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AUTOMATED SYSTEM FOR PHOTOMETRIC IMAGES
PROCESSING OF SCATTERING SPOT

The article discusses the methods and technical tools for scattering spot photometric imaging, obtaining
and analyzing methods for assessing its qualitative and quantitative characteristics. The using photometric
images of the scattering spot spatial analysis methods advantages are substantiated and given. The morpho-
logical features of normal and pathological tissues were analyzed, and their influence on the nature of scat-
tered light for collagen fibers with chaotic and ordered orientation was substantiated.

The authors proposed an automated system scheme for measuring and processing photometric images,
including a measuring unit for implementing the photometry by ellipsoidal reflectors and a unit for processing
photometric images of the scattering spot. Based on the proposed scheme, the installation of the measuring
unit, which allows for obtaining photometric images in reflected and transmitted light, was implemented,
and the experiment’s methodology was described. The basis of the image processing unit is the developed
algorithm, which includes procedures for spatial analysis of the scattering spot by intersections. The software
was developed in Python using the libraries and modules for file processing, creating a graphical interface,
working with arrays, data analysis, and graphing. Examples of the functioning of the software for processing
one and several images are given. The processing results were compared using similar apps to confirm the
functional adequacy of the developed software.

The developed system allows for photometric images of the scattering spot comprehensive analysis depend-
ing on the task. The paper results are a graphic representation of the scattering spot in the form of the pixel
brightness dependence on the spatial coordinate and the relative intensity value. These results can be obtained
for the entire photometric image and its central section. Also, the developed software allows arithmetic oper-
ations (addition, subtraction, multiplication, division) on two images to highlight a proper signal on the back-
ground image, evaluate the influence of one image on the other, etc.

Key words: photometric image, scattering spot, spatial distribution, photometry by ellipsoidal reflectors,
Python, biological media.

Formulation of the problem. A monochrome
CCD camera is the most straightforward tool for
obtaining photometric images of the scattering spot
during laser irradiation of the biological media [1-2].
More complex systems based on the methods of
photon correlation spectroscopy [3] and small-angle
approximation [4-5] are used to obtain information
about biological tissues at the microscopic level. In
these works, the evaluation of the photometric image
parameters consists in determining the scattering spot
shape and size or additional analysis of the count
and brightness of pixels in the obtained color images
[4-5]. As shown in works [6—7], the spatial analysis
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of the light distribution is also essential, allowing it
to determine both the image shape and dimensions
and to distinguish the distinct zones of bright pixels
in the field of the photometric image. However, to
determine the quantitative (pixel brightness) and
qualitative (spatial distribution) characteristics of
photometric images, various software tools are used
to convert an image (.jpg, .bmp, .png) into a text file
(.txt), determine the required intersection, build a
spatial distribution of the entire image or characteristic
cross-section, pixel brightness calculation.

Analysis of recent research and publications.
From an optical point of view, the morphological
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features of biological tissues (BT) are described by
optical properties: scattering coefficient y,, absorption
coefficient x,, scattering anisotropy factor g, and
refractive index n. Pathological conditions in the
tissues lead to changes in the structure and size of
the cellular composition and partial or complete
destruction of the surrounding tissues [1, 8], which
in turn affects the optical properties [9-11] and
manifests itself in light scattering during interaction
with tissue [12, 13]. So, for example, the authors’
works [1-2] show the influence of the collagen
fiber orientation on the backscattered light nature
presented by the monochrome photometric images.
Thus, the scattering spot has an elongated shape
for scar tissue with parallel fiber orientation. The
scattering spot form is close to round for normal
tissue with chaotic fiber orientation. In works [4, 5],
the pixel brightness gradient determined differences
in the fiber architecture of deformed fabrics. Also, the
spatial distribution is cut off when examining samples
of biological tissues with longitudinal and transverse
fiber placement [14].

