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Abstract: Nowadays there is quite huge need for more ancemofhe RBCs with different diseases are presentedign E
precise and effective fast diagnostics methods @mdtology
diseases. One of the most important blood compsneme a)
erythrocytes — RBCs (Red Blood Cells). Due to their #iey are
easy to observe using microscopy. It is commonlgvikn that the
shape and lifetime of RBCs allows for early diseasatification.
Authors present special measurement system for RBC&Ifitions
observation using diffraction phase microscopy Whis also
described in theory.

b) c)

Fig. 1. RBC: a) healthy one, b) with anemia, c) withlaria
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diagnostics. Moreover, RBCs exhibit cell membrane fluctuations
(CMF) under some physiological conditions.
1. INTRODUCTION The phenomena is also referred as RBCs flickering.

. . ) ) Unfortunately, the nature of the fluctuations il st fully
Innovative methods of medical dlagnOSIS and treatmeunderstood_ The Comprehension of the phenomena may

are one of the key themes of the contemporary relsea provide an important information about the physiital
Early diagnosis and subsequent effective treatmegfate of the cells. The two origins of the flickeyi
are important for preserving patients life expecfamnd are considered: thermal motion [6, 7] and metabaditivity
their quality of life as well as for keeping thealtacare of the cells.
costs acceptable. Just because the need of rapimhadis Due to their size RBCs are best observed using ligh
the blood test method is often used. This is f@r tason mjcroscopy. It is nowadays one of the most impdrtaols
that the blood is the primary carrier of informatiabout in medicine. Although it is known from seventeen#ntury
the health condition of the patient. Nowadays ther@ need jts still expanding and allows to improve many s
to find more and more precise methods for hemajologn healthcare. The resolution and contrast are tnain

disease fast diagnostics. _ properties of the microscopy image [9-11].
RBCs (red blood cells) are one of the most impartan

blood components. Recent results suggest that RBESMEASUREMENT SYSTEM

observation can give us very important informataivout

different diseasesl[2]. The two most important properties Since red blood cells do not have organelles amtenu
of these cells that change during cell’s lifetime #s size They can be considered as optically homogenous and
and shape. The radius of RBC is close to 4 um &ait t transparent objects which modify only the phaséheflight
thickness is about 1-2 um3]] The normal, healthy propagating from them. From the microscopy poinviefv,
erythrocyte is circular and bi-concave in the méddif RBCs can be regarded as phase objects, requirengigh
the cell. It is commonly known that an analysigted shape of advanced microscopy techniques such as phageasbn
and size of the RBCs allows for early identificatiof some microscopy or microinterferometry. Described iref#ture
diseases. For example malaria [1] or different &ind[12-15] similar measurement system enables quamgfy
of anemia  connected with non-proper productiothe structure and size of RBC. The system is a auatibn
of erythrocytes: sickle cell, deficient, hypoplastilysplastic of phase contrast (PC) and differential interfeeenontrast
and diseases caused by short lifetime of RB&sigenital DIC) microscopy. Using these two techniques it ésgible
hemolytic syndrome or acquired hemolytic syndrode5]. to encode in the phase into intensity and obtpiantitative
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Fig. 2. The view of DPM model

information about the shape and size of the ingatd cell. So that, the light passes through RBC bushsted
RBCs. Popescu et. al created diffraction phaseasitpe in phase (delayed). The filtered zeroth-order beatin only
(DPM) to provide detailed information about singtell constant component interferes with the first-orderam
structure and dynamics. Therefore, the informatédoout carrying the phase shift information. As a result,
phase can be transformed into thickness and ambigdéme the interferometer DPM image is created in CCD elan
domain. of camera (Fig. 4). The distance and width of theclo
The proposed measurement  system useghite depend on the wavelength of light. The dditec
an interferometer based on a diffraction gratind &ourier of strips is associated with object thickness — Higher
optics methods to obtain the phase contrast imégdiased deflection means the thicker object. So that, bgeoling
on simple and commonly known elements (Fig. 2)edas and analysing the deflections of the strips, we estimate
lenses, diffraction grating and pinhole. The exadiobject the changing in RBC thickness flickering. Moreover,
is illuminated by the second harmonic radiatiorthe position of the beginning of the deflection edetines
of a Nd: YAG green X =532 nm) laser with lens focusingthe edge of the examined object. Therefore, the Dinkhe
the light beam. The image is created at diffractjpating analysis enables the RBC fluctuations both in théds
(with 300 of cuts per 1 mm) after passing througland in the position.
the microscope objective, magnifying forty timeseTtwo
lenses system also known asoptical processor, performs 4. THE SYSTEM ISSUES

