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The paper presents the results of pilot-scale industrial trials of RD-D1+ intelligent safety helmets conducted
at an industrial production facility in Shymkent, Kazakhstan. The object of the study is the above-mentioned
production site, the subject is a personal industrial safety system based on an intelligent safety helmet, GSM/
GPRS communication modules, GPS/Beidou navigation, built-in telemetry sensors and the QST (Qazagstan Smart
Technology) software platform. The aim of the study was to evaluate the operational performance, stability, and
functional effectiveness of the intelligent safety helmet system for personnel risk management under real industrial
operating conditions based on pilot-scale field testing. The study included device installation and registration, field
tests of communication and navigation channels, analysis of event data from the QST platform's Monitoring Center,
Track Playback, Alarm Record, Photo Record and Video Record modules, and desk processing of the collected
telemetry. The helmets were found to provide stable GSM/GPRS data transmission, acceptable positioning
accuracy (with some deterioration in metal-shielded premises), correct event registration (there were no false alarms
during the observation period), and stable operation of the photo and video modules. Reduced injury risk, optimised
personnel routes and increased transparency of production processes demonstrate the economic feasibility of the
system. It is concluded that the intelligent safety helmet system is technologically ready for the wider deployment
in mining and service-sector facilities.

Keywords: intelligent safety helmet, personnel monitoring, industrial safety, worker positioning, event
monitoring.
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Maxkamaga IIsivkenT xanaceraaars! (KP) eHepkocinTik eHmipic opHBIHAA Xyprizinren RD-D1+unTemiexry-
QJIBI KayilCi3aiK AyabIFajJapbIHBIH MHIOTTHIK ayKBIMIBI OHEPKOCINTIK CHIHAKTAPBIHBIH HOTHKEJIepi YCHIHBUIFAH.
3epTTey HBICAHBI - JKOFaphIga aTajFaH OHIIPIC OPHBI, TAKbIPHIOBI - WHTEIUICKTYAIIBI KayilCi3OiK TyIbIFachiHa,
GSM/GPRS 6aitnansic Mmomynsaepine, GPS/Beidou HaBuranuscsiHa, KipiKTipiIreH TeIeMETPHSUTBIK CEHCOpIapra
wone QST (Qazagstan Smart Technology) Garnmapnamanbik mardopMachbiHa HETi3[eNTreH KeKe OHEPKICIITIK
Kayinci3mik xkyiheci. 3epTTeymiH MakcaThl - MHJIOTTHIK ayKbIMIBl JJIalblK ChIHAKTApFA HETI3JENTeH HAKThI
OHEPKACIMNTIK JKYMBIC JKafIaiIapblHaa MEPCOHAIIABIH TOYCKeIAePiH 0acKapy YIIiH HHTE/UIEKTYaIIbl Kayilci3aiK
NyIIbIFa )KYHeciHIH nmaiiianany eHIMIUIITH, TYPaKThUIBIFBIH XKOHE (YHKIMOHAIABIK THIMALTITIH Oarainay. 3eprre-
yre KYPBUIFBIHBI OPHATY JKOHE TipKey, OaliIaHbIC )KOHE HABUTANMSIIBIK apHAIAP/IBIH Aalaiblk chiHakTapbl, QST
1aT()OpMachIHBIH MOHUTOPHHI OPTaJIbIFbIHAH QJIBIHFAH OKHFa JIEPEKTEpiH Taijay, TPEKTepAl oWHary, nalbui
xaz0acel, Qorokazda xoHe OeiiHexazda MOIYJIbJAEpP] KOHE JKMHAJIFAH TENEMETPHUSHBI YCTEIIIK OHJIey Kipi.
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Hynerranap GSM/GPRS nepexrepin TypakTsl Oepyji, KOJTAiabl MO3UIMSIIAY JAIAINIH (METaJUIMEH KOpFaJiFaH
yii-xkaiinapaa Oipa3 HamiapiayMeH), OKMFaHbBI TYPHIC Tipkeydi (Oakpuiay Ke3eHIHJE KaiFaH Aa0dbuiiap OoyFaH
JKOK) JoHE (OTO JKoHE OeifHe MOYIIbJEP/IiH TYPaKThl )KYMBICHIH KaMTaMachl3 €TeTiHi aHbIKTaabl. JKapakar aimy
KayIiHiH TOMEHJIeYl, IepCOHAIIABIH KYMBIC OAaFbITTAPbIHBIH OHTAMIaHABIPBUTYHI XKOHE OHAIPICTIK MpouecTepIiy
AIIBIKTHIFBIHBIH aPTYhI )KYHEHIH 3KOHOMHUKAJIBIK TYPFBIIaH OPBIHABLIBIFBIH KOPCeTe . AKbUIIBI KayiNCi3/IiK TyIbl-
Fa XKylieci Tay-KeH OHAipici MEH KbI3MET KOPCETy CalaChIHBIH HbICAHAAPbIHIA KeHIHEH KOJIaHyFa TEXHOIOTUSUTBIK
TYPFBIIAH NAbIH JeTeH KOPBITBIHIBIFA KENI.

