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AHoTanif. Y cTrarTi 3ampoNOHOBAaHO y3arajJbHEHHH METOX AEMOIYJAlii, KU Moxe OyTH
3aCTOCOBAHMIT JUISL 3aXOIUICHHS LU(POBUX TPUBUMIPHHUX 300pakeHb B ONTHYHUX MIKPOCKOIAX.
BiH 103BONs€ po3paxyBaTH KOHTPACT TapPMOHIYHOI IPOCTOPOBOI MOAYISILil 3 Oyab-SKHMH
3HAYCHHSAMH (pa30BHUX KyTiB. BXiZHMMH naHUMH € cTek HU(POBHX 300paXKeHb 3 TapMOHIYHOO
MPOCTOPOBOIO MoAyIIiLieto. Tpu 1uppoBi 300pakeHHs 3 pi3HUMH (a3zaMHu MOXYIILIi, 3HATI B
onHii mo3uuii (oKycyBaHHS, OOpOONSIOTHCS Ui OTPUMAHHS OJHOTO HAabOpy AaHHX IPO
posnoxin xoHTpacty. L{i faHi KO3BOJISAIOTE CKIACTH TPHBHMIpHI 300paXkeHHS LULIXOM BUOODY
MaKCHMAaJIbHUX 3HAYEHb KOHTPACTy B TPHBUMIPHOMY IIPOCTOpi. Y CTATTI HaBEACHO aHAJI THIHHIA
PO3B’SI30K CHUCTEMH 3 TPbOMA JIHIWHUMH PIBHSHHAMH, IO JO3BOJISIE€ iNeHTH(IKYBaTH OCHOBHI
IapaMeTpy TapMOHIYHOI TPOCTOPOBOI MOJYJIALIi, BKIIOYAroYM ii CepelHe 3HAYCHHS Ta
KOHTpacT. B pe3ynbpraTi BUpa3 mis po3paxyHKy KOHTPACTy HPHCYTHIH B aHANITH4HIA (opmi.
Leii Bupa3 cnpaBennuBuii i Oyab-akux GpazoBUX KyTiB MOAYJLIi, siKi He 30irarorbcst. CtaTTs
MicTuTh MopemoBaHHS B cepernouiii MathCAD, ske imocTpye mpoLeaypy CKIaJaHHs
TPUBUMIPHUX 300paxKeHb. MOJCIIOBaHHS MiITBEPXKY€E NPABIIIBHICTh OMHMCAHUX PO3PAXYHKIB i
JIEMOHCTPY€E MOOYIOBY TPUBHMIPHOTO 300pa’KeHHS MOBEPXHI SIK KOMIIO3HLIT KapTH PO3MOIiTY
KOHTpACTy Ta BiJNOBiJHOI KapTH BUCOT. [lepeBarorw 3alporoHOBaHOT METOAMKU € MOXIIMBICTD
3aCTOCYBaHHS €KOHOMHHUX BY3IB Juisi ()OPMYBaHHsI TapMOHIHOI HpocTopoBoi Moxyssiuii. Lli
MIPUCTPOI MOYKHA BCTAHOBHUTH HA OLIBIIICT ONTUYHUX MIKPOCKOIIB i3 HIM(PPOBUMH KaMepaMH Ta
MOTOPHM30BaHHMH [PHUBOJaMU (OKYCyBaHHs 0e3 mpuAOaHHs [OpPOroro KOMEpLIHHOro
HporpamMHoro 3abesneueHHs. Lle 3HAYHO 3/EIIEBIIOE IEPETBOPEHHS [IMX ONTHYHUX MIKPOCKOIIIB
Ha IHCTPYMEHTH U1l OTPUMaHHS HIU(PPOBUX TPUBUMIPHUX 300paKeHb.

KmouoBi cmoBa: 1udppoBa o0pobka 300pakeHp, TpuBMMipHE UMQpOBE 300paXkeHHs,
[IPOCTOPOBA MOJYJISALiSI OCBITJICHHS, ONITHYHHIN MiKPOCKOIT, JIeMO/TYJISLIis.

