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Abstract. The relevance of this study is determined by the need to transition from closed proprietary formats to open
containers capable of ensuring the integrity of multichannel time series during long-term testing. The aim of the
work was to substantiate the use of the modified European Data Format Plus format for the collection and analysis of
wheeled vehicle telemetry by developing a mechanism for the dynamic appending of information without disrupting
the file structure. The article investigated the problem of implementing unified standards for the storage and exchange
of telemetry information in automotive engineering. During the study, methods of comparative analysis of the technical
specifications of binary formats and mathematical modelling of linear interpolation processes for converting digital
values into physical units were applied. The results of the work demonstrated the high adaptability of the specified
standard for recording vibration, temperature, and pressure parameters, which are typically characteristic of industrial
diagnostic systems. An algorithmic scheme for updating the file header was developed and verified, allowing new data
blocks to be added to existing structures subject to verification of the last timestamp and automatic adjustment of the
number of records. This resolved the critical problem of information integrity in the event of sudden power failure or
improper termination of the recording process. Experimental validation of the developed method during long-term
monitoring sessions confirmed the preservation of high system performance and the absence of information loss during
cyclic access to the storage medium. The approach proposed in the study also simplified further post-processing of
data through the formation of a single integrated file for each testing cycle. Ultimately, this expanded the potential
application of the investigated format in fields requiring reliable continuous collection of multiparametric telemetry.
The practical value of the study lies in the use of the research findings during the transition to the concept of a single
file per testing cycle, which increases the economic efficiency of data processing in mechanical engineering

Keywords: open data containers; binary data standards; automotive engineering; time-series recording; diagnostics of
mobile systems; incremental information storage

Introduction

The trend towards the widespread use of intelligent trans-
port systems, the introduction of autonomous driving pro-
tocols and the electrification of powertrains have led to an
exponential increase in the volume of data generated by
modern vehicles during testing. This trend necessitates
a shift from fragmented proprietary formats and cum-
bersome text files, such as Comma-Separated Values, to
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a unified, open and energy-efficient standard for storing
multi-channel time series. The general trend towards cost
reduction in the automotive industry requires the imple-
mentation of binary containers capable of efficiently syn-
chronising high-frequency signals from multiple sensors,
whilst minimising the costs of storing and processing large
volumes of data on cloud-based telemetry platforms.
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The focus of automotive data standardisation since
2020 has shifted towards the creation of unified informa-
tion exchange systems. F. Knapp & M. Simon (2023), in
their review of standardisation processes in the automo-
tive industry, emphasised that the lack of uniformity in for-
mats is the main barrier to the development of intelligent
mobility. The authors argued that the use of open and ap-
proved standards is not only a technical but also a strate-
gic step towards ensuring compatibility between different
component manufacturers. The practical implementation
of Controller Area Network (CAN) bus data logging was ex-
amined by G. Soosaar & T. Lillerand (2025), who compared
the efficiency of binary and text formats. The conclusions
clearly indicated that binary structures allow for a signifi-
cant increase in recording speed and a reduction in file size
in wheeled vehicle telemetry. The importance of time syn-
chronisation in distributed systems is highlighted in the
work of R. Rane & P. Mulik (2025). It has been confirmed
that the use of data formats with strictly fixed timestamps
is essential for high-precision analysis of critical situations.
This technical principle was first substantiated in the con-
text of neurophysiological signal recording by B. Kemp et
al. (1992) and is regarded as a fundamental advantage for
ensuring the synchronisation of multi-channel data.

Modern signal processing methods for deep learning,
analysed by G. Vishnu et al. (2023), require structured time
series to improve the accuracy of predictive models. The
authors emphasised that pre-processed binary data signif-
icantly accelerate the training phase of neural networks
in tasks involving the modelling of wheeled vehicle be-
haviour. In the context of monitoring critical components,
particularly lithium-ion batteries, P. Thakkar et al. (2024)
proposed using multi-channel binary streams to detect
faults in real time. Their work confirmed that the ability
to embed event annotations directly into the data stream
allows anomalies to be effectively recorded in parallel with
the main current and voltage parameters. The scalability
of such solutions in cloud environments was investigat-
ed by J. Scheuring & U. Bernhard (2020), who noted that
open formats, which do not require specialised software
licences, are the most promising for mass telemetry col-
lection systems. Furthermore, the adoption of Regulation
(EU) 2023/2854 (2023) establishes a legal framework oblig-
ing manufacturers to provide access to data in open for-
mats, making the adaptation of existing standards, such
as EDF+, a pressing scientific and practical task. Despite
the existence of in-depth research in related fields, the
use of the EDF (European Data Format) specifically in
automotive engineering remains under-researched. As of
2025-2026, methods requiring attention include those for
the direct transformation of CAN protocol identifiers into
the EDF header structure directly on on-board computers.
Existing approaches are predominantly focused on subse-
quent data conversion, which prevents the utilisation of
the format’s advantages for online diagnostics and data
transmission over channels with limited bandwidth. There
is also a need to develop header compression algorithms

for cases where the number of signals runs into the thou-
sands, which is characteristic of modern autonomous ve-
hicle control systems.

