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Annotation: In this paper the authors have created the integrated mathematical model of the transcribing system adapted to
aviation conditions, taking into account many factors. The paper analyses the following main problems of transcribing English-
language speech between pilots and air traffic controllers (ATC) (radio exchange), namely: the tendency to use abbreviations and
specialized vocabulary, which can cause misunderstanding for one of the parties; speech illegibility due to noise in the cockpit or in
the radio frequency zone; insufficient clarity and accuracy in expressing instructions by air traffic controllers can lead to errors in
the understanding and execution of instructions by pilots; limitations in the availability of communication channels and their
overloading; lack of training in the use of English-language terms and expressions in the air traffic control system. Inadequate
training in English language terms and expressions can lead to difficulties in understanding instructions and messages between
pilots and air traffic controllers; differences in accents and pronunciation of communicators can also cause difficulties in speech
comprehension. Aviation communication errors are critical to aircraft safety. The ambiguity of certain phrases or expressions in
English can lead to misinterpretation and misunderstanding of instructions by controllers; lack of context or lack of information
about the current situation on board the aircraft can make it difficult to transcribe speech and lead to misunderstanding of messages;
use of slang or informal expressions can make transcribing English-language speech more difficult and cause misunderstandings;
lack of opportunity to ask clarifying questions or request a real-time repetition of a message can lead to misunderstandings; and the
use of slang or informal expressions can lead to misunderstandings. Even the most minor errors can have disastrous consequences.
The analysis revealed that in the overwhelming majority of cases it is linguistic factors that cause misunderstandings between
participants in radio conversations, which is evidence of the need to develop and improve this model.
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KomniekcHass MaTemMaTHu4deckasi MOJ€JIb CUCTEMBI TpaHCKpI/IﬁaHHI/I,
aJlaliTUPOBAHHadA K YCJI0OBUAM aBHAlIMH

1 1
B.U. OrynBoya , O.C. KyrenoBa
"Mockoscuii 20CY0apcmeeHHbIl MeXHUYeCKUll YHUBEpCUmem padcoancKoll asuayu,
2. Mocxkea, Poccus

