DIGITAL MEDICINE
LIMMDPPOBA MEIIMLIVTHA

https://doi.org/10.15407/ intechsys.2026.01.043
UDC 004:621.391

H.A. ZATULOVSKYI, Master’s Student,

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
37, Beresteysky ave., Kyiv, 03056, Ukraine

https:/ / orcid.org/0009-0005-1579-5461

joranosorog@gmail.com

H.A. PIDNEBESNA, PhD (Engineering), Senior Lecturer,

National Technical University of Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”,
37, Beresteysky ave., Kyiv, 03056, Ukraine

Senior Researcher,

Institute of Information Technologies and Systems NAS Ukraine,

40, Hlushkova Akad. ave., Kyiv, 03187, Ukraine

https:/ / orcid.org/0000-0002-5735-9861

pidnebesna@ukr.net

SYSTEM FOR MEDICAL DOCUMENTATION

FILLING BASED ON AUTOMATIC
RECOGNITION OF AUDIO RECORDINGS

The investigation aims to address the pressing issue of excessive administrative burden on
medical personnel in Ukraine, which leads to significant time expenditures and the risk of
errors in manual documentation. As a result, an intelligent software system was created
that can automatically convert audio recordings of medical consultations into structured re-
porting adapted to national standards. The developed system is adapted to the linguistic and
regulatory environment of Ukraine, ensures an unprecedented level of data confidentiality
by localizing the transcription process, and directly generates reports in accordance with
national standards.

Keywords: intelligent software system, automatic recognition of audio recordings, medical
records administration, automatic speech recognition, generative language models, structured
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Introduction

Medical record management is one of the most pressing and time-con-
suming challenges in physician practice. Numerous studies point to a
disturbing trend: medical professionals are forced to devote a significant
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portion of their time to completing electronic records and generating
reports, rather than to patient care. This imbalance, where administrative
tasks begin to take precedence over clinical interactions, is extremely det-
rimental. The situation is further complicated by the ever-increasing ove-
rall burden on the medical system and the simultaneous tightening of
regulatory requirements for the quality, completeness and detail of me-
dical records [1—3].

The solution to this problem is the implementation of intelligent sys-
tems capable of automating the conversion of physician and patient
speech into structured medical records. The combination of automatic
speech recognition (ASR) and generative language models (LLM) techno-
logies enables the creation of a tool that enables transcription, extraction of
key clinical entities and the completion of standardized forms in real time.
This system is a necessary step in the digital transformation of the medi-
cal industry.

The purpose of the paper is to improve the efficiency of document
flow in medical institutions by developing and implementing an infor-
mation system for automated processing of audio data from consultations
and intelligent completion of medical reports.

Survey of Modern Technologies
for Solving the Problem

Automatic Speech Recognition Technologies. Automatic Speech Recog-
nition is a key technology for medical record automation systems. Sig-
nificant progress has been made in this field in recent years thanks to the
development of deep learning and transformative neural network archi-
tectures [4]. Several technologies, including OpenAl Whisper [5, 6], Goog-
le Cloud Speech-to-Text [7], Vosk [8], and Microsoft Azure Speech Ser-
vices [9], were reviewed and their advantages and disadvantages were
analyzed in detail. Whisper Large v3 Turbo was selected for the system
because it provides high accuracy for both Ukrainian and English, operates
offline (critical for medical data privacy), and offers an optimal balance
between speed and accuracy. Furthermore, the model is open-source, requi-
res no additional training, and is actively supported by the community.

Analysis of Natural Language Processing Methods. After receiving a
text transcript from an automatic speech recognition system, the task of
structuring the information and identifying key medical entities arises.
This task is critical for automatically filling medical forms, as the unstruc-
tured text of the doctor-patient dialogue must be converted into specific
document fields (patient name, age, diagnosis, complaints, medical histo-
ry, prescription, etc.) [10].

Various approaches are used to solve this problem, which can be
roughly divided into three categories: traditional NER models [11], gener-
ative LLM models [12], and rule-based methods [13]. Our system for iden-
tifying medical entities and structuring transcript information uses the
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Google Gemini API (Gemini 2.0 Flash model). The choice of this model
was based on several factors: Gemini demonstrates excellent support for
the Ukrainian language and the ability to understand medical context
even in colloquial speech. Gemini supports the generation of structured
JSON output, which simplifies integration with medical forms. In addi-
tion, the model is capable of few-shot learning, meaning it can learn to
extract the required fields based on a few examples in the prompt, without
the need for large annotated datasets.

