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ABSTRACT

We demonstrate a single shot off-axis method of WFDIM using trdnsmission geometryfor the quantitative study of
cellular dynamics structure. Experimental results of the 2D phase map onion cells and redbloed«Cells (RBCs) are
presented. Biological cells in culture are optically probed by, measuring the phase shift they produce on the
transmitted wave front. The WFDIM was used to quantify both the refractive index andithe morphology i.e., cellular
thickness (biological sample) from the measured phase-shift is presented in transparent specimens. For the dynamic
substances which changes rapidly single shotfinterferometric microscopy is anfimportant method for obtaining the
phase. Experimental results with increased field-of*view samples.and large_tilt angle are also presented and the
light source the interference occurs only in the desired location of the‘object, i.e., where the object is sharp focused.
The single shot interferograms were recorded and reconstruction by Fourier transform. This way a large area of the
sample can be imaged quantitatively.

Keywords: Introduction, Theorgtical Gonsideration” Of Off-Axis WFDIM, Experimental Details Of
Off-Axis WFDIM, Experimental Results And Discussion, Conclusion, Acknowledgement.

I INTR@GDUCTION

Optical micraseopy is well known technique to visualize the fine structure of biological materials and image the
magnified viewaf biological miero~organisms. With the help of optical microscope the high resolution fine structure
the details of the micro-organisms have been visualized. There are various types optical microscopic techniques
such as; bright field microscopy, fluorescence microscopy, confocal microscopy and phase contrast microscopy.
Most of the biological dbjects are transparent in nature, i.e., they don’t absorb light and scatter light significantly and
hence can not be imaged /seen using bright field microscopy because of poor contrast. Fluorescence microscopy was
developed to visualize the transparent phase objects. But; Fluorescence microscopy requires a fluorescence dye,
emission filter, excitation filter and excitation source. Hence the system becomes costly. Further in fluorescence
microscopy (FM) an external contrast agent fluorescence dye is used, which may change properties of cell

structures.
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The phase contrast microscopy is the only technique which gives high contrast images of the transparent objects
without using any contrast agent. To improve the contrast, phase contrast microscopy [1] and Nomarski/differential
interference contrast (DIC) microscopy have been developed [2]. However, these conventional phase microscopy
techniques do not yield quantitative phase imaging of biological cells. There has been great progress in the
development of interferometric phase microscopy to quantitatively obtain the phase images of the biological cells
and tissues [3]. Quantitative phase images yields, cell morphology and the refractive index (RI) distribution which is
directly associated with optical path delays, and thus can be an important tool for medical diagnostics and cell
biology studies. Interferometric phase microscopy is basically of two types: on-axis interferometry and off-axis
interferometry [4]. On-axis interferometry requires minimum three phase shifted nterferograms to extract the phase
information and in this case the angle between the sample and reference heam is, nearly zero.Further, the spatial
frequency bandwidth of the interferometric signal should be narrower. On the othemhand, in the caselof off-axis
interferometry, only single interferogram is required to extract the phase‘information, and angle between the sample
and reference beam is large. But as compare to on-axis intérferometry it requires a“larger spatial frequency
bandwidth of the interferometric signal to remove the undesired eomponentssofithe,Fourier spectrum, such as, dc
component and complex conjugate of first order. Since, in the dynamic processes the hiological sample may change
between the acquisitions of the multiple interferograms or frames and also the phase noise may increase due to the
sample fluctuations. For such cases the off-axis interferometry could bewhelpfuli because, one can obtain the

quantitative phase information from singledhterferogram and this can be realizedtin real-time.

Recently, full-field phase microscopic methods, such<@s,»kourier phase microscopy [5], Hilbert phase microscopy
(HPM) [6], and Diffraction phasesmicroscopy (DPM) [7,°8] has been developed for quantitative phase imaging of
biological cells and tissues. Although, thesestechniques have been highly successful and can measure sub-nanometer
path-length and well suited for studies of cellulamdynamics in real time. But in most of the aforementioned
quantitative phasedmicroscopic technigues are low phase stability and limited maximum achievable phase and
experimental sét-upstarencomplicated, 'such as, Michelson,linnik and mirau interferometric configuration is used.
Further, the experimental set-ups are bulky and hence difficult to align for obtaining interference pattern and
imaging thexsample simultaneously. One of the essential requirements for the quantitative phase microscopy is the
high-resolution quick imaging and simultaneous occurrence of interference between the object and reference beams.

Further, the system should be lowscost, compact and user friendly, i.e., less cumbersome for alignment.

Here in this paper we report such a system called Off-axis WFDIM based on Mach-Zehnder interferometric (MZI)
configuration. Spatial carrier frequency of interference fringes was increased by means of introducing tilt in one of
the arm of interferometer, thus making the system off-axis and single interferogram is recorded to reconstruct the
phase map. A spatio-temporal coherence light source was used because the interference occurs only when the optical
path lengths of the two interferometer arms are within the coherence length. Since most of the biological objects are
dynamic in nature, therefore, fast imaging, interferometry, recording and reconstruction are required. The present
system has all these abilities. Experimental results of the 2D phase map onion cells and RBCs are presented. Fourier
transform fringe analysis was used for reconstructing the phase map and refractive index (RI) of the objects. The

173 | Page
WWw.ijarse.com




International Journal Of Advance Research In Science And Engineering http://www.ijarse.com
IJARSE, Vol. No.2, Issue No0.9, September 2013 ISSN-2319-8354(E)

main advantages phase measurement is excellent phase stability, high sensitivity and imaging speed because
WFDIM does not require mechanical reference scanning.Which is capable of capturing the entire complex field
distribution (amplitude and phase) associated with a sample in a single digital camera exposure, without the need of
mechanical scanning of the proposed system. The present system is single shot imaging therefore, the image can be

captured in real-time depending on the frame speed which is 15fps in present case.