AuHOTammsi: B panHOM pabore aBTOpamy co3jaHa KOMIUIEKCHAs MaTeMaTH4eckas MOJENb CHCTEMBl TPaHCKpHOAIWH,
aJlaNTUPOBaHHasl K YCJIOBMSM aBHAlMM, YYMTHIBAIOLIAs MHOXECTBO (akTopoB. B cTarhe mNpoaHaIM3HpOBAaHBI CIEIYIOLINE
OCHOBHbIE TPOOJIEMBI TPAHCKPHOALIMK AHIJIOA3BIYHON PeYr MEXTy NMUJIOTaMH M JHcIieTdyepamMu (paIrooOMeH): CKJIOHHOCTh K
HCIIONB30BAaHUIO COKPAIEHU U CIIELUAIN3UPOBAHHON JIEKCHKH, YTO MOXKET BbI3BaTh HENONOHMMAHHE y OJHOW U3 CTOpOH;
HEpa300pUMBOCTh PEYM M3-3a IIyMa B KaOMHE camoJeTa WIM B PaJyoYacTOTHOM 30HE; HEOCTATOYHAs SICHOCTh W TOYHOCTD
BBIPAKCHNS] MHCTPYKIUH CO CTOPOHBI JIUCIIETIYEPOB, YTO MOXKET MPUBECTU K OIIMOKAM B IOHMMAaHWU U BBITIOJIHEHUH yKa3aHUH
MUJIOTaMU; OTPaHUYEHHUs B JOCTYITHOCTH KOMMYHHKALMOHHBIX KAaHAJIOB M HMX IEPErpyKEHHOCTb, KOTOPBIE MOTYT CHENATh
TPYAHBIM YCTaHOBJIEHUE CBSA3HM B KPUTHUECKUX cUTyarmsix. HemocrarouHast moaroToBka K paboTe ¢ aHIIIOA3BIYHBIMU TEPMUHAMHU
1 BBIPOKEHUSIMH MOYKET ITPUBECTH K 3aTPYIHEHUSIM B TOHUMAHUW WHCTPYKIMI M COOOLIEHNI MEXTy MJIOTAMH U JMCIIETYEPaMHU;
paznuyus B aKIEHTaX ¥ MPOM3HOIIEHNH YYaCTHUKOB OOLIEHHSI TAKKE MOTYT BbI3BIBATH TPYIHOCTH B OHUMaHUU peun. Ommoku
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ABHALIIOHHOW CBSI3M MMEIOT pellalollee 3HaueHue JUisi 0e30MacHOCTH BO3AYIIHBIX Cyl0B. HeoqHO3HauHOCTh HEKOTOpBIX (pa3
WIM BBIPOKEHUH Ha aHTIIMHCKOM SI3bIKE MOXKET IIPUBECTH K PA3HOUTEHMSIM M HEJOINOHMMAHWIO MHCTPYKIMH CO CTOpPOHBI
JIMCTIETYEPOB; OTCYTCTBUE KOHTEKCTa WM HEXBaTKa MH(OPMALMK O TEKYILEeH CUTyallu Ha OOpTy camolieTa MOXKET 3aTpyIHHUTh
TPaHCKpUOALMIO PeYH M NPUBECTH K HENPABIJIHHOMY HMOHMMAHHIO COOOIIEHMIT; MCIONBb30BaHKUE CIIEHTa WM HEO(PUIMATBHBIX
BBIPOKCHHI MOXKET C/IeJIaTh TPAHCKPUOALMIO aHIJIOA3BIYHOM pedd Ooliee CIOKHOM M BBI3BaTh HENONOHUMAHUE; OTCYTCTBHE
BO3MOYKHOCTH 33/1aTh YTOYHSIOLIME BOMPOCHI WIIM 3alPOCUTh ITOBTOPEHHE COOOIICHHS B PEalbHOM BPEMEHH MOXKET ClENaTh
TpoIecC TPAHCKpHOAIMK Ooliee TPYIOSMKAM ¥ TOABEpP)KEHHBIM OImmMOKaM. Jlake caMple HE3HAYHMTENbHBIE OMIMOKH MOTYT
IPUBECTH K KaTacTpo(hHIECKUM HOCIESACTBISIM. B Xoze aHanuza BBIABICHO, YTO B MOAABIIIOIEM OOJIBIINHCTBE CIIy4aeB MIMEHHO
JIMHTBUCTHYECKHE (DAKTOPBI SABJIAFOTCS IPUYMHON BO3HMKHOBEHHS HEMOHUMAHMS MEXKIY YYaCTHHKAMHU PaJHOIEPEroBOPOB, YTO
SABIIIETCS OKA3aTENBCTBOM HEOOXOAUMOCTH Pa3pabOTKH U YCOBEPIIEHCTBOBAHHUS JAHHON MOZIEIH.

KitroueBble cJ10Ba: TpaHCKPHOALIHS, MOJIENb CIIEKTPATILHOTO BBIUHMTAHHS, peodpasoBanue ayanocuraana 8 MFCC, dbpaseororust
paarooOMeHa, TIIOT, TUCIIETYEP.

Jdas murupoBanusi: Oryusoyn B.U., Kyremosa O.C. KomiuiekcHas MaTeMaTHuecKas MOJENbL CHCTEMBI TPAaHCKPHOALWH,
aJlanTUpoBaHHast K ycioBusiM aBuanuy // Hayansrid Bectank MITY T'A. 2024. T. 27, Ne 6. C. 42— 55. DOI: 10.26467/2079-0619-
2024-27-6-42-55

Introduction conditions of aviation, which takes into account
many factors.