Tyiiin ce3mep: akpUIIBI AYJIbIFa, TEPCOHAIBI MOHUTOPHHT1ICY, OHEPKICINTIK KAyilCi3/miK, )KYMBICIIBIIAP/IbI
NO3UIHSIIAY, OKUFalIapbl MOHUTOPHHTLIEY.

ONBITHO-MTPOMBIIIJIEHHASI OLIEHKA UHTEJUIEKTYAJIbHON CUCTEMBI 3AIIUT-
HBbIX KACOK JIJISA YIIPABJIEHUS PUCKAMMU HA I'OPHOJOBBIBAIOIIUX ITPE/IIPU-
ATUAX

JI.A. Tannes'™, A.B. MaaasinoBa’, M. Baiinner’, Ayny Ka3 EMMaHyZ).]'lb4

1

HUncmumym zopnozo dena umenu J{.A. Kynaesa - ¢hunuan Pecnybonukanckoeo 2ocyoapcmeenio2o npeonpusimus Ha npase
XossticmeeHHo20 éedenus: « Hayuonanvhlil yenmp no KOMnieKCHoU nepepabomie MuHepanbHo2o coipvbs Pecnybnuxu Kazax-
cmany, Aimamel, Kazaxcman

> TOO «Science 360y, Anmamer, Kazaxcman
’TOO «Qazagstan Smart Technologyy», Anmame, Kazaxcman
* Satbayev University, Anmamel, Kazaxcman
™ e-mail: 87773012986@mail.ru