The aim of the study was the theoretical substantia-
tion and development of a methodology for adapting the
EDF format for the collection of test information from on-
board systems of wheeled vehicles. To achieve this aim, it
was necessary to solve the following objectives: to devel-
op an algorithmic model for transforming messages into a
multi-channel EDF structure, taking into account different
sampling frequencies, and to design a mechanism for pro-
cessing asynchronous events in a vehicle network using
annotations. The algorithmic model for message trans-
formation is based on determining the base time period
dt and calculating the sampling rate for each channel. For
example, when synchronising low-frequency and high-fre-
quency (1,000 Hz) signals, the model forms a structure
where 1 sample of the low-frequency signal corresponds
to 100 samples of the high-frequency signal within each
data block. This ensures strict phase synchronisation of the
parameters without the need for resource-intensive resam-
pling. The mechanism for processing asynchronous events
implements an “event-record-link” scheme through the
use of a dedicated annotation channel. Upon event activa-
tion, the algorithm generates a tag and inserts it into the
current data block with a precise timestamp corresponding
to the physical signal. This approach allows critical vehi-
cle operating modes to be automatically indexed directly
within the binary telemetry array. Completing these tasks
will enable the creation of a unified data collection toolkit,
which will help improve diagnostic accuracy and accelerate
the processing of large telemetry data sets.

Materials and Methods

The methodological basis of the study was a comprehen-
sive approach to the collection and structuring of diag-
nostic data obtained during vehicle testing. To ensure the
results were easily reproducible, the experimental part was
based on the use of a data logging software programme re-
sponsible for creating, recording and verifying the integrity
of files. This logger represents a specialised software pack-
age designed for cross-platform emulation of data collec-
tion processes, utilising low-level direct file system access
mechanisms to precisely control the structure of the stored
arrays. It contains a built-in ring buffer module, which al-
lows data packets to be temporarily buffered before being
written to the physical storage medium, minimising the
load on the input-output subsystem and preventing data
loss during peak loads.

The recording of parameters was carried out using data
streams with defined characteristics, such as the name of
the physical quantity and the sampling rate, which var-
ied within the experiment according to the dynamics of
the processes under investigation. This allowed data to be
recorded and processed in both real-time and pseudo-re-
al-time modes, where the load on the onboard CAN bus
is simulated. Thus, file processing is decoupled from the
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direct data source but allows the simulation of a data stream
fully corresponding to real-world tests of wheeled vehicles
under road or laboratory conditions. The EDF+ (European
Data Format Plus) format was selected as the central ele-
ment of the data storage architecture; this is regulated by
official specifications and normative documents in the field
of standardisation of medical and general technical time
series and is established as the basic protocol for the ex-
change of biomedical and technical time series under the
European Data Format (2003), which is supported by the
international scientific community to ensure the compati-
bility of data recording systems. The use of this standard is
due to its strictly deterministic structure and its ability to
store multi-channel parametric data together with events
and annotations in a single container. The file generation
process requires the use of a 16-bit signed digital rep-
resentation of signals, which provides the necessary reso-
lution within the established dynamic range.

During the mathematical conversion of physical
quantities into digital values, a linear scaling method
was applied, which strictly complies with the standard’s
requirements regarding the mandatory preservation of
transformation coefficients, as presented by B. Kemp &
J. Olivan (2003). Particular attention is paid in the study to
the American Standard Code for Information Interchange
(ASCII) header configuration, which records the technical
characteristics of each channel, including physical dimen-
sions, types of analogue and digital filtering, as well as sig-
nal limit values. The experimental strategy involves cyclic
testing under specified operating conditions, depending on
the number of data transmission channels and the number
of records in a single packet. For the mathematical inter-
pretation and scaling of measurement signals, the study
employs a linear interpolation method, which allows 16-
bit integers read from a file to be transformed into actual
physical quantities in accordance with the standard speci-
fication. The conversion formula is as follows:

pP= % X (D = Dpin) + Prin, ey
where P - the physical value, D - the digital value from the
file, P andP . - the physical limits specified in the head-
er, D, andD . - the digital limits specified in the header.
In addition, for memory resource planning during
long-term experiments, a method of deterministic calcu-
lation of the output file size is used according to the fol-
lowing formula:

Seotal = 256 + (ns X 256) + (N x Y™, 8 x2),  (2)
where 256 — the size of the static header, ns — the number
of channels, N - the number of recording blocks, S, - the
number of samples of the i-th channel within a block.