The introduction of a real-time transcribing

In today's aviation world, where commu- system in the aviation industry has significant
nication accuracy is integral to flight safety, the potential to improve flight safety by minimizing
development and implementation of technologies the risks associated with human error and ena-
to improve information exchange between aircraft  bling more efficient and accurate communication
crew, air traffic controllers and personnel on the between all participants in the aviation infra-
ground is of particular relevance. Despite existing structure. This paper describes the development
high standards in aviation communications, and operating principles of the proposed model,
the complexity and dynamism of the operational  from pre-processing of the audio signal to post-
environment requires continuous improvements processing and correction of the transcribed text,

in the efficiency of data processing and transmis- a5 well as the adaptation of the model to the spe-
sion. The main problem remains the possibility of  cific requirements and conditions found in the
communication errors caused by human error, aviation industry.
including incorrect perception of verbal infor- The integrated mathematical model of the
mation due to noise, accents or technical inter- transcribing system, specifically adapted to avia-
ference. The solution to these problems may be  tion conditions, is becoming increasingly rele-
the development of a real-time transcribing sys-  vant in the context of the modern aviation indus-
tem capable of providing highly accurate conver- try. Every year aviation traffic grows, which in-
sion of speech to text and vice versa. creases the load on air traffic controllers and pi-
The aim of this work is to create the inte- lots. Under such conditions, accurate and reliable
grated mathematical model of transcribing sys-  transmission of information through the commu-
tem adapted to aviation conditions, which takes nication system becomes critical. Adaptation of
into account many factors such as ambient noise,  the mathematical model to aviation conditions

speaker intonation, language deformations and  makes it possible to take into account the specif-
other specific features. The model assumes the  jcs of speech, background noise and other factors

use of modern achievements in the field of digi-  that can distort the transmitted information.

tal signal processing, machine learning and arti- By utilizing advanced signal processing and

ficial intelligence to achieve high accuracy and machine learning algorithms, such a model is

reliability of transcribing. able to automatically correct and filter the data,
The objectives of this work are to write, veri- improving the clarity and understanding of mes-

fy and validate the integrated mathematical  gages. Furthermore, with the development of au-
model of the transcription system adapted to the  tonomous systems and unmanned aircraft, the
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importance of an accurate and efficient transcrib-
ing system [1] is growing even more. It provides
not only communication between pilots and
ATCs, but also with the flight control centre,
which is a key aspect in airspace management.

Thus, the development and implementation
of the integrated mathematical model of the tran-
scribing system adapted to aviation conditions is
an important step in improving aviation technol-
ogies and ensuring flight safety.

Research methods and methodology

Squelch

Spectral subtraction model

Spectral subtraction is a squelch technique
based on subtracting an estimate of the noise
power spectral density from the power spectral
density of the noisy signal [2].

Let Y(f,t) — Fourier spectrum of the noisy
signal at frequency f at time t, N(f, t) — Fourier
spectrum of the noise, and S(f,t) — Fourier
spectrum of the clean signal. Then the estimate
S'(f, t) of the pure signal can be obtained as

S’(f,t) =Y(f,t)—aN(f,t),

where a — is a factor determining the degree of
noise subtraction. This factor can be adapted de-
pending on the characteristics of the noise.
Wiener filter
The Wiener filter uses a statistical approach
to minimize the square of the error between
the estimate of the clean signal and the clean

Vol. 27, No. 06, 2024

signal itself. It optimally filters the signal in the
presence of additive noise.

If S(f, t) — the estimate of the pure signal ob-
tained with the Wiener filter, it can be expressed
as

Dss(f)
Pss(H+Pyn()

$(f.6) = Y(f.0,

where ®go(f) and Py (f) — are the power
spectral densities of signal and noise, respective-
ly.

These two models serve as the basis for re-
ducing the influence of ambient noise on the au-
dio signal. Squelch is followed by feature extrac-
tion, which is critical for subsequent speech
recognition.

Feature extraction

Mel-cepstral coefficients (MFCCs), which
represent the short-term spectral characteristics
of a signal, are often used to extract features
from an audio signal.

The conversion [3] of an audio signal to
MFCC consists of several steps:

1. Partitioning the signal into short frames.

2. Applying Fast Fourier Transform (FFT)
to each frame to obtain the power spectrum.

3. Application of chalk filters to the power
spectrum to obtain a chalk spectrogram.

4. Logarithmisation of Mel-spectrogram am-
plitudes.

5. Application of discrete cosine transform
(DCT) to logarithmic amplitudes to obtain Mel-
frequency cepstral coefficients (MFCC).

The MFCC for a frame i can be expressed as

MFCC;(k) = ¥N_, log(MelSpeci(n)) - cos (k . %(n - 0.5)), k=1,2,..,K,

where N — number of Mel-filters, K — number of
MFCCs coefficients.

