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Abstract. This article discusses the possibilities of using artificial intelligence technologies,
namely computer vision, in the field of medicine. The relevance of the topic is due to the growing
burden on medical personnel and medical institutions due to an increase in the number of elderly
people, an increase in the number of patients with chronic diseases, as well as unforeseen
circumstances, such as the SARS-CoV-2 pandemic in 2019-2021. In addition, many medical
institutions are interested in providing high-quality services, increasing loyalty, and increasing the
number of regular patients, and therefore feel the need to introduce the latest technologies and
follow strategic development trends. The article describes how the physician can use the solutions
offered by artificial intelligence in the course of his work to obtain a more accurate diagnosis
and save time spent on the patient’s history review. The authors propose an IT and technological
architecture of a medical organization that uses computer vision in its work, created on the
basis of the IT and the technological architecture reference model of a medical organization. The
architecture implies the use of cloud infrastructure and specialized software and provides for both
the introduction of new types of equipment, for example, 3D cameras, imaging sensors, and the
use of traditional equipment: an ultrasound machine, X-ray equipment, an MRI machine.
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AnHoTtamusa. B cratbe paccmMaTprBaTCs BO3MOXKHOCTH HUCIOJNb30BAHUS TEXHOJOTHH HCKYCCTBEH-
HOT'O HHTEeJJIEKTa, 8 UMEHHO KOMIIbIOTEPHOTO 3peHHs], B cepe MeIUIHHbB. AKTyaJbHOCTb TEMBI
o0ycJ/ioB/IeHa pacTylllell Harpy3kod Ha MeIHMLUHCKHU MepcoHas U Ha MeAHLHHCKHE YUYpeXKAeHHUs
B CBSI3H C yBeJHUEHHEM UYHCJa MOXKUJBIX JIIONeH U MalHeHTOB C XPOHUYECKHMH 3a0oJeBaHUs-
MH, a TaKXKe HeNpelaBHAEHHBIMH OOCTOSTENbCTBAMM, KaK, HAlpUMep, MaHIeMUs KOpPOHaBHpYycCa
SARS-CoV-2 B 2019-2021 rr. Kpome Toro, MHOTHe MeIULMHCKHE YUpeKIeHHs 3aHHTEPECOBaHbl B
TMpeaoCTaBJeHHH YCIyT BBICOKOTO KauecTBa, MOBBILIEHUH JIOSIJIBHOCTH U YBEJHUEHHUH YHC/a MOCTOSH-
HBIX MALIMEHTOB, B CBSI3U C YeM OILLYLIAI0T HeOOXOAMMOCTb BO BHEJPEHUH HOBEHILIMX TeXHOJOTHH M
XOTAT CJIeI0BAaTh TPEHIAM CTpPATErMyecKoro pa3BUTHS. B cTaTbe omuchiBaeTcs, KaK Jedalldi Bpad
MOXKET HCIOJb30BaTh MpeJjaraeMble UCKYCCTBEHHBIM MHTEJIJIEKTOM pelLleHHs B Mpolecce CBOEH
paboTbl 115 MoJydeHHs: 6oJiee TOYHOrO AHMArHO3a M SKOHOMHH BPEMEHH Ha 03HAKOMJIEHHE C aHaM-
He3oM nanueHta. [Ipensnoxena MT- u texHosoruueckas apxurekTypa MeIULIMHCKOH OpraHU3allH,
HCII0/Ib3YIOIEeH KOMIIBIOTEPHOE 3peHHe B CBOell paboTe, CO3LaHHAs HA OCHOBE pedepeHTHOH MOJIEJIH.
ApxuTeKTypa nmoppasyMeBaeT HCIOJb30BaHHE 00/1a4HON HH(PPACTPYKTYPHI, CrlelHaIUu3UPOBAHHO-
ro [1O u npenycmarpuBaeT Kak BHeIpeHHe HOBBIX THIOB obopynoBaHus, Harnpumep 3D kamep,
NATUYMKOB BH3yasM3allH, TaK W HUCIOJNb30BaHHE TPaJAHWLMOHHOrO oO60opynoBaHus: anmapara ¥Y3H,
peHTreH-o60pyLoBaHus, annapata MPT.
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Introduction