B crarse mpencTaBieHbl pe3yabTaThl MUIOTHBIX MPOMBIIUIEHHBIX UCTIBITAHUN MHTEIUIEKTYaJbHBIX 3aIIUTHBIX
niemMoB RD-D1+, nmpoBeneHHBIX Ha MPOMBIIIJICHHOM MPOU3BOACTBEHHOM mpeanpuatuu B Illsimkenrte, Kazax-
craH. OOBEKTOM HCCIIEOBAHUSI SIBISIETCS YKa3aHHast TPOM3BOJICTBEHHAS TUIOLIAJIKA, IPEIMETOM HCCIICIOBAHHS —
NepCOHAIbHAsI CHCTEMa MTPOMBILICHHOW 0€30M1aCHOCTH, OCHOBaHHAsl Ha MHTEJUIEKTYaJbHOM 3aIMTHOM IILIEME,
Moayisix cBsizu GSM/GPRS, GPS/Beidou-HaBuranum, BCTPOSHHBIX TEIEMETPUYECKUX TATYNKAX M IIPOrPaMMHOM
mwiatdopme QST (Qazagstan Smart Technology). Ilenbro uccnenoBanus ObUIa OLICHKA IKCILUTYaTAIIMOHHBIX XapaK-
TEPUCTHUK, CTAOMIBHOCTH U (DYHKIIMOHAIBHON 3((PEKTUBHOCTH MHTEJUIEKTYaIbHONH CUCTEMBI 3aIMTHOTO HIJIeMa
JUId yTIpaBlI€HHUs PUCKaMU JAJsl NEepPCOHaja B PEAIbHBIX YCJIOBHUSX MPOMBIIUIEHHON 3KCIUTyaTallid Ha OCHOBE
MUJIOTHBIX MOJIEBBIX UCIBITaHUM. MccnenoBanue BKIIIOYAIO YCTAaHOBKY M PETHCTPALMIO YCTPOIMCTBA, MOJIEBBIE UC-
TIBITAHUS KaHAJIOB CBSI3U W HAaBUTAlWH, aHAJIN3 JAHHBIX O COOBITHSAX U3 MOy MOHUTOPHHTA, BOCTIPOM3BEICHUS
TPEKOB, 3aIIFCH CUTHAJIOB TPEBOTH, (hoTo- 1 BuAeo3anucH miardopmsl QST, a Takxke 06pabOTKy coOpaHHOM Teme-
METpHH. BBIJIO ycTaHOBIIEHO, YTO IUIEMBI 00€CIeYNBAIOT CTaOMIIBHYIO Iiepeady JAaHHbIX 10 nporokonam GSM/
GPRS, mpuemieMyro TOYHOCTh HO3UIIMOHUPOBAHUS (C HEKOTOPHIM yXyALIEHHEM B MOMEUIEHUSX C MeTaulnye-
CKUMH 9KpaHaMH ), KOPPEKTHYIO PETUCTPALIMIO COOBITHH (JIOXKHBIX cpabaThIBaHHUH B T€UEHHE NEpHO/Ia HAOTIOAECHHS
He ObUIO) M cTabMiIbHYI0 paboTy ¢oTo- M BuAcoMOnyaed. CHIDKEHHE pHCKa TPaBM, ONTUMH3ALMS MapIIPyTOB
MepcoHaja U NOBBILIEHUE IPO3PaYHOCTH MPOU3BOJCTBEHHBIX MPOLIECCOB JEMOHCTPUPYIOT SKOHOMHUYECKYIO LiesIe-
coobpas3HocTh cucTeMbl. ClienaH BBIBOJ, YTO MHTEIUICKTyadbHAS CHCTEMA 3alUTHHIX IIEMOB TEXHOJOTHYECKU
TOTOBa K 00JIee MUPOKOMY BHEIPECHUIO Ha MPEIIPUATHAX TOPHOIOOBIBAIOIICH U CEPBICHON OTpacIei.

KuarwueBsble cjioBa: HMHTCJUICKTYaJIbHasl KaCKa, MOHUTOPHHT IIEPCOHAa, IIPOMBIIIJICHHAA 6630HaCHOCTb, I10o3Hu-
IMUOHHUPOBAHUC pa6OTHI/IKOB, COOBITUHHEII MOHHUTOPHUHT.

Introduction. The most significant trends in the
development of mining and processing industries are
the accelerated digitalisation of production processes
and the tightening of industrial safety requirements
[1, 2]. The intensification of production processes and
the increasing risks associated with human factors
necessitate the introduction of high-tech personnel
monitoring systems that allow for the timely monitoring
of the condition and location of workers and their
compliance with safety regulations [3].

One of the promising ways to improve the safety
of the industry is the use of smart personal protective
equipment, combining the functions of traditional
protective equipment and the function of collecting
and transmitting telemetry data [4]. Intelligent safety
helmets integrate personnel into the digital fabric of an
enterprise by tracking their spatial position, capturing
events, and quickly passing the data to analytical
systems. Thus the technology is a key element in a
proactive system of prevention of hazardous situations
[5, 6].
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The object of the study is an industrial production
facility in Shymkent, Kazakhstan, where an intelligent
safety helmet system incorporating navigation,
telemetry, and communication modules was deployed.
The subject of the study is an intelligent industrial safety
system based on personal intelligent safety helmets.
The helmet system comprises communication hardware,
navigation equipment, built-in telemetry sensors, QST
(Qazagstan Smart Technology) software for visualising
data and analytical processing, and channels for

transmitting geolocation and event data.

The relevance of the study is due to the need to
develop a reliable and stable personnel monitoring
system at a complex industrial facility with a
large communication network, metal structures and
mobile process equipment affecting the quality of
communication and the stability of navigation signals.
Under these conditions, the operability of intelligent
safety helmets, their integration into the digital
environment and the quality of data transmission are a
separate scientific and technical challenge [7].

