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ABSTRACT

The paper presents a technique of manipulating the pupil
function in the optical scanning holography (OSH) system to
detect the edge of a three-dimensional object. OSH is a fast
biomedical imaging system that scans a three-dimensional
(3D) object and encodes its intensity information into a
two-dimensional hologram. The reconstruction of sectional
images from a hologram has been well discussed as post-
processing methods. However, manipulating pupil functions
as a pre-processing technique has been less investigated. The
latter can detect any specific part of an object by manipulat-
ing the pupil function. Here, we focus on the edge detection
of a 3D object, which is implemented by configuring two
pupil functions as a Dirac delta function and the Laplacian of
the Gaussian, respectively. The simulated experiment demon-
strates that the technique is a real-time pre-processing method
to obtain the edge of the 3D object.

Index Terms— Image reconstruction, edge detection,
pre-processing

1. INTRODUCTION

Biomedical imaging is one of the fastest growing area of
biomedical systems, giving us tremendous abilities to see
inside living organisms. Magnetic resonance imaging (MRI),
computed tomography (CT), ultrasound, etc are some widely
used imaging modalities. They differ from each other in terms
of the cost, imaging physics (i.e. the physical quantity that we
are imaging), image resolution, and the nature and amount
of the computation needed to reconstruct images from a raw
data. A relatively newer modality is optical imaging, where
lasers are often involved in the image capture process. In
this paper we focus on a particular optical modality called
optical scanning holography (OSH). It takes the challenge
that biological specimens often bring difficulties in analyzing
the sectional intensity distribution, as it is hard to align the
cellular structures into a plane without any overlapping. This
is especially the case when certain specimens cannot be split
or separated into pieces [1].

OSH system can record the 3D information and analyze
the sectional structures. The inherent advantage of OSH is
that the entire 3D volume of a thick biological specimen is
recorded into a 2D hologram by single lateral scanning. The
first system designed in 1985 is a two-pupil system. The holo-
graphic information during scanning is captured and used to
generate an electronic hologram. So far the system has been
studied in a great number of application areas, such as flu-
orescence microscopy, and biological microscopy [2]. Mul-
tiple sections of a biological specimen can be stored into a
2-D hologram by the OSH system [3]. However, the infor-
mation is visually obscured in a hologram, and must be post-
processed to reconstruct the various sections. Feasible meth-
ods have been discussed in [4, 5, 6, 7, 8, 9], covering the filter
design and inverse imaging.

However, in many contemporary medical and biological
applications, there is a requirement to achieve real-time de-
tection of morphological changes in scanned organs or bio-
logical specimen. The current sectional image reconstruction
algorithms are not sufficient for this task, as they are post-
processing methods and need quite some processing time to
obtain the resulting sectional images [10]. On the other hand,
manipulating the pupil functions in OSH system, as a pre-
processing technique, is useful to segment a special part in
a 3D object. Actually, the technique is powerful to detect a
specific feature in a 3D object, which is also useful in the di-
agnosis of pathological changes by the scanning holographic
microscopy.

The first work involving pre-processing in OSH traces
back to 1985, when Poon introduced the system and described
the pupil functions [11]. After a decade, it was proved that
placing a Gaussian annular aperture instead of a plane pupil
is useful to recover the edge of a sectional image in a holo-
gram [12, 13]. Doh et al. recently proposed that Hilbert trans-
form can be implemented by using a product of two unit step
functions in an OSH system [14]. These works above show
that the pupil function can be chosen to obtain certain parts of
the scanned section, but none of them mentioned that a part
of a 3D object can also be reconstructed by manipulating the
pupil functions. In this paper, we pay attention to the issue
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Fig. 1: A standard double-beam optical scanning holography
system. BS stands for a beam splitter, PD a photodector, BPF
a bandpass filter and LPF a low pass filter.

and analyze the reconstruction of certain parts of a 3D object,
thanks to the inverse imaging algorithm that successfully re-
constructs sectional images without defocus noise [7, 15, 16].

2. IMAGING MODEL

2.1. Principles of OSH

OSH records the holographic information of a 3D object by
optical heterodyne scanning, as shown in Fig. 1. Interested
readers can find more details about its operations in [11].