Speech recognition

Various machine learning models are used
for speech recognition, among which Hidden
Markov Models (HMMs) and neural networks
are popular.

Hidden Markov Models (HMM)

NMM assumes that a signal, can be modelled
as a sequence of some hidden states, the transi-

44

tions between which are determined by probabil-
ities.

For a frame i Assuming that O; — the ob-
served feature vector (e.g., MFCC), and the S; —
is a hidden state, then the probability of transi-
tion from state j to a state k can be expressed as
ajx = P(S;11 = k1 S; =j), and the probability
of observation O; given a state S; = j as b;(0;).

The main task is to find the most probable
sequence of states S;,S,,...,Sp for a given se-
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quence of observations 04, O,, ..., Oy which can
be solved using the Viterbi algorithm.

Mel-kepstral coefficients (MFCC) are widely
used in speech recognition tasks [4]. They pro-
vide a compact representation of the spectral
properties of the voice. The MFCC extraction
process consists of several steps.

Fourier’s Transform: Converts the temporal
signal into a frequency spectrum.

X(f) =[5 x(®)e 2.

Mel-filtering: Applying a set of triangular fil-
ters arranged on a chalk scale to the power spec-

C(n) =YM_, L(m)cos

where N — is the number of MFCC coefficients,
M — number of Mel-filters.

MFCCs provide important acoustic features
for further speech recognition [5].

Speech recognition

Acoustic model

An acoustic model predicts the probability of
phonemes or sound units based on acoustic fea-
tures such as MFCC. Hidden Markov models
(HMMs) have traditionally been used for this
task, but modern approaches more commonly
use neural networks.

Hidden Markov Model (HMM):

Let O = 04, 04, ..., 00 — a sequence of acous-
tic observations (e.g., MFCC), and Q =
q1, 92, -, qr — a sequence of NMM states that
corresponds to phonemes. The probability of ob-
servation O for a given sequence of states Q is
defined as

P(01Q) =TI{= P(o¢ | qp),
where P(o; | q;) — probability of observation o,
in the state q;.

Neural networks

Neural networks such as LSTMs or Trans-
formers use complex architectures to model se-
quences. The input to the network is a sequence
of acoustic features Oand the output is a se-

[nn(rr;/l—o.s)] n=
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trum of a signal. The chalk scale approximates a
person's perception of the pitch of a sound.

M(f) = 2595logyo (1 + ).

Logarithmization: taking the logarithm of the
amplitude of each filter.

L(m) = log(Ey,),

where E,,, — is the energy in the m-th chalk filter.

Discrete Cosine Transform (DCT): Applying
the DCT to logarithmized amplitudes to obtain
a set of coefficients that are MFCS.

12, ..,N,

quence of probabilities for each phoneme or
word.

Language model

The linguistic model estimates the probabi-
lity of a sequence of words W = wy,ws, ..., wy
and is used to correct and refine the results [5]
obtained by the acoustic model [6].

N-gram model

One approach is N-gram model, where the
probability of a word depends on the N — 1 the
preceding words:

PW) =TTiLy PW; | Wimyg1, s Wist).

Language models based on neural networks,
such as Transformers, can account for longer
contexts and generate more accurate predictions:

P(W) = functions(wy, w,, ..., Wy_1),

where the function is determined by the architec-
ture and weights of the neural network.

This combination of acoustic and language
models allow the speech recognition system to
efficiently transcribe voice to text, taking into
account not only the acoustic features but also
the context and grammatical structure of the lan-

guage.
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Post-processing and adaptation to the spe-
cifics of the aviation industry

Error correction

After initial speech recognition, the system
may make errors due to limitations of acoustic
and language models [7], as well as language
and context specificity. Correction is used to re-
duce the number of errors.