Existing Medical Record Automation Systems. The current market
offers a significant number of medical record automation solutions, vary-
ing in functionality, technology stack, pricing and geographic coverage.
The most significant systems, representing different approaches to solving
the problem of automating medical record flow, were analyzed: Suki Al
[14], Nuance Dragon Medical [15] and DeepScribe [16].

An analysis of existing systems revealed the following key limitations,
justifying the need to develop a custom solution. First, none of the leading
international systems support the Ukrainian language at a level sufficient
for medical applications, making them unsuitable for use in Ukrainian
medical institutions without significant modifications. Second, all cloud-
based solutions transmit medical data to servers located abroad (primarily
in the United States), which creates legal risks and violates confidentiality
principles.

These limitations define the basic requirements for the developed sys-
tem. The system must support the Ukrainian language at a high level, en-
sure fully local data processing to ensure confidentiality, use open-source
components to minimize costs, integrate with Ukrainian medical docu-
mentation standards [17] and use modern Al technologies for ambient
documentation.

System Architecture

We developed an information system for automated medical form fil-
ling. It utilizes a modular architecture that enables seamless expansion of
functionality between components and facilitates scalability and custo-
mization (Fig. 1). The modular approach eliminates the need for system
maintenance, allows for independent component updates without re-
quiring the inclusion of all system functions, accelerates testing and mo-
dule loading.

The client-side portion of the system is designed for viewing browser
extensions for Google Chrome and runs on the Google Meet platform.
Manifest V3 is a new specification for Chrome extensions that ensures unin-
terrupted performance. We chose Manifest V3, the highest standard,
which provides advanced capabilities for working with media streams,
guarantees data-free access and optimizes system resource utilization.

An alternative ping-pong solution for seamless audio streaming
with minimal overhead in a custom, advanced system. This will allow
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Fig 1. Main processing scheme

you to transition to audio recording with multiple sequential recording
fragments.

A modular architecture with a clear separation of individual com-
ponents improves the system’s reliability and scalability: no single mo-
dule is required to operate all systems as a whole. This ensures a high
level of performance.

The server-side portion of the system is implemented using the
FastAPI framework, which handles audio file processing, transcription
and storing the results in a database. The server-side architecture is de-
signed using the Facade design pattern, allowing for flexible interactions
between subsystems with a unified interface. At this point, the servers are
integrated with the client-side partial system, facilitating overlay, testing
and further development of functions. The use of Facade API controllers
enables the use of high-level methods without the need to develop inter-
nal logic for each subsystem’s operations, which reduces the number of
components and increases architectural complexity.

One of the key functions of the server-side is the asynchronous pro-
cessing of audio chunks retrieved from the client system (a Google Meet
extension). This asynchronous nature is crucial to avoid the need to pro-
cess multiple one-hour recording sessions for various operations without
blocking the main thread and with minimal latency. Sometimes an audio
fragment is processed independently of others, allowing the system to op-
erate in real time, processing multiple streams in parallel without inter-
fering with each other. This function executes an asynchronous func-
tion (async def), ensuring efficient use of server resources during large
numbers of simultaneous downloads. Oscillators can be recycled to hand-
le other requests at the completion of the process creation/decomposition
operation.

Transcription is performed locally for the additional Whisper Large
V3 Turbo model (transcriber.py), ensuring the confidentiality of medical
data and the immediate availability of additional services. The model is
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loaded via the Hugging Face Hub and automatically configures itself
upon access to the hardware. This approach provides a balance between
speed, accuracy and unavailability.

Intelligent Analysis Using LLM

The Google Gemini API via the google-genai library is used to automa-
tically fill medical forms based on transcribed text. Gemini 2.0 Flash
was chosen as the optimal choice due to its high request processing speed
(up to 2 seconds for a typical medical form), an expanded context win-
dow (1 million tokens), which allows processing even very long consul-
tation transcripts, and excellent understanding of medical terminology
in Ukrainian. Gemini 2.0 Flash demonstrates good results in structured
information extraction and JSON generation, which is critical for accur-
ate form filling.

