


◆ Педиатр. 2018. Т. 9. Вып. 4 / Pediatrician (St. Petersburg). 2018;9(4)  	 eISSN 2587-6252 

Передовая статья

DOI: 10.17816/PED945-11

Contemporary aspects of innovative visualization digital medical 
technologies’ introduction into clinical practice and education
© A.M. Aronov 1, V.L. Pastushenkov 1, D.O. Ivanov 2, Ya.V. Rudin 3, A.N. Drygin 2

1 LOMO Joint Stock Company, Saint Petersburg, Russia; 
2 St. Petersburg State Pediatric Medical University, Ministry of Healthcare of the Russian Federation, Russia; 
3 Institute of Optical-Digital Systems of ITMO University, Saint Petersburg, Russia
For citation: Aronov AM, Pastushenkov VL, Ivanov DO, et al. Contemporary aspects of innovative visualization digital medical technologies’ 
introduction into clinical practice and education. Pediatrician (St. Petersburg). 2018;9(4):5-11. doi: 10.17816/PED945-11
Received: 14.06.2018	 Accepted: 01.08.2018

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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Приведены результаты разработки и характеристики цифрового аппаратно-программного комплекса, обеспечива-
ющего автоматическое формирование, регистрацию и обработку изображений биомедицинских объектов в  целях 
неинвазивной диагностики на основе методов цифровой микроскопии и эндоскопии. Цифровой аппаратно-программ-
ный комплекс осуществляет сбор, предварительный анализ и сжатие видеоинформации для передачи по телекомму-
никационным каналам. Подобные комплексы позволяют создать основу для разработки и внедрения новых перспек-
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тивных медицинских технологий, к которым можно отнести визуально-цифровые базы данных, с целью разработки 
учебных программ и атласов распознавания патологических клеток и состояний. В этом направлении для начала 
выбрана агрегация систем клинической и лабораторной диагностики, использующих в качестве медицинских данных 
изображения, получаемые с выходов цифровых микровизионных и видеоэндоскопических систем, реализованная 
в  виде комплексов оптико-цифровой диагностики. Микровизионная цифровая система мультиспектральных иссле-
дований обеспечивает формирование и визуализацию микроизображений биотканей и медицинских препаратов. 
Видеоэндоскопическая система предназначена для проведения эндоскопических обследований желудочно-кишечно-
го тракта с обеспечением формирования и визуализации эндоскопических изображений, документирования и архи-
вирования данных. Связь с сетевой системой поддерживается по протоколу TCP/IP. Микровизионная и  видеоэндо-
скопическая системы предоставляют возможность дистанционного доступа к изображениям и функциям управления 
для удаленных пользователей, работающих в локальной сети или через веб-интерфейс.

Ключевые слова: видеоэндоскоп; люминесцентная микроскопия; обработка цифровых изображений; телемедицина; 
сетевые технологии; педиатрия.

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 1 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-

1 GOST R52636–2006 “Electronic health record. General provisions”.
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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

Рис. 1.	Структура сетевого применения диагностического комплекса. Для этих целей ЛОМО создало первый отечественный 
многофункциональный диагностический комплекс для телемедицины, использующий достижения отечественной микро-
визионной и видеоэндоскопической техники в сочетании с современными компьютерными и телекоммуникационными 
технологиями

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.

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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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 × 3.150 μm, for which a new lens 2 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.

2 GOST R52636–2006 “Electronic health record. General provisions”.
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Table 1 (Таблица 1)
Contrast transfer design coefficient value
Расчетные значения коэффициента передачи контраста 
изображения

Aperture diaphragm 
plane / Плоскость апер-
турной диафрагмы

Matrix photoreceiver 
plane / Плоскость ма-
тричного фотоприемника

6.845

14
0°

Operative 
distance, 

mm /
Рабочее рас-
стояние, мм

Contrast transfer design coefficient value for 
field center at spatial frequency / 

Расчетное значение коэффициента передачи 
контраста для центра поля на простран-

ственной частоте
40 mm–1 50 mm–1 110 mm–1

3 0.50 0.38 –
4.5 – 0.61 –
12 – 0.59 0.27

100 – 0.65 0.33
Fig. 2.	 Video-endoscope objective optical scheme
Рис. 2.	Оптическая схема объектива видеоэндоскопа

3

2

Subject plane / 
Плоскость предмета 1

4

7

6

5

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

Рис. 3.	Оптическая схема оптико-цифрово-
го анализатора микроизображений: 
1 — блок сменных микрообъекти-
вов; 2 — блок спектроделителей; 
3 — блок фотоприемников; 4 — све-
тодиодный осветитель проходяще-
го света; 5 — осветительный модуль 
ртутной лампы; 6 — светодиодный 
осветитель отраженного света; 7 — 
лазерный осветительный модуль

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 

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 
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Fig. 4.	 Micro-image optical digital analyzer
Рис. 4.	Внешний вид оптико-цифрового анализатора микро-

изображений

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.
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