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METHODS OF VIRTUAL INTERFEROMETRY USED FOR LOW-CONTRAST
IMAGE PROCESSING

It is proposed to use virtual analogues of interferometric methods of physical measurements for
analyzing the low-contrast images. Different versions of modularly transforming the original image
brightness into such a form that makes possible to apply principles and mathematic formalism of real
physical methods of measurement are considered. The modulation parameter value impact on
sensitivity and resolution of the obtained result is investigated. Such approach allows to synthesize and
analyze a number of additional characteristics, which are inaccessible for the hardware representation,
and to apply locally-adaptive versions of methods based on the use of window transformations, so
opening the possibility of improving the self-descriptiveness of the topological component. Results of
experimental verification with the help of numerical models and real images of various types are
presented.

Keywords: low-contrast image, interferometric method, virtual characteristics, amplitude-phase
characteristics, modulation parameter, sensitivity, adaptability.

IIpeacraBieHo MOKJIMBOCTI BUKOPUCTAHHS BIPTyaJbHHX aHAJOrIB iHTepdepeHUiiiHUX MeTOxAIB
(diznunux BUMipIOBaHb y 3alauax aHaJi3y c1a00KOHTPacTHHX 300paskeHb.Po3risinyTo pi3Hi BapianTu
MOAYJISALIHOr0 NMepeTBOPEeHHs] BUXiAHHX 3HAYEeHb SICKPABOCTi 300pa’keHb 0 TAKOr0 BHIJSIY, SKHIi
3a0e3mevyy€ MOKJIMBICTH 3aCTOCYBaHHSI BiAMOBIAHUX ifeil i MaTeMaTHuHOro opmanizmy peaabHUX
diznunux meroais. JlocrigkeHo BIUIMB 3HAYeHHs] MapaMeTpa MOAYJALIl HA YYTJIUBICTb i po3aiabHYy
3gaTHicTL pesyabTary. Takmii miaxin mo3BoJisie cHHTe3yBaTH i aHAm3yBaTH HH3KY [I0JaTKOBHX
XapaKTepHCTHK, sIKi HeJOCTYNHI 32 anapaTHoi peaJi3auii, Ta BUKOPHCTOBYBAaTH JIOKAJIbHO-2aN TUBHI
BapiaHTH MeTOJiB Ha OCHOBi BMKOPHMCTAaHHS BiKOHHHMX IlepeTBOPeHb, IO BiIKPHBa€ MOKJIHBICTH
NiIBHIIEHHS] BHECKY TOMOJIOriuHOi ckJanoBoi. IlpeactaBiieHO pe3yabTaTH eKCIePHMEHTAJbHOI
nepeBipKH HA YHCIOBHX MOJEISAX i peabHUX 300pakeHHSIX Pi3HOro THITY.

Krouosi cioBa: cabokoHTpacTHI 300paxkeHHs, iHTepdepeHLiiHui MeTox, BipTyallbHi XapaKT€pUCTHKHU,
aMILTITY THO-(ha30Bi XapaKTEPUCTUKHU, TAPAMETP MOJIYJIALII, UyTIHBICTb, a1alITUBHICT.

