different for various spatial frequencies and degrees of image
aberrations. For example, when the spatial frequency is
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approximately 0.5, a comparison of the moduli of the OTFs
on the Si/m curves shown in FIGS. 3A-3D finds the largest
modulus from FIG. 3C, which is larger than the modulus from
FIG. 3A. Therefore, regarding the resolution of images hav-
ing a spatial frequency of 0.5, the optical imaging system 100
of the present embodiment is preferable over the comparison
system.

[0046] 1In order to make the foregoing description more
comprehensible to readers, the table below lists the moduli of
the OTFs for spatial frequency s=0.085 under different con-
ditions of the optical imaging system 100 in the present
embodiment and the comparison system.

TABLE 1
Pupil Shape Clear Aperture K=0.05 K=03
Aberration Coefficients 0
Defocus (w,¢) 0.95 0.98 0.86
Spherical 0.95 0.98 0.90
Aberration {0,)
Coma Aberration 0.95 0.98 0.86
(031)
Three Combined 0.95 0.98 0.90
Aberration Coefficients 5h/a
Defocus (00) 0.64 0.81 0.71
Spherical 0.55 0.87 0.77
Aberration {(w,q)
Coma Aberration 0.90 0.97 0.84
(©31)
Three Combined 0.83 0.94 0.87
Aberration Coefficients 100/n
Defocus (0,0) 0.13 041 0.38
Spherical 0.28 0.68 0.54
Aberration {w,0)
Coma Aberration 0.75 0.92 0.80
(w3y)
Three Combined 0.60 0.78 0.75
Aberration Coefficients 200/n
Defocus (0,0) 0.00 0.07 0.22
Spherical 0.17 0.47 0.41
Aberration {u,0)
Coma Aberration 0.36 0.74 0.65
(w3))
Three Combined 0.33 0.37 0.37

[0047] In the above Table 1, a value 0.68 in the space
corresponding to the aberration coefficient of 10A/7, K=0.03,
and spherical aberration represents that under this condition,
the modulus of the OTF is 0.68. The meaning of the values
corresponding to the other spaces can be derived from the
foregoing description. From Table 1 above, with K=0.05 and
K=0.3 for the optical imaging system 100 in the present
embodiment, the moduli of the OTFs are larger than the
moduli of the OTFs for the clear aperture. This is particularly
pronounced when the aberration coefficients are larger or
equal to S)/z. Moreover, the “Three Combined” refers to a
combined effect when all three of the defocus (w,,=-w.,),
spherical aberration (w,,), and coma aberration (w;;) are
employed.

[0048] As shown from the above values gathered from
mathematical calculations, the optical imaging system 100 in
the embodiment may achieve a preferable imaging quality.
Moreover, even under defocused conditions, the optical
imaging system 100 in the embodiment can still maintain a
high modulus of the OTF. In other words, the optical imaging
system 100 has a large depth of field. In the present embodi-
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ment, the optical imaging system 100 may serve as an imag-
ing system of a video camera or other optical systems. Since
the optical imaging system 100 can achieve a large depth of
field, therefore combined with the control from an imaging
software, an optimized depth of field effect may be achieved.
Moreover, applications in currently available medical equip-
ments may be feasible without drastic alterations to the opti-
cal system framework. In other words, even when an imaging
lens of a mediocre resolution and a cheap price is adopted, due
to the modulation of the spatial light modulator 200, a pref-
erably high image resolution can be achieved, thereby saving
the cost for lenses. Further, due to the large depth of field, the
optical imaging system 100 of the embodiment may be
applied in diagnostic medical equipments such as fundus
cameras or endoscopes examining the mouth and throat.
[0049] Inaddition, when the optical imaging system 100 of
the embodiment is applied in video cameras, different K
values may be employed to image a same object, thereby
achieving an image having a high dynamic range.

[0050] It should be noted that the spatial light modulator
200 is not limited to the digital micromirror device in the
invention. In other embodiments of the invention, the spatial
light modulator 200 may also be a reflective liquid crystal
panel, for example a liquid-crystal-on-silicon (LCOS) panel,
in which the micro pupil units are the pixels of the LCOS
panel, and the light transmission rate is a light reflectivity
generated by the pixels for light of a specific polarization
direction.

[0051] Moreover, in other embodiments, a beam splitter
may be adopted for the beam direction converter 120. The
beam splitter may be a partially-transmissive-partially-re-
flective device, or a polarizing beam splitter (PBS). The PBS
is adapted for use when the spatial light modulator 200 is a
reflective liquid crystal panel.