Abstract. The paper proposes the generalized technique of demodulation, which can be applied
for capturing digital three-dimensional images in optical microscopes. This technique allows the
calculation of the contrast of harmonic spatial modulation with any values of phase angles. The
input data is a stack of digital images with harmonic spatial modulation. Three digital images
with different phases of modulation captured in the same focus position are processed to get one
data set about the contrast distribution. This data makes it possible to compose the three-
dimensional images by the selection of the maximal values of the contrast in three-dimensional
space. The paper contains the analytical solution of the system with three linear equations that
helps to identify the principal parameters of harmonic spatial modulation, including its average
value and contrast. As a result, the expression for contrast calculation is present in an analytical
form. This expression is valid for any modulation phase angles that do not coincide. The paper
contains MathCAD modeling, which illustrates the procedure of composing the three-
dimensional images.

The modeling confirms the correctness of described calculations and demonstrates the built of
the three-dimensional surface image as a composition of the contrast distribution map and the
corresponded height map. The advantage of the proposed technique is the possibility to apply the
economical units for the formation of a harmonious spatial modulation. These units can be
installed on most optical microscopes with digital cameras and motorized focusing drives
without purchasing expensive commercial software. It significantly reduces the price of
transforming these optical microscopes into instruments for capturing digital three-dimensional
images.

Keywords: digital image processing, three-dimensional digital image, spatial modulation of
illumination, optical microscope, demodulation.
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INTRODUCTION

One of the important advantages of modern optical microscopy is the ability to obtain three-dimensional
images with submicron resolution in various optical ranges. Thus, confocal laser scanning microscopes use the
principle of mechanical scanning with a focused laser beam in three-dimensional space, where the sample for
observation is located. Such microscopes make it possible to obtain non-contact three-dimensional images of
living cells while observing the fluorescence of organic molecules, surfaces of various materials and high-
resolution details. Unfortunately, the high cost of such microscopes, which in most cases ranges from 50,000 to
250,000 Euros, significantly limits access to them by Ukrainian researchers. [1-3]

About 25 years ago, a method for obtaining three-dimensional images in optical microscopes using
spatial modulation of illumination (SMI) was proposed. It is known that in the object plane of an optical
microscope it is possible to project the image structure of a contour that creates a harmonic SMI. As a result, the
maximum contrast illumination will be only in those objects of observation that are very close to the object area
of the optical system of the microscope. With small deviations of the surface of the object from the plane of the
object, the modulation contrast decreases sharply. That is, the modulation contrast with the correct selection of
the modulation frequency is very sensitive to defocusing. Therefore, the following possibility of constructing
three-dimensional images appears:

- in the optical microscope, a harmonic spatial modulation of illumination is formed in the plane of the
object;

- the object of observation moves along the optical axis relative to the plane of the object with a step
smaller than the depth of the sharply imaged space;

- a set of digital images from SMI is formed;

- SMI images are processed, areas with maximum SMI contrast are found, and a three-dimensional
image of the surface or three-dimensional structure of the observation object is formed from them.[4-9]

The main advantage of this method of obtaining three-dimensional images is the possibility of using
ordinary optical microscopes with digital cameras and motorized focusing drives. The SMI is created by a
special device that is inserted into the place of the adjustable field diaphragm of the illumination channel of the
microscope. Another significant advantage of this method is the ability to obtain three-dimensional images with
a resolution that approaches the resolution of a confocal laser microscope, including color images, at a cost much
lower than the cost of a confocal laser microscope. Thus, the cost of PMO devices and software for obtaining
three-dimensional images produced by the companies Zeiss or Optigrid exceeds 10,000 - 15,000 Euros. This
high price is due to the fact that the SMI device must provide a very precise SMI phase shift to obtain SMI phase
values, which in most cases are equal to 0, 120 and 240 degrees. [8-12]

The authors believe that the cost of SMI devices can be significantly reduced by using devices for less
accurate SMI displacements and using free and open access software. This will significantly reduce the cost of
SMI devices and thereby provide a large number of users with the opportunity to receive three-dimensional
images. But for this you need to have a mathematical apparatus, preferably in the form of analytical expressions,
which allows you to calculate the contrast of the SMI with any values of the phase angles.

The purpose of the work is the development of a mathematical apparatus (method) for demodulation -
calculation of the contrast of =~ SMI — with any values of phase angles and the corresponding software for
obtaining three-dimensional digital images.

