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Abstract: These days, it's more necessary than ever to check on the health and safety of coal miners
and mountain climbers. There are numerous steps that need to be taken to ensure the safety of
miners and climbers. They need pulse rate monitors and the necessary communication gear to
communicate with the control centres, allowing them to monitor the health of the climbers and
miners. It turns out that mountain climbers and coal miners can't use it when the weather is
particularly poor, and at some heights, it's even less helpful because of communication problems.
The work suggests a health and position tracking system that utilises GPS to determine the
individual's current location and also monitors their heartbeat and temperature. This technology
addresses the challenges faced by mountain climbers and coal miners, enabling them to receive
immediate support. People who engage in mountaineering and mining activities often participate
in various pursuits, including hiking, climbing hills, and mining, among others. But it can be
dangerous. People often become ill at high altitudes, go missing, or fall by accident. There are many
reports of deaths and serious injuries caused by climbing mountains and mining. We need to
monitor accidents that occur while climbing mountains and engaging in mining activities, and
develop a strategy to rescue people. People have explored this topic and believe that Wireless
Sensor Networks and Telehealth are effective approaches to address it. To deliver data over very
long distances where there is no network coverage, low-power devices were needed. Because of
this, wireless technologies like Long Range (LoRa), which is a network that can carry data over long
distances without requiring a significant amount of power, can be utilised. A safety device that
utilises LoRa technology to monitor a person's location is installed. The Internet of Things (IoT) and
LoRa gateway work together to make a cloud server. This method gives you a way to keep an eye
on things, track them, and obtain help promptly.

Keywords: Global Positioning System (GPS), Climbers and Miners, Sensor Networks, Altitude
Sickness, Hill Climbing, Long Range (LoRa)

1. Introduction

These days, people are climbing mountains or engaging in more physical activities
to achieve better health and balance their mental, physical, and emotional wellness [26]. It
also discussed how exercise can improve blood flow, body weight, and flexibility. Both
coal mining and mountain climbing are full-time jobs. This sport of climbing is growing
swiftly [38]. Different groups are encouraging more people to try climbing, and as a sport,
individuals are striving to break past existing records. Be mindful of the risks of accidents
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as you climb [34]. People who climb mountains at high altitudes or mine coal are at risk
of experiencing low oxygen levels, cold temperatures, wind, physical and emotional stress,
and inadequate nutrition [47]. This sudden change causes blood pressure and heart rate
to fluctuate unusually. The biggest risk is not getting enough oxygen when you ascend to
high elevations, which can make it difficult to breathe [29]. Climbing in very hot or very
cold conditions might potentially hurt you, give you hypothermia, or cause heat stroke. In
addition to the weather, exposure to bugs and poisonous plants can trigger allergies and
changes in blood pressure that require medical attention [45].

When someone falls ill, leaders who don't know how to treat people in the mountains
are unable to help. Many miners and hikers are unaware of how to access the medical
equipment, which makes things very difficult [33]. In this instance, it may be challenging
for the affected person to contact the rescue crew, and locating the injured climbers or
miners may take a considerable amount of time, potentially putting them at risk of severe
illness. The team needs to be able to figure out where the miner or mountain climber is
using the correct tools [40]. LoRa (Long Range) is a wireless radio frequency technology
that is gaining popularity for connecting to Internet of Things (IoT) networks worldwide.

LoRa and IoT have helped us address some of our biggest challenges, including
reducing natural resource consumption, improving infrastructure efficiency, regulating
pollution, and managing energy more effectively. LoRa can be used in smart homes and
buildings, smart farming, smart diagnosis and logistics, and even to monitor the health of
a sick person. LoRa's long range is one of its best qualities. With the correct directional
antennas, it can go as far as 10 km in rural regions [37]. It also works better within
buildings in cities than other wireless technologies [25]. LoRa is a cost-effective and low-
power option, as it significantly reduces infrastructure costs and has minimal operational
expenses. You won't have to replace it for a long time because the battery lasts a long time
[44]. LoRa is a combination of Wi-Fi and cellular networks, making it a cost-effective,
flexible, and effective alternative to conventional wireless technologies [51]. Telehealth is
a means of transferring medical information and data over vast distances using
telecommunications systems, providing you with the correct medical care or diagnosis.
When medical services are not readily available, it is crucial to overcome the distance
barrier [30]. Mountaineers and miners can utilise telehealth to monitor individuals
remotely, identify potential issues, and provide assistance.

