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Abstract—The studying standard of life sciences and clinical
medicine is determined by the development level of
morphology detection of biological cells. Currently, there are
two approaches for revealing the 3D structure of biological
cells, namly, interferometric technique and diffractive
technique. Both methods could offer the phase information of
the cell. Due to the translucent characteristics of cells and the
wave nature of light based on cell scale, interference effect
coexists with the diffraction effect when light passes through
the cells. In this paper, models based on the shape of the
typical blood cells are built and simulation experiments of
interference as well as diffraction phase imaging are carried
out with the models. Furthermore, the similarities and
differences between them are discussed, with respect to the
intensity distribution and phase distribution. The result agrees
well with the experiments. It is suggested to be useful to
promote the research of phase recovery methods of the two
kinds of imaging technology.
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I.  INTRODUCTION

It is significant to identify the structure of cells in life
sciences and clinical applications. Phase microscopy,
especially quantitative phase microscopy plays an important
role for the structure analysis of biological cells. But the
phase information could not be obtained directly because of
the limitations of the property of optical devices. Thus, the
method of wavefront phase detection has become a hot
issue, and wavefront sensing technologies based on
interference and diffraction are widely used.

In 1948, Gabor proposed the initial idea of holography
[1]. Interferogram of reference light and object light was
recorded on the holographic plane, namely, hologram.
When hologram is illuminated by reference light, the
original object light could be reconstructed based on scalar
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diffraction theory. In 1967, digital holography [2] has been
proposed and electronic device such as a CCD was used to
record hologram. The relevant reconstruction could be
obtained from simulation by concerning the diffractive
process. As for reconstruction algorithm, there are three
kinds of algorithms in general [3]: Fresnel transform
algorithm, convolution algorithm and angular spectrum
algorithm. According to the existence of the angle between
object light and reference light on the holographic recording
plane, holography can be divided into two types, that is,
on-axis holography and off-axis holography. Fourier phase
microscopy (FPM) [4] was developed as low-noise phase
imaging method. Fourier phase microscopy with white light
(WFPM) [5] and Diffraction phase microscopy with white
light (wDPM) [6] were developed at the MIT Spectroscopy
Laboratory, which have high temporal phase stability and
high spatial phase sensitivity. Besides, spatial light
interference microscopy (SLIM) [7], slightly off-axis
interference  [8], Mach-Zehnder interferometer and
Michelson interferometer are considered to the main
experimental structures of interference microscopy imaging.
All of the technologies mentioned above are far-field
imaging. E. Cuche et al. [9] and Adam Wax et al. [10] also
made outstanding contributions to this field.

Phase inversion technique is active in wavefront
detection. The phase information of wavefront could be
obtained by this means with different phase retrieval
algorithms. In recent years, many phase retrieval algorithms
have been developed to improve the accuracy and speed of
the technique. In 2004, Campbell proposed phase retrieval
algorithm based on multiple diffraction patterns [11].
P.Thibault proposed scanning diffraction imaging
technology [12]. These algorithms either reduce the
restriction of experimental conditions or simplify the
process. But the iterative algorithm could not be avoided. In
addition, phase difference detection [13] and multipinhole



sampling array [14] also can be used to detect wavefront.

According to the above description of imaging
techniques for biological cells, we can know that the
interferometric and diffractive techniques have their own
characteristics and benifits. However, during the process of
interferometric quantitative phase imaging, the effects of
interference and diffraction exist together due to the wave
nature of light. In addition, the diffraction is interference in
nature. It is very important to discuss the interaction of the
effect of diffraction and interference. We will simulate the
interference and diffraction microscopy imaging under the
model of transparent sphere in the following. And the
characteristics of their intensity distribution as well as phase
distribution will be analyzied.

Il.  THEORETICAL ANALYSIS OF INTERFERENCE
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Fig.1. (a) simplified optical path and the coordinate of interference (b)
schematic diagram of light passing through the specimen in the air

As shown in Fig. 1(a), the distance between object plane
X, — Yo and CCD plane X — Y is defined as d. E(X,, Y,)
indicates incident light that reaches the object
plane, Oy (X,,Y,) indicates light that passed through the
specimen, which is called as object light for
simplification. O(X, y) indicates object light that reaches
the CCD plane. R(X, y) indicates reference light on the

CCD plane.
The principle of interference imaging could be shown as

object light — . .
- 1nter151ty pattem

recording the diffraction phase reconstruction
based on algorithm

Fig. 1(b). The phase is modulated when incident light
passes through the specimen in the air. ¢, (X),Yy)
indicates phase delay of the incident light induced by
specimen. The relationship between phase delay
Poj (X0, Yo) and optical path difference AL is as

follows:

2 2
ooy (%o, Vo) == AL = ZZ (1 (%1 Vo) ~ Dy (%, Vo)
A A (1)

where Ny (X, Yo) » Doy (Xo,Yp) indicate refraction
index and thickness of specimen respectively. If the
refractive index of specimen is constant, goobj(xo, Yo) is

proportional to N, (X,,Y,) ., so phase delay of

O, (X,,Y,) reflects the morphology of the specimen. The

specimen could be imaged based on the phase distribution
of object light. Based on the analysis above, the process of
interference imaging method can be summarized as follows:
first record an interferogram or a number of interferograms,
and then by using different algorithms, extract phase
distribution of the object light based on the recorded
interferograms, after that reconstruct morphology of
specimen. Meanwhile, many approaches have been applied
to phase retrieval[15]. For example, the quantitative phase
information can be obtained by calculating 1st and 2nd
order derivatives of the interferogram in transverse.