Summing the sampling frequencies across the entire
set of channels allows the frequency differences between
channels to be taken into account. The final file size is
the product of the experiment’s duration and the total

bandwidth of all measurement channels. To ensure data
integrity during long sessions, a proprietary algorithm
is used to iteratively append data to an already open and
partially filled file. This procedure is implemented by the
software logger by dynamically updating the number of
records field in the header after the completion of each
individual test stage. This approach avoids file system
fragmentation, eliminates the need for constantly reopen-
ing file descriptors, and ensures the formation of a single
structured array for the entire test session, which fully
complies with the fundamental principles of reliable data
archiving in engineering systems.

Results and Discussion

The issue of data standardisation has gained importance in
the field of monitoring dynamic vehicle parameters. Cur-
rent research in automotive engineering confirms that the
effectiveness of computer modelling of complex assem-
blies, particularly tyres, directly depends on the architec-
ture of the data collection and storage system. The study
found that modern vehicles require the integration of nu-
merous sensors and transducers, which together generate a
large volume of high-density telemetry data. An analysis of
the effectiveness of tyre modelling tools based on the use
of embedded telemetry controllers showed that integrating
sensors directly into the wheel structure generates massive
streams of multi-channel signals: pressure, temperature
and deformation forces. In this context, it is critically im-
portant to resolve the issue of precise data synchronisation
from such heterogeneous sources as pressure, tempera-
ture, vibration and deformation force sensors, as any tem-
poral desynchronisation between them distorts the results
of the mathematical analysis of motion dynamics.

An analysis of the performance of platforms for
processing large spatial arrays, conducted by F. Hu et
al. (2018), found that most systems require resource-inten-
sive pre-processing of data, which highlights the impor-
tance of selecting an optimal storage format, such as EDF+,
to minimise loading costs. Thus, whilst traditional formats
(e.g., Measurement Data Format) are tailored to the spe-
cific needs of industrial diagnostic equipment, the imple-
mentation of EDF+ in bus telemetry analysis processes can
ensure a higher rate of information exchange between re-
search groups. The cross-platform nature of the format, as
argued by B. Kemp & J. Olivan (2003), becomes a critical
factor for implementing a monitoring system, as it allows
data from embedded telemetry controllers to be seamlessly
integrated into cloud environments for further mathemati-
cal analysis and refinement of tyre wear models.

The European Data Format (EDF) and its enhanced
version, EDF+, are widely used formats in the field of med-
ical technology for the storage and exchange of biosignals.
The results of EEG (electroencephalogram) or polysom-
nography are generated specifically as EDF files. The clas-
sic EDF was developed by B. Kemp et al. (1992) with the
aim of introducing a single standard for recording and pro-
cessing information to replace the proprietary formats of
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various medical equipment manufacturers (Smrity, 2025).
Although the EDF format was developed specifically for
medical purposes, its structure is a universal container for
multi-channel time series. The format has found applica-
tion in several related fields that require the synchronous
recording of data from multiple sensors. In fact, any sys-
tem requiring the recording of physical parameters over
time can use EDF. The format is widely used in engineer-
ing to monitor the condition of structures and the opera-
tion of equipment, as it allows for the synchronous record-
ing of vibrations, temperature and pressure within a single
file. In seismology and oceanography, this format is con-
venient for data exchange between stations, as all units of
measurement are specified directly in the header of each
channel. In professional sport, EDF is used to analyse ath-
letes’ movements alongside heart rate data, which helps
assess fatigue and the effectiveness of training sessions.
EDF is the standard for lie detectors, as it easily combines
data on breathing, skin activity and eye movements. The
format’s popularity stems from its compactness compared
to text tables and the fact that all sensor configuration
information is stored directly within the file, preventing

errors during analysis.