The real-time emergency rescue system utilises a heartbeat monitor and an inertia
sensor to alert the user to altitude sickness and to detect if they are falling. A smartphone
with Bluetooth is used to keep an eye on things, and an app on the phone sends the data
to rescuers via cellular networks to facilitate the transfer. The software lets the person
wearing it broadcast their location and call for aid in an emergency [41]. The WE-Safe is a
tool that helps you monitor situations that are potentially harmful or unsafe. A LoRa
gateway receives signals from a number of environmental sensor nodes that consume
minimal power. People were cautioned about hazardous work settings by monitoring
levels of carbon dioxide, ultraviolet light, and other environmental factors [32]. You can
connect to the internet through a cloud server with the LoRa Gateway [50]. When the
environment becomes harmful, a mobile app will send you alerts. A LoRa-based tracking
system was implemented. This reduced the number of repeaters needed by 75% or more
compared to the Wi-SUN-based systems used previously. This resulted in a significantly
lower installation cost [46]. The tracking was sent to a bus stop with an information
terminal that people could access. After considering the above innovation, I examined the
routes of mountain climbers and miners, such as their speed, distance, and health while
climbing or mining. This information helps them reach their goal as soon as possible and
also enables them to contact the rescue team for assistance. GPS gives the base station the
location of a miner or climber. The climber or miner can see the message from the control
room on the monitor, like "Aler...I" Heartbeat: (heart rate value)/M GPS Location:
(temperature value) °C Temperature [27].
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Problem Statement

Reliable and effective communication and monitoring systems are essential in
various situations, including emergency rescue operations, monitoring hazardous areas,
precision agriculture, and tracking public transportation [36]. These systems are designed
to address specific issues, such as ensuring people's safety and health in hazardous
regions, enhancing farming productivity, and improving public transportation reliability.
However, the solutions that are already available often have drawbacks [49]. For example,
they are too expensive to deploy, rely on timing systems that aren't always accurate, and
lack sufficient monitoring capabilities [42]. For example, traditional bus tracking systems
often require multiple repeaters, which can increase installation costs and reduce
reliability.

Additionally, irrigation systems with fixed timers may not be able to adjust their
water usage according to soil moisture levels, potentially wasting water. Additionally,
when people are climbing mountains, their vital signs, location, and safety status must be
continuously monitored in real-time so that aid can be provided promptly in the event of
an emergency [31]. Current systems may not provide climbers and rescue personnel with
all the necessary monitoring and communication tools, which could put individuals in
high-risk or isolated regions at risk [48].

Therefore, we need new ways to communicate and monitor things that can quickly
resolve these issues [35]. These kinds of systems should be inexpensive, reliable, and
capable of sending, receiving, and monitoring data in real-time. This way, they can ensure
that various operations, such as emergency rescue operations, environmental monitoring,
agricultural practices, and public transportation tracking, are safe and efficient [43]. These
requirements encompass a wide range of areas, including hardware, software, data, and
infrastructure [28]. To ensure that the system meets the area's needs and adheres to
environmental norms and standards, it's vital to collaborate with domain experts and
stakeholders [39].