[0052] Furthermore, in other embodiments, the optical
imaging system 100 may also omit the beam direction con-
verter 120, in which the micromirrors at the on-state directly
reflect the light beam B to the second lens 114, and the
micromirrors at the off-state cannot transmit the light beam B
to the second lens 114.

[0053] Itis worth noting that, a quantity of the firstlens 112
may be plural for forming a lens group. Moreover, a quantity
of the second lens 114 may also be plural for forming a lens
group.

[0054] FIG. 4 is a schematic view of an optical path of an
optical imaging system according to another embodiment of
the invention. Referring now to FIG. 4, an optical imaging
system 100a of the present embodiment is similar to the
aforementioned optical imaging system 100 depicted in FIG.
1A. The dissimilarities are described below. In the present
embodiment, a spatial light modulator 200a of the optical
imaging system 100a is a transmissive liquid crystal panel, a
plurality of micro pupil units 210a are pixels arranged in an
array of the transmissive liquid crystal panel, and a light
transmission rate is the light transmittance of the pixels. The
optical imaging system 100a of the present embodiment is
capable of achieving the advantages and effects of the optical
imaging system 100 depicted in FIG. 1A, hence further
description thereofis omitted hereinafter. Moreover, since the
spatial light modulator 200a is a transmissive and not a reflec-
tive spatial light modulator, therefore in the present embodi-
ment, the beam direction converter 120 depicted in FIG. 1A
may be not required to change a transmission direction of the
light beam B from the spatial light modulator 200a.
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[0055] FIG. 5 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention. Referring now to FIG. 5, an optical imaging
system 1006 of the present embodiment is similar to the
aforementioned optical imaging system 100 depicted in FIG.
1A. The dissimilarities are described below. In the optical
imaging system 1005 of the present embodiment, no spatial
light modulator is disposed at the aperture stop position P of
animaging lens 1105. Instead, in the embodiment, the optical
imaging system 1005 includes a spatial light modulating light
source 300. The spatial light modulating light source 300 is
adapted to provide a structural beam 302 to illuminate the
object 50, in which the structural beam 302 is imaged at the
aperture stop position P. In the present embodiment, an image
304 of the imaging of the structural beam 302 at the aperture
stop position P is used to replace the light transmission rate
distribution generated by the spatial light modulator 200
depicted in FIG. 1A.

[0056] More specifically, the spatial light modulating light
source 300 is adapted to modulate the structural beam 302 in
order to alter the image 304 of the structural beam 302 imaged
at the aperture stop position P. In addition, the aperture stop
position P is disposed on a transmission path of the structural
beam 302 between the spatial light modulating light source
300 and the image plane I. In the present embodiment, the
spatial light modulating light source 300 includes a light
source 310 and the spatial light modulator 200. The light
source 310 is adapted to provide an illumination beam 312.
The spatial light modulator 200 is disposed on a transmission
path of the illumination beam 312 to convert the illumination
beam 312 into the structural beam 302. In the embodiment,
the spatial light modulating light source 300 includes at least
one lens 320 (e.g., one lens 320 in the embodiment for
example), disposed on a transmission path of the illumination
beam 312 between the spatial light modulator 200 and the
light source 310. Further, in the embodiment, the optical
imaging system 1005 further includes at least one third lens
116 disposed on a transmission path of the structural beam
302 between the spatial light modulating light source 300 and
the object 50. In the present embodiment, the structural beam
302 is adapted to pass through the object 50 and be transmit-
ted to the first lens 112, thereby passing through the aperture
stop position P and the second lens 114 to be transmitted to
the image plane I. In other words, the aperture stop position P
1s disposed on a transmission path of the structural beam 302
between the first lens 112 and the second lens 114. Moreover,
the object 50 is imaged on the image plane I, or imaged onto
the light sensor 60.

[0057] In the present embodiment of the invention, the
spatial light modulator 200 is the same as the spatial light
modulator 200 depicted in FIG. 1A, in that both are digital
micromirror devices. Moreover, in the embodiment, the spa-
tial light modulating light source 300 has a plurality of micro
light source units 330. Specifically, when the micromirrors of
the spatial light modulator 200 (e.g., the micro pupil units 210
depicted in FIG. 1A) are at the on-state, the illumination beam
312 can be reflected to the third lens 116. In other words, the
micromirrors (e.g., the micro pupil units 210) form a micro
light source unit 330. A plurality of micromirrors at the on-
state, therefore, can form a plurality of micro light source
units 330. Hence, the illumination beam 312 is converted into
the structural beam 302. Moreover, the spatial light modulat-
ing light source 300 is adapted to modulate the micro light
source units 330 into a plurality of light source regions. A
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light intensity of the light source regions progressively
decreases from a center to an edge of the spatial light modu-
lating light source 300.