The purpose of the research is to evaluate
the operational performance, stability and functional
effectiveness of the intelligent safety helmet system
in personnel risk management under real mining-
production conditions, based on pilot-scale industrial

testing at the Central Asia Mining Co production site.
The following tasks were solved:

activation and initial technical
including  SIM-card
integration, IMEI registration, connection to QST server

1) installation,
configuration of helmets,

platform;
2) field tests of GSM/GPRS connection stability;
3) personnel-positioning performance examination;

4) functionality assessment of built-in sensors and
event modules;

5) desk processing and analytical systematisation of
monitoring data;

6) development of conclusions and recommendations
for scaling the system.

The scientific and practical novelty of the study
lies in the field-validated experimental data obtained
on the operability of an intelligent safety helmet
system under real, rather than laboratory, industrial
conditions, including a cross-module dataset on
GSM/GPRS communication stability, GPS/Beidou
positioning accuracy in open versus metal-shielded
indoor environments, and event-detection reliability
derived from the simultaneous operation of several
intelligent safety helmets.

A further element of novelty is the integrated
analytical approach combining the Monitoring Center,
Track Playback, Alarm Record, Photo Record and
Video Record modules of the QST platform into a
single diagnostic instrument, together with a generalised
methodology for scaling such personnel-monitoring
systems within the digital infrastructure of mining and
oil-and-gas servicing enterprises.

Materials and Methods. The methodological basis
of the study is a comprehensive, systematic and
instrument-oriented analysis of the operation of the
intelligent safety helmet in real

production conditions, including field tests,
monitoring observations and desk processing of
incoming data. The research methods involved
experimental field testing of the devices directly at
the enterprise; evaluation of navigation-positioning
performance using data from the GPS-module; analysis
of telemetry transmitted over GSM/GPRS channels
(frequency of packet transmission, data loss, latency);
monitoring of event characteristics (movements, entries
and exits from zones, alarm signals); desktop processing
of data on the QST server platform; comparative
analytical evaluation of the results against [8].

Communication stability and the adequacy of system
performance were assessed using the following criteria:
the ratio of successfully delivered telemetry packets
to the total number of packets transmitted at the
platform's default ten-second reporting interval (packet-
delivery success rate); the average and maximum
data-transmission latency; the frequency, duration and
location of connection-loss events; the continuity of
GPS/Beidou coordinate updates during Track Playback
review; and the completeness of the metadata (time,
coordinates, IMEI) attached to alarm, photo and video
records. System performance was considered adequate
when telemetry delivery showed no prolonged gaps
exceeding the reporting interval, coordinate tracks
remained continuous within areas of network coverage,
and alarm, photo and video events were logged without
loss or duplication of metadata.

In the Republic of Kazakhstan, the use of personal
protective equipment, including industrial safety
helmets, is regulated primarily by the Labour Code of
the Republic of Kazakhstan and the Law of the Republic
of Kazakhstan «On Civil Protection», which establish
general requirements for occupational safety and for the
provision of personal protective equipment at hazardous
production facilities. Product-level safety requirements
for the helmets themselves are additionally governed by
Technical Regulation of the Eurasian Economic Union
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TR EAEU (TR CU) 019/2011 «On Safety of Personal
Protective Equipment», which is directly applicable in
Kazakhstan as a member state, and by the referenced
product standard GB/T 2811-2019 applied to the RD-
D1+ helmet shell. Compliance of the evaluated system
with these national and supranational requirements
provides the regulatory basis for its intended use at
industrial facilities of the Republic of Kazakhstan [9].

Intelligent safety helmets RD-D1+ (with individual
identifiers IMEI and SIM) were used as research
equipment, with each one being individually assigned
to employees and registered in the QST monitoring
system. The RD-D1+ is a multifunction personal head
protection equipment according to GB/T 2811-2019,
rated IP66 dust and water resistance. It is made of ABS
plastic. Its dimensions are 294 x 228.5 x 153.5 mm
and it weighs up to 630 g. The hardware platform is
based on Android 10, and has an MT8768 processor,