Literature Survey

People have been drawn to mountains for a long time because they desire to climb
them or harvest their resources [18]. A group of climbers and miners carries the tools they
need to ascend steep slopes, traverse rough terrain, and dig tunnels deep underground [4].
The main control centre watches the movements. The team members are entering an area
where avalanches could develop, and if something goes wrong, the people who are hurt
could be buried in the snow [12]. In these kinds of events, 65% of deaths are caused by
suffocation, 29% by trauma, and the rest by hypothermia, drowning, or primary cardiac
arrest. People can purchase electronic equipment and gadgets designed for everyday use
in households. They use Wi-Fi to deliver health information to IoT systems. The present
study aims to address the healthcare challenges encountered by mountaineers on treks
under both normal conditions and extreme situations, including entrapment, without
reliance on Wi-Fi connectivity [21]. The proposed electronic system features chips that
require minimal power and can operate in temperatures as low as -40 °C. Using emerging
technologies such as Wireless Sensor Networks, LoRa, and satellite modems, the system
transmits data on parameters like heart rate, oxygen level, and body temperature to a
central control station [55]. If victims are accidentally buried, the electrical system includes
a special mechanism that instantly delivers data to the primary node at the optimal power
level and activates Op-Mode-5. The device helps monitor the health of miners and
mountaineers regularly, enabling search and rescue operations to be conducted promptly
and saving lives [3].

The GPS we have now is extremely easy to use and works immediately. One of the
most typical ways to get where you want to go and find your way around. Most
navigation systems use GPS receivers to collect mapping data from satellites. GPS-based
navigation systems still need cell phone signals to work. So, the telecommunications
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technology in the navigation system still has certain issues [8]. One of the drawbacks is
that you can't utilise GPS-connected cell phone signals to keep an eye on people on the
mountain or at a mining site. Due to these restrictions, the best approach to utilising GPS
navigation is to connect sensors to other sensors across a wireless network, which is often
referred to as a wireless sensor network [17]. People routinely utilise wireless sensor
networks to send and retrieve data from sensors that are being monitored.

Many apps, such as games and robots, as well as real-life problems, require the
ability to find the shortest path between two points [54]. Because it needs to deal with a
lot of diverse choices. In mountain climbing and mining, finding the quickest way from
the start node to the end node is a simple task. There are also some interesting topics to
look into in each of these areas that you can't find in a normal two-dimensional space
search [7]. We present a concurrent Ant Colony Optimisation (ACO) approach to ascertain
the shortest path in the mountain climbing issue using Apache Spark. A dataset of varying
sizes is used to test the proposed method in terms of runtime, speedup, efficiency, and
cost. The experimental findings show that the parallel ACO algorithm performed
significantly better than the best sequential ACO (p < 0.05). The parallel ACO approach is
contrasted to a new research effort that employs Apache Spark and the parallel A*
algorithm to find the best way to climb mountains and mine [13]. The parallel ACO
approach using Spark worked considerably better than the parallel A* algorithm.

Many more hospitals and other healthcare facilities are utilising healthcare
monitoring systems [11]. Countries worldwide are becoming increasingly concerned
about healthcare monitoring systems that utilise new technologies. IoT, or the Internet of
Things, is a new technology that is becoming more and more popular. IoT is comprised of
various sensors and communication tools that health monitoring systems utilising IoT
require [2]. The Internet of Things (IoT) has enabled numerous possibilities, but healthcare
and health monitoring apps are among the most significant. The remote health monitoring
system utilises digital technology to track specific aspects of a patient's health. This way,
patients may get a correct picture of their health from the comfort of their own homes [20].
The IoT establishes a strategic connection between the patient and the doctor [9]. The goal
is to monitor important health markers, such as blood pressure, heart rate, and blood
glucose levels, and then review the data to identify any potential medical emergencies [24].

Different medical sensors and web apps send health data to the site. From there,
professionals who want to can aid with medical issues. Using a smartphone as a central
hub for gathering, delivering, and displaying data improves the process, allowing it to
operate more smoothly and providing you with more options [5]. Wearable health
tracking devices that work in real-time are beneficial for older people because they
continuously monitor their health and ensure that emergency measures are taken
promptly [14].

