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High Optical Magnification Three-Dimensional Integral Imaging of Biological
Micro-organism ∗
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A high optical magnification three-dimensional imaging system is proposed using an optic microscope whose
ocular (eyepiece) is retained and the structure of the transmission mode is not destroyed. The elemental image
array is captured through the micro lens array. Due to the front diffuse transmission element, each micro lens
sees a slightly different spatial perspective of the scene, and a different independent image is formed in each micro
lens channel. Each micro lens channel is imaged by a Fourier lens and captured by a CCD. The design translating
the stage in 𝑥 or 𝑦 provides no parallax. Compared with the conventional integral imaging of micro-objects, the
optical magnification of micro-objects in the proposed system can enhanced remarkably. The principle of the
enhancement of the image depth is explained in detail and the experimental results are presented.
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Biologists often perform manual inspections for
bioimage analysis. It requires a large effort and con-
centration. Consequently, it is difficult to analyze a
huge number of bioimages and to have reliable analysis
results. Although bioimage informatics has a rather
long history,[1] recent progress in microscopic tech-
nologies is enhancing the research activity.[2] This can
be understood by research on analyzing bioimages au-
tomatically or semi-automatically by computer.[3,4] If
the techniques are accurate enough, their analysis re-
sults will be more accurate and reliable than those by
manual inspection. The optical microscope is the most
widely used in various fields to observe specimens, but
the obtained information through the microscope via
an image at once is not 3D but rather 2D. The integral
imaging has been regarded as one of the most suit-
able techniques for next-generation 3D.[5,6] However,
integral imaging cannot be directly applied to micro
objects smaller than each micro lens. The use of mag-
nifying lenses before the pickup process cannot be a so-
lution, because magnification is nonuniform along the
longitudinal depth direction, and thus the 3D shape
cannot be preserved for a magnified image.[7] Using a
micro lens array with lenslets much smaller than the
micro-object is not a solution either, because diffrac-
tion in each micro lens becomes significant, and thus
the image resolution is degraded seriously.

The first microscope system using a micro lens ar-
ray, which is a light field microscope, was reported

by Levoy et al.[8,9] This design is inserting a micro
lens array into the optical train of a conventional mi-
croscope, whose ocular is removed, and a micro lens
array is placed at the intermediate image plane. An
integral imaging microscope (IIM) also captures the
specimen through micro lens array, but the concept is
different so that a single point of the specimen can be
captured through multiple elemental lenses, whereas
a single point of the specimen passes through only
a single corresponding elemental lens in light field
microscopy.[10,11]

The advantages of the integral imaging micro-
scope technology have attracted great attention in
the past decades.[12−15] For the purpose of improving
resolutions[14,15] and depth of field[16] of the 3D dis-
play, many ways and methods were proposed. How-
ever, these are all based on the conventional design,
in which the ocular is replaced by micro lens array or
a micro lens array is placed at the intermediate image
plane and the ocular is removed. Because the ocu-
lar is removed, lateral optical magnifications of these
design are very difficult over 100×. Recently, Lin et
al.[17] proposed a novel approach for light field mi-
croscopy imaging using a camera array. In that sys-
tem the structure of the optic microscope was not de-
stroyed. However, the system is more expensive and
bulkier compared with the single lenslet array based
approach. In this work, we present a new design in-
tegral imaging microscope using a micro lens array.
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The aim is to enhance optical magnifications of the
integral imaging microscope.
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Fig. 1. Optical layout of different microscopes. (a) The
structure of microscope. (b) The structure of integral
imaging microscope.[8] (c) The structure of our design in-
tegral imaging microscope. The black line indicates the
rays from specimen. The green line indicates the rays from
pupil in (b). The orange, pink and blue lines indicate the
scattering rays from specimen in (c).

The basic principle of the microscope is illustrated
in Fig. 1(a). The structure of the integral imaging
microscope based on a micro lens array is shown in
Fig. 1(b).[8] It is composed of the objective lens, a mi-
cro lens array, and an image sensor. The specimen is
imaged via objective lens onto the intermediate plane,
and the elemental image array is captured through the
micro lens array. In the design the ocular is removed,
a micro lens array is placed at the intermediate im-
age plane, and a camera sensor is placed behind this,
positioned so that each micro lens records an in-focus
image of the objective.

In this study, we design a new optical structure of
the microscope based on a micro lens array (Fig. 1(c)).
In our design the ocular is retained. The structure
of the transmission mode optic microscope will not
be destroyed. An illumination source is focused by
a condenser lens onto a specimen. An objective lens
magnifies the specimen, creating a real image at in-

termediate image plane. An ocular further magnifies
this image, creating a second image focused at infinity.
The second image through the diffuse transmission el-
ement captures 3D light field of the specimen. The
elemental image array is captured through a micro
lens array. The diffuse transmission element, micro
lens array and imaging sensor are strictly conjugate,
each micro lens sees a slightly different spatial perspec-
tive of the scene, and a different independent image
is formed in each micro lens channel. Each micro lens
channel is imaged by a Fourier lens and captured by
a CCD.
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Fig. 2. Schematic diagram of our design system. In the
design the ocular is retained. We employed an optical
microscope as an amplification system. The amplifica-
tion image through the diffuse transmission element, used
for 3D information acquisition which is carried by the
scattered beam. The elemental image array is captured
through a micro lens array. Each micro lens channel is
imaged by a Fourier lens and captured by a CCD.