IlpeacrasiieHbl BO3MOKHOCTH HCIOJIL30BAHHS BUPTYAJbHBIX aHAJOr0B MHTep(epeHUHOHHBIX
MeTON0B ¢(Hu3MYecKHX M3MepeHMil B 3aJayax aHajiuM3a CJIa00KOHTPACTHBIX M300paKeHMId.
PaccmoTpenbl pasziiM4yHble BapHaHTbl MOAYJSIHHOHHOrO Npeo0pa3oBaHMsl HMCXOJHBIX 3HAYeHMIi
APKOCTH H300paskeHMil K TaKOMy BHJAY, KOTOPbIi o0ecne4yHBaeT BO3MOKHOCThL IPHMMEHEHHs
COOTBETCTBYIOIUMX MJeil M MaTeMaTH4YecKoro QopmaauzMa peadbHbIX (QHU3HYECKMX MeTOJ0B.
HccnenoBano BiMsinMe 3HAYEHHs NapaMeTPa MOAYJIANMH HAa YyBCTBHTEJbHOCTH M Pa3pemiaromyio
cnoco0HocTh pesyabrara. Takodi moaxox mMo3BoJisieT CHHTE3HPOBATL M AHAJM3UPOBATL Psl
JAONOJHHTE/ILHBIX XAPAKTEPHCTUK, KOTOpPbIe HEIOCTYNHbLI NpPH AannapaTHOH peajlu3auud, H
HMCNOJIL30BATh JIOKAJbHO-2/JANITHBHLIE BAPHAHTBHI METON0B HA OCHOBE HCIOJb30BAaHHMS OKOHHBIX
npeodpa3soBaHuii, 4YTO OTKPBHIBAET BO3MOKHOCTHL  NOBBLINIEHHS  BKJIaga  TONOJOTHYECKOM
cocrapsiomei. IIpeacrasiiensl pe3ybTaThl IKCNEPHMEHTAILHOMH NPOBEPKH HA YHCJIOBBIX MOJE/ISAX U
peajibHbIX H300paKeHUuAX Pa3JUYHOro THIIA.

KiioueBble cioBa: cnaGOKOHTpacTHOE H300paXkeHUe, MHTEP(HEPEHIMOHHBI METON, BHPTYalbHbIE
XapaKTePUCTHKH, aMIUIUTYJIHO-(a30Bble XapaKTEPUCTUKM, IApaMeTp MOAYJIALHUH, YYBCTBHTEIBHOCTB,
alaliTUBHOCTb.
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1. Introduction

Within the framework of the mission of computer vision, it is possible to use
virtual analogues of real physical methods applied for processing radio-physical and
optical signals and fields and their mathematical models for the purpose of improving the
sensitivity and resolution of visual analysis of different images. In this view, low-contrast
images present particular interest due to difficulty of their processing as they are
characterized by changes of original brightness which can not be detected by eye.
However, very often, objects of interest needed to be detected present a small sector
which could be taken as a noise or defect of a picture, and their parameters could
inessentially differ from the total background.

It is known that the best sensitivity in optical measurements is provided by
holographic [1], ellipsometric [2], and interferometric [3] methods which are based on the
wave and polarization properties of the coherent electromagnetic radiation.

In order to create a virtual analogue of the interferometric method and to improve
visual analysis sensitivity of the low-contrast images, it is necessary to transform original
data into such a form which would make possible to apply the interferometry principles
and mathematic formalism. At the same time, in contrast to physical measurements, a
virtual space gives an opportunity to synthesize and analyze some additional
characteristics, which are inaccessible for the hardware representation, and to apply
locally-adaptive options and, consequently, to improve the self-descriptiveness of the
topological component in the original data.

2. The presentation of methods

A virtual digital analogue of interferometric method can be realized through the

following modular transformation:
_I(x,y)

R(y) =1(xp)e * =Re{R(ny)j+/ImR(x, v} = [RCryje™ ™ (1)
where /(x,y) is an original image, and A< 1—is modulation parameter, which is

considered as a virtual analogue of the «wave length of coherent optical radiation» in the
analog circuit of the holographic interferometry [4]. Such approach provides the
transition from the domain of real brightness rates to the plane of complex values and
makes possible to apply mathematical tools from the complex variable theory [5].
Re{R(x, y)}, Im{R(x, y}, and ®(x,y)=1(x,y)/A are considered as new informative
parameters.

The distinctive feature of the obtained function R(x,y) is the fact that its

amplitude-space characteristic (ASC) (module |R(x, y)|) corresponds to the original
image [(x,y), whereas its phase-space characteristic (argument ®(x,y) —is a vector
rotation degree in the complex plane) depends upon the ratio /(x,y)/A. The parameter
A variation effects the variability of the phase characteristic ®@(x, ) and makes possible

to synthesize new virtual images, which are characterized by the different rate of
sensitivity to variable values of the pixel brightness.

Before considering the physical analogues, let us consider informative
possibilities of the direct application of modulation transitions (1). Fig. 1 a and 1 b show
curves Re{R}, Im{R}, and arg{R} = ® that vary depending on the varying normative

value of the intensity / for two values of the modulation parameter A =0.10 and
A =0.25 A . The parameter A is considered as a virtual analogue of the «wave length of
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coherent optical radiation» in the analog circuit of the holographic interferometry with the
reference wave assumption.