Problem Statement and Proposed Solution

Mining and climbing mountains are both enjoyable and challenging activities that
require careful attention to stay safe. As more people climb and mine, it becomes more
necessary to keep climbers and miners safe and healthy. However, climbers and miners
face numerous issues, particularly when it comes to maintaining their health and
communicating effectively with rescue workers [10]. One of the biggest concerns is that
miners and climbers lack real-time health monitoring. It's crucial to monitor vital signs,
such as heart rate, temperature, and pulse rate, as people ascend or descend in altitude, as
their bodies undergo significant changes [52]. Most of the time, current methods fail to
work effectively because they cannot provide immediate feedback or promptly
communicate critical information to rescue teams. Also, it's considerably harder to
communicate at higher and lower altitudes, which makes rescue efforts much less
successful. In the event of an emergency, climbers and miners are at risk when their
regular communication tools fail to function [15]. This lack of clear communication can
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slow down response times, making it more likely that someone will be severely hurt or
die. There are always risks, like getting sick from the altitude or falling by accident [6].
Unfortunately, many instances result in severe injuries and occasionally fatalities,
underscoring the necessity for a robust monitoring and rescue system.

Proposed Solution

A full health and position tracking system is recommended for both miners and
mountain climbers to help with these issues. This system utilises the latest technology to
monitor events in real-time and dispatch aid promptly if an issue arises. The most
important feature of this system is the wearable pulse rate monitors that miners or climbers
take with them [19]. These sensors continually monitor vital health indicators, including
heart rate, temperature, and pulse rate. After that, the correct communication tools send
this information to control centres. This ensures that rescue teams are swiftly alerted to
any concerning changes in the climber's or miner's health. The solution overcomes the
challenges of talking at high altitudes by utilising Global Positioning System (GPS)
technology [22]. This helps rescue workers track the user's location in real-time, even in
rough and remote areas, so they can locate them exactly where they are.

The GPS-based system ensures that both climbers and miners can still be reached
swiftly, even when other communication methods are unavailable. Telehealth services and
Wireless Sensor Networks (WSNs) are also employed to improve the monitoring system
[23]. With WSNSs, you can transport data over long distances without using a lot of power
or having to deal with intricate wiring. Large Range (LoRa) technology is utilised, known
for its ability to transport data over long distances with minimal power consumption [1].
This means that even in regions where the network isn't particularly strong, essential
health data can still be transferred to a cloud server. The cloud server is the primary
location where climbers and miners send and receive data via LoRa gateways and Internet
of Things (IoT) devices [53]. With this design, you can have a complete system for
monitoring, tracking, and early rescue [16]. Rescue teams can get real-time information
about a climber's or miner's health and location, which helps them respond swiftly and
effectively to emergencies.

2. Materials and Methods

When individuals climb mountains, they are putting their strength and expertise to
the test against the forces of nature. However, its attractiveness comes with significant
risks, especially in regions that are difficult to access and are often deadly. A detailed plan
is needed to address the urgent need for a reliable monitoring and rescue system [60]. The
purpose of this methodical approach is to develop and implement a comprehensive
solution that utilises the latest technologies to keep miners and mountain climbers safe and
healthy [79].

Requirement Analysis

The first step is to assess all the requirements necessary for effective surveillance and
rescue operations in mountainous and underground areas. You need to learn about the
key components that the system requires in this step. These items include GPS modules,
communication devices, and pulse rate sensors [65]. The team examines the issues with
current approaches, particularly those that arise when people communicate at high and
low altitudes.

Research and Technology Selection

The research team examines available technologies to address identified issues,
informed by the requirements analysis [80]. Pulse rate sensors are used to monitor the
health of miners and climbers, as they can provide real-time information on their well-
being. It's crucial for rescue efforts that GPS modules can precisely determine a person's
location and their exact position. There are also temperature sensors installed to monitor
the weather, which could be detrimental to the health of climbers and miners [70]. Long
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Range (LoRa) technology and Wireless Sensor Networks (WSNs) are the most effective
approaches to addressing communication problems in remote regions. WSNs can
transport data wirelessly over long distances, and LoRa technology is ideal for long-range
communication that consumes minimal power [86]. The reason these technologies were
chosen is to assist climbers in communicating more effectively with one another in rugged
and remote regions, where they often struggle to do so.