The automotive industry faces similar challenges,
which previously led to the adoption of a unified format
for data storage and processing. The need for standardisa-
tion stems from the trend towards simplifying information
exchange processes between manufacturers of different
components, which leads to the acceleration of research
and production processes in the industry. The scientific
debate regarding the effectiveness of EDF+ in non-medi-
cal sectors, particularly in automotive engineering and the
monitoring of complex technical systems, highlights both
the format’s advantages and its critical limitations com-
pared to alternative standards. Using the EDF structure

allows telemetry data from embedded controllers to be
consolidated into a single file with a clear description
of the units of measurement and sampling rate for each
channel. This resolves the issue of compatibility between
on-board data acquisition systems and standalone soft-
ware suites for modelling, thereby enhancing the overall
efficiency of computational tools. Research by A. Schlogl
& C. Brunner (2008), dedicated to the development of the
BioSig library, indicates that the simplicity of the EDF
structure is its main advantage for long-term archiving;
however, the author emphasises the significant advantage
of the GDF (General Data Format) in terms of supporting
32-bit data and flexible event description. Compared to
the MDF (Measurement Data Format), which is the stand-
ard in the automotive industry, EDF+ demonstrates less
flexibility when working with dynamic metadata, yet gains
significantly in cross-platform compatibility thanks to its
ASCII text header, as analysed in detail in the works of
B. Kemp & J. Olivan (2003) when justifying the transition
from the classic EDF to the EDF+ modification.

The structure of an EDF file is strictly deterministic.
The entire file consists exclusively of ASCII characters
(header) and 16-bit integers (data). This structure makes
the format platform-independent. The header is a text
block of ASCII characters that can be read without the use
of specialised software using any text editor. The header is
divided into a fixed 256-byte section, containing the for-
mat version, document name, start date of the recording,
number of signals, etc., and a variable section, the size of
which depends on the number of signals and includes the
technical specifications of each channel: signal name, sen-
sor type, units of measurement, physical minimum/maxi-
mum values, digital minimum/maximum values, and filter
parameters. The structure of the fixed part of the EDF file
header is shown in Table 1.

Table 1. Distribution of bytes in the EDF file header structure fixed part of the header

Fixed part of the header
Offset (bytes) Length (bytes) Content Description
0 8 version Format version (for EDF always “0”)
8 80 patient_id Local file identifier
88 80 record_id Local recording identifier
168 8 startdate Start date (dd.mm.yy)
176 8 starttime Start time (hh.mm.ss)
184 8 header_bytes Number of bytes in the header (including the dynamic part)
192 44 reserved Reserved (for EDF+, the discontinuity type is specified here)
236 8 num_records Number of data records, -1 if unknown
244 8 duration Duration of one record in seconds
252 4 num_signals Number of signals (channels) in the file
Variable part of the header for each channel
256 16 Channel names Signal types (for example, EEG Fp1 or ECG)
16 80 Sensor type Description of electrodes or transducers
80 8 Physical unit Measurement units (uV, Ohm, degree, etc.)
8 8 Physical minimum Minimum signal value in physical units
8 8 Physical maximum Maximum signal value in physical units
8 8 Digital minimum Minimum value after ADC conversion (usually -32768)
8 8 Digital maximum Maximum value after ADC conversion (usually 32767)
8 80 Filtering Description of filter settings (HPF, LPF, Notch)
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Table 1. Continued

Fixed part of the header
Offset (bytes) Length (bytes) Content Description
80 8 Number of samples Number of values for each signal in one block
8 32 Reserved Additional field for each channel

Source: B. Kemp et al. (1992)

The data array is placed directly after the file header in
the form of an ordered sequence of binary blocks containing
digital signal values. A data block is the principal fragment
of the file containing digital signals. Unlike conventional
tables, where data are recorded row by row, in EDF they are
grouped into segments. The structure of each block pro-
vides for the sequential grouping of blocks by each chan-
nel within a defined time interval. This recording method
is known as block multiplexing. The classical EDF format
has certain limitations caused by the strict static nature of
its structure, where all recording channels must have iden-
tical duration within a single data block, making efficient
recording of signals with different temporal characteristics
impossible. In contrast, the EDF+ specification, introduced
by B. Kemp & J. Olivan (2003), implements the concept of
discontinuous recordings and variable sampling frequen-
cies for different signal types, allowing both high-frequency
and low-frequency signals to be integrated into a single file.

A fundamental distinction lies in the annotation
mechanism: whereas in the original EDF format event

annotations required the creation of separate text pro-
tocols, EDF+ implements specialised annotation chan-
nels that allow timestamps and textual comments to be
stored directly within the binary stream. This ensures
precise synchronisation of simultaneous events, such as
technical malfunctions, with the corresponding signal
segments. In addition, EDF+ expands the informational
capacity of the header by introducing standardised fields
for file identification and technical characteristics of the
equipment. Despite its more complex internal organisa-
tion, EDF+ retains structural similarity to the classical
EDF format, thereby ensuring backwards compatibility
for reading EDF+ files with EDF editors, although spe-
cific extensions such as annotations are ignored. Thus,
the transition to EDF+ transformed the format from a
simple biosignal container into a comprehensive sys-
tem for storing multiformat data suitable for automated
analysis and long-term archiving. A comparison of the
characteristics of the EDF and EDF+ formats is presented
in Table 2.