Analysis of the scattering spot parameters in the
photometric images is a prerequisite for assessing
biological tissues condition. In turn, the used
analytical methods can be applied in the design of
hardware and software for diffuse optical tomography
[15, 16], Raman spectroscopy [17-19], dosimetry
during laser therapy [20], etc.

Task statement. The article aims to develop an
algorithm and software for the photometric images
of the scattering spot automated processing for
operations on a series of images and obtain results
in numerical (intensity) and graphical (spatial
distribution) forms.

QOutline of the main material of the study.
Based on the methods of obtaining and processing
the scattering spot parameters analysis, spatial
photometry of biological media was chosen as the
fundamental [7]. With the help of the technique, it is
possible to obtain a graphical representation of the
entire scattering spot in brightness dependence form
on the spatial coordinate to estimate its shape and
size and the pixel brightness value. It can be used,
for example, to establish the density of structural
elements of biological tissue samples or relative
thickness when analyzing the entire scattering spot
or to compare optical properties in distinct sections.
To obtain photometric images of the scattering spot,
photometry by ellipsoidal reflectors was used [15].

To improve the considered methods, a scheme of
an automated system for obtaining and processing
photometric images was proposed, shown in Fig. 1.

The automated system consists of measuring and
processing blocks, the principle of which is as follows.
The light flux from the light source (helium-neon laser
LGN-208a) is directed to the ellipsoidal reflector (ER)
and, with the help of a flat mirror, falls on the area of
the studied sample of biological tissue located in the
first focal plane of the ER. Due to the peculiarities
of the shape of the mirror ellipsoidal reflector, the
backscattered radiation is transferred to the second focal
plane of the ER, which projects the scattering spot onto
the CCD matrix (video camera DMK 21AU04.AS)
6 with the help of an optical system (optical head of the
MBS-10 microscope) and a connector (TV adapter).
Processing of the obtained photometric images is
carried out using specialized software.

The experimental setup developed according to
the proposed scheme is shown in Fig. 2.

The installation elements are placed on the optical
bench. To obtain a photometric image of the scattering
spot in the transmitted light, two ER 3 are used in
the experimental setup. At the same time, a sample of
biological tissue 2 is placed between them.

The software is implemented in Python with
imported libraries (Fig. 3) and according to the
developed algorithm (Fig. 4).

The developed algorithm is based on the spatial
photometry principles by the intersection’s method
[15] and arithmetic operations with matrices. Since
the algorithm implementation is carried out with the
image, which is presented as a pixel brightness matrix,
it must be converted into a text file with the extension
.txt. The algorithm divided into three branches
depending on the uploaded images count, and at the
same time, the available operation is selected.

The main window of the software developed based
on the algorithm is presented in Fig. 5. The interface
is conditionally divided into four fields. Field 1 means
further work on the software with text files. Field 2
displays the path to the downloaded files. Select the
required one from the drop-down list in field 3 to
perform operations on one of the downloaded graphs.
Field 4 selects arithmetic processes that function
only when two graphs are loaded. The “analyze”
operation is used to construct 3D and 2D graphs.
When the "analysis" button is pressed, the relative
intensity value is displayed, defined as the total pixel
brightness value by their total count. All results are
automatically saved in the program’s location folder.

When analyzing one file, the user can obtain the
overall spatial distribution of the scattering spot in the
form of a three-dimensional graph, relative intensity
values, and a two-dimensional graph of the central
cross-section. The result of the execution of the
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Fig. 1. Photometric images measurement
and processing automated system scheme

Fig. 2. Automated measurement system experimental setup: a) general view
for registration in reflected light, b) placement of ellipsoidal reflectors for
registration in transmitted light: 1 — laser, 2 — BT sample; 3 — ellipsoidal
reflector; 4 — MBS10 microscope; 5 — TV adapter; 6 — video camera
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Fig. 3. Imported libraries

described branch of the algorithm is the output of the
relative intensity value and the production and saving
ofthe obtained graphs. An example of the photometric
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image analysis is shown in Fig. 6. The corresponding
manipulator buttons control the position of the three-
dimensional graph. When you move the mouse to a
certain point on the graph, its spatial coordinate and
pixel brightness value are displayed.