System Design and Development

After the technologies have been chosen, the next step is to design and build the
health and position tracking system. There are plans for a monitoring device that will have
pulse rate sensors, GPS modules, and temperature sensors all in one. LoRa gateways and
Internet of Things (IoT) technology are used to create and design a cloud server
architecture simultaneously. The data from climbers' and miners' monitoring equipment
is mostly saved and processed in this cloud-based system [56]. It ensures that rescue teams
can access critical health information in real-time, which helps them make quick and
informed decisions in certain circumstances.

Testing and Validation

A lot of testing and validation is done on the system to ensure it functions well in
real-life scenarios, such as when people go mountain climbing or mining. Climbers and
miners can conduct field tests in various locations [64]. We carefully examine how well
the monitoring device functions, how effectively the LoRa data transmission works, and
how efficiently the cloud server can deliver and process information [85]. The study team
aims to ensure the system's functionality by testing it to verify its ability to track health
and location in real-time.

Implementation and Deployment

The final step is to put the system into use and deploy it after testing and validating
the technique [78]. LoRa technology enables climbers and miners to submit their essential
health information to the cloud server easily. Rescue teams learn how to utilise the system,
become familiar with the interface, and understand how to respond to emergency alarms
[66]. Then, the system is put to the test in mountainous and underground places that
climbers and miners commonly visit. It must demonstrate the ability to monitor, track, and
facilitate early rescue operations.

Monitoring and Maintenance

Setting up the system in the mountains and getting climbers to use the monitoring
devicesis a crucial element in maintaining and troubleshooting the system. The study team
establishes standards for verifying the data that miners' and climbers' gadgets provide to
the cloud server. This means keeping a watch on: Checks to ensure the data is correct. We
frequently verify the data supplied to ensure its accuracy [71]. If any difficulties or
contradictions arise, they are noted for further study.

System Health Checks: We regularly verify the system's health, which includes
evaluating the battery levels of monitoring devices and the quality of connections [57]. We
gather input from climbers, miners, and rescue teams, and look for any issues with the
user experience or ideas on how to improve it. There are maintenance procedures in place
to address any issues that arise promptly [81]. This includes how to Take Care of Your
Device: People who climb and mine are taught how to use and charge their monitoring
equipment properly. System upgrades: If any known faults are identified, system
upgrades and software updates are implemented to correct them and improve the system's
performance.

Training and Education

Teaching climbers, miners, and rescue teams how to use the new monitoring system
is a big part of the plan [74]. People who create and administer training programs teach
climbers and miners how to utilise the monitoring equipment and how to send out alerts
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or distress signals in case of an emergency. Some of the things that rescue teams learn
throughout training are: How the System Works: Rescue teams learn how to use the cloud-
based interface to obtain data from climbers' and miners' equipment in real time [63].
Emergency Response Protocols: Rescue teams have standard operating procedures (SOPs)
that outline how to respond to various types of emergencies, such as sudden health
deterioration or distress signals. Using GPS and Navigation: Rescue teams learn how to
read GPS data so they can locate climbers and miners precisely where they are in
challenging terrain.

Additionally, educational materials are available to help climbers and miners
understand the importance of safety standards and monitoring systems. These safety
rules: Miners and climbers acquire a lot of information on how to stay safe while climbing
mountains and mining [72]. The strategy aims to help climbers and miners utilise the
monitoring system effectively by providing them with extensive training and education.
This will also make mountain climbers and miners safer and healthier in general.

Heart Beat Sensor

The heartbeat sensor is based on photoplethysmography [82]. It monitors how much
blood volume changes in any organ of the body, which affects how much light can travel
through that organ (in an avascular region). The timing of the pulses is especially crucial
in apps that track heart rate. The speed at which the heart beats affects the amount of
blood that flows. The signal pulses are the same as the heartbeat pulses because blood
absorbs light [67]. There are two types of photoplethysmography: Sending: The light-
emitting gadget sends light through any region of the body that has blood arteries, like the
earlobe. The detector picks it up. The areas reflect light that emanates from the light-
emitting equipment, see Figure 1.

Lamp

—
Photoiensor

Transmitted
through car

Figure 1. Reflection Region.