The new design mainly consists of three parts: the
amplification system (an optical microscope, Olympus
IX 70), the 3D information acquisition system and the
imaging system, which can be schematically mapped
as shown in Fig. 2. In our experimental system, the
3D objects are a tissue slice (skeletal muscle transverse
slice), whose size is 2 mm× 2 mm× 0.1 mm, and it is
illuminated by microscope light source. The size of
micro lens array is 6 cm× 6 cm, and it is composed
of 3000 periodic self-focusing lens with 1mm focal
length and 1 mm period. The perspective elemental
images arrays are recorded by a CCD (Photometrics,
evolve 512) with pixel pitch 6.5µm, operated at res-
olution 1392× 1040 pixels. The microscope objective
(Olympus) is 60×, the microscope ocular (Olympus)
is 10×, and the optical magnification of the tissue slice
is 600×.

To demonstrate the imaging performance, we cap-
ture the light field of the tissue slice (Fig. 3). The
system captured the tissue slice due to its translucent
property and applied a transillumination to another
biological micro-organism. In the optical pickup, the
elemental images of the 3D biological micro-organism
are recorded by using a lenslet array and a CCD cam-
era. The microscope ocular is 10× and the optical
magnification of the tissue slice was 600×. The ele-
mental array is shown in Fig. 3(a). The size of target
elemental image arrays is 13×13 arrays. Figures 3(b)
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and 3(c) show the enlarged images of the left and right
regions of Fig. 3(a). As shown in Fig. 3, the maximum
intensity of elemental images is marked. Result anal-
ysis of intensity distribution shows that the maximum
intensities are in different elemental images. The re-
sult suggests that each elemental image records a dif-
ferent perspective according to its position in the array
of lenses. The optical magnification was calculated by
multiplying the magnificence of the objective lens and
the ocular. The microscope objective is 60×, the ocu-
lar is 10× and the optical magnification of the tissue
slice is 600×. The amplification system of the integral
imaging microscope is an optical microscope. This
suggests that our three-dimensional integral imaging
can capture 600 magnification 3D light field in a single
photograph.

(a)

(b) (c)

Fig. 3. Maximum intensity distribution of micro-
organism elemental images (a), (b) and (c) show enlarged
images of the left and right regions of (a).

We provide three advantages on the optical system
comparison between our approach and the MLA as
follows: Firstly, our approach can achieve high optical
magnification by using an optic microscope. Although
the microscope objective is a highly corrected optical
subsystem capable of capturing rays that strike, once
the ocular is removed, the optical magnification of the
amplification system was limited compared with the
optical microscope which has an ocular. The amplifi-
cation system of the integral imaging microscope was
an optical microscope. Integral imaging microscope
captures light fields instead of images. If the ocular
is removed, optical magnifications of a conventional
microscope are very difficult over 100×. This means
that if the ocular is removed, optical magnifications of
the integral imaging microscope are very difficult over
100×. In our design, the ocular is retained and the

structure of the transmission-mode is not destroyed,
and its optical magnification is the same as the optic
microscope, which could reach 600×.

Secondly, our approach can improve imaging qual-
ity and can provide no parallax in translating the stage
in 𝑥 or 𝑦. Because the ocular is retained, the struc-
ture of the transmission mode light microscope will
not be destroyed in our design. Thus compared with
the conventional integral imaging microscope our de-
sign can provide no parallax in translating the stage
in 𝑥 or 𝑦. For a conventional integral imaging micro-
scope placing our micro lens array at the intermediate
image plane, it should cover the image created there
by the objective, while only the innermost is well-
corrected for aberrations. In our design, the image
is created there by the optic microscope, the ocular is
retained, and the structure of the transmission-mode
is not destroyed. The complete image is well-corrected
for aberrations.

In a normal microscopy, we use spatial informa-
tion only. Thus the number of resolvable spots in the
image is the same as the number of samples as just
defined. If we place a micro lens array at the image
plane, we can preserve some of the directional infor-
mation, but only by making each micro lens capture
a number of samples.[18,19]

In our design, the diffuse transmission element is
used for 3D information acquisition which is carried
by the scattered beam and the elemental image array
is captured through the micro lens array. This de-
sign makes the micro lens capture more samples. In
addition, we use diffusers to approximate the desired
condition in our prototype. Given a spatially nonuni-
form light source such as an incandescent bulb or arc
lamp, it is possible by adjusting the height of the mi-
croscope sub stage condenser to force the illumination
to be spatially uniform at the specimen.

Thirdly, our approach can pick up the independent
image. Conventional integral imaging microscope is
different so that a single point of the specimen can be
captured through multiple elemental lenses, whereas
a single point of the specimen passes through only a
single corresponding elemental lens in light field mi-
croscopy. Compared with it, in our system each micro
lens sees a slightly different spatial perspective of the
scene, and a different independent image is formed in
each micro lens channel. Each micro lens channel is
imaged.

Although the system has three advantages, it is
necessary to point out that the design can produce
orthographic views with a shallow depth of field but
its spatial resolution is lower. With the proposal of
using lens arrays to capture light fields, the imaging
system sacrifices spatial resolution to obtain angular
resolution. We synthetically focus on enhancing the
optical magnification of 3D light field of the speci-
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men. Although the design sacrifices the spatial reso-
lution relative to an ordinary microscope, they do not
sacrifice light-gathering ability.

In conclusion, we have presented a new three-
dimensional integral imaging system for biological
micro-organisms. Our experiment shows that 3D bi-
ological micro-organisms can be magnified 600× and
the imaging can be pickup by the system. Our method
can assist physicians, biologists and scientists in per-
ceiving the 3D structure of biological micro-organisms
more accurately.
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