Table 2. Comparison of EDF and EDF+ formats

Characteristic EDF EDF+
Data type 16-bit Integer 16-bit Integer
Text encoding ASCII ASCII
Annotations Absent Supported (annotation channel)
Compatibility Basic Backwards compatibility with EDF
Field of application EEG, ECG, polysomnography Any time series data

Source: B. Kemp & J. Olivan (2003)

The practical implementation of the mathematical
framework in the software logger confirmed the stability
of the linear data transformation. By using integer arith-
metic at the recording stage, it was possible to maintain
a high speed of data aggregation, whilst conversion to
physical quantities using formula (1) was performed ex-
clusively during post-processing or data visualisation. The
practical calculation of the file size using formula (2) al-
lowed to predict disk space usage and respond in a timely
manner to the threat of data loss in the event of insuffi-
cient storage capacity. The use of integer arithmetic en-
sured a recording speed of 2.4 Mbit/s for a stream from
32 analogue channels. The use of linear transformation
according to formula (1) ensured the conversion of digital
values (in the range from -32768 to 32767) into physical
units with an error not exceeding 0.01% of the sensor’s
full scale. For example, for a pressure sensor with a range
of 0-100 kPa, the quantisation step was 1.5 Pa, which ful-
ly meets the accuracy requirements for brake system di-
agnostics. Predicting disk space usage using formula (2)

revealed that one hour of continuous telemetry recording
(at a total sampling rate of 5,000 Hz) occupies 34.3 MB of
memory. This enables autonomous testing for up to 230
hours on a standard 8 GB storage device, which is critical
for endurance testing of vehicles. Furthermore, the test
results highlighted the key advantages of EDF+ for auto-
motive engineering, including high-speed processing of
large data sets through block multiplexing, cross-platform
compatibility of the text header, and the absence of a need
for proprietary libraries. It was also demonstrated that this
approach to telemetry data collection can be effectively
applied to improve the efficiency of vehicle performance
analysis by continuously recording real-world operation-
al loads, thereby significantly enhancing algorithms for
predicting the remaining service life of components and
optimising maintenance cycles.

Despite its long-standing dominance in the field of
medical diagnostics, the architecture of the EDF and EDF+
formats contains a number of fundamental shortcomings
stemming from outdated technical standards. The main
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limiting factor is the 16-bit nature of data storage, which
restricts the signal’s dynamic range to just 65,536 levels.
For modern high-precision equipment with 24-bit or 32-bit
resolution, this means an irreversible loss of detail during
conversion. Furthermore, the format’s mathematical mod-
el supports only a linear transformation between the digi-
tal code and the physical quantity, making it impossible to
directly store data from sensors with logarithmic or other
non-linear characteristics. The lack of built-in compres-
sion algorithms leads to excessive use of disk space, as data
is stored in its original “raw” form without volume optimi-
sation. The MDF format solves this problem by introduc-
ing built-in time-series archiving, but in turn creates the
problem of asynchronous reading of different data chan-
nels (Marten et al., 2019). Compression makes it possible to
reduce file size, which is efficient for long-term storage, but
requires synchronisation during analysis. The fixed length
of textual fields prevents the inclusion of detailed metada-
ta, while support exclusively for ASCII characters restricts
the use of national alphabets in service information.

A particular issue is the specific method of integrat-
ing annotations directly into the body of the file between
measurement blocks. This structure makes any editing of
labels or correction of errors in the record a complex op-
eration, requiring the entire data set to be completely re-
written rather than allowing for local adjustments to val-
ues. Research by R. Huttunen et al. (2023) indicates that
although polysomnography data can be exported to open
formats such as EDF, there are limitations regarding the
verification of data blocks and readability. However, when
processing large volumes of data during the analysis of
wheeled vehicle behaviour, such limitations are offset by
the absence of a need to read data directly during testing.
These limitations arise from different causes but are united
by the need to make changes to the file structure, as well as
the requirement for specialised software for both record-
ing and reading information. These features of the EDF
format present specific challenges for developers, as any
deviation from the 1992 standard renders the file incom-
patible with most viewers. This forces engineers to seek a
compromise: either strictly adhere to the restrictions or
create their own format extensions that can only be read
by specific software tools. However, there are limitations
that do not require changes to the file structure. One of
the key challenges in analysing telemetry data is synchro-
nising numerical indicators (CAN bus, GPS) with the video
stream. Unlike EDF/EDF+ files, video files do not usually
contain embedded metadata regarding the exact date and
time of the start of recording in their internal headers. To
address this issue within the modified EDF+ standard, it
was proposed to use a unified timestamp encoding directly
in the video file name. For example, a file named “UA_VE-
HICLEO1_25-MAR-2026_12h30m05.500s_Cam1.mp4” indi-
cates that the vehicle video recording began on 25 March
2026 at 12:30:05 and 500 milliseconds. This approach al-
lows specialised software to automatically read the start
time from the video filename and the contents of the EDF