Working of a Heartbeat Sensor

A simple heart rate sensor typically consists of a light-emitting diode and a detector,
which can be either a photodiode or a light-detecting resistor. The heartbeats modify how
blood flows to different sections of the body. When light hits tissue, like an LED, it either
bounces off (like a finger) or lets the light through (like an earlobe). The light detector
detects the light that is transmitted or reflected, and the blood absorbs some of this light
[75]. The amount of light absorbed depends on the amount of blood in the tissue. The
detector emits an electrical signal that is directly proportional to the heart rate. This signal
is a direct current (DC) signal related to blood volume and tissue. The alternating current
(AC) element, which is in sync with the heartbeat and is generated by variations in blood
volume in the arteries, is added to the DC signal. The most crucial thing is to separate that
AC section because it is so important. The output from the detector is first filtered using a
2-stage HP-LP circuit to retrieve the AC signal [58]. After that, a comparator circuit or a
simple ADC changes it into digital pulses. A microcontroller receives the digital pulses
and calculates the heartbeat rate using the calculation BPM (beats per minute) = 60*f. The
pulse's frequency is f.
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Figure 2. Working of a Heartbeat Sensor.

Liquid-Crystal Display

A liquid-crystal display (LCD) is a flat-panel display or another electronically
modulated optical device that uses polarisers and the light-modulating properties of liquid
crystals. Liquid crystals don't produce light directly; instead, they utilise a backlight or
reflector to create colour or black-and-white images. LCDs can display any image, similar
to a general-purpose computer display, or they can show fixed graphics with limited
information that can be displayed or hidden. For example, digital clocks and other gadgets
with predefined words, numbers, and seven-segment displays are all good examples of
this type of display [76]. The core principle remains the same, but arbitrary images are
generated from a grid of small pixels, whereas other displays have larger components.
Depending on how the polariser is set up, LCDs can be either normally on (positive) or off
(negative). For instance, a character positive LCD with a backlight will have black letters
on a background that is the same colour as the backlight [62]. A character negative LCD
will have black letters on a background that is the same colour as the backlight. To make
white on blue LCDs seem the way they do, optical filters are added [69]. A typical LCD
pixel has a layer of molecules lined up between two clear electrodes, which are usually
made of Indium-Tin oxide (ITO). It also has two polarising filters (one parallel and one
perpendicular), with the axes of transmission of the filters being perpendicular to each
other in most cases. If there were no liquid crystals between the polarising filters, the
second (crossed) polariser would block the light that went through the first one. Before an
electric field is introduced, the way the liquid-crystal molecules are arranged is governed
by how the electrodes are aligned at their surfaces [83]. When you have a twisted nematic
(TN) device, the surface alignment orientations at the two electrodes are at right angles to
one another. This makes the molecules twist into a helical form. This causes the
polarisation of the incoming light to change, making the gadget look grey, see Figure 2.

16 x 2 LCD MODULE JHD 162A

Vss Vcc VEE RS RW E DBO DB1 DB2 DB3 DB4 DBS DB6 pp7 LED+ LED-

o rrertrrrrrrr e

Figure 3. LCD Module JHD 162A.

The Blynk app displays the temperature in real-time, providing climbers and miners
with information on the current temperature. Temperature changes are very important, as
they enable officials to determine the likelihood of someone experiencing hypothermia or
overheating and take appropriate action[77]. To comprehend the difficulties that climbers
and miners face, we need to understand atmospheric pressure. The Blynk app displays
this data in a way that helps officials determine how it can impact the health of climbers

Central Asian Journal of Mathematical Theory and Computer Sciences 2025, 6(4), 1007-1022. https://cajmtcs.casjournal.org/index.php/cajmtcs



1015

and miners, especially in high-altitude areas where pressure changes are significant, see
Figure 3. The altitude of climbers and miners is a crucial factor that affects how their bodies
respond to lower oxygen levels [84]. Blynk displays altitude data clearly, making it easy to
quickly determine how climbers and miners are affected by high and low altitudes, as well
as any potential issues that may arise from them. The Blynk app utilises GPS data to
display real-time longitude and latitude coordinates [59]. This level of tracking ensures
that everyone knows exactly where they are, which helps rescue crews navigate the
challenging terrain of mountains and deep underground. The Blynk app smoothly
integrates the climber's and miner's pulse rates, which are important health parameters
checked in Procedure 1.