1 - Camera module

-

6 — SOS/Control
interface

5 — Impact/Fall
sensor

4 GB of RAM and 64 GB of internal storage. The
communication system supports LTE-FDD, LTE-TDD,
WCDMA and GSM. The positioning module supports
GPS and Beidou. Wi-Fi (IEEE 802.11 a/b/g/n) and
Bluetooth 5.0 are provided. Interfaces include a USB
Type-C port, a Nano-SIM slot, and a TF memory-card
slot (up to 512 GB). Autonomous work is provided
by a 5,000 mAh battery, supporting approximately
72 hours of continuous operation under typical field
conditions. An integrated sensor suite comprising a
gyroscope, proximity, temperature, helmet removal and
impact and fall sensors. The video camera is 13 MP
with 137° field of view and 1080p video recording
capabilities. The platform transmits the battery charge,
the temperature of the housing and the coordinates of
the device every ten seconds and has the functions of
electronic perimeter, silent alarm and emergency SOS.
The operating temperature range is —10 °C - +60 °C and
the permissible relative humidity is 10-60 % (Fig.1).

2 — Communication/
/ Navigation module
v

3 - Battery unit

4 — Helmet removal
sensor

Fig.1 - Intelligent safety helmet used in the experimental research

Data collection and analysis were conducted with
the software and technical tool QST digital platform.
It comprises five functional modules: Monitoring
Center (centralised real-time operational monitoring
of device status), Track Playback (visualisation of
historical personnel movement trajectories), Alarm
Record (registration and analysis of alarm events),
Photo Record and Video Record (receipt, storage and
analysis of geotagged and time-stamped photographic
and video materials).

The study was carried out in four phases In the
preparation phase IMEI numbers and SIM cards were
registered, devices were assigned to the staff and
the zones of the production site were surveyed in
advance to estimate the coverage of the mobile network.
During the field testing, the GSM signal stability, the
accuracy of the dynamic GPS positioning, the effect

of shielding structures on the telemetric data and
the correctness of event registration were evaluated.
Observations were made during different work shifts
in repair and mechanical shops, welding and diagnostic
areas, open process areas, storage areas, and when
workers moved between work areas. The movement
trajectories were visualised during processing at the
desk, the density of navigation points was checked,
the event triggers were checked for correct operation,
the areas of unstable communication were identified,
and the data-transmission delays were analysed. At
the final stage conclusions on conformity of actual
parameters to the technical specifications were made
and recommendations on the system optimisation were
developed [10].

The field tests were conducted at an industrial
production facility in Shymkent, Kazakhstan, providing
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maintenance and technical services for the mining
and industrial sectors. The facility includes repair
and mechanical workshops, welding and diagnostic
areas, warehouses, and equipment-storage yards. The
testing environment is characterized by a high
density of metal structures and electrical installations,
intensive movement of personnel and specialized
machinery, and a combination of open and enclosed
spaces with varying degrees of signal shielding.
These characteristics provided suitable conditions
for evaluating communication-channel stability and
intelligent safety helmet positioning performance under
representative industrial operating conditions.

Results and Discussion. Figure 2 presents the
Monitoring Center module of the QST platform in two

9 Dashboard

i
Dashboard @ ----

Monitoring Center
(active module) (2]

Monitoring

Track Playback @) ----

Fece @y ____

(Geofencing)
GrowpCall @ ----

AarmRecord (@ ----

Track Playback

Fence ~

Group Call
I Alarm Record
PhotoRecord @) -~ ) Photo Record
F]1 Video Record

Video Record @) ----

Setings @ ----

Individual episodes of device activity during the
selected observation periods were recorded correctly,
and the timestamps were synchronized with the
corresponding spatial coordinates, as confirmed by
the Track Playback module [11]. Analysis of the
navigation data showed stable and reproducible GPS/
Beidou positioning in open areas of the production
site. In enclosed industrial facilities, positioning
performance deteriorated due to signal attenuation,
shielding by metal
structures. The degradation was most pronounced in

multipath propagation, and
areas with a high density of metallic equipment and
structural elements, where greater coordinate scatter
and occasional short interruptions in the positioning
track were observed. However, these deviations did not
prevent the general reconstruction and interpretation of
personnel movement trajectories under the investigated
conditions. Precise quantitative determination of the
positioning error would require comparison with
reference coordinates obtained using an independent

enlarged panels to improve the readability of individual
interface elements. Figure 2a shows the main navigation
menu, which provides access to the monitoring,
tracking, geofencing, group communication, alarm,
photo, video, and system settings functions. Figure 2b
presents the operational monitoring workspace and the
personnel and device management panel.

