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The paper portrays the elaboration and characters of digital hardware and software complex targeted at automatic
forming, registration and processing of biomedical object images for non-invasive diagnostics based upon digital mi-
croscopy and endoscopia. Digital hardware and software complex is collecting, preliminary analyzing and compressing
video-information for transmission along telecommunication channels. Complexes of this kind may serve as a basis for
elaboration and introduction of new prospective medical technologies like visual and digital databases for education
programs and atlases for discrimination of pathological cells and states. For a starter an aggregation of clinical and
laboratory diagnostics systems has been chosen utilizing images from the outputs of digital microvisual and endoscopi-
cal systems for elaboration of optical digital diagnostics complexes. Microvisional digital multispectral analysis system
ensures forming and visualization of biological tissues’ and medical slides’ microimages. The videoendoscopic system
is intended for endoscopic examination of gastrointestinal tract with forming and visualization of endoscopic images,
documenting and archiving of data. This system is networked according to TCP/IP protocol. The microvisional and vi-
deoendoscopic systems grant distant access to images and control functions for remote users from local networks or
through WEB-interface.

Keywords: video-endoscope; fluorescence microscopy; digital image processing; telemedicine; network engineering;
pediatric.
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MpuBeneHbl pesynbTaTbl pa3paboTkM M XapakTEPUCTUKKM LMGPOBOro annapaTHO-MPOrpaMMHOro KoMmniekca, obecneymsa-
lolero aBTomMaTuMyeckoe GOpPMUPOBaHME, perncTpaunto M 06paboTky nsobpaxeHuin GUOMEANLMHCKMX OObEKTOB B Lensix
HEeMHBAa3MBHOW AMArHOCTMKM Ha OCHOBE METOAOB LM(MPOBON MUKPOCKONUK U 3HAOCKONMM. LindpoBoi annapaTtHo-nporpamm-
HbI KOMMNIEKC OCyLecTBASET c60p, NpeABapUTENbHbIA aHaNu3 U CxaTne BUAEOMHPOpMaLMK ANg nepesaym no TenekoMmy-
HWKALMOHHbIM KaHanaM. MNofobHble KOMMNIeKCbl NO3BONISIOT CO3AaTb OCHOBY A5 pa3paboTku U BHeAPEHUS HOBbIX Nepcnek-
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TUBHbIX MEAMULMHCKMX TEXHOMOTUI, K KOTOPbIM MOXHO OTHECTU BMU3YyaNbHO-LMU(PPOBble 6a3bl AaHHbIX, C Lie/bo pa3paboTku
y4ebHbIX NporpamMM M aTnacoB pacno3HaBaHWS NAaTONOMMYECKMX KNIETOK M COCTOSIHMIA. B 3TOM HanpaBneHuu Ans Havana
BbIGpaHa arperaums CUCTeM KJIMHUYECKOM M NTabopaTOPHOM AMArHOCTUKM, UCMOMb3YHOLLMX B Ka4eCTBe MEAULMHCKUX AaHHbIX
M306paxeHus, Nofyyaemble C BbIXOLOB LU(MPOBbIX MUKPOBU3MOHHBIX M BUAEOIHAOCKOMUYECKMX CUCTEM, peann3oBaHHas
B BMIE KOMMNEKCOB ONTUKO-LMPPOBON AMArHOCTUKM. MUKPOBU3MOHHAS LUMPPOBAs cuCTeMa MYNbTUCMEKTPaNbHbIX uccne-
[0BaHUI obecneuynBaeT GopMMpoOBaHME U BU3YaNM3aLUID MUKPOM306paKeHUin BUOTKaHeN U MEAULMHCKUX NMpenapaTos.
BupeosHaockonuyeckas cuctemMa npegHasHavyeHa ans npoBeAeHUs IHA0CKONMYEeCKMX 06Cef0BaHUIM XKelya04HO-KULLEYHO-
ro TpakTa c obecnevyeHneM GOpMUPOBAHMNA U BM3YaNnU3aLMM SHLOCKONUMYECKUX U3006paXKEHUI, LOKYMEHTUPOBAHUS U apXK-
BMPOBaHUA AaHHbIX. CBSA3b C CETEBOWM CMCTEMON moadepxuBaeTcs no npotokony TCP/IP. MUKpoBM3WOHHAsS W BUAEO3HAO-
cKonmyeckas CUCTEMbl NPeLOCTaBASIOT BO3MOXHOCTb AUCTAHLUMOHHOIO A0CTYNA K MU306paXeHUsaM U QYHKUMAM yrpaBieHus
LN9 yoaneHHbIX Nonb3oBaTtesiei, paboTaklmx B OKANbHOW CETU MM Yepe3 Beb-nHTepdeiic.