This provides a comprehensive view of the climbers' and miners' heart health,
enabling authorities to identify any potential health issues. The Blynk app features a
simple and easy-to-use Ul designed for higher-ups and rescue teams. The app's dashboard
displays a combined view of all climbers and miners linked to the Summit Guard system
[68]. The data for each climber and miner is displayed in real-time in a clear and easy-to-
see format. Charts, graphs, and numbers are all effective ways to gain a rapid
understanding of the most important factors. You can change the interface to display the
most important information upfront, which helps decision-makers prioritise and adapt
quickly to new situations. Blynk allows you to set up alerts and notifications that can be
customised to make the SummitGuard system even more responsive [61]. You can
establish thresholds for each parameter, and when values go outside of those thresholds,
you will get an instant alert. This function is particularly useful in emergencies, as it
enables people to take quick and targeted actions when they receive timely alerts [73]. For
instance, if a climber's heart rate exceeds a safe level or the temperature drops suddenly,
the Blynk app may transmit urgent signals to higher authorities so they can initiate
emergency procedures and organise rescue efforts immediately.

3. Results and Discussion

It's incredibly crucial to be able to make decisions quickly when time is of the utmost
importance, such as in an emergency. The Blynk app serves as a central hub, enabling
higher-ups and rescue teams to make informed decisions based on up-to-date information
[88]. For instance, if a miner or climber requests aid or their health indicators indicate they
are in critical distress, decision-makers may use the Blynk app to verify the climbers' and
miners' locations, the weather conditions, and their overall health. This ability changes the
game when it comes to addressing potential threats promptly and in a coordinated
manner. The Blynk app can log data over time in addition to real-time monitoring [94].
This feature helps review what transpired after an emergency, as it shows officials the
chain of events that led up to it [91]. Historical data can help inform the development of
more effective safety measures and risk reduction plans by revealing patterns, trends, and
potential causes. The historical analysis can also be useful for reviews and debriefing
sessions after a trip. It helps build a circle of constant improvement, where what was learnt
on each trip is used to make Summit Guard better for future missions.

To add the Blynk app to the Summit Guard system, ensure that security and privacy
are robust. The Blynk app encrypts data exchanged between the miner's and climber's
gear to ensure it is safe and private. To keep private information safe, security access
controls are implemented to prevent unauthorised users from accessing the Blynk app [89].
When planning and building the SummitGuard system, one of the most important
considerations is how to comply with the regulations governing data privacy. Adding
secure ways to communicate and protect privacy is in keeping with ethical standards, as
it prioritises the safety of climbers' and miners' personal information. Procedure 5 is the
concluding piece of the intricate puzzle that is the Summit Guard project. The Blynk app
integrates seamlessly with the rest of the Summit Guard ecosystem and serves as the
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primary platform for decision-making [93]. The health monitoring system and the app's
real-time data function nicely together [95].

Safety is the most crucial factor when it comes to mountain climbing and coal mining,
where the exhilaration of going up high and delving underground meets the risks of harsh
terrain. This strategy provides a careful approach to addressing the urgent need for a
robust rescue and monitoring system. The goal of this plan is to keep mountain climbers
and miners safe in high-risk areas by utilising the latest technology, including pulse rate
monitors, GPS modules, LoRa communication, and cloud-based infrastructure [87]. By
carefully examining the criteria, the method identified the most significant aspects
required for effective monitoring. Some of these parts were GPS modules, communication
devices, and sensors that measure pulse rate. The incorporation of cutting-edge
technologies, such as Wireless Sensor Networks (WSNs) and Long Range (LoRa)
communication technology, was intentional, with the goal of assisting climbers in
addressing the challenges they face in rugged and remote areas [96]. With the design and
development of the monitoring system and the creation of a cloud server architecture,
climbers and miners will be able to track their health and locate themselves at all times
[90]. The system underwent numerous tests, ranging from the performance of the
monitoring devices to the transmission of data over LoRa, until a solution was ready for
use [92].