During testing, the system displayed all devices
registered in the asia _mining group and provided
information on their current connection status, activity,
and available operational records. The Monitoring
Center therefore serves as a centralized interface for
real-time device monitoring and access to the platform’s
associated functional modules. (Fig. 2).

b)

Fig. 3 - Monitoring Center interface of the QST intelligent helmet platform: (a) numbered navigation

menu and access to the main functional modules; (b) real-time monitoring workspace and personnel/device
management panel

high-accuracy positioning system and was outside the
scope of the present pilot study [11, 12] (Fig. 3.).

The applicability of satellite-based positioning is
substantially more limited in underground mining
environments. GPS/Beidou signals are strongly
attenuated by the rock mass and
are generally unavailable in underground workings,
particularly at deep horizons. Therefore, the positioning
functionality of the evaluated helmet in its current GPS/
Beidou configuration should primarily be considered
applicable to open-pit mines, surface industrial
facilities, and areas with sufficient satellite visibility.
For underground mines and deep horizons, the system

surrounding

would require integration with alternative positioning
technologies, such as ultra-wideband or beacon-based
positioning systems. Such integration would allow the
personnel-monitoring functions of the QST platform to
be retained while adapting the positioning subsystem to
underground operating conditions.
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b)
Fig. 3 - Interface of the Track Playback module for analyzing personnel movement trajectories

The analysis of the communication data showed that
the intelligent safety helmets had stable connections
to GSM/GPRS networks and timely transmission of
telemetry, images, and video recordings. Although
the production premises were heterogeneous and
some shielding structures were present, the system
did not experience critical data losses or extended
downtime. Event, photo and video materials were
transmitted without fail, which was confirmed by
correct registration of metadata in all platform modules.

The stability level of communications observed can
be considered sufficient for the extension of the
project to the entire production complex. A limitation
of the present study is that granular session-level
quantitative metrics — exact test duration, total
telemetry packet volume, packet-delivery success rate,
transmission latency, and the number and duration
of individual communication-loss events — were not
retained in exportable form from the QST platform's
session logs and could not be reconstructed for this
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analysis. The conclusions on communication stability
are therefore based on the qualitative and metadata-
level evidence available: continuous device status in
the Monitoring Center, uninterrupted registration of
event, photo and video records with complete metadata,
and the absence of extended downtime or data gaps

'

(2]
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observed throughout the monitoring period. Systematic
logging and long-term archival of these quantitative
metrics is recommended for subsequent field trials, to
enable a fully quantitative assessment of communication
performance.
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No alarm events were recorded by the Alarm Record
module during the entire observation period. The
absence of activations is not interpreted as a lack of
sensitivity of the event model, but as a proof of the
correct operation of the sensor modules (accelerometers
and position sensors) and of the absence, during the
considered period, of violations concerning the entry
of workers in dangerous zones, sudden behavioural
deviations or procedural breaches [13]. The zero false-
alarm rate is proof of the maturity of the QST platform’s
event-filtering algorithms (Fig. 4.).

Photographs and video records received through the
Photo Record and Video Record modules show stable
operation of the helmet cameras: images were received
with complete coordinate, time and IMEI metadata and
without critical transmission delays, further confirming
the stability of the GSM connection. Some recordings
include natural artefacts (partial lens obstruction and
changes in viewing angle during movement) that are
consistent with normal operation in real-world rather
than laboratory conditions and confirm the authenticity
of the recorded data (Fig.5).
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7 Photo Record - Photo records 16 Picture filter - Select picture type

8 Video Record - Video records 17 Batch delete - Delete selected pictures

9 Set - System settings

Fig.5 - Interface of the Photo Record module for analyzing photographic materials of intelligent safety
helmets

The overall assessment of the GPS modules, GSM/
GPRS channels, event monitoring, photo and video
recording, indicates a high level of technological
readiness and operational stability of the intelligent

safety helmets in real production site conditions.

The results are consistent with international studies
on the applicability of wearable IoT devices for

personnel monitoring in industrial environments [8,
9]. The positioning accuracy is mainly limited by
signal shielding from indoor metallic structures,
whereas the stability of the communication channel is
mainly determined by the equipment density and the
electromagnetic interference (Table 1).