The concept of artificial intelligence (AI) has evolved since 1950 when Alan Turing
described the use of computers to develop critical thinking and human decision-making.
Currently, artificial intelligence is an integral part of the development of the digital
world and is used in all spheres of activity from medicine to industry and production [1].
Initially, Al was represented by a number of simple algorithms such as “if this, then that”,
then the algorithms rapidly became more complex, mimicking the neural connections of
the human brain. The result of the development of the concept is the appearance of such
classes of artificial intelligence as machine learning, deep learning, natural language
processing, and computer vision [2]:

— machine learning is a field of artificial intelligence, which implies the “training”
of computer algorithms to make decisions on their own. Machine learning is
the driving force behind the intelligence of modern systems. Thus, the system
learns independently (learning without a teacher) or with reinforcement from
the environment, analyzing and classifying large amounts of data to identify the
detected patterns and use them for further insights;
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— deep learning is represented by machine learning methods that allow training a
system not with algorithms, but with representations. Deep learning has proven
to be effective after the increase in computing power has allowed the creation of
complex neural network architectures. The use of deep learning made it possible
to solve problems using computer vision, speech recognition, machine translation,
etc.;

— natural language processing is a field of Al used to convert a natural language into
a format understandable for computer systems for further analysis. It is used for
speech recognition; handwritten and typewritten notes recognition;

- computer vision is an area of Al that deals with the identification of video and
photographic images by raw pixels. Computer vision allows performing tasks such
as detecting, classifying, and interpreting various objects to categorize predefined
analysis results [3].

The purpose of this article is to study the application of computer vision methods in
the field of medicine: areas of use, advantages and possible difficulties; development of
an IT model and technological architecture of a medical organization that uses computer
vision in its work, based on the reference architecture model, as well as the workflow of
the physician using the opinion of artificial intelligence to make medical decisions.

Materials and methods

This study is based on the concept of an enterprise architecture. Currently, there are
several standards and methodologies for modeling an enterprise architecture, but one
of the most commonly used is the TOGAF (The Open Group Architecture Framework)
standard, developed by The Open Group consortium.

The TOGAF standard is based on the Architecture Development Method (ADM),
which describes a cyclical, phased plan for developing an enterprise architecture. In this
study, ADM phases C and D were used.

Also, the authors use in their work the reference model presented in [4]. The reference
model describes the IT and technology architecture of a healthcare organization, following
the concept of value-based, personalized medicine and Health 4.0.

Results

In the last decade, in the field of medicine the most urgent problem is appeared to be
the insufficient provision of medical institutions with personnel: general practitioners,
specialist doctors, and junior medical personnel. The current medical staff bears the
burden associated with examination, admission, counseling, prescribing treatment, and
maintaining medical records, which affects the quality and quantity of work performed
by them [5]. In addition, the population of most countries is aging rapidly, which in the
near future will mean an increase in the flow of patients and the demand for medical
services and examinations.

Controversial yet important is the issue of medical error in the process of making
decisions about the further treatment of the patient. Telemedicine is actively used in
Russia and around the world, which makes it possible to quickly assemble a medical
consultation of highly qualified specialists and conduct it in a remote format. Patients
also have access to solutions that allow them to remotely consult with their doctor,
automatically collect, store and process data on medical indicators, for example, blood
pressure, pulse, blood sugar level, etc.
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Currently, the possibilities of using Al and machine learning in medicine are beginning
to actively develop. The use of technologies such as computer vision, deep learning, and
natural language processing will make it possible to fully implement such concepts as
personalized, value-based, and predictive medicine [6]. Machine learning algorithms can
be used to improve the accuracy of diagnosis, the efficiency of medical personnel and
increase patient flow, therapeutic follow-up and clinical operations, the experience of
interaction between the patient, and the medical organization as a whole.

The use of the latest technologies in medical data analytics is relevant because the
volume of medical data already available is large and continues to grow daily. Medical
data include data from electronic and paper medical records, results of clinical studies,
and visual results of studies: MRI, X-ray, ultrasound, ECG, etc. [7]. In addition to the
variety of types and sources of medical data, it is also characterized by high requirements
for data confidentiality and security, anonymity, and medical secrecy.