In analyzing two scattering spots, one can
choose one of four arithmetic operations: addition,
subtraction, multiplication, and division. Then,
according to the algorithm, the dimensions of the
matrices are checked. If the matrix’s dimensions do
not match, a window with the corresponding error
is displayed, after which you can end work with
the software or select other files. If the dimensions
match, the program performs the specified operation,
outputs a matrix of pixel brightness values and a
three-dimensional graph of the obtained photometric
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Fig. 4. The software algorithm

image, and saves them. In addition, in the “Graph
selection” field (Fig. 5), you can choose one of the
downloaded files and plot its central intersection.
This type of processing is proper, for example, when
comparing two images, subtracting background noise
from an image, calibrating pixel brightness, etc.

An example of the difference in the scattering spot
brightness for two photometric images is shown in Fig. 7.

When analyzing two or more files, the result is
calculating the photometric image relative intensity value
and constructing two-dimensional graphs of the central
cross-section, which are stored in the folder where the
program is located. The program allows you to build and
save graphs separately (for this, you need to close the
plotting window) or get graphs of central intersections of
several images on one (as shown in Fig. 8).
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Fig. 5. The software interface
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Fig. 6. One file processing example: a) photometric image, b) software
interface with loaded image, c) two-dimensional graph of the central
section, d) three-dimensional graph of the spatial distribution of the
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Fig. 7. The program operation example with two files:

a) photometric image of scattering spot 1, b) photometric image of scattering
spot 2, ¢) resulting graph after the subtraction operation, d) brightness values

matrix of the resulting graph
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Fig. 8. Program example with four files:
a) program interface with loaded image, b) graphs of central intersections

The operation of the developed software has
been tested using separate available programs of
similar purposes. The relative intensity values of
the photometric images scattering spot showed
commensurability with the intensity values obtained
usingthe software “Irisv. 5.59”. The spatial distribution
of the scattering spot and a plot of the central cross-
section was obtained using the “Gnuplot” software.
At the same time, to build each graph in this software,
it is necessary first to download each file separately,
and secondly, to highlight the central intersection,
you must use additional operations and programs
(Excel, Notepad). It significantly increases image
processing time, especially when multiple images
need to be analyzed (from 6 times to one central
section of one image to 12 times to obtain central
sections of four images). The process of performing

arithmetic operations on images with the help of
separate programs is even more complicated and
time-consuming because first, you need to download
the file to Excel to perform the arithmetic operation
itself, then save it in Notepad to a text file, and only
then plot the graph.

Conclusions. In this paper, the automated system
scheme for measuring and processing photometric
images of the scattering spot is proposed, based
on which the installation was assembled, and the
software was developed. A comparison of the results
of photometric image processing performed on the
developed software and with the help of separate
freely available software showed the advantages of
the first one. They consist in a significant reduction in
processing time, especially when examining a series
of images.
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Besyria H.B., Sikoenko 1.0., ®@ininnosa M.B., IloayektoB C.0. ABTOMATU30BAHA CUCTEMA
OBPOBKHN ®OTOMETPUYHUX 30BPAKEHD IIJIAMU PO3CISAHHSA

Y cmammi posenanymo memoou ma mexHiuHi 3acoou OMmpUMaHHs HomomempuyHux 300padxcetv NasMu
PO3CISIHHA, A MAKOJIC NPOBEOCHO AHAI3 MeMmOo0Oi8 OYIHKU il AKICHUX ma Kinbkichux xapaxmepucmuk. QOIpyH-
MOBAHO MA HABEOEHO Nepesazu SUKOPUCHAHHA Memooi8 NPOCmMopo8o20 AHANIZY (BOMOMemMpPUYHUX 300pa-
Jicenb nasmu poscisnns. Ilpoananizoeani Mophonociuni ocodaugocmi 300posux ma NaAmos0IYHUX MKAHUH
ma 0OTPYHMOBAHO iX 8NIUE HA XAPAKMep PO3CiAH020 C8imMaa 0Jisl KONA2EHOBUX BOJIOKOH 3 XAOMUYHOKW Md 8N0-
PAOKOBAHOIO OPIEHMAYIEIO.