Algorithms for checking spelling and gram-
mar:

o objective: to correct spelling and grammati-
cal errors in the text;

o method: using dictionaries and language
rules to identify and correct errors [8].
Corrected text = correction function (Original

text)

Context-dependent models:

o objective: to clarify the choice of words
based on the context of the sentence;

« method: applying language models trained on
large text corpora to suggest the most appro-
priate word choices in a given context [9].
Adaptation to the specifics of the aviation in-

dustry

The aviation domain requires high accuracy
and understanding of specific terms and phrase-
ology. The following approaches are used to
adapt the system to these requirements:

Specialized dictionaries and phraseology:

o objective: to improve the recognition accura-
cy of aviation terminology [10];

o method: integration into the system of a da-
tabase of specialized terms and expressions
specific to aviation.

Models trained on specific data:

e purpose: to improve understanding of the
context and specificity of communication in
aviation [11];

o method: training models on data specific to
the aviation industry, including audio record-
ings of pilot and ATC communication and
text data using aviation terminology.

These methods not only reduce the number
of errors in transcribed text [12], but also ensure
understanding of specific terms and phrases that
are used in the aviation domain. This is critical
for flight safety and effective communication
between air traffic participants.
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To implement the proposed mathematical
model of audio-to-text transcription, we use mo-
dern artificial intelligence technologies, in par-
ticular, the model presented in the file Tran-
scribe3.3.py (https://disk.yandex.ru/d/sHWitFE
mo_NeWQ). The process starts with loading and
preprocessing of audio data, including resam-
pling to the desired sampling rate. The audio file
is split into separate fragments, each of which is
processed by the model to generate a transcrip-
tion.

Next, to evaluate the quality of the transcri-
bed text, a method based on TF-IDF vectoriza-
tion and calculation of cosine similarity between
the original and transcribed phrases is applied
(https://disk.yandex.ru/d/sHWitFEmo NeWQ).
This allows quantifying the accuracy of tran-
scription by comparing the similarity between
the original text and its transcribed version [13].
The results of this comparison are visualized in
the form of graphs and heat maps, giving a clear
picture of the distribution of similarity across
the text.

For situations with high levels of background
noise (e.g. aircraft taxiing), it is recommended to
use a combination of a spectral subtraction mod-
el and Wiener filter. In cases where speed of
processing is a priority (e.g. landing approach),
the optimal choice is to use only MFCC fol-
lowed by a neural network for speech recogni-
tion.

Modelling results

Our study showed a high degree of transcri-
bing accuracy, where the cosine similarity ex-
ceeds 0.9 in most cases, indicating that the mod-
el effectively recognizes and matches speech
commands. Analysis of the cosine similarity dis-
tribution showed that the vast majority of
phrases have a similarity close to 1.0, confirming
the reliability of the model in processing aviation
communications.

Despite the overall performance, individual
cases with low similarity are found, indicating
opportunities for further improvement of the al-
gorithm, especially for handling non-standard
situations and accented speech. The similarity
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heatmap demonstrates phrase matching in detail,

revealing areas of strong and weak correspond-

ence, which can help optimize the model.

Additionally, the similarity density plot with
a peak near the value of 1.0 confirms the high
overall accuracy of the model. Such results
demonstrate the model’s potential for application
in the aviation industry [14], offering a reliable
tool to improve flight safety and efficiency of
aviation radio exchanges.

The simulation results when applying an in-
tegrated mathematical model of the transcribing
system adapted to aviation conditions can be as
follows:

o Improved speech recognition accuracy: The
model is able to accurately recognize and
transcribe the speech of pilots and air traffic
controllers, even in noisy flight conditions or
in an atmosphere with high radio frequency
levels.

o Adaptation to different accents and intona-
tions: The model is trained to accommodate a
variety of accents and intonations [7], which
enhances its ability to correctly interpret
commands and messages even if they are
pronounced with slight linguistic deviations.

o Fast real-time data processing: The model is
capable of processing large amounts of data
in near-real time, allowing for instantaneous
transfer of information between aviation
stakeholders [15].

o Recognition of aviation terms and abbrevia-
tions: The model is trained to recognize and
correctly interpret specific terms and abbre-
viations used in aviation, minimizing the
possibility of misunderstandings and com-
munication errors.

o Improved flight safety: The application of an
integrated mathematical model contributes to
improved flight safety through more reliable
and efficient communication between avia-
tion stakeholders.

o Airspace Management Optimization: The
model helps to optimize airspace manage-
ment, ensuring more efficient use of re-
sources and reducing the likelihood of con-
flicts and flight delays.