Kniouesble cnoBa: BUMAE03HAOCKOM; NIOMUHECLEHTHAA MUKPOCKONKs; 06paboTka LMdpPOoBbIX M306paXeHMH; TenemMeaunLmHa;

ceTeBble TEXHONOrUU; negnaTpusd.

In recent years, computer and telecommunica-
tion technologies have provided a qualitative leap
in the development of remote medical technologies.
This led to improvement, especially in difficult clini-
cal and diagnostic cases, reliability of diagnosis, and
wider coverage of the population with affordable and
high-quality diagnostic medical services and ensured
reduction in the cost of medical manipulations in pe-
diatrics.

Several leading companies in the world developed
and produced automated microimage analyzers, such
as Coolscope (Nikon, Tokyo, Japan), BioZero and
BioRevo (Keyence, Osaka, Japan), telemedical com-
plexes for ultrasound and x-ray diagnostics, electrocar-
diography, and computed tomography [7-9]. Portable
telemedical terminals have become widespread in the
world and enable performance of long-term monitor-
ing of the patient’s cardiovascular system condition,
measurement of blood sugar levels, and monitoring
other vital indicators of human body homeostasis. Ac-
cording to the World Health Organization, currently
hundreds of telemedicine projects have been imple-
mented in the world, which include, besides clinical
and informational, educational projects that are also
related to tele-education of specialists in the medi-
cal field. One problem facing modern telemedicine
is the development of medical informatics methods,
standardization of registration and formalization of
medical data, and creation of specialized medical in-
stitutions capable of providing telemedicine services.
To solve these problems, development of informa-
tion preparation algorithms and their introduction
into medical practice are necessary to define stan-
dard forms of information exchange at the source data
and report generation levels, maintaining medical re-
cords in children’s medical institutions and perinatal
centers.

In Russia, remote medical technologies have been
developing very intensively over recent years. Over
the past decade, a coordinating council of the Ministry

of Health for telemedicine was organized in our coun-
try, the concept of telemedicine technologies develop-
ment was approved, and the first national standard in
the field of medical informatics' was developed and
adopted, which establishes general provisions for the
development of requirements for organizing the cre-
ation, maintenance, and use of information systems,
such as the electronic health record. New-generation
biological digital microscopes, namely, microvizors
having advanced telecommunication capabilities, have
been developed and mass produced [5].

However, Russian telemedicine hardware lags be-
hind the world level, which is due to the lack of spe-
cial equipment for clinical and laboratory diagnostics
as well as of medical and legal forms for organizing
specialized medical institutions capable of providing
telemedicine services.

The aforementioned issues, as well as the devel-
opment of digital and computer technologies in all
areas of science and technology, triggered the devel-
opment of Russian automated telemedicine systems.
The first step in this direction was aggregation of
clinical and laboratory diagnostics systems that use
the medical data as the images obtained from the out-
puts of digital microvision and video image endoscopy
systems, implemented as optical and digital diagnostic
complexes for telemedicine (digital diagnostic com-
plexes). Such complexes not only enable expansion
of the functionality of existing techniques but also
lay the foundation for development and implementa-
tion of new promising medical technologies, including
creation of visual and digital databases for programs
and atlases for recognition of pathological cells and
conditions.

The primary aim of the complex developed is cre-
ation of an infrastructure basis for development of
telemedicine services based on the open information
technology of networking of various diagnostic de-

"GOST R52636-2006 “Electronic health record. General provisions”.

@ Tlegmarp. 2018.T. 9. Boin. 4 / Pediatrician (St. Petersburg). 2018;9(4)

ISSN 2079-7850



EDITORIAL/MEPELOBAS CTATHA

vices. From our viewpoint, they should have the form
of advisory and diagnostic centers established on the
basis of medical universities, perinatal centers, and
leading healthcare facilities of the city and country.
These centers will be able to conduct their activities
in the form of online consultation and/or based on
visual and digital databases.

It is well known that successful treatment of many
diseases is determined by an accurate and timely di-
agnosis. The reliability of diagnostics depends on a
large set of various factors, including primarily the
qualification of the diagnostician. However, the spe-
cialist’s experience and medical intuition alone are not
always enough; precise methods and devices for their
implementation are required. Long-term professional
monitoring of the state of human health and the full-
est possible database of various tests are necessary.

Medical records of tests and results of patient ex-
aminations in the form of paper-based patient medical
records were maintained by doctors for many years,
but physical and practical limitations of traditional
technologies of storage and organization of a large
amount of diversified data are currently completely
obvious.
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One possible option for the structure of network ap-
plication of digital diagnostic complexes is presented
in Figure 1. The diagram (in the lower part of the
figure) shows, as an example, two complexes located
in a medical diagnostic facility and connected by a
local network to a top-level server of the “electronic
hospital” type. Each complex includes three function-
ally related systems.