[0058] Inthe embodiment, each of the light source regions
includes at least one micro light source unit 330. When each
of the light source regions includes a plurality of micro light
source units 330, the light intensities of the micro light source
units 330 in a same light source region are substantially the
same. In other words, the micro pupil units 210 depicted in
FIG. 1A may be viewed as the micro light source units 330 of
the present embodiment, the pupil regions 220 of FIG. 2 may
be viewed as the light source regions of the present embodi-
ment, and the light transmission rate of the pupil regions 220
of FIG. 2 may be viewed as the light intensity of the light
source regions of the present embodiment. Furthermore, the
image 304 of the structural beam 302 at the aperture stop
position P may be viewed, for instance, as a projected image
of the pupil formed by the spatial light modulator 200
depicted in FIG. 1A. Whether an actual pupil is disposed at
the aperture stop position P as in FIG. 1A, or the image (e.g.,
image 304) of the pupil is set at the aperture stop position P,
similar light modulation effects are achieved for imaging the
object 50 onto the light sensor 60. In other words, placing the
image of the pupil at the aperture stop position P is the same
or similar to configuring an actual pupil at the aperture stop
position P. Therefore, the light intensity distribution of the
light source regions in the present embodiment may be fully
referenced to the light transmission rate distribution
described by the embodiment depicted in FIG. 1B, and hence
further description thereof is omitted hereinafter.

[0059] In the present embodiment, the control unit 150 is
electrically connected to the spatial light modulating light
source 300, for controlling the modulation of the spatial light
modulating light source 300. Specifically, the control unit 150
is electrically connected to the spatial light modulator 200, for
example, for controlling the modulation of the spatial light
modulator 200. The control unit 150 may determine what
types of functions to be fit by the light intensity distribution
function of the light source regions, and the control unit 150
may determine the value of K. Further, the optical imaging
system 1005 of the present embodiment is capable of achiev-
ing the same or similar advantages and effects of the optical
imaging system 100 depicted in FIG. 1A, hence further
description thereof is omitted hereinafter.

[0060] Moreover, inthe embodiment, an aperture stop 1305
may be disposed on the aperture stop position P, and the
aperture stop 1305 has an opening, in which the image 304 is
formed in the opening.

[0061] The optical imaging system 1005 in the embodi-
ment may be applied in a microscope to inspect the object 50.
However, in other embodiments of the invention, when the
object 50 is a spatial light modulator (e.g., a transmissive
liquid crystal panel), and the light sensor 60 is swapped with
ascreen, then the optical imaging system 1005 can serve as a
projection system for projecting an image of the spatial light
modulator (e.g., the object 50) onto the screen. Moreover, in
other embodiments, the object 50 may also be a slide. Accord-
ing to the foregoing analysis of the mathematical calcula-
tions, with different values of K, the resolutions are different
for various spatial frequencies. Therefore, when the optical
imaging system 1005 is applied in a projection apparatus
displaying an image from a blu-ray disc or a DVD, the spatial
frequency of the image is high. Thus, in order to produce a
sharp image, a K value having a preferable resolution for the
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high spatial frequency may be used to display the image. On
the other hand, when displaying a lower resolution image
from a cable or non-cable television signals, then a K value
having a preferable resolution for the lower spatial frequency
may be used to display the image, so the image appears
natural.

[0062] It should be noted that, the invention is not limited
with the digital micromirror device being employed for the
spatial light modulator 200 in the spatial light modulating
light source 300. In other embodiments, a reflective liquid
crystal panel may be adopted.

[0063] FIG. 6 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention. Referring to FIG. 6, an optical imaging
system 100¢ in the embodiment is similar to the optical imag-
ing system 1005 depicted in FIG. 5. A difference therebe-
tween is that the optical imaging system 1005 in FIG. 5
images onto the light sensor 60 the image of the object 50
carried by the structural beam 302 passing through the object
50, whereas the optical imaging system 100¢ images onto the
light sensor 60 the image of the object 50 carried by the
structural beam 302 and reflected by the object 50. The optical
imaging system 100¢ of the present embodiment is capable of
achieving similar advantages and effects of the optical imag-
ing system 100 depicted in FIG. 1A. For example, since the
optical imaging system 100¢ in the embodiment has a large
depth of field F, therefore even when the object 50 is inclined
with respect to the structural beam 302, the object 50 can still
be clearly imaged onto the light sensor 60.