1. SOLUTION OF THE DEMODULATION PROBLEM IN TRIGONOMETRIC FORM

One-dimensional SMI provides maximum contrast. Therefore, we will consider the case of a one-
dimensional harmonic SMI along the x axis, which has certain constant components, amplitude, spatial
frequency, and initial phase and is described by the function cos(). To find the contrast of the SMI, we describe
the one-dimensional SMI as a trigonometric function:

U(x)=U, +AU-cos(2m- v, -X+@, ) =
=U, +(AU-cos(2Tc~VX -X))‘COS(%)_
~(AU sin(2z-v, -x))-sin(g,) =

=Uo+a-cos((p0)—b-sin((p0); )
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where U(x) is a function describing a one-dimensional harmonic signal; Up — constant or background
component; AU — SMI contrast, which is equal to the difference between the maximum and minimum values of
the harmonic SMI; vX is the spatial frequency of the SMI; x — linear coordinate; @, — initial phase of SMI; a, b
are components of the harmonic signal:

a=AU-cos(2n-v, -X);
b=AU-sin(27-v, -x).
Expression (1) allows you to write down the formula for determining the SMI contrast:

AU =+a’ +b* =

= \/AUZ -cos’ (2m-v, -x)+AU? -sin’ (2n-v, -x) =

2)

= \/AUZ -[cos2 (2m-v, -x)+sin’ (27 v, x)] =AU’

But when calculating the SMI contrast (2), one problem arises: one value U(x) can be read from the
digital image, but three values — U, a and b - are unknown. In order to know them, you need to have three digital
images from SMI, which have different phases of SMI. Then it is possible to find the components a, b for each
pixel of a three-dimensional digital image and calculate the SMI contrast. In other words, it is necessary to
compile a linear system of three equations, find its roots (U, a, b) and calculate the contrast AU. To simplify the
mathematical expressions, we will use the phase angles of the SMI relative to the phase angle of the first digital
image with the SMI:

U,(x)=Ug +a-cos(g,) —b-sin(g,)
U, (x) = U, +a-cos(g, )~ b-sin(g, )
U}(X):UO+a-cos((p3)—b'Sin((P3) 3)

where U;(x), U,(x), Us(x) are the amplitudes of three digital images with SMI, which have SMI phase
angles (0, ¢, ¢3) at point x, respectively.
The system of three linear equations (3) can be rewritten in matrix form:

vl oot 0 Uy ul U,
U,(x)|=[1 cos(p,) —sin(g,)|-|AU-cos2r-v, -X)|=|U,|=M-| a
U,(x)| [I cos(p;) =sin(p,)| |AU-sin(2m-v, -x)| [U, b 4)
To find the solution, it is necessary to calculate the inverse matrix M (4):
Ul o1 0 | |U,x) U, (x) U,
a|=[l cos(p,) —sin(e,)| |U,0[=M"-|U,x)|=M""|U,
b 1 COS((P3) _Sin(q)s) U3 (X) U3 (X) U3 (5)

where M is the inverse matrix that depends on the phase angles ¢, ¢3:

-1

1 1 0 m, m, m;
M'=M" ((Pz >3 ) =|l cos(p,) —sin(p,) =—-m,; m,, m,;
1 cos(py) —sin(o;) m,, 1m;, My,

where my v are the coefficients of the inverse matrix M-1:
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m;, = cos(¢,)-sin(@,) —cos(e,) sin(p,) = m,, = sin(Q;)—sin(e,) my; = cos(Q;)—cos(e,)
=sin(@, — ¢;) m,, = —sin(¢,) m,, = 1-cos(o;)

m,, = sin(g;) m,, = sin(p,) m,, = cos(¢,) -1

m ;= —sin(p,)

D is the determinant of the inverse matrix M"', which depends on the phase angles @,, @3:

D=D ((Pz >3 ) = sin(@;) — sin(@, ) — cos(@, ) - sin(¢;) +
+ COS((P3) . Sin((pz) = Sin(q)3) - Sin((\oz) + Sin(q)z - (Ps)

Attention is drawn to the fact that the determinant of the matrix M will differ from zero only if the
conditions ¢, # 0, @, # 0, ¢, # @5 are fulfilled. [12,13]

Let's perform mathematical transformations of the M™ matrix (5) and solve the system of linear
equations (4) to calculate the SMI contrast:

M'=M" ((Pz,(P3 ) =
sin(¢, — ¢;) sin(o,) —sin(g,)
sin(p;) —sin(p,)  —sin(p;)  sin(g,)
_|cos(@;) —cos(9,) 1-cos(p;) cos(p,)—1

sin(¢,) —sin(e, ) +sin(p, — ¢,)
1

Uo = N N :
sin(¢p, ) —sin(@,) + sin(@, — ¢,)
'[Ul : Sin((Pz - (P3) + Uz : Sin((P3) - U3 : Sin(q)z )]
1
" 7 sin(o,) —sin(g,) + sin(@, —¢,)
{U, - [sin(g;) —sin(,)] - U, -sin(p,) + U -sin(, )} ;
b= ! :
~ sin(g,) - sin(g,) + sin(p, — ;)
~{U1 . [cos((p3) —cos(o, )] +U, - [1 — cos((p3)] +
+U, - [cos(e,) —1]}.