These results highlight the importance and
relevance of developing and applying an inte-
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grated mathematical model of the transcribing
system in aviation to ensure safer and more effi-
cient air traffic.

Analyzing the transcribing results shows that the
model achieves a high level of accuracy in most
cases, making it suitable for practical use in the avi-
ation industry. Based on the graphs and heatmap of
the similarity matrix, it can be stated that the model
effectively handles standard aviation radio exchang-
es, providing a high degree of consistency between
the source and transcribed texts [16].

However, individual peaks of low similarity
are also observed in the data, indicating possible
difficulties of the model in processing phrases
with unclear diction, noise or technical terms.
These points serve as a starting point for further
optimization of the algorithm to improve its ro-
bustness to acoustic noise and accent diversity.

The distribution histogram and density plot
emphasize the model’s bias towards high simi-
larity, which is a positive aspect for tasks requir-
ing high accuracy. At the same time, this feature
of the model may indicate overtraining on cer-
tain types of phrases, which reduces its flexibil-
ity under less controlled conditions.

1. One of the key elements of the model is
adaptation to the different accents and intona-
tions characteristic of different countries and re-
gions.

2. To ensure the accuracy and reliability of
the transcription, the model must take into ac-
count the context and information about the cur-
rent situation on board the aircraft.

3. An important aspect is also to take into
account specific terms and abbreviations used in
aviation, with the possibility of their deciphering
and transcribing.

4. The model should be able to process large
amounts of data in real time, with minimal laten-
cy and high processing speed.

5. It should provide capabilities to automa-
tically recognize and classify commands and
messages to speed up the work of ATCs.

6. It is also important to provide functio-
nality for additional verification and correction
of transcribed messages by operators or pilots.

7. The model should be flexible and easily
customizable to adapt to changes in communica-
tion protocols and security requirements.
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Fig. 2. Histogram of similarity distribution

8. The implementation of such an integrated
mathematical model will improve the efficiency
and safety of aviation operations, improve com-
munication between pilots and ATCs, and re-
duce the risk of miscommunication and errors.
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The transcribing results show considerable
variation in recognition accuracy for different
sentences (fig. 1), where both high similarity
scores (close to 1.0) and noticeable deviations
(up to 0.3) are observed.
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Fig. 4. Heat map of the similarity matrix

An analysis of the similarity distribution his- significant increase in the distribution density in
togram (fig. 2) demonstrates that most of the the region of high similarity values.
transcribed sentences have a high level of simi- The similarity matrix heat map (fig. 4) pro-
larity to the original. vides a visual assessment of the degree of corre-

The similarity density plot (fig. 3) confirms spondence between the original and transcribed
the effectiveness of the model, showing a phrases, where darker areas correspond to higher
similarity.
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Fig. 5. Diagram of similarity spread

The similarity span diagram (fig. 5) clearly
shows the distribution of similarity values,
emphasizing the prevalence of high transcribing
accuracy scores.

Discussion of the results obtained

Sheremetyevo International Airport named
after Alexander Pushkin (Moscow) was chosen
to demonstrate the model operation. During one
day, radio conversations between air traffic con-
trollers and flight crews in the approach area
were recorded and processed. The analysis
showed that the model successfully recognized
95% of standard phrases of radio conversations
and 87% of non-standard situations. The model
was particularly effective in recognizing the ac-
cents of crew members of international flights,

50

which confirms its adaptability to different lin-
guistic peculiarities.

To understand examples of transcribing er-
rors, here is a table of some of the terms and
words that were mangled during the initial run of
the program.