Il THEORETICAL CONSIDERATION OF OFF-AXIS WFDIM
The transmission geometry of WFDIM system was constructed using fiber optic- MZI and 2D charge
coupled device (CCD) camera as shown in Fig. 1. The working principlé’is similarto the based on high
spatio-temporal coherence interferometry. The sample is placed on<ne“arm, of thedVIZIhand hence light
transmitted through sample and reference arms are superimposediat beam-splitter (B S). The interference
pattern is observed only if the optical path difference (OPD) between the transmiited signal from the
sample and reference arm is within the coherence length of light source. The recordediintensity I(x, y) can
be expressed as;
1 (X, y) =Ty +To 442 /TauT, .cos(kAZ) (1)

Where k is wave number,Tr and Ty repreSents the transmitted light from the reference and sample arms,
respectively, Az is the OPD between sample and seferéficeparm. Since most of the realistic objects
(biological cells and tissues) have nonuniform thickness across the sample, optical path length (OPL) is
not equal at every X-Y positiom,of the sample. Thistnenuniform OPL leads to nonhomogeneity in the
OPD. Further, the OPD is related“ta theyinterferometric phase difference and refractive index of the
sample as;

D (x, YIRS 2 AZ(x, vi K) = ZZ1(x, y)EN(X, yi) — DI @)

Ao Ao

Wheredhg is the center wavelength and n(x, y; k) is refractive index of the object which is the function of
position and wavelength of the light source and h(x, y) is the corresponding physical thickness of object
under test at a'specific pixéligy). Hence from the knowledge of phase map, Az = z;-z, OPD and 2-D-

refractive index profile,of transparent object can be obtained.

111 EXPERIMENTAL DETAILS OF OFF-AXIS WFDIM

The schematic diagram of off-axis WFDIM is shown in Fig. 1. A He-Ne laser light (wavelength = 632.8 nm) is
focused by using microscope objective (MO) lens (10X) and coupled into a 2 x 2 single mode fiber. The output light
from the both output end of fiber is collimated by lensesL, and L, towards object and reference arms having OPL Z,

and Z, respectively.
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Collimator

Collimato

using a CCD camera Scientific, Inc.) having 1392 x 1024 pixels with pixel size 6.5 x 6.5um. This single

digital interferogram is @nalyzed by a Fourier transform technique.

The wrapped phase map associated with complex analytic signal is [9];

#(x, yiK) = tan ‘1{ I';;Eg v '8%} ®
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#(X, Y;K) is wrapped and varies between —  to + m. The absolute phase is recovered by unwrapping the calculated

phase

AN(x, y)= % *(Ag(X, y)) o

Where, An is the change in RI of object in medium, 4, is central wavelength of light and l'is the geometrical

thickness. The refractive index of the sample can be calculated using the followin

nsample(x7 y) = An(X, y)_ nmedium(

IV EXPERIMENTAL RESULTS AND DISCUSSION
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Fig.2. (¢) and (d) Are FFT Of Interferogram An Onion And Wrapped Phase Map Of Onion Skin respectively.
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The complex analytical signal is formed with the help of Fourie
using Eqg. (3) and was unwrapped using a MATLAB code. The

are shown in Figs. 2(d) and 2(e) respectively where the

phase maps,of RBCs a
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Fig.3.Recorded Interferogram (a) without RBCs and (b) with RBCs using wavelength = 632.8 nm.
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Fig.3.(c) FFT of interferogram. (d) amd“(e)nare wrapped phase maptand unwrapped phase map of
RBC.Where color bar shows that phase map in radiand(f)°"Refractivesindex profile of RBC.

The present technique is very useful for transmission geometry and the field of view is large but the focus plane is
localized. The system works on the-principle of off-axis interferometry. Fourier transform fringe analysis was used
for reconstructing the phase map and refractive index (RI) of'the objects. From the phase map the refractive index
was calculated. Thefrefractive index obtained was 1.488 with thickness of onion cell 50um.The refractive index of

onion cell by eaflierreported method is\1.402.Therefore,our results are close to the values repeated earlier.

Figure 3(f) shows the refractive, index profilesof the RBC. Average refractive index of RBC was found to be 1.406
by the present, method. Generally the refractive index of RBC is within range of 1.38-1.40. The values refractive

index by present method is quite clase.

V CONCLUSIONS

The present technique i§ very useful for transmission geometry and the field of view is large but the focus plane is
localized. The system works on the principle of off-axis interferometry. Fourier transform fringe analysis was used
for reconstructing the phase map and refractive index (RI) of the objects. In finally a transmission mode off-axis
WFDIM system has been realized and implemented for the imaging of onion cells and RBCs. Quantitative phase
images of onion cells and RBCs were reconstructed in single shot. The present system is useful to study the

transparent biological samples. System is compact, light throughput is more and can cover large area of the sample.
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Also it is easy to align. The present fiber optic MZI based transmission mode off-axis WFDIM system may lead to

volumetric and quantitative imaging of the transparent samples with high resolution and high signal to noise ratio.
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