AU =2-+/a’ +b’ :i~\/A2+B2 -

M

(6)

Further evolution of the formula (6) can be found in appendix A.

Thus, with the help of the mathematical apparatus (1)-(6), the goal of the work has been achieved - an
analytical expression for calculating the SMI contrast with any values of the phase angles has been obtained.

The Zeiss company recommends using the following formula for estimating the SMI contrast when
using phases ¢, =2n/3 and ¢3 = 4n/3 [8,11]:

\/E 2 2 2
AU:T'\/(Ul_Uz) +(U1_U3) +(U2_U3) 7
Note that when using phase angles ¢, = 120° = 21/3 and ¢3 = 240° = 47/3, the obtained formula

(Appendix B) gives a result proportional to formula (7), which is used in modern Zeiss Apotome devices. This
proves the correctness of the solution to the problem of calculating the SMI contrast (1)-(6). [12,13]
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2. DISCUSSION

Described demodulation method can be used to obtain three-dimensional images. Consider the
construction of an optical microscope for obtaining three-dimensional images. This microscope contains one or
two illumination channels for observing samples in reflected or (and) transmitted light with an imaging channel
in which the optical system forms a magnified image of the sample in the plane of the matrix photoreceptor of a
digital camera. To automate the scanning of the sample, the microscope must have a motorized focusing drive
with computer control, which ensures the movement of the sample along the optical axis of the imaging channel
with errors several times smaller than the depth of the sharp-imaging space of the microlens. To form a harmonic
SMI, a computer-controlled device is used, which allows you to form and move the image of a periodic structure
in the object plane of the optical system of the imaging channel in such a way as to ensure certain values of the
phase angles @, and ¢;. In contrast to the known solutions, the proposed demodulation method (1)-(6) allows
processing images from SMI with any phase angles @, and @3, provided that they do not coincide and are not
equal to zero. But it is recommended to design the device so that the phase angles ¢, and @5 are approximately
equal to 120 and 240 angular degrees. The absence of the requirement to provide certain phase angles with high
accuracy allows to significantly reduce the cost of the SMI forming device. It should be noted that the vast
majority of modern optical microscopes are equipped with digital cameras that are connected to computers and
can be equipped with economical computer-controlled motorized focusing drives. Therefore, the economical
SMI forming device, which is inserted instead of the field diaphragm adjustment unit of the illumination
channel, in the presence of the appropriate software, turns an ordinary optical microscope into an analogue of a
confocal laser scanning microscope. [8-11, 14-16]

3. SIMULATION OF THE DEMODULATION PROCESS

To check the received data, it is enough to carry out the recovery (demodulation) procedure. The object
modulation with three different phase shifts proposed by Zeiss (¢, = 2n/3 and ¢; = 4n/3) and phases with certain
error and also further demodulation procedures are shown at figures 1-4.

‘ 3 i 11 :
Figure 1 — Images without modulation (a) and with mo
b)po=0,¢)po=2n/3,d)po=0¢ o=4n/3

THHITT
dulation:
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Figure 2 — Demodulation results sing th ;oposed technique,
modulation phases (0, 2n/3, 4m/3):
a) output image, b) output image after linear contrast enhancement

So, when setting the problem of demodulation in microscopes with SMI, the input data for the
calculation are 3 image signals - Uy, U,, Us, obtained at different phase shifts of the periodic transparent. In real
conditions, errors arise due to the noise component.