file, ensuring millisecond accuracy when playing back and
analysing critical events. The main advantage of this in-
novation is full compatibility with recording and playback
devices developed previously.

One of the most critical drawbacks of the format is the
inability to dynamically append data to the end of an ex-
isting file in real time without the risk of corruption if the
file has already been closed. This problem stems from sev-
eral technical reasons. Firstly, it is the dependency on the
final value of the number of records per block, which is set
in the header. The problem is that the viewer programme
first reads this value and only then begins to display the
data. If a failure occurs during recording, such as a power
cut, and the programme does not have time to update this
number in the header, the file will be considered empty or
corrupted, even if gigabytes of data are physically present
on the disk. Secondly, the EDF records data not by individ-
ual channels, but in time blocks. A single block contains
all samples from all channels for one second. To add a new
block, the programme must know the exact physical offset
from the start of the file. Any one-byte error during writ-
ing leads to a shift in the entire data grid, after which the
programme will start interpreting random bytes as signals.
Since EDF requires structural integrity, developers are of-
ten forced to create temporary buffers, which increases the
risk of losing the last few minutes of recording if the soft-
ware shuts down incorrectly. Implementing the write-back
mechanism in EDF+ format log files ensures compliance
with the “one file — one experimental session” principle.
This approach eliminates the need for subsequent concat-
enation of fragmented data, which significantly improves
the reliability of export procedures and minimises the
likelihood of artefacts or errors occurring during digital
post-processing of the results.

The issue of data integrity during write operations
has also been examined in the context of real-time sys-
tem development. For example, research led by N. Rishi-
kesh (2022) on vibration monitoring highlights that for-
mats with a fixed header structure require specific caching
algorithms to prevent file corruption during sudden power
failures. The mechanism proposed in this work for veri-
fying the latest timestamp and dynamically updating the
number of records correlates with approaches used in
high-performance loggers; however, adapting these meth-
ods specifically for EDF+ allows for full compatibility with
existing diagnostic software without resorting to complex
hierarchical structures.

In the context of EDF+, simply appending bytes to
the end of the file will render it unreadable for standard
viewers, as the header will state that the file contains, for
example, 100 records, although in fact there are already
200. Correcting the header is critical for compliance with
the standard. The process of updating a record in an al-
ready created and closed EDF+ file requires a specialised
algorithmic approach due to the structure of this format’s
header. Appending after reopening the file requires veri-
fication of the last timestamp of the last data block. This

Information Technologies and Computer Engineering, 2026, 23(2) 95



Efficiency of the collection and analysis of vehicle telemetry data...

prevents time gaps or overlaps, which is critical for correct
analysis. The overwrite mode without file reconstruction
prevents the loss of previously accumulated data in the
event of a sudden power failure or a critical termination
of the recording process during the current session. When
implementing append mode in EDF+, it should be noted
that the format has a fixed structure; thus, it is important
that the sampling parameters and number of channels in
the new data fully match those declared when the file was
originally created. As the EDF+ specification requires the
number of data records to be clearly specified in the header,
when opening the file for appending, the current header
must be read in order to update the “number of data re-
cords” field after recording is complete. If 100 new one-sec-
ond data blocks have been added to the existing 500, the
value of “number of data records” should be updated to
600, left-aligned and padded with ASCII space characters.
The process of adding new data blocks is shown in Figure 1.

