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Tasks

Quantitative phase visualization methods are currently being
actively developed. We propose to consider one of the methods as
a basis for the theory and practice of image formation analysis in
the group of methods.

To receive a mathematical description of the image formation
process in a diffraction phase microscope for:

- minimizing errors in calculating the parameters of objects;

- optimizing the technical parameters of the microscope;

- describing the theory of interferometers image formation
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Diffraction phase LS Obj
microscope optical scheme

+1 order

0 order

-1 order

LS — light sourse, Obj — Object, MO — microobjective, TL.- tube lens, G —
grating, L1,L2 — lenses, SF — spatial filter, Cam — CMOS detector

*NA Talaikova, VP Ryabukho. JPCS (2016)
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Principle of working diffraction . .
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A diffraction grating is placed at the microscope image plane to
generate multiple diffraction orders. These diffraction orders are
spatially separated in the Fourier plane, where a physical pinhole

filter is located. This filter low-passes the Oth order diffracted SF
beam to generate a reference beam and passes the 1st order
diffracted beam without filtering to carry the signal from the
sample. These two beams are then combined at the image plane
through the second Fourier lens to form an interferogram at the
detector.

spatial filter
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Diffraction phase microscope principle

Image of red blood cell
Interference picture obtained using

Image of red blood
cell obtained using

optical microscope (diffraction phase module) diffraction phase microscope




Laboratory of Methods for Mathematical theory of optimal processes in a Natalia Talaikova
Big Data Analysis (LAMBDA) common path interferometer using
a diffraction phase microscope

Interference pattern

Red blood cell

Now we know that we have 2 (Phase Object)
waves, we know the intensities

of each, we know the period of I(x: ) =Tn(x: )+ Lol V42 [ Inl o cos Zﬂx—
the diffraction grating. From (x%:7) O( ) R( ) OTR ( d

here we can find the phase delay Iy(x;y)- object field, [Ip(x;y) - reference field , d — grating period,

27
g7 +(x;)),

at each point in the image as in

the picture on the right ¢(x, y) - the phase shift for the wave propagation through the object
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Save image from camera in
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Convert image file to .txt i

Interference ['| Interference Phase of complex
pattern pattern signal
recording modulation
4 <4
[ FFT | FFT |
4 4

+1 order max| [+1 order max

sgﬁrgh seaIch

N

2\

measurement

4

Phase
unwrapping

4

2D Fourier transform

2

Movement first order of
spectrum in the image center

v

Phase measurement

FFT shift Measure of

3 thickness,

FFT shift in modulation volume, etc.
interference pattern from real
interference pattern
+
Inverse FET STOP
L

Double Fourier Transform
Proceeding Automatically
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Data and graphs Save data into
on screen files

Fourier spectrum

Scheme of the developed software

Subprogram. Description of automatic double Fourier transform algorithm. FFT; Fast Fourier
Transform v
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Interference pattern

2
77 +@(x;y)),

160 = Io 6 0) + TR (60 + 2. T T cos(* -

Io(x;¥) object field, Ig(x;¥) reference field , d — grating period,
@(x, y) - the phase shift for the wave propagation through the object

a) Interference pattern recorded using a diffraction phase microscope;
b) Amplitude image;

c) Reconstructed three-dimensional image of a blood smear over the
entire field of view of the microscope,

Scale bar on image is 10 um.
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Theory of image LS Obj MO TL
formation in DPM

E(x, y;t) = a(x, y)cos| ot-p(x.y)]
s’(x.y)=ao*exp[i(kexthy)]

Q—§>m

fobi(x,y)={ P,—p/2 < x < p/2;

O,E>x.
2

Let's consider a plane monochromatic wave.

fori= SO(Z&.Y) *fobi(x,y) We write its complex amplitude as sO(x,y) and represent our
object as a step function
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Theory of image LS Obj MO
formation in DPM

fIP(xiy)=f0bj(x’y)'s(x3y)'g(xay) >

where f,, (x,y) is a complex amplitude of magnified object field, s(x,y)is a complex amplitude of magnified
illumination field LS, g(x,y) is transmission function of diffraction grade

*AL Kalyanov et al. Proc. SPIE (2015)
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Theory of image LS Obj MO TL
formation in DPM

>

1
Fpp(u,v)= ) 8(u—27mm/d ,v) ®F,, (u,v) ® S(u,v), m=-1,0,1,

m=—1

f2
f, NA

Ly

b(x,y)=p,, (x. )+ p, (x= 2, [d.>), 2 221.22M’

+1 order

0 order

. 2 2 2 . 2 2 2
Lif x° + y° <b,, 1,if x“ +y*® <b,, -1 order

where D, (x,y)= and P, (x,y) =

0,if x* +y* > bZ; 0,ifx2+y2>b§;.

where N4 is a microobjective numerical aperture, M is a microscope magnification and f; is a focal distance of lens L2

*AL Kalyanov et al. Proc. SPIE (2015)
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Correlation function for Fourier plane

Correlation function calculate as:

o oo izl(eﬁx—ézx )

FE.&)= [ [ Io-y(ex)-Pe)-P(r)-(x)-(x")-e A dvdx',

—00 —00

Where & .- spatial coordinates, Ij - light intensity, P(x) —
rectangle function, t(x) — object propagate function, exp (x)
describes wave structure and direction

After calculation we get the following result

. b
I'(G:62) =1 'bsmC[Z—f(ﬁ —4‘2)}-

where b — aperture size

Natalia Talaikova
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Theory of image LS Obj MO TL
formation in DPM

As a result, we obtain the field intensity distribution
in the plane of the detector matrix as:

fFP(x’y) =F]P(’“a’(y) : b(xay) =
= Py, (5,3) - (60, 1) ® F (1, 1) ® S(ix, 1)) +
+ py (= A, [d,y)-(6((x = Af;, [d),19) ® Fyy, (15, 1) ® S(ix, K9))

*AL Kalyanov et al. Proc. SPIE (2015)
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Correlation function for Detector plane

2
2sinc G—;’Z,/xz + yz) i 2sinc <%\/(x2 - (Ale/d)z) + (}’2 - (Ale/d)z))

I(x;y) = co p— XPpy T €1

7+ 2 (e = Ghi/d)’) + (52 - (fsa))

7

where c0 and c1 — zero and first order intensities, respectively

As a result, we obtained
 ashiftin the correlation maximum toward the first order

from the formula, the discrepancy in intensity of both
orders is obvious
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Experimental results

Thickness, pm
Thickness, pm
Thickness, pm
Thickness, pm

0 20 S0 0 20 10 20
X-axis, um X-axis, um X-axis, um X-axis, um

a b c d

Figure 3. Phase maps and profiles of red blood cell captured with different spatial filter sizes: 25 pm (a), 120 pm (b), 180
um (c¢) and 500 um (d). The profiles are reconstructed along central line. Thickness of the cell is calculated from its optical
thickness, refractive index of it is assumed to be 1.65

*AL Kalyanov et al. Proc. SPIE (2015)
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Conclusion and Future work

We have obtained explicit formulas for constructing the correlation function of images in an DPM
and it may be applied for any types of interference microscopes

The modeling results are consistent with our and other scientific groups (C. Edwards et al., 2014)
experimental results

For further research we plan to consider different shapes of objects, types of sources and lighting
schemes, as well as different types and shapes of diffraction gratings and filters.

For example, various research groups are now using window filters, as well as automatic matrix
liquid-crystal structures, which may introduce additional phase delay
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