spatial filtering of the reference beam and proside i ) )
additional magnification f(= 125 mm, f,=31.8 mm, The proper functionality of the system is closediated

f,/f,~3.93). In the focal length between both lensedVith an accurate and precise adjusting the optical
the pinhole with additional hole was placed. Thette CcOmponents. The task is very difficult because lgmeses
order beam is low-pass filtered. The first-orderae are thick and estimating their focal lengths ishematic.
is passed by additional hole in pinhole. The opemat Moreover, long wavelength path makes challenging
isolates the two orders beams and align their sitgn the proper setting of the elements, especially ilmnole.

To properly pass both orders by tHesgstem with modified The correct plnhole_s p(_)smon determines the ad:eureroth-_
pinhole, it is necessary to angle the whole equipinadter Order low-pass filtering, because of focus obtajnin
the diffraction grating. Such operation eliminateeaations of the laser beam in the central hole with verylsdiameter

at the edges of the lens which could have distufivett (35 1m). _
order beam. The final image is combined from twdeos Another problem can occur even if all elements
atthe output of##system. The interferogram is generate@'e Properly placed — the quality and focusing hef laser

atthe CCD plane camera (model Flea3 FL3-U3-13S2Ream. Incorrect selection of the laser quality wilss the
by PointGrey). The optic path is shown in Fig. 3. black-white stripes, which edges are ragged. Thakes the
image useless (Fig. 5).

3. THEORY
The unusual characteristic of RBC enables treating
them as optical homogenous sample. It is causdtiebiack

of organelles and nuclei and uniform structure. dites
popular belief, hemoglobin only slightly entertaiassingle
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Fig. 3. The optic path in DPM: the laser beam (radr&s white)
goes through the RBC and is reflected by a mirrorztreth-
(marked as white beam) and first-order (markedrag lgeam)

beams passf4ystem to camera

RBC

LK

é

light phase shift DPM image

Fig. 4. The scheme of DPM image creating

Fig. 5. Blurred interference strips

Moreover, in the idea the laser beam is a collichate
light. Practically, the laser light may not be ootted or,
even if it is, the power of small beam of light pag
the single RBC to microscope objective can haveffitsent
power. Consequently, the resulting image will heovamall
contrast.

5. CONCLUSIONS

An experimental system using a microscope objective
followed by diffraction grating-based microinterdeneter
was built and tested. It's magnification, being uatbo
160 times, is sufficient for investigation of relbdd cells.

The micro interferometer, using Fourier opticsefiihg
methods, is difficult to align and requires tighbumting
tolerances, reducing is usability in the plane@aesh.

Further research will be aimed at evaluating adtéve
setups, especially those using birefringent prissisch
as Wollaston or Nomarski prisms. Effective methods
for converting the interferogram into informatiorboat
the red blood cells will be developed and optimiasdvell.
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UKLAD DO OBSERWACJI FLUKTUACJI ERYTROCYTOW Z WYKORZ  YSTANIEM
DYFRAKCYJNEGO MIKROSKOPU FAZOWEGO

Istnieje zapotrzebowanie na coraz bardziej precyzyjbardziej efektywne metody szybkiej diagnostykkierunku
choréb hematologicznych. Jednym z gtéwnych skia@imikrwi 53 erytrocyty (RBC —Red Blood Cells), ktére z uwagi n
swdj rozmiar mog by¢ tatwo obserwowalne. Powszechnie wiadomm ksztalt i dlugé zycia tych komoérek pozwala na
wczesn identyfikacg stanéw chorobowych. Najnowsze wyniki badaviadcz tez, ze oprdcz tych cech istatrinformacg
zawiera przebieg fluktuacyjny erytrocytow. Autorpyoponujy uktad do obserwacji fluktuacji czerwonych komodatwi
z wykorzystaniem dyfrakcyjnego mikroskopu fazowego.

Stowa kluczowe:dyfrakcyjny mikroskop fazowy, RBC, diagnostyka rezha.
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