The microvisual digital system for multispectral
research provides the formation and visualization of
microimages of biological tissues and medical prepa-
rations.

The video endoscopic system is designed to per-
form endoscopic examinations of the gastrointestinal
tract with the formation and visualization of endo-
scopic images, documenting and archiving the data.

The network system serves to document and ar-
chive the data, compress information for transmis-
sion over telecommunication channels, and analyze
microimages with the integrated use of data con-
tained in images of various types, based on the use
of computer technologies. This system is compatible
with modern video-teleconferencing systems, which
enables conduction of consultations and case con-
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Fig. 1. Network mode diagnostic complex application. LOMO company has elaborated the first multifunctional telemedical diag-
nostic complex that utilizes the achievements of Russian micro-visional and video-endoscopic techniques in combination
with up-to-date computer and telecommunication technologies

Puc. 1.

CTpyKTypa ceTeBOro npMMeHeHus1 AMarHocTuyeckoro komnnekca. Ana atux ueneit JIOMO co3pano nepsblit OTe4EeCTBEHHbIN
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ferences, as well as high-performance exchange of
medical data in local, regional, and global telecom-
munication networks.

DESCRIPTION OF COMPLEX SYSTEMS

The microvision system of a digital diagnostic
complex can be characterized as an “all-in-one” sys-
tem, including a digital microscope, image analyzer,
and computer with a network interface in one cas-
ing. This system is able to function manually and in
automatic mode. It provides the ability to work au-
tomatically with samples (scanning across the field,
auto focus, change of lighting methods) according to
a preset program, save a local copy of the results
of microscopic examination, and the possibility to
fill in the electronic health record or its integration
into existing electronic hospital medical information
systems. The microvision system provides remote
access to images and control functions for remote
users working on a local network or through a web
interface.

The main component of the microvision system is
an optical and digital microimage analyzer (ODMA).
It is a fully automated luminescent microvizor with
a built-in integrated control unit based on a personal
computer and controllers of actuators with feedback
connected to it. ODMA provides microscopic studies
in the observing luminescence mode in the visible and
near-infrared (IR) spectral ranges, as well as using
bright field methods in transmitted, reflected light and
under conditions of simultaneous illumination of the
objects of observation with transmitted and reflected
light of the visible spectrum.

For operation in the automatic mode, ODMA
comprises the controlled motorized transfer devices,
namely, a two-dimensional microscope stage, focusing
mechanism, translucent light ray filter unit, dia-illumi-
nator diaphragm, objective turret, unit of beam-split-
ting modules of reflected light, node for switching on
the IR channel of the reflected light, node for switch-
ing on the light-emitting diode (LED) illuminator of
the reflected light, valve, and device for transfer of the
mercury lamp collector. In the remote control mode,
the main functions of ODMA support the transmis-
sion control protocol/Internet protocol (TCP/IP) net-
work protocol.

Due to the ODMA software, microimages are
recorded, including the construction of panoramic
X-Y images with automatic linking of field boundar-
ies and Z-scanning with recording of images in “deep
focus” mode, as well as their preliminary process-
ing, compression, and transfer for archiving to the
network system of the complex. To obtain the best
quality microimages, the ODMA software implements

an automatic assessment of the contrast and sharpness
of digital images and also supports the automatic fo-
cusing mode, which algorithms and basic parameters
were studied previously [2—4].

The video endoscopic system of a digital diagnos-
tic complex serves as the workplace of an endosco-
pist and includes a video endoscope with a tool kit,
lighting unit, control unit, video monitor, and personal
computer with software installed on the instrument
endoscopic rack.

The video endoscopic system was created using
a number of new technical solutions aimed primarily
at improvement of the image quality, as well as of
consumer properties and performance characteristics.
The image receptor in a video endoscope is used
as a 1/6 inch color CCD matrix with a pixel size
of 3.275 x 3.150 pum, for which a new lens? with a
140° angular field of view was developed. This lens
provides high-quality color images of the object across
the entire field without refocusing at working distanc-
es of 3 to 100 mm, the distribution of illumination
across the image field (uneven illumination does not
exceed 25%).

Figure 2 shows the optical scheme of the lens, and
Table 1 represents the calculated values of the im-
age contrast transfer coefficient for different working
distances and spatial frequencies.

In addition, the controlling mechanism of the bend-
able part of the video endoscope and braking devices
is hermetically sealed, the ergonomic characteristics of
the proximal part and control handles are improved,
and the shape of all structural elements provides com-
fortable working conditions for doctors with various
anthropometric data. LED illumination is provided
in the lighting channel of the video endoscopic sys-
tem. The required illumination is achieved using a
super-bright white LED as a light source, wide-angle
lighting lenses, and fiber optic bundles with increased
transmission (Fig. 3).