Like in the case with the real interferometric wave measurements, the modulation
transformation leads to the result ambiguity; besides it, sensitivity of Re{R} and Im{R}

increases in the domain with the higher rate of brightness, whereas sensitivity of the
phase characteristic is constant within the total range of the brightness. The parameter A
variability effects the variability of the characteristics and makes it possible to adapt the
transformation function to the function of distribution of brightness characteristics in the
original images and to obtain virtual images characterized by different sensitivity to the
variable values of the pixel brightness in the raster presentation of digital images. This
fact requires consideration of the transformation characteristics for various values within
the range of (0 +1).

The minimal change of the brightness intensiveness in the images is 0.4% when a
monitor with 256 levels of grey is used. Fig. 1 shows curves of the modulation
transformation phase difference that varies to the brightness jump depending on the
parameter A value.
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1
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Fig. 1: Curves of varying modulation transformation characteristics

When A <0.13, the phase shift is more than 5% and, therefore, it makes possible
to identify the imperceptible intensifications visually, by the phase characteristic. It
follows from (1) that the unambiguity of the results is ensured when A =1, though
sensitivity to the variations of the brightness values is reduced in this case.

Usage of the phase (i.e. pure angular) modulation transformation

A(x,y) =exp[jnl(x,y)/L]= Re{A(x, )} + j Im{A(x, »)} 2),
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and introduction of the virtual coherent reference field B(x,y)=1 with the value
|B(x, y)|:|A(x, y)|:1 and the permanent direction along the axis «x» help to create a

virtual analogue of the phase-contrast microscopic method [6], in which differences in the
phase characteristics are transformed into differences of amplitudes and the result of the
vector summation of measured (passing through the object) and reference luminous
fluxes is registered. This approach gives an opportunity to register only the phase
differences between the light passing through the various areas.

Here, unlike to the expression (1), the amplitude modulation is substituted by the
complex angular (pure phase) modulation and can be used for improving the quality of
“phase-contrast” images.

The virtual analogue peculiarity is that not only the module of the vector sum but
also differences of these two vector fields can be used as an informative parameter

IR(x, ), =|A(x,») = B(x,y)|. 3)

Choosing a concrete value for the «x» is dictated both by peculiarities of the
image to be analyzed and the objectives of the analysis. As researches have shown, for
cases when area of interest is specified, the choice of the following value is reasonable

A& (101 L)L, (6, 3) = L (1, )] )

where /., and [ is maximal and minimal values of the image brightness (amplitude)

in the area of interest. Depending on the spatial distribution of the brightness
intensiveness in the original images, the detection of imperceptible changes in the
brightness rate can lead to different values of the transformation parameter A .

Transformations (1) and (2) refer to the integral class as the parameter A («wave
length of coherent optical radiation») is the same along the total length of its aperture.
The implementation of adaptive local option, which is based on the usage of “sliding
windows”, allows to take into account peculiarities of certain sectors of the images. In
this case A is a variable quantity and its value depends upon the current pixel coordinate.

In cases where the adaptive approach is implemented for each pixel of the image
1(x,y) should be analyzed within the size of (L x L) of the used sliding frame It allows to
take into account the effect of the nearest neighbours and topological peculiarities of the
original data (L =3 is enough for most of the applications); a value for the modulation
parameter is calculated in the following way

Mx,y)=1

X n

o Y (%)

L,max

where k is a stabilizing coefficient determined through the empirical way. Its value
should be chosen depending upon original dynamic range of the image brightness
changes.

3. Experimental results

Fig. 2 presents result of usage of the method, which is based on synthesis of
characteristics with applied transformation (1), for the numerical model. This image
includes invisible smooth changes of the field which is formed by numerous of sources
among which only some of them are visible from the origin point.

As the above approach is integral, it is reasonable to consider its informative
possibilities on the example of its comparison with the widely spread integral method of
the image processing — the histogram equalization [7]. Good results on detecting invisible
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“sources” were obtained by using characteristic Re{R} of the modulation transformation

(1) with modulation parameter A =0.17 ( fig. 2 c), though the best description of the field
structure was obtained by the phase characteristic A = 0.03 (fig. 2 d).