Aemopamu 3anponoHo8aHO cxemy a8MOMAMu308aHOI cucmemu BUMIPIOBAHHA ma 00poOKU Gomome-
MPUYHUX 300pPaAdICEHb, SIKA CKAAOAEMbCIL 3 BUMIPIOBATILHO20 OIOKY, WO peaizye memood ¢omomempii eninco-
i0anvruumu pegprexmopamu, ma 610Ky 06podKU homomempuyHux 300padicenv nasimu poscisums. Ha ocnogi
3anpONOHOBAHOI cXeMU peani308aH0 YCMAHOBKY BUMIPIOBAILHOZ0 DNIOKY, WO 00368018€ OmMpumysamu homo-
MempUuyHi 300paxcents y i0OUMOMY C8IMIL ma C8imii, Wo NpoUuLLo, ma ONUCAHO MemOOUK) NPOo8edeHHs
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excnepumenmy. B ocnogy pobomu 610Ky 06pobKu 300padicerb NOKAAOEHO PO3POOLEHUL AI2OPUMM, WO KO-
yae npoyedypu nPoCMopo8o20 AHANI3Y NISAMU PO3CIAHHI Memooom nepemunis. Pospobieno npocpamue 3a6e3-
neuenus: y npozpamHomy cepedosuwi Python 3 euxopucmanusm 6ioriomex ma mooyiié oas 0opodxu gailnis,
cmeopenHsl epagiunozo inmepgericy, pobomu 3 Macusamu, anaizy oaHux ma nobyoosu epagixie. Hasedeno
NPUKIAOU QYHKYIOHYBAHHSA NPOSPAMHO20 3abe3nedents 018 00poOKU 00H020 ma 0eKiIbKOX 300paiceHs. [l
niomeepocenHs a0eK8amuocmi pooomu po3podieH020 NPOSPAMHO20 3a0e3neueHHs NOPIGHAHO pe3YIbmamu
00pOOKU 3 BUKOPUCTNIAHHAM OOCMYNHUX AHALOLTUHUX NPOSPAMHUX 3AC00I8.

Pospobnena cucmema 0038015 npoBOOUMU KOMIJIEKCHUL AHALI3 (DOMOMEMPUUHUX 300padCEeHb NISAMU
PO3CIAHMNSA 8 3ANeAHCHOCI 810 NOCTNABIEeH020 3a60anHs. Pesynomamamu pobomu ¢ epapiune npedcmagnenus
NJAMU PO3CISIHHA Y 6UTAO0T 3ANEHCHOCMIE ACKPABOCMI NIKCENI8 8I0 NPOCMOPOBOI KOOPOUHAMU MA YUCTOB8E 3HA-
yeHHs GIOHOCHOI inmeHcuenocmi. Jaui pe3yivmamu ModCHA ompumamu K O0lisl 6Cb020 POMOMEMPUYHOLO
300padicentsl, max i s 1020 YeHmpanbHoeo nepemury. Taxosc pospobnene npocpammue 3abe3nedenis 00360-
JISIE GUKOHY8aAmMU apupmemuuni onepayii (000a8anHs, BIOHIMAHHI, MHOJNCEHHS, OLNeHHs) HAO 0soma 300pa-
JICEHHAMU 3 MEMOIO GUOLNIEHHS KOPUCHO20 CUCHATLY HA (POHOBOMY 300padiceri, OyiHumu 6naiue 00Ho20 300pa-
JHCEHMS Ha Opyee Mouo.

Kniouosi cnosa: pomomempuune 300pasicenis, niama po3CisiHia, nPocmoposul po3nooii, homomempis
enincoioanvHumu pegpnekmopamu, Python, 6ionociune cepedosuuye.
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