Suppose the spatial impulse response in Fresnel diffrac-
tion is [17]

g(x, y; z) = exp [−jk0z]
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The field distribution at the back focal plane of lenses L1 and
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The symbol ∗ stands for the convolution operation. The BS
combines the incident lights and presents the scanning field,
where
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The PD collects the transmitted and scattered light from the
object O(x, y; z) and then generates the current. With the

bandpass filter at the frequency α, the final remaining hetero-
dyne current can be expressed as
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Then the optical transfer function (OTF) of the OSH system
can be derived as
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We substitute Eqs. (2) and (3) into Eq. (6) to obtain a general
formula for the OTF of the full system, given by
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2.2. Manipulating the pupil functions

A typical OSH system requires that s1(x, y) = 1 and
s2(x, y) = δ(x, y), which is a Dirac delta function. Then
the OTF of an OSH system is reduced to

HOSH(kx, ky; z) = exp

[
−j
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]
. (8)

There are, however, a variety of alternative ways to con-
figure the pupil functions. In order to extract the edge of an
object, we analyze the way of setting pupil functions. Assume
the pupil s2(x, y) remains equal to δ(x, y). The configuration
of pupil function s1 plays a key role in obtaining the edge.
A hologram of a section is obtained by convolving the sec-
tional intensity, |O(x, y; z)|2 with the OTF in Eq. (7). Then
the hologram is
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since we configure s2(x, y) = δ(x, y). The term in Eq. (9)
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)
is equivalent to apply-

ing a filter s1 on the sectional intensity. We can design the fil-
ter accordingly to present the region of interest in the sectional
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(a) The synthetic speci-
men
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Fig. 2: The specimen and holograms in the first experiment.
Shown in Fig. 2(a) is the specimen, in which two elements
(i.e., rectangles) are at z1 and z2 sections, respectively. Shown
in Fig. 2(b) is the sine hologram.

intensity. Furthermore, since the system is space-invariant,
the hologram of a 3D object can be represented as
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The filter s1(x, y) is implemented on all sectional intensities
of the object. Because the reconstruction of sectional images
have been well investigated, the edge of the object can be ex-
tracted by the edge detection on each section using a specified
pupil function.

We choose s1(x, y) as the Laplacian of the Gaussian
(LoG),
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where t is a scale. After the pre-processing, the edge of the
object will be encoded into the hologram. Then we make
use of the inverse imaging method to achieve the edges in
sections [7].

3. RESULTS

An experiment is presented to demonstrate the performance
of the edge detection of a 3D object encoded in a hologram.
Note that it is a computer simulation and the object is a syn-
thetic specimen, in line with [12, 14], which demonstrate their
algorithms on such synthetic experiments.

The experiment is performed on the synthetic specimen
drawn in Fig. 2(a), which contains two elements in two dis-
tinct sections, z1 and z2, away from the scanner of the OSH
system. Though we choose a two-section object to illustrate
the edge detection, the detection is not limited on two sec-
tions, but applicable to multiple sections. Therefore, it is use-
ful for a real medical or biological object, where the require-
ment may be to reconstruct multiple sections. We suppose

(a) (b)

Fig. 3: Reconstructed sections by the conventional method.
Fig. 3(a) is the result of z1 section and Fig. 3(b) is that of z2.

(a) (b)

Fig. 4: Reconstructed sections by inverse imaging method.
Fig. 4(a) is the result at z1 and Fig. 4(b) is that at z2.

that the specimen is illuminated by a HeNe laser, whose wave-
length is 0.63μm, and that two sections including an element
in each are located at z1 = 10mm and z2 = 11mm, respec-
tively. The two sections are scanned to generate a hologram.
The size of the sectional images in the specimen is 512×512.
Optical scanning technique generates the complex hologram
of the specimen. Fig. 2(b) presents the real part of the holo-
gram (which is called the sine hologram [17]). Visually, it is
hard to figure out any intensity distribution information of the
two sections. To obtain the information of the sections, the
reconstruction methods are implemented. The inverse imag-
ing method is used on the specimen. The reconstructed im-
ages are shown in Fig. 4. We can compare the results with the
reconstructed images by the conventional method in Fig. 3.
As shown, each reconstructed section is hardly influenced by
defocus noise, and the element in each is clearly recovered.

We make use of the edge detection method to extract the
edge of the object. Let t = 2. Fig. 5 shows the sine hologram.
The recovered edges at z1 and z2 are shown in Fig. 6. The
edges corresponding to sections at z1 and z2 have been recov-

Fig. 5: The hologram after pre-processing.
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(a) (b)

Fig. 6: Reconstructed edges by the edge detection method.
Fig. 6(a) is recovered section at z1 and Fig. 6(b) is the one at
z2.

ered. The recovery is conducted with significant suppression
of defocus noise, similar to how we reconstruct the sectional
images directly. In this case, we focus on two sections so that
there are two sets of edges detected. In reality, the number of
sections we are interested in is proportional to the thickness
of the object. Because the inverse imaging method is applica-
ble to multiple-section reconstruction, choosing an appropri-
ate number of sections and applying the detection on sections,
we can recover the edges corresponding to these sections.

4. CONCLUSIONS

One can investigate selected parts of the object by virtue of
designing the pupil function in OSH system. Here we an-
alyze the edge detection by choosing one pupil function as
the Laplacian of Gaussian. The simulated experiment demon-
strates the performance of the method as an efficient way to
extract the edge of a 3D object scanned by the OSH system.
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