The form parser is built on the principle of template prompting
using Jinja2: for each type of medical form, a separate, detailed prompt
template is created, containing a description of the form structure, exam-
ples of correct completion, validation rules and instructions for han-
dling cases where certain information is missing from the transcript. The
use of a low temperature (0.1) ensures deterministic and predictable
model behavior, minimizing hallucinations and ensuring stability of re-
sults between runs. After receiving data from the Gemini API, the sys-
tem undergoes a critical validation and normalization step to ensure
form completion is accurate and complies with medical standards. The
validator performs a comprehensive check of the received data against
several criteria: it verifies the presence of all required fields defined in
the form configuration, controls the format of special fields such as phone
numbers (mask +380XXXXXXXXX), dates (DD.MM.PPRR format), regis-
tration card numbers and checks “select” fields against acceptable dic-
tionary options to prevent the entry of incorrect or non-standardized
values. If inconsistencies are detected, the system automatically normal-
izes the data to a standard format: it adds country codes to phone num-
bers, standardizes dates and removes extra spaces and special characters
from text fields.

To ensure seamless audio stream capture during medical consulta-
tions, a specialized Chrome browser extension was developed that inte-
grates with the Google Meet platform and provides the ability to auto-
matically record dialogues. The extension’s architecture is built around a
clear separation of responsibilities between components, with each modu-
le performing its own specific function: a service worker (background.js)
coordinates the overall operation of the extension and manages its lifecy-
cle, while an offscreen document captures and processes audio streams
using the Web Audio API and displays transcripts in real time. This archi-
tecture fully complies with Manifest V3, the latest version of the Chrome
Extensions specification, and ensures stable operation even during long
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recording sessions, which is critical for medical consultations, which often
last from 30 minutes to an hour or more.

The extension’s interface integrates directly into the Google Meet
page as a floating panel located in the lower left corner of the screen. It
provides convenient access to controls without obscuring the main video
conference area displaying participants.

To ensure convenient and efficient work for medical staff with ac-
cumulated consultation transcripts and the automatic filling of various
medical forms, an intuitive web application was developed based on the
modern Streamlit framework, combining ease of use with powerful data
processing functionality. The system’s interface is logically structured
and consists of two main operating modes, which the user can easily
switch between: viewing and editing existing transcripts with the ability
to add doctor voice notes, and automatically filling out medical forms
based on intelligent analysis of transcribed consultations using the ca-
pabilities of large language models.

The system’s main interface page is designed with an emphasis on
functionality and ease of use. The interface includes (Fig. 2) a side navi-
gation bar with intuitive mode selection controls and powerful record fil-
tering tools for quickly finding the desired consultations among the large
amount of stored data. The central part of the screen displays the main
data table loaded from a MySQL database, where each row represents an
individual medical consultation with basic metadata: an abbreviated re-
cord identifier, patient and doctor names, a short transcript fragment
for preview and the date of the consultation. This table is interactive and
allows the user to quickly browse available records, sort them by various
criteria and select a specific record for detailed viewing or editing with
one click.

The ability for the physician to record additional information (medica-
tion prescriptions, diagnosis, symptomes, etc.) is also implemented.

After the transcription process is complete, which typically takes only
a few seconds thanks to the optimized turbo version of the Whisper mod-
el, the system automatically displays the recognized text in a dedicated
text field below the audio recording module. This allows the physician to
immediately check the recognition quality, ensure that all important in-
formation was correctly recognize and edit the text, if necessary, before
saving.

The automatic analysis mode for consultation transcripts is the most
innovative and technologically sophisticated feature of the entire medical
information system, providing intelligent processing of unstructured dia-
logue texts and automatic filling of various types of medical forms with
minimal user intervention. The automatic analysis subsystem is built on a
modern modular architecture with a clear separation of responsibilities
between components and utilizing object-oriented design principles. The
general diagram of the interaction of the subsystem components shows
the form selection interface, the configuration loading module, the Gemini
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Fig 3. Architecture of the automatic analysis subsystem

API client for text analysis, the validator of the received data, and the
generator of source documents in DOCX and JSON formats (Fig. 3).

An example of a module for selecting a medical form is shown on
Figure 4.

An example of a generated document in DOCX format with fully popu-
lated medical form fields, including all mandatory and optional sections
according to the standards of the Ministry of Health of Ukraine [18] (Fig. 5).