7y | }.;- o ; : .\ I ‘y % - ‘p .
Figure 3 — Demodulation results using the proposed technique,
modulation phases (0, 0.95-27/3, 1.05-4w/3):

a) proposed technique, b) proposed technique - output image after high contrast enhancement,
¢) known technique, d) known technique - output image after high contrast enhancement,
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Ll b »* Y0NS Yoo e
Figure 4 — Demodulation results using the proposed technique,
modulation phases (0, 0.99-27/3, 1.01-47/3):
a) proposed technique, b) proposed technique - output image after high contrast enhancement,
¢) known technique, d) known technique - output image after high contrast enhancement,

CONCLUSIONS

The paper proposes a generalized method of demodulation and an analytical expression for calculating

the contrast of harmonic SMI with any values of SMI phase angles. This method can be applied in software for
obtaining three-dimensional digital images. The work contains a model based on the proposed method in the
MathCAD environment for obtaining three-dimensional images (Appendix C). The main advantage of the
proposed method is that it can be used with economical SMI devices on most optical microscopes without
purchasing commercial software. A further direction of research may be the choice of the design of economic
SMI devices and the study of the process of obtaining three-dimensional digital images and different modes of
observing samples.

—_
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APPENDIX A
AU =2-ya?+b’ :ﬁ-\/A2 +B*.

A?+B? = {Ul ~[sin((p3) —sin(¢g, )] - U, -sin(e,) + U, -sin(¢, )}2 +
+{U1 -[cos(@,) —cos(p,)]+ U, - [1-cos(¢;)]+ U, -[cos(e,) — 1]}
=U;- {[sin((p3) - sin((pz)]2 +[cos(p;) - cos((p2)]2} +
+U3 - {[—sin((|)3)]2 + [1 - cos((p3)]2} +U; - {[sin(-:pz)]2 + [cos((p2) - 1]2} +
+2-U,-U, - {[sin((p3) —sin(,)]-[-sin(p; )] +[cos(¢,) — cos(p, )] -[1 - cos(o, )]} +
+2-U, - U; - {[-sin(,)]-sin(g, ) + [1 - cos(g;)] - [cos(p,) - 1]} +
+2-U, - U, - {[sin(,) — sin(¢,)] - sin(¢, ) +[cos(¢; ) — cos(, )] -[cos(p, ) - 1]} =
=2-U;} - [1-cos(q, —9,)]+2-U; - [1-cos(p,)]+2- U3 -[1 - cos(¢,) ] +
2-U, - U, -{cos(p; — @,) +cos(p,) —cos(¢p,) — 1} +
+2-U, - U, - {—cos(p; — 9,) +cos(q,) + cos(p,) — 1} +

+2-U,-U; - {cos((p3 —@,)—cos(q,) +cos(p,) - 1}.
B 2-4A’ +B’ .
|Sin(q)3) - Sin((p2) + Sin(q)Z — s )|
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APPENDIX B

To check the obtained formula (6), the SMI contrast when using phases ¢2 = 2n/3 and ¢3 = 4n/3:

AU = !

2

. [411') . (an [21: 4
sin| — |—sin +sin -—
3 3 3 3

ol ol )

With further analytical calculation and reduction of similar:

PERSENA
2 2

jz [\/—U J—UIU]

] '{U‘{Si“(?j_sm(%ﬁﬂ o Sm@)”’ Sln(zsnj}z+

1

. [47:) . (21{) . (27: 471J
sin| — |—sin| — |+sin| — ——
3 3 3 3

AU = +
27

1
27 3"/(U2

—2U,+U,) +3(U, -U,) =

=§\/U|z _Ule _U1U3 "'Uz2 _U2U3 +U32 =g\/(U1 _Uz)z +(U1 _Uz)z +(Uz _U3)2~

Software for demodulation

I H I

© Volodymyr Borovytsky, 2022

import math
import numpy as np
import cv2 as cv

#

#  Function for demodulation
# using the known technique

# Modulation phases should be
# (0, 120, 240) ang. degrees

#
def dem_120 (aul, au2, au3):
al = float(aul) - float(au2)
a2 = float(au2) - float(au3)
a3 = float(aul) - float(au3)

sum = al*al +a2*a2 + a3*a3
coeff = math.sqrt(2.0)/3.0

res= coeff* math.sqrt(sum)
return res

Function for demodulation

using the proposed technique
Modulation phases should be

equal to (0, aph2, aph3)
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def dem_func( aul, au2, au3, aph2, aph3):