The control unit of the video endoscopic system
was upgraded to meet the requirements of improved
image quality and compatibility with the network
system of the complex. For this purpose, using the
menu commands in the control unit, the functions of
controlling color grade, clarity, and brightness of the
image are implemented. To optimize the observation
mode in the process of endoscopic examination, it
is possible to change the size of the angular field
of vision of the lens using an electronic mask and
display a still image simultaneously with the video
image (picture-in-a-picture mode). Communication
with the network system is supported by TCP/IP.

2GOST R52636-2006 “Electronic health record. General provisions”.
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Table 1 (Tabnuya 1)
Contrast transfer design coefficient value
PacueTHble 3HaueHUs KO3IpdULMEHTA Nepeaaym KOHTpacTa
nsobpaxeHus

Contrast transfer design coefficient value for

Operatlve field center at spatial frequency /
dlstanc/:e, PacueTHOC 3HaueHHE KOADGUIIMCHTA TIepeaadn
mm

KOHTpacTa AJisl HEHTPpa 1MOoJisd Ha IPOCTpaH-

PaBouee pac- CTBEHHOH 9acTOTE

CTOHE, MM 40 mm™! 50 mm"! 110 mm!
3 0.50 0.38 -
45 - 0.61 -
12 - 0.59 0.27
100 - 0.65 0.33

Thus, the first Russian digital video endoscope for
telemedicine was created, which provides the opportu-
nity to monitor endoscopic procedures remotely during
their execution.

In addition to the diagnostic functions performed
by microvision and video endoscopic systems, which
are important from the medical use viewpoint, digital
diagnostic complexes include a network system for
solving telemedical problems. This system is a soft-
ware and hardware complex deployed on the basis
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Fig. 2. Video-endoscope objective optical scheme
Puc. 2. OnTuyeckasa cxema 06beKTUBA BUAEO3HAOCKOMNA

of the HP ProLiant ML150 G6 server and support-
ing software for managing the database of diagnos-
tic studies coming to the server from the diagnostic
systems of the complex using the Digital Imaging
and Communications in Medicine protocol, which is
the industry standard for creating, storing, transmit-
ting, and visualizing medical images and documents
of the patients examined. Reliability of diagnostics
in observable images is ensured by inclusion of a
number of original computer programs for medical

Fig. 3. Optical digital micro-image analyzer
optical scheme: 1 - changeable micro-
objectives block; 2 - spectro-diviser
block; 3 - photo-receiver block; 4 -
transmitted light LED; 5 - Hg-lamp
lighthead, 6 - reflected light LED;

\ 7 - laser lighthead

Puc. 3. OnTuuyeckas cxeMa onTUKO-LUpPOBO-
ro aHa/IM3aTopa MUMKpOU306parkeHui:
1 — 6NOK CMEHHbIX MUKPOOOBLEKTU-
BOB; 2 — GNOK CneKTpoaenutenei;
3 — 6nok poTonpueMHUKOB; 4 — CBe-
TOAMOAHBIN OCBETUTENb NPOXoAsaLLe-
ro CBeTa; 5 — OCBETUTENbHbII MOAY/b
PTYTHOM laMnbl; 6 — CBETOAUOAHDINM
OCBETUTE/Ib OTPAXKEHHOrO CBeTa; 7 —
NasepHbIii 0CBETUTENIbHbIA MOAY/b
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image processing into the program complex of the
network system [1, 6]. The network system of the
digital diagnostic complex is an open information
system capable of supporting software products from
other manufacturers. With its application, remote us-
ers, in and outside of the local network of the com-
plex, subject to authorization, can access the control
functions of the microvision system and monitor
streaming video coming from the video endoscopic
system, as well as personal electronic medical records
of patients stored in a database of diagnostic stud-
ies. The ability to connect to the Internet and the
telecommunication functions of the network system
itself define strict requirements for the protection of
personal data and information security of the com-
plex as a whole.

CONCLUSIONS

As a result of the work in a joint project of
the LOMO company and St. Petersburg National
Research University of Information Technologies,
Mechanics and Optics, the first Russian high-tech
optical and digital diagnostics complex for telemed-
icine was developed. The complex was designed
to conduct clinical and laboratory research and to
solve a relevant objective of improving quality
of medical care for broad layers of the Russian
population, including those living in areas remote
from modern diagnostic centers. The open network
architecture provides for expansion of the scope
of application of the complex in medical practice
due to including new diagnostic tools in its com-
position (Fig. 4). This work was supported by the
Ministry of Education and Science of the Russian
Federation.

Fig. 4. Micro-image optical digital analyzer
Puc. 4. BHewHWit BUA, onTUKO-UMGpPOBOro aHanmsaTopa MUKpo-
n306paxkeHui
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