Until recently, the healthcare industry could rely on small open source datasets or
data collected by commercial companies. However, the dynamics of data exchange and
data availability are already affecting and will continue to influence the development and
availability of the use of big data analytics and artificial intelligence technologies [8].
These changes are stimulating research in the field of computer vision in medicine,
which is reflected in the growth of research in areas such as multimodal education that
combines computer vision and language recognition; 3D vision used in intensive care
units, as well as work with videos-activity recognition, understanding of the ongoing
movements to detect adverse events and respond to them [9].

In general, the process of computer vision operation consists of three stages:

— image acquisition — the basic stage, which consists of obtaining a photo or video

image from hardware, for example, cameras of various types;

- image processing — the stage at which software is used for image processing:
quality improvement, compression, reduction or increase in size and noise removal.
At this stage, primitive operations are performed, which allow faster and better
image processing and obtain the necessary analysis results in the future;

— image analysis and decision-making — the most important stage at which image
segmentation or object identification occurs, and then the obtained characteristics
are transferred to machine learning algorithms or other artificial intelligence
technologies.

Thus, computer vision can be implemented using traditional machine learning
algorithms, for example, hidden Markov models, random forest or random tree algorithms,
or deep learning algorithms — convolutional neural networks, recurrent neural networks,
and multilayer perceptron [10]. Deep learning is preferred because it allows the processing
of large amounts of data without sacrificing hardware performance.

In medical practice, computer vision based on deep learning algorithms can be
successfully applied in such areas as:

- gastroenterology [1];

- pulmonology [3];

— cardiology;

- dermatology;

— ophthalmology;

— clinical and imaging studies;

- surgery, etc.

The workflow implemented by a medical institution that uses computer vision
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algorithms in its activities may look like this (Fig. 1). Al algorithms at the current
stage of their development and application in medical practice cannot be the final link
in making medical decisions. This means that the physician must familiarize himself
with the results of the algorithms and, on their basis, make a diagnosis and prescribe
treatment for the patient. For example, a system developed by the Californian company
Gauss Surgical allows to accurately assess a patient’s blood loss during surgery or
childbirth by visualizing bloodied medical supplies — surgical sponges. The algorithms
are able to distinguish between blood and non-blood fluids and trigger alerts about
bleeding and critical blood loss in a patient, which allows them respond as quickly as
possible and start a blood transfusion [11]. Nevertheless, the final decision, in this case,
is made by the operating doctor, and the observation of artificial intelligence algorithms
is a tool in the work of medical personnel and not a decision-making tool.

Hospitalization
g Visual medical Visual data:
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=% online streams
Data sent to Aly
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= Result's
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prescriplion
Fig. 1. An example of a medical institution workflow improved by computer

vision algorithms

The use of computer vision technologies in the process of carrying out diagnostic

procedures has a number of specific features, for example:

— the need to find a balance in the accuracy of the interpretation of the results —
minimization of false warnings, but sufficient accuracy is needed, not to miss the
detection of the desired element on the image;

— the complexity of the configuration of the IT inirastructure of the solution, especially
in the case of multifunctional use;

— features of working with medical images: the problem of transparency when
visualizing the location of body organs — special instructions are needed to
determine the location of organs in the image; high image resolution, which can
exceed 100 thousand square pixels and several gigabytes of memory;
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— insufficient amount of data available for training algorithms in the field of computer
vision in medicine — despite the increased interest in this topic and the growing
number of works devoted to research in the field of computer vision, the amount
of high-quality and balanced data available for evaluating various computer vision
techniques is not sufficient yet.

The use of computer vision by a medical institution unambiguously affects its
IT architecture [12]. The medical institution must be mature enough to implement
deep learning concepts: have transparent business processes described, have sufficient
computing power and technological equipment, have sufficient funding, etc.

To build the IT and technological architecture of a medical organization using
computer vision in its activities, the authors will rely on the reference model of IT and
technological architecture of a medical organization presented in the study [4]. The model
is performed in Archi software using the ArchiMate language supported by the TOGAF
standard, which is actively used by international companies and institutions.