[0064] The object 50 of the embodiment may also be a
spatial light modulator, for example a digital micromirror
device or a reflective liquid crystal panel, and the light sensor
60 may be swapped with a screen such that the optical imag-
ing system 100c may serve as a projection system.

[0065] FIG. 7 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention. Referring now to FIG. 7, an optical imaging
system 100d of the present embodiment is similar to the
aforementioned optical imaging system 1005 depicted in
FIG. 5. The dissimilarities are described below. In the present
embodiment, a spatial light modulating light source 3004
further includes the beam direction converter 120 depicted in
FIG. 1A, for example. The beam direction converter 120 is
disposed on a transmission path of the illumination beam 312
between the light source 310 and the spatial light modulator
200, and disposed on a transmission path of the structural
beam 302 between the spatial light modulator 200 and the
aperture stop position P. In the embodiment, the illumination
beam 312 from the light source 310 is adapted to be totally
reflected by the TIR surface 128 to the spatial light modulator
200, and the micromirrors in the spatial light modulator 200 at
the on-state are adapted to convert the illumination beam 312
into the structural beam 302 passing through the TIR surface
128. In other embodiments, a beam splitter or a PBS may be
adopted for the beam direction converter 120 in accordance to
a user requirement.

[0066] FIG. 8 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention. Referring now to FIG. 8, an optical imaging
system 100e¢ of the present embodiment is similar to the
aforementioned optical imaging system 100c depicted in
FIG. 6. The dissimilarities are described below. In the present
embodiment, the optical imaging system 100e further
includes a beam direction converter 140e disposed on a trans-
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mission path of the structural beam 302 between the spatial
light modulating light source 300 and the object 50, and
disposed on a transmission path of the structural beam 302
between the object 50 and the first lens 112. In the embodi-
ment, the beam direction converter 140e¢ is a beam splitter, for
example a partially-transmissive-partially-reflective reflect-
ing mirror, adapted to reflect a portion of the structural beam
302 from the spatial light modulating light source 300 to the
object 50, and adapted to transmit a portion of the structural
beam 302 from the object 50 to the aperture stop position P. In
other embodiments, the beam direction converter 140e may
also be a TIR prism or a PBS unit. When the beam direction
converter 140e is a PBS unit (e.g., a PBS mirror or a PBS
prism), a polarizing light source may be employed for the
light source 310. Accordingly, a quarter wave plate may be
configured on a transmission path of the structural beam 302
between the PBS unit and the object 50.

[0067] FIG. 9 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
of the invention. Referring now to FIG. 9, an optical imaging
system 100/ of the present embodiment is similar to the afore-
mentioned optical imaging system 1005 depicted in FIG. 5.
The dissimilarities are described below. In the optical imag-
ing system 100fofthe embodiment, a spatial light modulating
light source 300f1s, forexample, a light emitting diode (LED)
array, an organic light emitting diode (OLED) array, a plasma
display panel (PDP), a field emission display (FED) panel, or
a cathode ray tube (CRT). In other words, the spatial light
modulating light source 300fis a self-emissive display, and
the luminance of a pixel 340f'in the spatial light modulating
light source 300/ may determine the light intensity of the light
source regions.

[0068] FIG. 10 is a schematic view of an optical path of an
optical imaging system according to yet another embodiment
ofthe invention. Referring now to FIG. 10, an optical imaging
system 100g of the present embodiment is similar to the
aforementioned optical imaging system 1006 depicted in
FIG. 5. The dissimilarities are described below. In the optical
imaging system 100g of the present embodiment, a spatial
light modulator 200g is, for example, a transmissive liquid
crystal panel, and a portion of the illumination beam 312 of
the light source 310 is adapted to pass through the spatial light
modulator 200g to form the structural beam 302.

[0069] Inview of the foregoing, in an optical imaging sys-
tem according to an embodiment of the invention, since a
spatial light modulator is employed to serve as a pupil, or a
spatial light modulating light source is employed to provide a
structural beam imaged at an aperture stop position, an ampli-
tude and a phase of a light intensity of the pupil or the
structural beam can be changed. Accordingly, different imag-
ing effects may be produced according to user requirements.
[0070] Although the invention has been described with ref-
erence to the above embodiments, it will be apparent to one of
the ordinary skill in the art that modifications to the described
embodiment may be made without departing from the spirit
of the invention. Accordingly, the scope of the invention will
be defined by the attached claims not by the above detailed
descriptions.