Application of multiple histogram equalization slightly improves visual quality of
the image due to the brightness values redistributed over entire range of their gradation
and helps identifying dark and bright areas; at the same time, it reduces sensitivity of the
analysis because initially visible sources of the field disappear (fig. 2 b).

)
c

Fig. 2. Digital simulation: a — an original image; b — result of histogram equalization method;

c—Re{R(x, y)} of (1) A = 0.03 ; ¢ — phase characteristic ®(x,y) of (1) A = 0.03

Analysis of the image histograms, which are obtained on the basis of the
synthesized interference characteristics, leads to the following conclusions:

—dynamic range of the synthesized image brightness is twice and thrice,
respectively, wider than dynamic range of the original image;

—maximum of the image histogram ®(x,y)ensures optimal distribution of the
brightness (see middle part of the brightness range in the fig. 2 d) and improves
perceptive sensitivity of the visual analysis;

—in practice, it is possible to adjust parameters of the method in such a way, that
characteristics will be sensitive to the required range of the space local brightness.

Fig 3 presents microbiological image processed by interferometric method and its
adaptive variant. Differing interferometry picture of the dissimilar biological structures
helps to obtain more exact description of both interface between the structures and the
common background structure.

The adaptive variant of the method gives more sharp picture of the object
structure. The experiments have shown that if a value £ <0.1 is chosen for the expression
(5), the analysis can be difficult due to presence of numerous phase jumps in the
synthesized interferometric image. It has been empirically established that the value
within the range k£ =0.2+0.41s optimal for the frame with the size 3x3 for the most of
the image types.

In this analysis, visualization of the Re{R(x,y)} reveals peculiarities of light areas
in the low-contrast images, and visualization of the phase characteristic ®(x,y) helps to

140



L.G. Akhmetshina

see clearly a structure of the dark areas. Usage of the two characteristics allows to
identify all visually indiscernible areas.

a 0 B r

Fig. 3. Analysis of the optical microbiological image: @ — an original image; b — result of the histogram
equalization method; Re{R(x, y)} of the interferometric method (A = 0.03)
B — result of the adaptive interferometric method (¥ =0.2)

Fig. 4 presents results of processing of the brain tomogram based on visualization
of the characteristics (3) at A =0.03. The procession was resulted in the brightness
redistribution, and the extremes of the histogram (Fig. 2.14 ¢, d) were displaced into
location, which was most suitable for the visual analysis, i.e. substantially into the middle
of the range. This fact allows to confidently identify in the dependence |R(x, y)|+ a sector

with possible pathology, which appears in the form of abnormal dark area in the middle
part of the synthesized image.

Comparative efficacy of their usage essentially depends on specific nature of the
object to be analyzed. When image (or its local sector) is homogeneous enough, it is
reasonable to use vector difference module, and when the picture features significant
brightness jumps, it is reasonable to use characteristic |R(x, y)|+ .

P
OHENFONE TROBC

Fig. 4. MR image of a brain: a — original image; b — |R(x, y)|+ ,C— |R(x, y)|_

Analysis of spatial and amplitude sections of the lines in the informative area of
the synthesized image (fig. 5) shows that the dynamic range of the brightness variation in
the region of interest has increased by about 4,5 times (in this example - from 20% to
85%) resulting in higher reliability of visual analysis.

A lot of experiments were carried out with low-contrast medical images. All of
them confirmed high sensitivity of the method for the segmentation of low-contrast
medical images.

141



Methods of virtual interferometry used for low-contrast image processing

Fig. 5. Amplitude-spatial slice images of the 100th line in fig. 4 a, b, c, respectively

4. Conclusions

Application of virtual analogues of the optical interferometry methods presents a
simple and useful tool, which can essentially improve visual analysis of the low-contrast
images. Thanks to the essential nonlinearity of the synthesized characteristics, which can
be regulated by a modulation parameter, it becomes possible to adapt transformation
function into function of the brightness distribution in the original images and to control a
self-descriptiveness rate of the synthesized characteristics of the complex modulation
transformation.
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