Does the file

Yes exist ? ﬁ
Open file Creatr
in r+b mode new EDF+
Read Header: é

n_records
\
Does the No

structure match?

v
f.seek
Totheend

of the file

Write new
Data Records

A 4
Return

to Header

A
Configuration
error

A 4
Update record
count

Close file

I

End

Figure 1. Algorithmic scheme
for appending data to an EDF+ file
Source: developed by the authors

The issue of scalability and the processing of large
datasets in EDF format is becoming particularly pressing
in the context of modern cloud computing. Research by

S.S. Sahoo et al. (2014) highlights that working with “big
data” in clinical research presents specific challenges relat-
ed to the distributed analysis of electrophysiological sig-
nals. The authors note that the architectural rigidity of EDF
can cause computational delays when attempting to pro-
cess files in parallel in cloud environments, which reinforc-
es the argument for the need to improve data access meth-
ods, in particular by optimising header structures for rapid
indexing. The work by J.R. Chandiramani et al. (2014) em-
phasises that telemetry acquisition systems are an integral
part of the work for any racing team or vehicle manufac-
turer. The authors note that telemetry is crucial during the
development phase, as it allows designs to be modified and
parameters adjusted to improve performance and efficien-
cy. The SB-RNLDC (Subsampled and Balanced Recurrent
Neural Lossless Data Compression) method, proposed by
P. Ramalingam et al. (2022), addresses the problem of lim-
ited bandwidth and storage capacity for telemetry data by
implementing a deep learning architecture that combines
signal pre-centring with lossless coding based on proba-
bility balancing. However, this method requires significant
computational power and cannot guarantee the fidelity of
the stored information. G. Wojnar et al. (2021) shift the fo-
cus to the engineering domain, examining the interpreta-
tion of vibration signals for structural health monitoring.
The authors demonstrated that the use of synchronised
time series from multiple sensors allows the identification
of structural defects at an early stage, even in the presence
of operational noise.

The accuracy of the diagnosis depends directly on the
phase synchronisation of the signals, which is technically
ensured by the block-based recording structure character-
istic of EDF. As demonstrated by A.E. Oskouei et al. (2025),
an approach based on the analysis of symmetric time pat-
terns and the detection of their asymmetric deviations
allows a neural network to be used to identify erroneous
signal segments. Nevertheless, testing of wheeled vehicles
is not limited to static data of a single type, and such fil-
tering cannot guarantee that the detected anomaly is in-
deed a signal processing error rather than a change in the
signal itself. A comparison of these results confirms the
theory regarding the high adaptability of the EDF+ con-
tainer for industrial monitoring tasks. The analysis shows
that whilst specialised engineering formats often require
the use of paid proprietary libraries, the implementation
of safe overwriting methods in EDF+ makes this format
competitive for synchronous data collection in field test
conditions. In the work of N. Inoue & T. Konishi (2018) it is
emphasised that validation of algorithms for autonomous
driving systems is an extremely important yet highly la-
bour-intensive process. However, the authors highlight a
critical issue: due to the complexity of autonomous driv-
ing systems, the data used for modelling must be of high
quality and quantity. The use of the EDF+ format makes it
possible to satisfy these requirements owing to its capabil-
ity to store massive streams of multichannel signals with
temporal synchronisation.
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Thus, resolving the issue of correctly modifying the
header after the file is closed helps to mitigate one of the
main architectural shortcomings of the standard identi-
fied by the researchers, whilst ensuring the reliability of
data storage in line with modern industrial standards. The
proposed algorithm ensures strict compliance with the
ISO 60601-1 specification (International Organization for
Standardization, 2005), as it performs atomic updates of
the data record counter and maintains the consistency of
the EDF+ annotation channel, thereby preventing desyn-
chronisation during long-term monitoring.