I1l.  THEORETICAL ANALYSIS OF DIFFRACTION

Generally speaking, the flowchart of wavefront phase
detection based on diffraction images is shown as follows.

reconstructing
wavefront

Fig.2. flowchart of wavefront reconstruction

Iterative algorithm is commonly used in phase inversion
technique. Among these methods, input-output algorithm
(HIO) and guide hybrid input-output algorithm (GHIO) are
actively used. But one of the disadvantages of traditional
method is that, it takes long time and demands much about
experimental conditions.

As another wavefront detection method, phase
difference detection has been proposed. Schematic diagram
is shown in Fig. 3.
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Fig.3. schematic diagram of phase difference detection

h, (X,y) denotes the k th optical channel, and each

optical channel is different from each other. Several images
with phase difference are gained after the object light

O(X,y) passes through the relevant optical channels.



Then wavefront phase could be reconstructed by means of
iterative algorithm.

Some new wavefront phase detection technologies have
been developed in the last decades by using multipinhole
sampling array. After object light passes through the
multipinhole, the Fraunhofer far-field diffraction intensity
pattern is recorded. Then we can reconstruct
three-dimensional structure of biological cells based on the
recorded diffraction intensity pattern.

IV. COMPARISON OF IMAGE FEATURE BETWEEN
INTERFERENCE AND DIFFRACTION MICROSCOPY IMAGING

From the above analysis, it is suggested that structure of
biological cells can be reconstructed based on phase
information with either interferometric or diffractive theory.
We will make a model to investigate the interference effect
as well as diffraction effect. In view of the shape of blood

(b)

cell is sphere, we select a ball as the model. The related
parameters are fixed as follows: the diameter is defined at
10um and the refraction index is fixed at 1.306. Plane-wave
laser is used as a source, whose wavelength is 488nm with
vertical polarization mode. The wrapped phase images of
sample based on interference and diffraction microscopy
imaging are obtained respectively by simulation.

Fig. 4(a) shows wrapped phase image and distribution
curve of the model based on interference method. In order
to indicate the effectiveness of this result, wrapped phase
image of a polystyrene sphere by simulation as well as the
associated experimental wrapped phase image[16] are also
demonstrated (shown in Fig. 4(b) and Fig. 4(c)). It should
be noted that, the diameter and the refraction index of this
polystyrene sphere are set at 40um and 1.5997 respectively.
The simulation result agrees well with the optical
experiment.

(c)

Fig.4. the phase image based on interference.(a)wrapped phase image and distribution curve of the model.(b)simulated wrapped phase image and distribution
curve of polystyrene sphere.(c)experimental wrapped phase image and distribution of polystyrene sphere.

Using the same sphere model (10um) and source with
interference microscopy imaging, we simulate diffraction
microscopy imaging. Fig. 5(a) shows intensity distribution

(a)

Fig.5. the image based on diffraction.(a)diffraction intensity distribution.(b)wrapped phase image.(c)unwrapped phase image.

From the phase image shown in Fig. 4 and Fig. 5, phase
shift induced by the sample can be observed by interference
as well as diffraction. It suggests that both these two
methods can be used to reconstruct structure of specimen
based on phase information. In the diffractive simulated
experiment, the central part of the image has the same shape
with the interferometric phase image. It’s worth pointing
out that, the difference between these two results also could
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of diffraction, Fig. 5(b) shows wrapped phase image and
Fig. 5(c) shows unwrapped phase image as well.

P

(c)

be observed, that is, there are several diffraction stripes
surrounding the field of the interferometric phase image in
the diffraction image because of the effect of diffraction.
Fig. 6 and Fig. 7 are the corresponding result from optical
experiment. Fig. 6 shows phase microscopy imaging based
on off-axis interference, without reference light. Fig. 7
shows the interferometric micrograph under the same
experimental conditions with reference light. In other words,



the former is just the result of diffraction image while the
latter is the result of interference. Comparing Fig. 6 and Fig.
7, we can find that the size and the shape of the image are
the same in the middle of the strip. It agrees well with the

A mﬁ

Fig.6. single-beam diffraction pattern
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Fig.7. interference micrograph

V. CONCLUSION

The morphology of biological cells is very complex,
which is not only related to the types of cells, but also
related to life stage of it. This complexity will affect the
accuracy of calculation and analysis based on either
interferometric theory or diffractive theory. Thus, it is
difficult to obtain the accurate result. In this paper, we
carried out comparative study based on ball model.
Simulations of interference phase imaging and diffraction
phase imaging are presented. It could be found that phase
distribution maps of these two methods have the same
characteristics, which is also verified by the optical
experiments. This work may have some reference for phase
recovery based on interference and diffraction. While the
relationship and interaction between these two kinds of
phase recovery methods are still the open problems.
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