¢32 = math.cos(aph3 - aph2)
¢3 = math.cos(aph3)
c2 =math.cos(aph2)

al =2.0 * (1.0 - ¢32) * aul * aul

a2=2.0%(1.0- c3) *au2 *au2
a3=2.0*(1.0- c2) *au3 *au3

bl=2.0%(c32+c3-c2-1.0)*%

aul * au2

b2=2.0* (-c32 +c3 +c2-1.0) * au2 * au3

b3=2.0%(c32-c3+c2-1.0) *

aul * au3

APPENDIX C

sum=al +a2 +a3 +bl + b2 +b3

dd = math.sin(aph2 - aph3)- math.sin(aph2) +

math.sin(aph3)
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def my_dem( amod1, amod2, amod3, aph2, aph3,

res = ( 1.0 * math.sqrt(sum) )/ abs(dd )

return res

This function performs demodulation

of all pixels and it composes
the output image

aproposed):

#
#
#

sx=amod]1.shape[1]
sy= amod.shape[0]

res = np.zeros( (sy, sx), dtype =np.uint8)

rx=range(0,sx)
ry=range(0,sy)

for x in rx:
foryinry:
ul =amodl[y,x]
u2 = amod2[y,x]
u3 = amod3[y,x]

if aproposed:

u=dem_func(ul, u2, u3, aph2, aph3)

else:
u=dem_120(ul, u2, u3)

n=round(u)

ifn<0:
n=0

if n>255:
n=255

res[y,x] =n
return res

This function loads an image
with spatial harmonic modulation

0
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# err =0.0

def my_read_mod ( afn, anum): ph2 = phase_step - err
ph3 =2.0*phase_step + err
fn = afn.replace('0',str(anum-+1))
res = cv.imread( fn, cv.IMREAD UNCHANGED ) #
res =my_dem(modl, mod2, mod3, ph2, ph3, True )
#

print(\n Modulation : num =", anum," fn=", fn)

print('  mod shape =", res.shape )

print('  mod datatype=", res.dtype) fn = afn.replace('0', 'D")

return res print(\n Demodulation : fn=", fn)
# print mod shape =", res.shape )
#  This function is the main program: print( mod datatype=", res.dtype)
#
# 1.1t loads 3 images with modulation cv.imwrite(fn, res)
# 2. It performs demodulation
# 3. It saves the result of demodulation. k = cv.waitKey()
#

cv.destroyAllWindows()

def main( afn ): return k

modl =my_read_mod(afn, 0)

mod2 =my read_mod(afn, 1)

mod3 =my_read_mod(afn, 2) main('c:\Photos\ 0.png')

phase_step = (2.0/3.0) * math.pi

Haoitiwna 0o peoakyii 05. 04. 2023 p.

BOPOBHUIIbKUI BOJIOJUMUP MUKOJAMOBHUY — j.1.H., npodecop kadempu KOMIIFOTEPHO-
IHTErpOBaHMX ONTHYHHMX Ta HaBirauiiHUX cucteM npuianodyaiBHoro ¢akynerery HTYY «KIII im.
I.Cixopcbkoroy», M. Kuis, Ykpaina, tein.: +380-44-204-94-77, e-mail: vborovytsky@yahoo.com

I'YJ3b OJIEKCIA €BIEHIMOBHUY — acmipaHT Kadeapn KOMI IOTEPHO-iHTErPOBAHNUX ONTHYHHX Ta
HaBiranifaux cucreM npmiagooyaisaoro ¢akymstery HTYY «KIII im. I.Cixkopcekoroy», M. Kuis, Ykpaina,
e-mail:taikatalvil 3@gmail.com

B. M. BOPOBULIbKUI, O. €. TY3b
Volodymyr BOROVYTSKY, Olexyy GUDZ

METO/IM TA IPOTPAMHE 3ABE3IIEYEHHS
JUIS1 3HOMKH TPUBUMIPHUX LIU®POBUX 30BEPAKEHD
LIJISIXOM BUKOPUCTAHHS IPOCTOPOBOI JEMOTYJISILIT

HamionansHuit TexHigHuA yHIBepcuTeT YKpaian «KuiBcbkuif MOMITeXHIYHIH iHCTHTYT iMeHi [rops
Cikopcekoroy, 03056, mp-t. [lepemoru 37, M. KuiB, Ykpaina


mailto:taikatalvi13@gmail.com

	МЕТОДИ ТА СИСТЕМИ ОПТИКО-ЕЛЕКТРОННОЇ І ЦИФРОВОЇ ОБРОБКИ ЗОБРАЖЕНЬ ТА СИГНАЛІВ


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /Binding /Left

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /LeaveColorUnchanged

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.6

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<



  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 1

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 1200

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName (Coated FOGRA39 \050ISO 12647-2:2004\051)

      /DestinationProfileSelector /UseName

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /UseName

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts false

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