4. Conclusion

As long as the system is monitored and maintained, it will continue to function, and
climbers, miners, and rescue teams will have the necessary skills and information.
Regularly evaluating the health of devices, the integrity of data, and user feedback keeps
the system reliable. With better monitoring, this system protects adventure in a way that
looks at the full individual. The system serves as a secure haven in the risky world of
mining and climbing, as it incorporates new technology, implements powerful monitoring
systems, and provides climbers, miners, and rescue teams with increased control. This
strategy is a comprehensive approach to addressing the urgent need for a robust rescue
and monitoring system. This plan utilises cutting-edge technology, including pulse rate
monitors, GPS modules, LoRa connections, and cloud-based infrastructure, to keep miners
and mountain climbers safe in high-risk areas.

By carefully examining the requirements, the process identified the essential
components required for effective monitoring, including pulse rate sensors,
communication devices, and GPS modules. By examining the drawbacks of existing
systems, including their limitations in communication and performance at higher
altitudes, it was possible to develop a comprehensive solution. The decision to utilise
cutting-edge technology, such as Wireless Sensor Networks (WSNs) and Long Range
(LoRa) communication, was intentional, as it aimed to help climbers address the issues
they face in remote and rugged environments. Climbers, miners, and rescue workers
require training and education on how to utilise the system effectively for it to function
properly. By regularly evaluating the health of the devices, the integrity of the data, and
user feedback, the system remains reliable. Through training programs and instructional
materials, climbers, miners, and rescue teams learn how to utilise the system correctly and
respond promptly to crises.

Future Scope

The creation and use of the mountain climbers and miners monitoring system is a
big step forward in making mountain and deep underground trips safer. However,
ensuring that climbers and miners are as safe and healthy as possible is an ongoing process.
There are many ways to explore and improve things in the future, which will lead to even
safer and better technologies for mountain climbing and mining. By combining Artificial
Intelligence (AI) with Al algorithms, it becomes possible to forecast the health of climbers

Central Asian Journal of Mathematical Theory and Computer Sciences 2025, 6(4), 1007-1022. https://cajmtcs.casjournal.org/index.php/cajmtcs



1017

and miners based on their data. Al can utilise previous data and patterns to predict
potential health issues and warn climbers, miners, and rescue crews. Al can also help
people make better decisions in certain situations by providing them with real-time
information about the best course of action. Further improvements in sensor capabilities
can be achieved through additional research and development in sensor technology.
Sensors that can detect a wider range of vital signs, such as oxygen levels and hydration
status, can provide a more comprehensive picture of a climber's health.

Better ways to communicate with each other. Improvements in communication
technologies can make communication in mountainous areas even more reliable and
efficient. Researching satellite communication technology ensures that people can stay
connected even in the most remote places. Rescue operations can be made easier and faster
by integrating with existing emergency response systems. Expanding the Internet of
Things (IoT) ecosystem can create new ways to monitor and stay secure. Wearable
technology, such as smartwatches or augmented reality glasses, can provide climbers with
real-time information about their health and the world around them. Drones that integrate
with the Internet of Things (IoT) can aid in search and rescue operations by providing
airborne reconnaissance in challenging terrain. Environmental Monitoring: Adding
environmental sensors to the monitoring system can provide valuable information about
the weather and environmental hazards. Real-time alerts on shifting weather patterns,
avalanche threats, or seismic activity can help climbers stay safe and make smart decisions
about their routes.

Education and Training Initiatives: Ongoing education and training initiatives are
crucial to ensure that climbers, miners, and rescue crews are equipped to utilise advanced
monitoring systems. Teaching climbers and miners advanced first aid, wilderness survival
skills, and how to use the system can help them take more responsibility for their own
safety. In conclusion, the future holds a lot of promise for improving safety and technology
in mining and mountain climbing. This mountain climber and miner monitoring system is
a step toward a future where climbers and miners can embark on their adventures with
confidence, knowing they have the most up-to-date safety gear.
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