What is claimed is:

1. An optical imaging system, comprising;

an imaging lens having an aperture stop position; and

a spatial light modulator disposed at the aperture stop posi-
tion of the imaging lens to serve as a pupil of theimaging
lens, wherein the spatial light modulator is adapted to
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modulate a light transmission rate of the spatial light
modulator, so as to change an amplitude and a phase of
a light intensity of the pupil.

2. The optical imaging system as claimed in claim 1,
wherein the spatial light modulator has a plurality of micro
pupil units, the spatial light modulator is adapted to modulate
the micro pupil units into a plurality of pupil regions, and a
light transmission rate of the pupil regions symmetrically
changes from a center to an edge of the pupil.

3. The optical imaging system as claimed in claim 2,
wherein each of the pupil regions comprises at least one micro
pupil unit.

4. The optical imaging system as claimed in claim 3,
wherein when each of the pupil regions comprises a plurality
of micro pupil units, the light transmission rates of the micro
pupil units in a same pupil region are substantially the same.

5. The optical imaging system as claimed in claim 1,
wherein the spatial light modulator is a digital micromirror
device, a reflective liquid crystal panel, or a transmissive
liquid crystal panel. The optical imaging system as claimed in
claim 1, wherein the imaging lens comprises:

at least one first lens; and

atleast one second lens, wherein the spatial light modulator

is disposed on a transmission path of a light beam
between the first lens and the second lens, and the optical
imaging system further comprises a beam direction con-
verter disposed on a transmission path of a light beam
between the first lens and the spatial light modulator, and
disposed on a transmission path of a light beam between
the spatial light modulator and the second lens.

7. The optical imaging system as claimed in claim 6,
wherein the beam direction converter comprises a total inter-
nal reflection (TIR) prism or a beam splitter.

8. The optical imaging system as claimed in claim 1, fur-
ther comprising a control unit electrically connected to the
spatial light modulator for controlling the modulation of the
spatial light modulator.

9. An optical imaging system adapted to image an object
onto an image plane, the optical imaging system comprising:

an imaging lens having an aperture stop position; and

aspatial light modulating light source adapted to provide a

structural beam to illuminate the object, wherein the
structural beam is imaged at the aperture stop position,
the spatial light modulating light source is adapted to
modulate the structural beam, so as to change an ampli-
tude and a phase distribution of a light intensity of the
structural beam imaged at the aperture stop position, and
the aperture stop position is disposed on a transmission
path of the structural beam between the spatial light
modulating light source and the image plane.

10. The optical imaging system as claimed in claim 9,
wherein the spatial light modulating light source has a plu-
rality of micro light source units, the spatial light modulating
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light source is adapted to modulate the micro light source
units into a plurality of light source regions, and a intensity of
the light source regions symmetrically changes from a center
to an edge of the spatial light modulating light source.

11. The optical imaging system as claimed in claim 10,
wherein each of the light source regions comprises at least
one micro light source unit.

12. The optical imaging system as claimed in claim 11,
wherein when each of the light source regions comprises a
plurality of micro light source units, the light intensities of the
micro light source units in a same light source region are
substantially the same.

13. The optical imaging system as claimed in claim 9,
wherein the spatial light modulating light source comprises:

a light source adapted to provide anillumination beam; and

a spatial light modulator disposed on a transmission path of

the illumination beam to convert the illumination beam
into the structural beam.

14. The optical imaging system as claimed in claim 13,
wherein the spatial light modulator is a digital micromirror
device, a reflective liquid crystal panel, or a transmissive
liquid crystal panel.

15. The optical imaging system as claimed in claim 13,
further comprising a beam direction converter disposed on a
transmission path of the illumination beam between the light
source and the spatial light modulator, and disposed on a
transmission path of the structural beam between the spatial
light modulator and the aperture stop position.

16. The optical imaging system as claimed in claim 15,
wherein the beam direction converter comprises a TIR prism,
a beam splitter, or a polarizing beam splitter.

17. The optical imaging system as claimed in claim 9,
wherein the spatial light modulator is a light emitting diode
array, an organic light emitting diode array, a plasma display
panel, a field emission display panel, or a cathode ray tube.

18. The optical imaging system as claimed in claim 9,
wherein the imaging lens comprises:

at least one first lens; and

at least one second lens, wherein the aperture stop position
is disposed on a transmission path of the structural beam
between the first lens and the second lens, and the optical
imaging system further comprises at least one third lens
disposed on a transmission path of the structural beam
between the spatial light modulating light source and the
object.

19. The optical imaging system as claimed in claim 9,
further comprising a control unit electrically connected to the
spatial light modulating light source for controlling the
modulation of the spatial light modulating light source.
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