The reference model (Fig. 2) at the technological architecture level represents a
cluster of servers, medical equipment, and personal gadgets used by patients to monitor
vital medical indicators.
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Fig. 2. Reference model of IT and technological architecture of a medical organization [4]

The application layer of the reference model is represented by a set of information
systems used by a medical organization [13]:

— ERP —used by the organization to manage all types of resources; financial,
operational, strategic, and tactical planning; marketing activities; etc.;

— MIS is a medical information system, used in work with patients to automate
document flow, maintain electronic medical records, store and analyze clinical trials,
manage bed funds, etc;

— BI system in a medical organization is used for advanced analytics, predictive
analytics and forecasting, visualization of the results.

Based on the reference architecture from [4], the authors propose a model of IT

and technological architecture of a medical organization that uses computer vision
technologies (Fig. 3).
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Fig. 3. Proposed model of IT and technological architecture for a medical organization using
computer vision technology in its activities

The architecture model proposed by the authors consists of the following elements

depicted on the technology layer:

— a server cluster located in the cloud infrastructure. The choice was made in favor of
cloud technologies since training and testing machine learning algorithms requires
large amounts of data and infrastructure flexibility [14]. For a medical organization,
it will be more profitable and more convenient to use cloud resources, rather than
maintain its own hardware infrastructure;

— in the cloud infrastructure, there is a LAN network, in which servers for the
operation of MIS and BI systems, and software for the implementation of computer
vision are located. The ERP system is not reflected in this diagram, since it is not
directly related to the use of machine learning in the situation considered by the
authors. Nevertheless, the ERP system of a medical organization can and should
be used for more efficient business and resource management;

— load Balancer, an application that balances the load on servers to increase their
performance and fault tolerance, has been added to the diagram in the cloud
infrastructure. In addition, since the organization has to deal with medical data, a
secure VPN connection to avoid leakage of especially sensitive data is provided;

— the diagram shows medical equipment that provides visual information for the use
of machine learning. The type of equipment depends on the requirements and work
of the medical organization: it can be either an X-ray machine or an MRI machine
that is already available in the clinic, or cameras and sensors that are not used in
traditional procedures.

The application layer has undergone changes in the part of Medical Equipment

Software — it is presented by the use of soitware for the implementation of computer
vision technology. As the deep learning model is trained on the provided medical data,
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it will not be able to access the server and the database, but offer its opinion to the
attending physician directly using the software on the application layer.

Thus, the proposed architecture can be used to implement computer vision technology
in the work of medical clinics if they are ready to incur financial, time, and resource costs.
The use of computer vision will relieve the medical staff, providing them with more time
for important actions; will increase the accuracy of diagnosis and treatment prescription,
which will affect the patient’s attitude and loyalty to this medical institution [15]. The
use of machine learning algorithms will reduce mortality in intensive care units and
predict the deterioration of the patient’s condition. All these advantages are especially
relevant in our time since we see the impact of the SARS-CoV-2 pandemic on healthcare
institutions around the world: the load on bed funds and medical personnel at the peak
of the incidence rate was so high that it was not possible to provide adequate and
high-quality medical care.

Despite the fact that the use of computer vision in medicine is a promising direction,
in the field of medical imaging, some difficulties hinder the scaling of such solutions [16].
Firstly, testing the concept and conducting research, and introducing it into the work of
the clinic, is characterized by high financial and time costs and requires the involvement
of highly qualified specialists, which not many medical institutions can do. In addition,
collecting data for training and testing a system can be time-consuming and expensive,
as a particularly large volume of medical data is required, which must be collected,
stored, protected, and anonymized.

The introduction of a new medical practice requires mandatory validation and
certification, which is also costly for a medical institution both in terms of time and
finances. Finally, compliance with international and local laws, policies, and practices is
required, which can be a deterrent to implementation. At the same time, integrating new
services with traditional research, familiar to patients, can be expensive and difficult,
and the likelihood of sabotaging and ignoring the latest services using Al technology by
patients of a medical institution is very high.

Conclusion

In this paper, the main areas of artificial intelligence are considered, the prerequisites
for the popularization of machine learning and computer vision in the field of medicine
are determined, and the areas of application of computer vision in medicine are considered.
The authors studied the reference model based on the source [4], and proposed a modified
model of IT and technological architecture of a modern medical organization, using
computer vision algorithms in its work. The article briefly described the advantages and
possible difficulties that may prevent the introduction of computer vision into the main
processes of hospitals.
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