Conclusions

The conducted study confirms that the European Data
Format and its EDF+ modification, despite their medical
origin, have evolved into a universal tool for recording
multichannel time series in complex technical systems.
Analysis of the format structure demonstrates that the
combination of a textual ASCII header and a binary array
of 16-bit data ensures a high level of cross-platform com-
patibility, which is critically important for the unification
of data exchange between component manufacturers in
the automotive industry and industrial monitoring. The
application of the mathematical model of linear interpo-
lation allows digital values to be efficiently converted into
physical quantities; however, the rigid header architec-
ture and the limited range of 16-bit encoding remain the
principal limiting factors when working with high-pre-
cision, high-resolution sensors. Within the scope of the
conducted research, particular attention was devoted to
solving the problem of data integrity during the dynam-
ic appending of blocks to existing EDF+ files. The appli-
cation of the developed algorithmic approach, based on
verification of the last timestamp and correct updating
of the record count field in the header, ensured reliable
logging according to the principle of “one session — one
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AHoTaUig. AKTyaabHiCTh POGOTM 3yMOBJEHa MOTPEGOI0 MEepexoay Bif 3aKpUTUX MpompieTapHux (HopmariB mo
BiIKpUTMX KOHTEIHEPIB, 3JaTHUX 3a0e3MMeUnTy LTICHICTh 6araTOKaHaJbHUX YaCOBMX PSIAiB IIiJi Yac TPUBAIUX
BUIpoOyBaHb. MeTol pob6oTK Oy/l0 OOIPYHTYBaHHSI BMKOpucTaHHsI MopudikoBanoro European Data Format Plus
dbopmary gjist 360py Ta aHaIi3y TeeMeTpii KoicHOT TEXHIKYM MUISIXOM pO3pOo6KM MeXaHi3My JMHAMiUyHOTO J03aIucy
indopmariii 6e3 mopyueHHs! CTPyKTypu daitry. ¥ ctaTTi 6y/0 goctigkeHo npobaeMy BIPOBaKeHHS yHipiKoBaHUX
CTaHJApTiB 36epiraHHs Ta 0OMiHY TelleMeTpUUHOIO iHpopMaIllielo B aBTOMOOi/bHIN iHskeHepii. I1ig yac qocmigkeHHs
6y/10 3aCTOCOBAaHO MeTOZAM TMOPIBHSUTPHOTO aHasi3y TexHiuHux crenudikamiit 6iHapHux dbopmariB, MaTeMaTUUHe
MOJeTI0BaHHS MPOLeciB MiHiliHOI iHTepHosALii /s mepepaxyHKy U poBuX 3HaUeHb y Gi3nyHi oguHulli. Pe3ynbratu
po6OTM MPOFEMOHCTPYBaJIM BUCOKY aJAalTMBHICTh 3a3HAUEHOTO CTaHAApTy mjsi ¢ikcanii mapamerpiB Bibparlii,
TeMIlepaTypu Ta TUCKY, IO 3a3BuYail MpuUTaMaHHe MPOMMCIOBUM [IiaTHOCTUUYHMM cucTemMaM. Po3pobieHo Ta
BepndikoBaHO aITOPUTMIUHY CXeMy OHOBJIEHHS 3aroyioBka (daiiny, sika 503BoJsI€ JoaBaTH HOBI OJIOKM TaHUX Y BKe
iCHYI0Ui CTPYKTYpM 32 YMOBY I€peBipKY OCTAaHHbOI YaCOBOI MiTKM Ta aBTOMaTUYHOT'0 KOperyBaHHS KiJIbKOCTi 3alIUCiB.
Lle BupimmiIo KpUTHUUHY NTpo6aeMy IiicHOCTi iHbopMallii Ipy panToBOMY BUMKHEHHI JXMBJI€HHS 860 HEKOPEKTHOMY
3aBeplleHHi mpouecy peectpanii. EkcriepumeHTanbHa anpobaiiis po3po6aeHoro MeTony IiJi yac TpUBaAMUX cecii
MOHITOPMHTY TiATBepAmiaa 36epeskeHHS BMCOKOI WIBMIKOZAII cucTeMM Ta BifcyTHicTb BTpaT iHdbopmanii mpu
LMKIiYHOMY 3BepHEHHi A0 HaKkomuyyBaua. 3allpoONOHOBAHMII Y MOCTIIKeHHI Migxif TakoX MO3BOJMUB CIIPOCTUTHU
MOJAJIBIITY TIOCTOOPOOKY JaHUX 3aBISKM (GOPMYBAHHIO €IMHOTO IiaicHOTO (aitny Ajisi KOKHOTO BUIIPOOYBaJIbHOTO
uuKay. YV migcyMKy Ile po3LIMPUIO MOTEeHIian 3aCTOCYBaHHS LOCTiIKYBAaHOTO GOpMaTy B raiyssx, e BUMara€TbCs
HaliifHMit Ge3mepepBHMIT 36ip 6GaraTomapamMeTpuuHoi TenemeTpii. IIpakTMYHA IiHHICTh OOCTIIKEHHS IOJSITa€E
Yy BUKOPUCTAHHI JaHUX OOCTiIKEHHS MPU Mepexofi A0 KOHLeNlii ogHoro ¢daiiyly Ha BUIIPOOYBAIbHUIA LMKI, IO
MiJBUINYE eKOHOMIUHY e(DeKTUBHICTh 06POOKM JaHUX Y MalIMHOOYIyBaHHi

KntouoBi cnoBa: BigkpuTi KOHTeiHEpU NaHKX; GiHApHi CTaHAAPTM JaHKX; aBTOMOOIIbHA iHKeHepis; dikcalis yacoBux
PsSIAiB; NiarHOCTMKA PYyXOMMX CUCTeM; iHKpeMeHTHe 36epeskeHHsT iHdopmarii
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