The JSON file format is created simultaneously with DOCX and con-
tains identical data, but is presented in a machine-readable format with
a clear hierarchical structure, where each form field has a corresponding
key and a typed value. It is particularly useful for automated integration
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with electronic medical records, electronic document management sys-
tems of medical institutions, regional and national patient databases,
and for transferring data to the Unified Healthcare System (EHS) via
standardized APIs without the need for manual data transfer.

Conclusions

This study aims to address the pressing issue of excessive administrati-
ve burden on medical personnel in Ukraine, which leads to significant
time expenditures and the risk of errors in manual documentation. The
main goal was to create an intelligent software system capable of automa-
tically converting audio recordings of medical consultations into struc-
tured reporting adapted to national standards.

This goal was achieved through the development of a modular ar-
chitecture combining a browser-based client and a high-performance
server processor. A key technical feature is the implementation of a con-
fidential and continuous audio stream capture mechanism thanks to an
unique “ping-pong” architecture. High-precision transcription of Uk-
rainian medical terminology is ensured through the use of a locally de-
ployed Whisper Large v3 Turbo model, a fundamental advantage over
cloud-based foreign counterparts and guaranteeing complete confiden-
tiality of patient data.

An important functional module of the system is the implementation
of semantic analysis, which integrates the generative capabilities of the
Gemini API with dynamic Jinja2 templates. This enables reliable extrac-
tion of key entities (diagnosis, complaints, anamnesis) from the transcript
and the automatic generation of validated documents in DOCX format
for official use, as well as JSON. Computational experiments fully con-
firmed both the high quality of recognition and the successful fulfillment
of all requirements defined in the technical specifications. The developed
system has clear competitive advantages: it is adapted to the linguistic
and regulatory environment of Ukraine, ensures an unprecedented level
of data confidentiality by localizing the transcription process and directly
generates reports in accordance with national standards.
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CVICTEMA 3ATIOBHEHHSI MEOVYHOI JJIOKYMEHTALIIT
HA OCHOBI ABTOMATIMYHOI'O PO3IITIBHABAHHS AYOIO3AIIVCIB

Beryn. AnMiHicTpyBaHHS MeAMYHOI JOKYMEHTALil € OfIHi€l0 3 HavOUIBIII TOCTPUX Ta
YJaco3aTpaTHMUX IIpobsieM y IOJeHHIN mpakTuili jikapsa. UnciieHHI IOCTiIkKeHHS
BKa3yIOThb Ha TPUBOXKHY TeH/IEHIIif0: MeIn4Hi paxiBIi 3MyIIleHi IPUOUIAT 3HaUHy
YacTKy CBOro pobOYoro yacy He MaIli€HTY, a caMe 3allOBHEHHIO eJIeKTPOHHVX KapTOK
Ta popMyBaHHIO 3BiTHOCTI. Takmm aycbataHc, ge aaMiHICTpaTVBHI 3aBIaHHS I0YN-
HaIOTh IepeBaXkaTM Hajl KJIiHIYHOIO B3aeMoOjIi€ro, € BKpan HeraTuBHuM. Curyaitis
IOJATKOBO YCKJIA[IHIOEThCs Uepe3 HeBIMHHE 3pOCTaHHs 3arajlbHOrO HaBaHTaKeHH:
Ha Me[IYHYy CHCTeMy Ta OJJHOYacHe MOCWIeHHs PeryJIITOPHMX BUMOT 10 SIKOCTI, I10-
BHOTM Ta JAeTaJli3allii MeOWdHMX 3ammcis. BupimenHsMm 1iiel mpobremMu € 3arpo-
Ba/DKEHH 1HTeJIeKTya/IbHMX CHUCTeM, 3[JaTHUX aBTOMaTU3yBaTU IePeTBOPEHHs ycC-
HOT'O MOBJIEHHsI JIiKaps Ta IallieHTa B CTPYKTypoBaHi MeanyaHi 3armcut. [ToeqHanms
TeXHOJIOIiI aBTOMaTMYHOI0 PO3Ili3HaBaHHSA MOBJIEHHS Ta T'eHepaTVBHMX MOBHMX
MofIesIeV JO3BOJIsIE CTBOPUTY IHCTPYMEHT, KU 3a0e3redye TpaHCKpMOallito, BUTST
KITIOUOBMX KIHIYHMX CYTHOCTEVI Ta 3allOBHEHHS CTaHOApTM30BaHMX OpM y pe-
asrpHOMY dYaci. Taka crucreMa € HeoOXimHMM KpOKOM 1 1M poBoi TpaHcdopMariil
MeJIMYHOI raysi.