Thus, the integrated mathematical model of
the transcribing system adapted to aviation con-
ditions is an important innovative solution con-
tributing to the improvement of safety, efficien-
cy and reliability of air traffic. The overall per-
cent of transcribing efficiency is 86.27%, which
reflects a high result and proves the effectiveness
of the application of this model [3]. Its success-
ful implementation opens new horizons for the
development of the aviation industry and ensures
a more comfortable and safer air journey for all
its participants.
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Table 1
Results of transcribing the radio exchange

No Incorrectly transcribed word Correct option
1 Pass is 16-7 Passing 16700
2 across to cross
3 AUSI 077771
4 with Galt With GOLF
5 direct gas direct GAASS
6 Hi Sir
7 Doc. I'm Delta
8 explanation Expedite
9 going Descend
10 Just Descend
11 as far as stuff I guess it's staff (as it's about crew)
12 if you have any remaining pounds fuel remaining in pounds
13 half-matter incidents Hazmats
14 contact the post 127.25 contact Approach 127.25
15 That's on a brush Atlanta Approach
16 148 volts 148 souls (passengers+crew)
17 Delta 1192, Delta 1192, roger,
18 DC, 210. reduce speed 210
19 Delta 1192. Yes sir Tower, Delta 1192. Yes sir
20 Planet Tower Atlanta Tower
21 W1192 Delta 1192
22 A-Left 8L
23 They're going to stop they gonna stop on the runway
24 I'm sorry, Alpha 6. Papa and A6.
25 102 tower Southwest 102, Tower
26 the runway right now the runway eight right now
27 I'm Ronny, runway 8R. line up runway 8R
28 I may be stepping to land on 8R. I may be sidestepping to land on 8R.
Table 2
Name of errors in transcribing radio communication
Error's name Number, words Percent of errors, ratio of
total (total 1076 words), %
Number of incorrectly transcribed words 28 2.6
Number of missing words 110 10.2
Number of unnecessary words 10 0.93
Total error 13.73
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Conclusion

To summarize it is important to note that
communication failures between pilot and air
traffic controller during radio conversations [17]
occur for the following reasons:

1) Factors of informational nature:

o the complexity of the information entailing
misunderstanding;

» excessive compression of information;

o incomprehensible or vague presentation of
information by the interlocutors, which is
logically followed by interrogation by the
addressee;

2) Occupational factors:

3) Linguistic factors:

o suboptimal text structure in terms of text
types;

o the existence of a bilingual environment in
air traffic control, which has a negative im-
pact on flight safety;

o presence of grammatical and lexical-stylistic
violations in the speech of communica-
tors [18];

« unclear pronunciation or incorrect pronuncia-
tion of English word;

« if'the speaker has a strong accent;

« active use of interjections used by the speak-
er to buy time to formulate a thought;

4) Factors of a technical nature:

technical problems with communication, re-
sulting in interference and poor audibility on the
air.

Aviation communication errors are critical to
aircraft safety. Even the smallest errors can lead
to catastrophic consequences.

The application of an integrated mathema-
tical model of the transcribing system, specially
adapted to aviation conditions, represents a sig-
nificant step in the development of modern avia-
tion technology. The modelling results confirm
its effectiveness and potential to improve air
traffic safety and efficiency.

The accuracy of speech recognition, the abi-
lity to adapt to different conditions and accents,
and fast real-time data processing make this
model an integral part of aviation systems. Its
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application helps to minimize errors and misun-
derstandings in communication between partici-
pants in the aviation process, which in turn im-
proves flight safety.

Optimizing airspace management and impro-
ving the efficiency of aviation operations are
made possible through the application of this
model. It opens up new perspectives for the avia-
tion industry, especially in the face of increasing
air traffic and the introduction of autonomous
systems.

The study demonstrated that the developed
transcription model [19] achieves a high degree
of accuracy, making it potentially useful for use
in the aviation industry. Despite this some cases
of low similarity between original and transcri-
bed texts emphasize the need for further impro-
vements to the model.

One of the key areas for improvement is the
integration of advanced squelch techniques, such
as the use of convolutional neural networks for
more accurate extraction of speech signals from
the noise environment. It is also advisable to de-
velop adaptive algorithms that can train on data
with different accents, which will improve the
accuracy of recognizing speech with different
dialects and accents.

An important aspect is the strengthening of
exception handling and rare scenario handling
techniques, which will allow the model to func-
tion correctly, even in non-standard situations.
Applying regularization techniques such as
Dropout and Batch Normalization will help to
reduce the risk of overfitting and increase the
general ability of the model.

In addition, expanding the training sample to
include more diverse data will allow the model
to better adapt to different use cases.
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