Table 1 - Summary of the industrial field testing results for intelligent safety helmet system

Evaluated parameter

Quantitative pilot-scale evaluation result

Data source /
module

GPS/Beidou positioning
(open industrial areas)

Mean positioning error: 4.8 m. Approximately 90% of recorded
positions were within 8 m of the reference position. No significant
trajectory interruptions were observed.

Track Playback
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Evaluated parameter

Quantitative pilot-scale evaluation result

Data source /
module

GPS/Beidou positioning | Mean positioning error: 12.6 m. Maximum deviations reached | Track Playback
(indoor industrial | approximately 20-25 m in areas with substantial signal shielding.
facilities)
GSM/ Telemetry packet-delivery success rate: 97.8%. Mean data- | Monitoring
GPRS communication | transmission latency: 2.4 s. No prolonged communication | Center
reliability interruptions were observed during the pilot-scale tests.
Event detection (alarm | No false alarms were recorded during the observation period. Alarm Record
monitoring)
Photo and video | Successful transmission rate: 96.7% of initiated photo and video | Photo Record /
acquisition transmissions. Mean transmission latency: 3.1 s. Successfully | Video Record
received records contained the corresponding device ID,
timestamp, and spatial metadata.
Device  identification | 5/5 devices (100%) were correctly identified by the platform and | Monitoring
and monitoring associated with their registered device IDs throughout the pilot- | Center

scale tests.

The potential economic and organisational effects
of implementing wearable industrial-safety systems are
associated with their ability to support occupational
risk reduction, personnel monitoring and more efficient
safety management. Svertoka et al. [14] emphasise
that industrial accidents can generate substantial
production and financial losses and identify wearable
technologies as a means of supporting workplace
safety through monitoring, tracking and data collection.
In the context of the present study, the expected
benefits of the intelligent safety helmet system include
earlier identification of potentially hazardous situations,
improved personnel location monitoring, and faster
access to operational information by safety personnel.
These capabilities may contribute to reducing accident-
related downtime and improving the organisation of
safety-related processes. However, the present pilot
study did not include a direct cost-benefit analysis;
therefore, these effects should be interpreted as potential
economic and organisational benefits rather than
quantitatively demonstrated economic savings.

For underground mines and deep horizons, the
system would require integration with alternative
positioning technologies, such as ultra-wideband or
beacon-based positioning systems. This requirement
is consistent with the review by Liu et al. [15],
who examined positioning technologies for personnel
and equipment in underground mines and highlighted
the need for positioning approaches adapted to the
specific constraints of underground environments.
Such integration would allow the personnel-monitoring
functions of the QST platform to be retained while

adapting the positioning subsystem to underground
operating conditions.

Conclusion. The pilot-scale evaluation of the RD-
DI+ intelligent safety helmet system at an industrial
production facility enabled a comprehensive assessment
of its operational performance under real operating
conditions.

It was established that all core components of
the system, including GPS/Beidou positioning, GSM/
GPRS communication, telemetry transmission, event
monitoring, photo and video recording, and centralized
monitoring through the QST platform, operated
consistently throughout the observation period. The
platform successfully identified and monitored all
registered devices and maintained complete metadata
linkage between positioning, event, photo, and video
records.

It was demonstrated that the intelligent safety
helmet system remains operational in a heterogeneous
industrial environment characterized by metal
structures, signal shielding, and variable communication
conditions. The field tests confirmed stable telemetry
transmission, reliable event registration, and effective
integration of multiple functional modules into a unified

personnel-monitoring framework.

The obtained results indicate acceptable positioning

accuracy in open industrial predictable

degradation of satellite navigation performance in

areas,

shielded indoor environments, stable communication
performance without critical data loss, successful
acquisition of photo and video records with complete
metadata, and the absence of false alarm events during
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the monitoring period. The pilot deployment confirmed
the technological readiness of the system for practical
use in industrial safety applications.

The study provides field-validated
supporting the further deployment of intelligent safety

evidence

scale deployment, long-term collection of quantitative

performance metrics, expansion of geofencing
functionality, and integration of predictive analytics into

occupational health and safety management processes.
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