MerTor0 cTaTTi € omvicaTyi IIpo0IIeMy i 3aIpOoIIOHYBaTH PillleHHs MpobJieMu CTBO-
PeHH: iHTeJIeKTyaJIbHOI ITPOrpaMHOI CCTEeMM, 30aTHOI aBTOMaTUYHO IIepeTBOPIoBa-
TV ayIi03aMNCy JIIKapChbKMX KOHCYJIbTaIliV Ha CTPYKTYPOBaHy 3BiTHICTh, aflalITOBAHy
110 HaILiOHAJIBHMX CTAHAAPTIB, 110 MABUIINTE ePeKTUBHICTb JOKyMEeHTOODIry B Me-
OVYHUX 3aKj1aax NUIIXOM PpO3poOKM Ta BIPOBaKeHHs iH(OPMaIiHOI CHCTeMM
IUISL aBTOMAaTM30BaHOI OOPOOKM ayaiogaHX KOHCY/IbTALIN Ta iHTeIeKTyaJIbHOTO 3a-
IIOBHEHHSI MEeIMYHOI 3BITHOCTI.

Metoan. B poGoTi mmoe1HAHO TEXHOJIOTIT aBTOMATMYHOIO PO3Ili3HaABaHHS MOB-
neHHs1 (ASR) Ta remepatmBHi MoBHI Mopeni (LLM), 1o [03BOJISiE CTBOPUTM iH-
CTPYMEHT, 1110 3a0e3Ieuye TpaHCKpMOAIlilo, BUTAT KIIOYOBMX KIiHIUHMX CYyTHOCTE
Ta 3allOBHEHHS CTaHAapTU30BaHMX PopM y peasibHOMY daci. Taka cuctema € HeoO-
XiTHVIM KPOKOM 15 1P PpOBOi TpaHcdOopMallil MeMIHOI TaIysi.

Pe3ynpTaTi. Po3pobiieHo MOy IbHY apXiTeKTYypy, fKa IOEAHY€E KI€EHTChKY Yac-
TUHY Ha 0a3i Opay3epHOro po3IIMpPeHHs Ta BUCOKOIIPOIYKTVBHUI CepBEPHMUIT 00-
pobHMK. KiTtouoBOIO TeXHIYHOIO OCOOJIMBICTIO € peajtizallisi MexaHi3sMy KoHdimeH-
LIITTHOTO Ta Oe3repepBHOrO 3aXOIUIEHHS aydiOIOTOKY 3aBsSKN YHIKaJIbHIN ping-pong
apxiTekTypi. 3abe3reueHo BMCOKOTOYHY TPaHCKpMOaIIifo yKpaiHChbKOI MeAYHOT Tep-
MIiHOJIOTIi Uepe3 BMUKOPWCTAHHS JIOKAJIbHO po3ropHyToi Momesti Whisper Large v3
Turbo, 1110 € pyHTaMeHTaJIbHOIO IlepeBaroro Hajl XMapHVMM iHO3eMHVMMM aHaJIoraMu
Ta rapaHTy€ IIOBHY KOHQIAEHIiVHICTh TaHX MAITi€HTiB.

BucHoBoKk. Po3po0biieHa cricTeMa Mae 4iTKi KOHKYpeHTHI IlepeBarii: BOHa € ajiar-
TOBAHOIO 710 MOBHOTO Ta HOPMAaTVMBHOIO cepelloBuIIla YKpaiHu, 3abe3rneuye Oesmpe-
LIe/IeHTHUV piBeHb KOHMIIeHIIHOCTI JaHMX 3aBAsSKM JIOKasli3allil IIpollecy TpaH-
CKpmOallii Ta IIpsIMO TeHepye 3BiTV 3a HalliOHAJIbHUMM CTaHIapTaMIA.

Katouo8i caoBa: inmesexmyasvna npoepamua cucmema, amomamudne posnisHabanus ayoi-
o3anucib, adminicmpybanma mMeouuroi dokymenmayii, aBmomamuvne posnisHabanms mobaem-
Hsl, eeHepamuBHi MoBHi modei, cmpykmypoBara 36immicmeo.
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